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APPENDIX B 
PREVIOUS INVESTIGATIVE DATA COMPILATION 

Remedial Investigation/Feasibility Study Program Work Plan 
Leviathan Mine Site 

Alpine County, California  
 
 

B1.0 INTRODUCTION 

This document describes the previous investigations relating to the Leviathan Mine Site (site).  
Detailed results pertaining to the previous investigations summarized below are provided in 
Attachment A.  The excerpted information from the previous investigation includes tables, 
figures, and text.  Due to the extensive number of excerpted pages, this information is 
provided on CD-ROM.  

A summary of the previous investigations reviewed during preparation of the Remedial 
Investigation/Feasibility Study (RI/FS) Program Work Plan (PWP) is provided in the following 
sections.  At the end of each summary is a description of the additional supporting information 
provided in Attachment A.   

B1.1 LETTER TO THE REGIONAL WATER QUALITY CONTROL BOARD (RWQCB): REGARDING 
WATER SAMPLES COLLECTED FROM ASPEN AND LEVIATHAN CREEKS, PRE-OPEN PIT 
MINING (WHITE, 1952) 

Two surface water samples were collected by the Nevada Department of Health in 1952 (prior 
to open pit mining activities).  One surface water sample labeled ASP1952 was collected from 
Aspen Creek above the site and had a pH of 7.7.  The other surface water sample named 
LEV1952 was collected from Leviathan Creek immediately downstream of a bridge and had a 
pH of 7.1.  The surface water flow was estimated at 11 cubic feet per second (cfs) at 
LEV1952.  The exact sample locations or details on the sampling methods were not provided.  
The letter is presented in Attachment A. 

B1.2 NEVADA DIVISION OF WILDLIFE STREAM SURVEY - BRYANT CREEK (NDCNR, 1955) 

This report includes documentation from an interview with Mr. Brooks Park (land and Bryant 
Creek water rights owner of the property that includes Bryant Creek from the state line to 
approximately 1-mile downstream).  The report also includes a downstream survey of Bryant 
and Barney Riley Creeks in July and September 1955.  The investigation included 
measurements of pH, carbonates, bicarbonates, and chlorides. The investigation also included 
qualitative measurements of stream quality (including turbidity, grain size estimates, spawning 
conditions, and plant and animal types and abundance).  Additionally, data was collected from 
five fish shocking sections on Bryant Creek.  Although the number of fish accounted for during 
the shocking events were not described in the report. 
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According to Brooks Park, he was not aware of any fish plantings made in the creek.  In an 
addendum to this report, the records show a thousand, Brook trout averaging 1-1½ - inches in 
length were planted in Bryant Creek in 1951.  Mr. Park recalls successfully fishing trout from 
the creek over an approximate 35-year period with his family in the vicinity of Barney Riley 
Creek.  Mr. Park claimed that pollution from the Anaconda mine dumps caused trout mortality 
and possibly the death of livestock when he diverted water from Bryant Creek for irrigation.  
The data is summarized within the text of the report, which includes a figure of the sample 
areas.  The report is presented in Attachment A. 

B1.3 REPORT LEVIATHAN CREEK BIOASSAY (COLI, 1958) 

A bioassay was conducted in 1958 to investigate the toxicity of Leviathan Creek on rainbow 
trout.  Four tests were performed on Leviathan Creek and two control tests were performed on 
Mountaineer and Doud Creeks.  All 32 fish tested in Leviathan Creek died after 170 minutes.  
All 16 fish at the control sites survived after 48 hours.  A map and chart of the bioassay test 
locations and results are presented in Attachment A. 

B1.4 LEVIATHAN CREEK WATER QUALITY SAMPLE RESULTS (REINKE, 1958)  

On September 27, 1957, surface water samples were collected from five stations along 
Leviathan Creek.  The samples were collected by the California Department of Public Health 
to investigate the water quality during open pit mining activities.  The sampling locations 
included Leviathan Creek at a road crossing above the mine (now known as Station 1), the 
weir at the pond outlet (known as LEV-weir), the pond outlet above Mountaineer Creek (now 
known as Station 25), the irrigation diversion at Brooke Ranch (now known as Station 31), and 
the road crossing above the confluence of the Carson River (now known as Station 29).  
Water samples were analyzed for pH, total solids, specific conductance, color, turbidity, 
acidity, alkalinity, hardness, nutrients, and metals.  The pH measured at each of these 
locations was as follows: Station 1 – pH 7.5; Lev-weir – pH 2.9; Station 25 – pH 3.1; Station 31 
– pH 7.6; and, Station 29 – pH 5.1.  A tabulation of the laboratory results for these five 
samples are provided in Attachment A. 

B1.5 REPORT ON POLLUTION OF LEVIATHAN CREEK CAUSED BY LEVIATHAN MINE (RWQCB, 
1968)  

This report describes the conditions of Leviathan Creek in 1969 and its uses at that time.  The 
report also includes a brief history of the mine up until 1969.  The RWQCB reports that no 
aquatic life in Bryant Creek or Leviathan Creek was observed at that time and reports that 
“Leviathan Creek historically has been acidic in nature because of the mineral deposits in the 
watershed and because of stories told of using the creek water to shine pennies”.  It appears, 
however, that the creek did at that time “support fish life”.   
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The report also describes a violation of waste discharge requirements (Resolution 62-12, 
established in December 20, 1962).  The violation was determined by collecting samples from 
Leviathan Creek just below the mine and comparing the results to those from samples 
collected just above the mine.  The samples were analyzed for pH, sulfate, and Iron and 
collected between 1955 and 1965.  An analysis of the sample results “show that the water 
above the mine is not polluted and is of excellent quality for irrigation and for fish life 
propagation”.  These results also conclusively show that degradation of the waters of 
Leviathan Creek occurs in the vicinity of the mine and is a direct result of the mine.  

Also included in this report are the results of five surface water samples collected by the 
RWQCB from a culvert downstream of the site in 1963.  The results exceeded the discharge 
requirements and Resolution 64-3, a Cease and Desist Order for the site was passed and 
adopted by the Lahotan Regional Water Quality Control Board (LRWQCB) on March 20, 1964. 

This report does not include any data tables or figures.  The report text summarizes data 
collected from 1963 through 1965 and is provided in Attachment A. 

B1.6 LETTER:  TRANSMIT RWQCB MEETING MINUTES; FISH AND GAME REPORT (LEGGETT, 
1969) 

Surface water quality and bioassays were collected from six sampling stations on December 5, 
1968.  The six sample stations were described as water from an abandoned mine shaft 
(assumed to be Adit No. 5), the combination of three springs above the abandoned mine shaft, 
and from Leviathan Creek above the present day locations of Stations 1, 23, 24, and 31.  The 
surface water quality included an analysis of general chemistry and metals.  The 
bioassessment included a survey of bottom organisms (fish food) and an evaluation of 
Leviathan Creek toxicity on rainbow trout.   

The study concluded that surface waters near the site approach the threshold level of toxicity 
to rainbow trout, measured by the bioassay test for “acute” or short-term toxicity.  It was also 
concluded that trout would be unlikely to survive the “chronic” or long-term pollution effects 
from the mine because the fish food organisms were not found near the site.  The results of 
the report indicated the total length of stream polluted by Leviathan Mine is 7.8 miles and the 
estimated number of fish lost was estimated at 227 pounds per year (the estimate was derived 
by a comparison to similar streams with known trout production). 

Tabulated data from the December 5, 1968 sampling event and a map of the sample locations 
are presented in Attachment A. 
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B1.7 INVESTIGATION OF SOIL AND IRRIGATION WATER CONDITIONS ON THE BROOKS PARK - 
RIVER RANCH (NELSON LABORATORIES, 1969) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

A surface water sample was collected from the Bryant Creek diversion ditch (BCDD), 
approximately 10 feet (ft.) south of the diversion to the River Ranch (sample named BCDD) 
and a surface water sample was collected from the Cottonwood Creek diversion ditch (CCDD).  
The samples were analyzed for general chemistry and metals.  Soil samples from 6 locations 
(A through F) were collected within the top foot of the surface and analyzed for metals, 
nutrients, and the percentage of sand, clay, and organic material.  All samples were collected 
on November 11, 1969.  The exact locations of the samples are not known.  Tabulated results 
from this investigation were obtained from the project database and are provided in 
Attachment A. 

B1.8 AN APPRAISAL OF THE EFFECTS OF CONTAMINANTS IN IRRIGATION WATER DERIVED FROM 
BRYANT CREEK ON THE AGRICULTURAL POTENTIAL OF RIVER RANCH (YOUNG, 1970) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

One surface water sample was collected at the River Ranch irrigation ditch at the intersection 
with a road (named BCDD).  This sample was analyzed for general chemistry and metals on 
September 7, 1970.  Four soil samples (1C, 2C, 2L, 1L) were collected from the top four 
inches of the surface on September 7, 1970, and analyzed for pH and metals. The exact 
locations of the samples are not known.  Tabulated results from this investigation were 
obtained from the project database and are provided in Attachment A. 

B1.9 REPORT ON POLLUTION OF LEVIATHAN CREEK, BRYANT CREEK, AND THE EAST FORK 
CARSON RIVER CAUSED BY THE LEVIATHAN SULFUR MINE (RWQCB, 1975) 

The report provided a comprehensive history of beneficial uses of receiving waters, history of 
mine operations, geology, and hydrology of the Leviathan Mine.  The report also presented a 
summary of the historic and water quality condition of Leviathan and Bryant Creeks and the 
East Fork of the Carson River in 1975.  Chemistry data, maps of sampling locations, as well as 
notes made during the visual inspections of the abandoned mine in July and December 1974 
are presented in this report. 

The surface water samples were analyzed for general chemistry and metals from the following 
five locations: Leviathan Creek below an unknown discharge point (sample named LEV-ds), at 
two unknown discharge points coming from mine features (assumed to be the adit, drainage 
from tailings and a location named Mine Drainage (1) and Mine Drainage (2)); and in the 
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present day locations of United States Geological Survey (USGS) Stations 1 and 31.  The 
report suggests the chemistry of the Leviathan Creek did not improve between 1968 and 1974 
and remained at concentrations that violated the discharge requirements.   

Tabulated data and hydrographs from a 1969 flow measurement program are presented in 
Attachment A. 

B1.10 THE REVEGETATION POTENTIAL OF THE LEVIATHAN MINE SPOILS, MS THESIS UNIVERSITY 
NEVADA RENO (BUTTERFIELD, 1977) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Samples were collected from surface soil and analyzed for general chemistry, nutrients, 
metals, and percent sand, silt, and clay.  Tabulated results from this investigation were 
obtained from the project database and are provided in Attachment A. 

B1.11 LEVIATHAN MINE POLLUTION ABATEMENT PROJECT, DESIGN REPORT AND DRAFT 
ENVIRONMENTAL IMPACT REPORT, APRIL 1983 (BROWN AND CALDWELL, 1983) 

This is a planning document prepared by Brown and Caldwell for the RWQCB to be used in 
order to design a project that would restore the water quality of Leviathan Creek to conditions 
as near as possible to those which existed prior to mining activity, and within the limitations of 
available funding.  It included a comprehensive assessment of Leviathan Mine and 
recommendations to abate the pollution from the site.  Substantial details from previous 
investigations were summarized.  The document included a compilation of the known geologic, 
hydrogeologic, surface water, climate, slope stability, and available geochemical data.  The 
recommendations made by Brown and Caldwell are presented in Section B1.37.1. 

This report also presented one of the earliest meteorological investigations and included 
estimates of precipitation from nearby locations.  A copy of this document is provided in 
Attachment A. 

B1.12 SHALLOW GROUNDWATER FLOW IN THE VICINITY OF THE OPEN PIT AT THE LEVIATHAN 
MINE (PRUDIC AND HAMMERMEISTER, 1984) 

The USGS conducted a preliminary analysis of the shallow groundwater and the surface flow 
system in the vicinity of the open pit (32 acres of the area upgradient from the open pit and the 
48 acres of the open pit).  This information was intended to be used by the RWQCB to 
estimate the effect of shallow groundwater on the water quality of Leviathan Creek before and 
after abatement measures were carried out.  For this analysis, six assumptions were 
employed and shallow groundwater flow calculations were made for the open pit area.  Two 
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summary tables were produced using these assumptions.  These summary tables are 
presented in Attachment A. 

B1.13 HYDROLOGIC DATA FOR LEVIATHAN MINE AND VICINITY ALPINE COUNTY, CALIFORNIA, 
1981-83 (HAMMERMEISTER AND WAIMSLEY, 1985) 

This hydrologic investigation included the installation of piezometers, observations of 
subsurface lithology, and the analysis of surface water samples, stream sediment samples, 
and groundwater samples.  Activities were performed by the USGS from 1981 through 1983.  

Surface water field data included one or more measurements of pH, flow, water temperature, 
and specific conductance at 45 locations in and adjacent to the mine area.  Some surface 
water locations were selected for identifying and counting benthic invertebrates during high- 
and low-flow periods.   

Stream sediment samples were collected at three surface water stations in May 1983.  These 
sediment samples were analyzed for metals, total carbon, and moisture content. 

Subsurface lithology was recorded in 71 vertical borings.  The borings were converted to 
piezometers, many of which were clustered and screened at different depths.  Geotechnical 
properties were recorded during the drilling activities. 

Groundwater data were collected from the 71 piezometers between August 1982 and April 
1983 (clustered piezometers PZ-1 through PZ-33).  Field measurements included the depth to 
water, hydraulic conductivity, and temperature.  Groundwater samples were analyzed for 
metals and general chemistry. 

Geotechnical properties of the subsurface were recorded during the installation of the 71 
borings at the site by the USGS between 1981 through 1983.  Selected boring logs included 
estimates of the original land surface or the location of potential landslide surfaces.  Borehole 
geophysical data was collected and provided subsurface information on moisture content, 
porosity, density, natural gamma, and temperature logs.  Selected soil samples from the 
borings were analyzed for mineralogy and clay type.  No conclusions were cited in the report.   

Maps of the sampling locations and data tables containing soil, groundwater, and borehole 
data presented in this report are provided in Attachment A. 
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B1.14 FINAL REVISED ANALYSES OF MAJOR AND TRACE ELEMENTS FROM ACID MINE WATERS IN 
THE LEVIATHAN MINE DRAINAGE BASIN, CALIFORNIA AND NEVADA, OCTOBER 1981 TO 
OCTOBER 1982 (BALL AND NORDSTROM, 1989) 

Revised surface water analytical results of the 1981-1983 USGS investigation were presented 
in this document.  This dataset was re-analyzed using a more precise method for quantifying 
trace metals in surface water.  Sixty-seven surface water samples from 45 locations were re-
analyzed.  A complete copy of this document is provided in Attachment A. 

B1.15 PARTIAL SOIL REMEDIATION AND RE-VEGETATION OF THE LEVIATHAN MINE (CLAASSEN, 
1977) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Surface soil samples were collected from 31 sampling locations and analyzed for metals, 
nutrients, conductivity, pH, and percent of organic material.  Samples were collected sometime 
between 1985 and 1986.  The exact locations of the samples are not known.  Tabulated 
results from this investigation were obtained from the project database and are provided in 
Attachment A. 

B1.16 TRACE-ELEMENT ENRICHMENT IN STREAMBED SEDIMENT AND CRAYFISH, CARSON AND 
TRUCKEE RIVERS, NEVADA AND CALIFORNIA, SEPTEMBER 1992 (LAWRENCE, 1998)  

Streambed sediment and crayfish samples were collected from 11 locations (5 along the 
Carson River and 6 along the Truckee River).  The samples were analyzed for metals.  
Statistically-significant relations were measured between arsenic, mercury, and silver 
concentrations in bed-sediment and crayfish samples in each of the rivers.  These relations 
indicated that arsenic, mercury, and silver were bio-available and were bio-accumulated in 
crayfish, especially in the Carson River.  A map of sampling locations and the data tables 
present in this report are presented in Attachment A. 

B1.17 LEVIATHAN MINE, SPRING 1998 SPRING MONITORING PROGRAM (SRK, 1998) 

Surface water samples were collected at 9 stream locations during 6 sampling events 
conducted between June and July of 1998.  Sampling was designed to characterize spring 
runoff water quality upstream of the site, immediately downstream of the site, and at several 
locations further downstream of the site.  Stream locations included 2 station locations along 
the East Fork of the Carson River a short distance upstream of Bryant Creek (EFC1) and a 
short distance below Bryant Creek (EFC2), and from the present day surface water sampling 
Stations 1, 15, 16, 23, 24, and 25.  Field measurements of flow, temperature, and pH were 
collected at each stream location.  Water samples were analyzed for nutrients, hardness, total 
dissolved solids (TDS), total alkalinity, and metals.  Data tables and a map of sample locations 
presented in this report are provided in Attachment A. 
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B1.18 DATA ON STREAM-WATER AND BED-SEDIMENT QUALITY IN THE VICINITY OF LEVIATHAN 
MINE, ALPINE COUNTY, CALIFORNIA, AND DOUGLAS COUNTY, NEVADA; SEPTEMBER 1998 
(THOMAS AND LICO, 1998) 

A chemical assessment of streams in the area of Leviathan Mine was conducted in September 
1998.  Measurements of stream flow, pH, dissolved oxygen, temperature, specific 
conductance, alkalinity, bicarbonate, and carbonate were collected at 14 locations.  Surface 
water samples were analyzed for nutrients, major ions, trace elements, and organic carbon.  
Streambed sediments were collected at the same locations and analyzed for major and trace 
elements, total carbon, inorganic carbon, and organic carbon. 

There were no conclusions drawn from the data collected and presented within this report.  
Data tables and a map of the sample locations presented in this report are provided in 
Attachment A. 

B1.19 1998-1999 SUMMARY REPORT, ADMINISTRATIVE ORDER ON CONSENT, LEVIATHAN MINE, 
ALPINE COUNTY, CALIFORNIA (SRK, 1999) 

This report presents data collected during 1998 and 1999 including a geologic reconnaissance 
of the property and field investigation of groundwater and surface water chemistry and the 
collection of climate and geotechnical data.  Activities were performed from August 1998 
through December 1998 and additional data collection activities occurred during 1999.  

As part of the geological investigation, approximately 200 surface soil samples were collected 
and analyzed for pH and conductivity.   

Surface water samples were collected at 19 stream locations during three sampling events 
between September and November of 1998.  The sampling locations included discharge 
points from the site (e.g., Adit, AS, DS, CUD, PUD, runoff from Pond 4, and Pond 2), unnamed 
tributaries, and along selected USGS surface water sampling locations.  Field measurements 
of flow, temperature, and pH were collected at each sampling location.  Water samples were 
analyzed for nutrients, hardness, TDS, and metals. 

A total of 15 new groundwater monitoring wells (MWs) were installed in the Leviathan Creek 
drainage area between August and October 1998.  Groundwater samples from 17 wells which 
included the 15 newly installed MWs and two of the remaining piezometers installed by the 
USGS between 1981 and 1983 (PZ-25 and PZ-33) were collected in October and November 
1998.  Water level measurements were collected from existing wells during September and 
December 1998 and again in June, August, and September 1999.  All other piezometers 
installed by the USGS had been reported to be destroyed by landslide activity or construction 
activity during the RWQCB Pollution Abatement Project (Brown and Caldwell, 1983).  
Groundwater samples were collected on 2 separate events between August 1998 and 
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September 1999.  Groundwater parameters (pH, temperature, conductivity, TDS) were 
measured in the field and samples were analyzed for metals.  No soil samples were collected 
from within the vertical borings drilled during the installation of the 15 monitoring wells.  
Several tables presented in this document also present tabulations of the laboratory results for 
the groundwater sampling events and the water level data collected from the wells.  

Climate data was recorded from a light duty weather station in operation from June 1998 
through September 1999.  Temperature, precipitation, and wind speed were recorded from 
June 1998 through January 7, 1999.  The weather station was re-started on July 28 1999, and 
continued until September 10, 1999. 

A geotechnical investigation was performed at the site which included the collection of soil 
samples from six test pits (LTP-1 through LTP-6) and evaluation of landslide movements by 
installing nine landslide monuments which consisted of steel posts with a base plate anchored 
below the surface (LS1 through LS9).  Three test pits were placed in the area of Leviathan 
Creek (LTP-1 through LTP-3), one test pit was placed south of the open pit (LPT-4), and one 
test pit was placed in the center of the open pit (LPT-5).  The test pits were excavated to a 
maximum of 10 ft. below ground surface (bgs).  Soil samples collected from the test pits were 
analyzed for flexible wall permeability by ASTM D5084-90, compaction characteristics by 
ASTM D698-91, and particle size distribution.  The test pit logs were presented in Appendix F 
of the SRK (1999) document.  The movement of the landslide monuments has not been 
evaluated since their installation.   

A complete copy of this document is provided in Attachment A.  

B1.20 DATA REPORT FOR THE LEVIATHAN MINE STUDY AREA WATER AND SEDIMENT TOXICITY 
TESTING AND BENTHIC COMMUNITY DATA, SEPTEMBER 1998 ASSESSMENT (ENSR, 1999) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Surface water samples were collected from 18 locations between September 1998 and 
October 1999.  Locations included selected USGS stations and from discharge points from the 
site.  The analyses performed on the surface water samples included measuring the pH, total 
dissolved solids, dissolved oxygen, dissolved organic carbon, and metals.   

Stream sediment samples were collected from 18 locations with the surface water samples 
and analyzed for total organic carbon, grain size, and metals.  A bioassessment was 
performed at 14 locations which included selected USGS stations and from discharge points at 
the site.  Tabulated results from this investigation were obtained from the project database and 
are provided in Attachment A. 
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B1.21 ASSESSMENTS OF INJURIES TO AQUATIC NATURAL RESOURCES NEAR THE LEVIATHAN 
MINE, ALPINE COUNTY, CALIFORNIA.  PHASE 1 DATA REPORT:  CONCENTRATIONS OF 
METALS AND TRACE ELEMENTS IN AQUATIC INSECTS AND FISH (THOMPSON AND WELSH, 
1999) 

In September 1998, aquatic insect samples were collected in 11 stream locations in the vicinity 
of the site to obtain tissue for laboratory analysis.  The samples were collected in locations 
which received contaminated surface waters from the site as well as in reaches that receive no 
surface water wastes from the Leviathan Mine.  No samples were obtained from the reaches 
of Leviathan or Aspen Creeks directly downstream of the site due to the absence of aquatic 
insects in these locations.  These samples were analyzed for metals.  The data was collected 
to possibly determine if aquatic insects were accumulating metals and trace elements 
discharged from the site.  Results were presented in the document but no conclusions were 
made.    

In October 1998, mountain whitefish were collected in three East Fork Carson River locations 
to obtain muscle and liver tissues of fish for determination of metal and trace element 
concentrations.  The locations were upstream of Bryant Creek, downstream of Bryant Creek, 
and downstream of the Ruhenstroth Dam near Dresslerville.  These locations are also known 
as Stations 11, 12, and 13, respectively.  Tissue samples were analyzed for metal 
concentrations.  Results were presented in the document but no conclusions were made.   

A complete copy of this document is provided in Attachment A. 

B1.22 METHYL-MERCURY IN WATER AND BOTTOM SEDIMENT ALONG THE CARSON RIVER 
SYSTEM, NEVADA AND CALIFORNIA, SEPTEMBER 1998 (HOFFMAN AND THOMAS, 2000) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Surface water samples were collected from two locations (EFC-Ruhen and EFC-upstr) in 
September 1998.  Surface water samples were analyzed for flow, pH, temperature, mercury, 
methyl-mercury, and total organic carbon.  Stream sediments were collected from the same 
two locations and analyzed for mercury and methyl-mercury.  Tabulated results from this 
investigation were obtained from the project database and are provided in Attachment A. 

B1.23 LEVIATHAN MINE NATURAL RESOURCES DAMAGE ASSESSMENT PHASE I FISHERIES 
ASSESSMENT (LEHR, 2000) 

This report documents the status of fish populations in the Leviathan-Bryant Creek watershed 
in October 1998.  The project database indicated that samples were collected at 11 locations 
and included fish counts along sections of the watershed.  Tabulated results from this 
investigation were obtained from the project database and are provided in Attachment A. 
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B1.24 OPERATION AND MONITORING OF BIOREACTORS AT THE LEVIATHAN MINE (MILLER, 2001) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

The University of Nevada, Reno (UNR) performed system modifications to the Aspen Seep 
bioreactor (ASB) to improve the efficiency of the existing treatment system.  Water samples 
were collected through various parts of the system to evaluate the effectiveness of the 
modifications.  Samples were collected during 15 different sampling events between January 
and July of 2001.  Water samples were analyzed for pH, TDS, total alkalinity, and metals.  
Tabulated results from this investigation were obtained from the project database and are 
provided in Attachment A. 

B1.25 PRELIMINARY ASSESSMENT OF FISH COMMUNITY DYNAMICS AND TRACE-ELEMENT 
EXPOSURES TO AQUATIC INVERTEBRATES AND SALMONIDS, LOWER BRYANT CREEK AND 
EAST FORK CARSON RIVER, DOUGLAS COUNTY, NEVADA, 2001 (HIGGINS, 2001) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Metal concentrations were analyzed in 38 fish tissue samples collected at four locations in 
October of 2001.  These samples were named Bryant Creek (BRY), East Fork Carson River 1 
(EFC 1), East Fork Carson River 2 (EFC2), and East Fork Carson River downstream of 
Ruhenstroth Dam (EFC-Ruhen).  Tabulated results from this investigation were obtained from 
the project database and are provided in Attachment A. 

B1.26 GEOTECHNICAL INVESTIGATION REPORT, PHASE I PRELIMINARY SLOPE STABILITY 
EVALUATION, LEVIATHAN MINE DELTA AREA WASTE PILE, ALPINE COUNTY, CALIFORNIA 
(KLEINFELDER, 2001A) 

A geotechnical investigation was performed in the Delta Area to evaluate the slope stability of 
the waste pile.  The scope of the investigation included a literature search, a field 
reconnaissance, limited laboratory testing, a preliminary slope stability analysis, and the 
installation of slope monitors.  The following conclusions were drawn from the results of the 
investigation: 

1. Mine waste was deposited into the Leviathan Creek valley to depths ranging up 
to 65 ft.  Leviathan Creek was rerouted around the waste pile. 

2. Field and aerial photo reconnaissance indicated that a landslide occurred on 
the northwest limits of the Delta Area waste pile.   

3. Evidence of failure could not be detected on the waste pile south of the Delta 
Area slope, in the area of Pond 4, or in the channelized area of Leviathan 
Creek.  
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4. Surface soils in the Delta Area waste pile consist of clayey or silty sands with 
moderate to low strength parameters based on testing performed by 
Kleinfelder.  The permeability of the waste material is low (10-6 cm/sec) based 
on testing by SRK (1998).  Native soils below the waste material consist of 
organic-rich silty clay. 

5. Groundwater is present in the slope as evidenced by springs near the base of 
the slope and water levels in the MW at the top of the slope (MW-12) (SRK, 
1998).  The groundwater level appears to be within the lower 10 ft. of the waste 
material and may be one of the primary causes of landslide movement.  

6. There is evidence of past slope instability in waste material on the high slope 
east and south of the Delta Area.  Signs of recent movement within the Delta 
Area landslide could not be detected. 

7. A slope monitoring system consisting of 12 points were installed on the Delta 
Area slope and is monitored (weather permitting) on a monthly basis. 

8. The results of the preliminary slope stability analysis indicate that the Delta 
Area slope is marginally stable. 

9. Additional field investigations including field exploration drilling was 
recommended. 

A complete copy of this document is provided in Attachment A. 

B1.27 LEVIATHAN MINE 2001 EARLY RESPONSE ACTION, CHANNEL UNDERDRAIN TREATMENT 
COMPLETION REPORT (BROWN AND CALDWELL, 2002) 

A treatability study was performed to achieve short-term water quality improvements in 
Leviathan Creek, to demonstrate continuous lime treatment, and to assist in managing solids 
generated by channel underdrain (CUD) treatment.  The technology tested included the use of 
a continuous treatment lagoon system using calcium hydroxide (lime) designed for metal 
hydroxide and metal oxy-hydroxide precipitation.   

Seven surface water sampling events were conducted between August and September of 
2001 to monitor the effectiveness of the treatment technology.  Additionally, prior to discharge 
of treated water, field parameters such as pH and temperature, were recorded and water 
samples were collected from the influent, effluent, and surface of Pond 4 for laboratory 
analysis.  Water samples were analyzed for total alkalinity, acidity, TDS, sulfate, hardness, 
and metals.  A copy of this document is provided in Attachment A. 

B1.28 GEOTECHNICAL INVESTIGATION REPORT:  PHASE II PRELIMINARY SLOPE STABILITY 
EVALUATION, LEVIATHAN MINE DELTA AREA WASTE PILE, ALPINE COUNTY, CALIFORNIA.  
REPORT (KLEINFELDER, 2001B) 

This geotechnical investigation included drilling 9 soil borings (B-1 through B-9) to depths of 26 
to 58.5 ft. bgs in September and October of 2001.  These borings were advanced in the Delta 
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Area of the Leviathan Creek Study Area (LCSA) to evaluate the slope stability of the waste 
pile.  Continuous logs of all of the borings were recorded.  Slope inclinometer casing was 
installed in 4 of the borings (B-1, B-3, B-5, and B-6) and groundwater MWs were installed in 
the remaining five borings (B-2, B-4, B-7, B-8, and B-9).   

A geotechnical investigation was performed in the Delta Area to evaluate the slope stability of 
the waste pile.  Groundwater elevations were collected from borings B-1 through B-9, MW-8, 
and MW-12 during five events between September and November 2001.  Soil samples were 
laboratory tested for direct shear, density, and moisture content of the mine tailings.  
Information about this document was excerpted from Kleinfelder (2003) and is provided in 
Attachment A. 

B1.29 INFLUENCE OF NATURAL SOURCES ON MERCURY IN WATER, SEDIMENT, AND AQUATIC 
BIOTA IN SEVEN TRIBUTARY STREAMS OF THE EAST FORK OF THE UPPER CARSON RIVER, 
CALIFORNIA (FISCHER AND GUSTIN, 2002) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Seven tributaries were sampled between June and September 1999 to measure the 
concentration of mercury and methyl-mercury in stream sediments and aquatic biota.  
Tabulated results from this investigation were obtained from the project database and are 
provided in Attachment A. 

B1.30 GEOTECHNICAL SLOPE STABILITY EVALUATION, LEVIATHAN MINE DELTA AREA WASTE 
PILE, ALPINE COUNTY, CALIFORNIA (KLEINFELDER, 2003) 

A supplemental geotechnical investigation was performed in addition to those performed by 
Kleinfelder in 2001.  Ten test pits (TP-1 through TP-10) ranging in depths from 8.5 to 17.5 ft. 
were excavated in the Delta Area of the LCSA in May 2003.   

Results of the geotechnical investigations by Kleinfelder in 2001 and 2003 included a 
description of the landslide in the Delta Area of the LCSA, a description of subsurface 
conditions, and a slope stability analysis.   

The Delta Slope is roughly 250 ft. in length by about 150 in maximum width and is about 80 ft. 
in height.  It is located on the steep, northwest limit of the waste pile, east of and adjacent to 
Leviathan Creek.  

The landslide appears to consist of an upper rotational slide and a lower debris flow or planar 
slide.  A well defined but erosion-modified scarp, several feet in height, has formed near the 
top of the slope with evidence of toe bulging and movement at the toe of the slope.  This 
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primary scarp extends for over 200 ft. along the top of the slope.  A second smaller scarp is 
present below the primary scarp.  Evidence of previous slope movement has been reported 
with areas near the crest of the slope exhibiting several feet of subsidence.   

A lower less-defined scarp is present at the base of the rotational portion of the landslide.  The 
lower debris flow or planar portion of the landslide is below this lower scarp and exhibits 
evidence of saturation, springs, and more moisture than the upper rotational portion of the 
slide.  Small trees on the lower slope face also show signs of creep-type movement in their 
curved trunks. 

The mine tailings consist primarily of clayey sand with gravel, sandy clay, gravelly clay, and 
sandy silt to depths ranging from 28.5 ft. in boring B-4 to 58 ft. in boring B-2.  Varying amounts 
of cobbles and boulders were encountered in most of the explorations.  Andesite bedrock was 
encountered in borings B-1 through B-6 immediately below the fill material.  Bedrock was 
encountered at a depth of 12.5 ft. below grade in TP-3 below native soils.  Borings B-7 through 
B-9 located above the slide area and all other test pits did not penetrate to bedrock. 

Groundwater was encountered in all soil borings and all but two of the test pits (located above 
the head scarp).  Various potential slide planes were encountered in both the soil borings as 
well as the test pits that consisted of saturated, very soft, sandy clay or clayey sand zones.  
The interface between the bedrock and mine tailings was selected as the location of the slide 
plane for the stability analyses.   

The landslide was modeled in a computer program and tested with combinations of grading 
activities to determine an acceptable design for stabilizing the landslide.  Results of the 
computer simulations indicated the slopes that terminate in the uphill portions of the pre-
existing landslide will need to be flatter. 

A copy of this letter report is provided in Attachment A. 

B1.31 BIOASSESSMENT MONITORING OF ACID MINE DRAINAGE IMPACTS IN STREAMS OF THE 
LEVIATHAN MINE WATERSHED: AN UPDATE FOR 2003 SURVEYS (HERBST, 2004B) 

Bioassessment monitoring was performed in 2003 as part of a long-term monitoring program 
that began in 1995.  This monitoring continues today by U.S. Environmental Protection Agency 
(U.S. EPA).  The purpose of the monitoring program was to document seasonal and year-to-
year changes and natural variability in the ecological health surrounding the Leviathan Mine 
Watershed.  Benthic macro-invertebrates (bottom feeding fauna and insects) were collected 
from riffle habitats at six stations in June of 2003 and 3 central stations in September of 2003.  
These stations included Stations 2, 4, 5, 6, 7, and 8 which coincide with the surface water 
sampling locations.  The species of benthic macro-invertebrates were identified and counted.  
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Data were analyzed using descriptive statistics and graphical contrasts among sites by season 
and time.  The primary metrics used for interpreting community structure and biological 
integrity was based on measures of diversity, tolerance, density, and dominance.   

Results of the continued bioassessment monitoring since 1995 continued to show “clear and 
consistent signals of progressive improvement in biological integrity on Aspen and Leviathan 
Creek below the mine”.  The sample locations on Bryant Creek downstream of Mountaineer 
Creek were noted to be “approaching the reference stream condition in several indicators 
including diversity and tolerance measures”.  

A copy of this document is provided in Attachment A.  

B1.32 WATER QUALITY STUDY REPORT FOR THE NATURAL RESOURCE DAMAGE ASSESSMENT OF 
SURFACE WATER BELOW THE LEVIATHAN MINE, ALPINE COUNTY, CALIFORNIA AND 
DOUGLAS COUNTY, NEVADA (MARKIN AND YEE, 2006) 

The report was not available for review.  The following information was obtained from the 
project database which is described in Section B1.36.  

Seven surface water stations (BRY, LEV, and Stations 1, 15, 23, 25, and 26) were monitored 
on June 13, 2002, and analyzed for pH, alkalinity, organic carbon, nutrients, and metals.  No 
conclusions were provided in this report.  Tabulated results from this investigation were 
obtained from the project database and are provided in Attachment A. 

B1.33 SUMMARY OF MATERIAL TESTING AND OBSERVATION SERVICES, GEOTECHNICAL SLOPE 
STABILITY, LEVIATHAN MINE DELTA AREA WASTE PILE, ALPINE COUNTY, CALIFORNIA 
(KLEINFELDER, 2006) 

This letter report represents a completion report for the landslide stabilization activities that 
were performed in the Delta Area of the LCSA between June and August of 2005.  The 
activities included grading the slope from a horizontal to vertical inclination of 2½:1 to 3½:1, 
constructing benches at regular intervals along the slope, installing trench drains to a depth of 
10.5 ft. on the benches, and constructing a toe-buttress.  The width of the benches were 
approximately 20 ft., with the exception of the first bench which was approximately 30 ft. wide.  
Trench drains for subsurface were constructed along the centerline of the benches, and 
connected to a main subsurface drain pipe placed along the northern side of the landslide.   

A “highly competent dark gray andesite rock outcropping” at the site was mined, crushed, and 
processed for use as Type II aggregate base material.  This material was placed around the 
storm drain pipes and as cover for the new section of roadway.  It was recommended that 
regular inspection and maintenance should be performed to monitor the long-term global 
stability of the Delta Area. 
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A copy of this document is provided in Attachment A. 

B1.34 PRECIPITATION DATA CONTAINED IN THE DATA QUALITY OBJECTIVE REPORT: REMEDIAL 
INVESTIGATION AND FEASIBILITY STUDY, LEVIATHAN MINE, ALPINE COUNTY (ATLANTIC 
RICHFIELD, 2008C)  

The Data Quality Objectives (DQO) report included a review of precipitation data from the 
RWQCB weather station and concluded that this data collection was not complete in terms of 
daily precipitation totals with data missing during 22 of 42 months.  Because of the short 
period of record for on-site data (2003-2006), other regional data sources were used to 
estimate rates of precipitation at the site.  Using precipitation measurements from July 1948 
through August 1990 at Markleeville, California, the estimates of precipitation at the site was 
modeled approximately 59 percent higher than the on-site measurements (2003-2006).  The 
DQO report also estimated short-term (or extreme) precipitation events.  Three tables 
presented in Attachment A summarize estimated precipitation using the PRISM model 
compared to other sources.   

B1.35 ELECTRONIC SURFACE WATER DATA OBTAINED FROM OTHER SOURCES 

In addition to the above documents, surface water data was collected during specific sample 
collection activities between 1998 and 2005.  This data has been included in the document 
review and uploaded to the project database.   

1. U.S. EPA continues to collect biota data each year from Aspen Creek, 
Leviathan Creek, and Bryant Creek. 

2. The USGS collected flow data from Stations 16 and 24 during 40 sampling 
events from October 1998 through August 2002. 

3. The USGS collected flow data from Station 26 during 5 events between 
February 1999 and June 2000. 

4. The RWQCB collected surface water samples to evaluate the water quality 
from the Pond 4 Lime Treatment System (LTS).  Data provided from June 2002 
through September 2005. 

5. Atlantic Richfield Early Response Action (ERA) influent and effluent water 
quality data from the Aspen Seep Bioreactor (ASB) from April 2003 through 
February 2005. 
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Electronic data from ongoing surface water investigations has also been included in the 
document review and is uploaded to the project database: 

1. Ongoing data from the RWQCB.  Data includes (1) comprehensive surface 
water quality monitoring data (monthly and semi-annual), (2) influent and 
effluent water quality and sludge data from the Biphasic Treatment System of 
Adit and pit underdrain (PUD) flows.  Data provided since August 1984. 

2. Ongoing data from Atlantic Richfield.  Data includes (1) influent and effluent 
water quality and sludge data from the Pond 4 CUD/Delta Seep (DS) Treatment 
System and (2) influent and effluent water quality and sludge data from the 
ASB’s Treatment System.  Data provided since September 13, 2001. 

3. Ongoing data from the Nevada Department of Environmental Protection which 
includes surface water sampling along the East Fork Carson River and Station 
26.  Data provided since January 1977. 

4. Ongoing data from the Army Core of Engineers which includes measurements 
of pH, specific conductance, and temperature of surface water from 17 surface 
water stations.  Data provided since June 2007. 

In addition to the above documents, stream sediment data was collected by the RWQCB 
between 2002 and 2005.  The RWQCB collected sediment samples to evaluate the efficiency 
of the Pond 4 LTS.  Ongoing sediment data is currently being collected in the Pond 4 LTS.  
Both sources of electronic stream sediment data are periodically uploaded into the project 
database. 

In addition to the above documents, ongoing groundwater quality data is being collected from 
MW-3 by the RWQCB.  This information is periodically uploaded to the project database. 

In February of 2003, the RWQCB began operating a weather station at the site at Pond 1.  
Measurements were collected on an hourly basis and included: time, temperature, humidity, 
wind speed, wind direction, wind run, wind chill factor, heat index, barometer readings, 
precipitation, and evapotranspiration.  This information is periodically uploaded to the project 
database (at the time of this document, the database includes information through December 
31, 2008).   

B1.36 PROJECT DATABASE 

The project database was first created by Burt Kilbourne of Atlantic Richfield on May 5, 1999.  
The database was initially managed by Montgomery Watson Harza (MWH) in 2002.  MWH 
updated the database into Microsoft Access and added additional historical data at the site.  
The database was then transferred to EMC2 in the fall of 2002 who managed new incoming 
data until 2007.  Since 2007, the database has been managed by AMEC Geomatrix (AMEC).   
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The database includes data collected at the site between 1957 through the present.  Detailed 
information from 36 sources has been incorporated into the database (32 previous 
investigations and 4 ongoing investigations).  The number of data points from each of these 
sources has been organized by type and is presented on Table 40 of the Program Work Plan 
(PWP).  Based on information obtained in October 2008, most of the information in the project 
database is surface water data (103,506), followed by stream sediment data (3,978), 
bioassessment data (2,910), groundwater data (2,786), soil data (1,776), and climate data 
(456).  Additional data submitted to Atlantic Richfield has been updated in the database as 
appropriate. 

B1.37 OTHER ENVIRONMENTAL DOCUMENTS 

Other environmental documents have contributed to the understanding of impacts at the site 
but did not include the collection of new data.  The following documents have been reviewed in 
the development of the PWP:   

1. Leviathan Mine Pollution Abatement Project, Design Report and Draft 
Environmental Impact Report, April 1983 (Brown and Caldwell, 1983); 

2. A History of the Leviathan Mine Pollution Abatement Project, Alpine County, 
California (Taxer, et. al, 1991); 

3. Leviathan Mine 5-Year Workplan, Lahonton Regional Water Quality Control 
Board (RWQCB, 1995a); and 

4. Leviathan Mine Site, Phase I Remedial Investigation/Feasibility Study Work 
Plan Draft, April 2002 (MWH, 2002). 

These documents are summarized in the following subsections. 

B1.37.1 Leviathan Mine Pollution Abatement Project, Design Report and Draft 
Environmental Impact Report, April 1983 (Brown and Caldwell, 1983) 

Four alternatives were developed that fell into two categories: pollution source control and 
pollution discharge control.  The pollution source control alternatives included up-gradient 
interception of the groundwater, interception of adit flow before contamination, clay or soil-
cement seals and synthetic liners to prevent infiltration of contaminated or uncontaminated 
groundwater into the ground, and biochemical or chemical de-oxygenation of groundwater up-
gradient of the site to inhibit the formation of sulfuric acid during water contact with sulfur-rich 
materials.  Pollution discharge control alternatives included sealing the Adit, on-site chemical 
treatment of acid rock drainage (ARD), and exportation of ARD off site to evaporation/holding 
ponds in Nevada.  
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The “Recommended Project” was a pollution discharge control alternative which fit within the 
constraint limits of the available funds (at the time was 3.76 million).  The Recommended 
Project included the following main activities: 

1. Leviathan Creek Channelization; 

2. Filling and Regrading the Pit; 

3. Excavation and Regrading the Waste Dump; 

4. Constructing On-Site Evaporation Ponds; and 

5. Regrading and improving the drainage of Spoil Area A. 

The Recommended Project was expected to reduce the annual mean TDS load concentration 
from the site by an estimated 79 percent.  A copy of this document is provided within 
Attachment A.  Also refer to Section B1.11. 

B1.37.2 A History of the Leviathan Mine Pollution Abatement Project, Alpine County, 
California (Taxer, et. al, 1991) 

This report documents the activities that were performed during the Pollution Abatement Plan 
from 1983 through 1985.  In August 1983, construction began with the plan of implementing 
the recommended project as described in Brown and Caldwell (1983), however, additional 
activities were performed.   

“Site conditions were much worse than anticipated.  Acidic seeps and springs were found in 
many locations throughout the construction area.  The channelization of Leviathan Creek had 
to be redesigned and elevated due to the seeps.  The seeps below the channel were collected 
in a gravel underdrain and discharged directly to the creek (now referred to as the CUD).  Site 
constraints made it impossible to allow discharge to an evaporation pond.  Rainfall made the 
site unworkable due to the heavy mud produced from the tailings.  The construction season 
had to end by November 15th for the two years of construction.” 

The settlement with Atlantic Richfield allowed for many improvements to the original design.  
Approximately 17,000 ft. of drainage ditches were changed to concrete from soil cement.  A 
fifth evaporation pond was added (but only a total of 11.4 acres of ponds could be built due to 
limited stable areas at the site).  Additional ARD seeps were captured and routed to the 
evaporation ponds.  Additional funds were available so an intensive re-vegetation project was 
initiated. 

Post-project water quality samples were collected to evaluate the effectiveness of the 
abatement activities.  Based on graphs within the document, the downstream median 
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concentration of TDS decreased approximately 30%, substantially less than the anticipated 
post-project reduction of 79 percent.  Based on the post-project water quality monitoring 
results, Leviathan Creek remained degraded after the implementation of the abatement 
activities.  The sources of ongoing water quality problems were identified from three areas (1) 
uncontrolled springs and seeps, (2) evaporation pond overflows, and (3) erosion of tailings into 
the creek channel.   

A copy of this document is provided in Attachment A. 

B1.37.3 Leviathan Mine 5-Year Work Plan, Lahontan Regional Water Quality Control 
Board (RWQCB, 1995a) 

This document outlines a five-year plan developed by the RWQCB for addressing the water 
quality issues that have remained at Leviathan Mine since the Leviathan Mine Pollution 
Abatement Project (PAP).  It included additional details of the work completed for the PAP, 
described maintenance needs, and included a plan for monitoring the post-project water 
quality. 

This document indicated that improvements were still needed to improve the water quality of 
Leviathan, Aspen, and Bryant Creeks.  The RWQCB indicated that treating flows from the 
CUD and pond overflows in addition to controlling erosion would mitigate the impacts to the 
creeks.   

A copy of this document is provided in Attachment A. 

B1.37.4 Leviathan Mine Site, Phase I Remedial Investigation/Feasibility Study Work 
Plan Draft, April 2002 (MWH, 2002) 

A work plan was prepared by MWH on behalf of Atlantic Richfield to implement a phased 
RI/FS including ERAs at the site in 2002.  To avoid confusion with the PWP, the document will 
be referred to as the 2002 MWH work plan.  While the 2002 MWH work plan outlined for the 
entire RI/FS process, the main objective of the document was to update the project database 
(which was completed and presented in Section 3.1.36).  Once those tasks were completed, 
subsequent work plans were supposed to be prepared that would better characterize the site, 
fulfill data gaps, and evaluate appropriate long-term treatment technologies.  
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Excerpted Data from Previous Investigations (on CD-ROM) 
 

 



 

LETTER TO THE RWQCB: REGARDING WATER SAMPLES COLLECTED FROM ASPEN AND 
LEVIATHAN CREEKS, PRE-OPEN PIT MINING 

(White, 1952) 





 

NEVADA DIVISION OF WILDLIFE STREAM SURVEY – BRYANT CREEK 

(NDCNR, 1955) 

















 

REPORT LEVIATHAN CREEK BIOASSAY 

(Coli, 1958) 







 

LEVIATHAN CREEK WATER QUALITY SAMPLE RESULTS 

(Reinke, 1958) 





 

REPORT ON POLLUTION OF LEVIATHAN CREEK CAUSED BY LEVIATHAN MINE 

(RWQCB, 1968) 

 





































 

LETTER: TRANSMIT RWQCB MEETING MINUTES; FISH AND GAME REPORT [STERLING P. 
DAVIS, 1969] 

(Leggett, 1969) 









 

INVESTIGATION OF SOIL AND IRRIGATION WATER CONDITIONS ON THE BROOKS PARK-RIVER 
RANCH 

(Nelson Laboratories, 1969) 



Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
A 11/11/1969 B 0.14 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 B 0.16 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Ca, Available 2140 pounds NEL-002
A 11/11/1969 Ca, Available 2440 pounds NEL-002
A 11/11/1969 Ca, Available 2820 pounds NEL-002
A 11/11/1969 Cl 10 ppm NEL-002
A 11/11/1969 Cl 20 ppm NEL-002
A 11/11/1969 Cl 30 ppm NEL-002
A 11/11/1969 Clay 21.7 % NEL-002
A 11/11/1969 Clay 25.2 % NEL-002
A 11/11/1969 Clay 27.2 % NEL-002
A 11/11/1969 Cu 0.01 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Cu 0.02 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Cu 2.04 ppm DTPA Extractable NEL-002
A 11/11/1969 Cu 3.63 ppm DTPA Extractable NEL-002
A 11/11/1969 Cu 5.2 ppm DTPA Extractable NEL-002
A 11/11/1969 EC 0.47 mmhos/c NEL-002
A 11/11/1969 EC 0.53 mmhos/c NEL-002
A 11/11/1969 EC 0.73 mmhos/c NEL-002
A 11/11/1969 Fe 0.08 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Fe 0.11 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Fe 0.19 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Fe 81.2 ppm DTPA Extractable NEL-002
A 11/11/1969 Fe 128.2 ppm DTPA Extractable NEL-002
A 11/11/1969 Fe 136.6 ppm DTPA Extractable NEL-002
A 11/11/1969 K, Available 196 pounds NEL-002
A 11/11/1969 K, Available 229 pounds NEL-002
A 11/11/1969 K, Available 244 pounds NEL-002
A 11/11/1969 Mg, Available 634 pounds NEL-002
A 11/11/1969 Mg, Available 636 pounds NEL-002
A 11/11/1969 Mg, Available 660 pounds NEL-002
A 11/11/1969 Mn 0.13 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Mn 0.19 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Mn 1.35 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Mn 15 ppm DTPA Extractable NEL-002
A 11/11/1969 Mn 15.3 ppm DTPA Extractable NEL-002
A 11/11/1969 Mn 21.1 ppm DTPA Extractable NEL-002
A 11/11/1969 NH3 10 pounds NEL-002
A 11/11/1969 NH3 15 pounds NEL-002
A 11/11/1969 NH3 25 pounds NEL-002
A 11/11/1969 NO3 10 pounds NEL-002
A 11/11/1969 NO3 15 pounds NEL-002
A 11/11/1969 NO3 20 pounds NEL-002
A 11/11/1969 OM% 2.22 % NEL-002
A 11/11/1969 OM% 5.44 % NEL-002
A 11/11/1969 OM% 8.66 % NEL-002
A 11/11/1969 P, Available 26 pounds NEL-002
A 11/11/1969 P, Available 36 pounds NEL-002
A 11/11/1969 P, Available 55 pounds NEL-002
A 11/11/1969 pH 5.1 su NEL-002
A 11/11/1969 pH 5.65 su NEL-002
A 11/11/1969 pH 5.9 su NEL-002
A 11/11/1969 Sand 37.2 % NEL-002
A 11/11/1969 Sand 50.2 % NEL-002
A 11/11/1969 Sand 55.2 % NEL-002
A 11/11/1969 Zn 0.06 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Zn 0.08 ppm in Saturated Soil Extract NEL-002
A 11/11/1969 Zn 0.93 ppm DTPA Extractable NEL-002
A 11/11/1969 Zn 1.28 ppm DTPA Extractable NEL-002
A 11/11/1969 Zn 3.18 ppm DTPA Extractable NEL-002
B 11/11/1969 B 0.27 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 B 0.29 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 B 0.32 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Ca, Available 2285 pounds NEL-002
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Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

B 11/11/1969 Ca, Available 2610 pounds NEL-002
B 11/11/1969 Ca, Available 3120 pounds NEL-002
B 11/11/1969 Cl 10 ppm NEL-002
B 11/11/1969 Cl 20 ppm NEL-002
B 11/11/1969 Clay 15.2 % NEL-002
B 11/11/1969 Clay 17.2 % NEL-002
B 11/11/1969 Clay 19.4 % NEL-002
B 11/11/1969 Cu 0.025 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Cu 0.05 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Cu 0.08 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Cu 0.68 ppm DTPA Extractable NEL-002
B 11/11/1969 Cu 0.87 ppm DTPA Extractable NEL-002
B 11/11/1969 Cu 0.89 ppm DTPA Extractable NEL-002
B 11/11/1969 EC 0.32 mmhos/c NEL-002
B 11/11/1969 EC 0.4 mmhos/c NEL-002
B 11/11/1969 EC 0.44 mmhos/c NEL-002
B 11/11/1969 Fe 0.05 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Fe 0.06 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Fe 0.11 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Fe 15.3 ppm DTPA Extractable NEL-002
B 11/11/1969 Fe 21.6 ppm DTPA Extractable NEL-002
B 11/11/1969 Fe 24.8 ppm DTPA Extractable NEL-002
B 11/11/1969 K, Available 784 pounds NEL-002
B 11/11/1969 K, Available 836 pounds NEL-002
B 11/11/1969 K, Available 849 pounds NEL-002
B 11/11/1969 Mg, Available 460 pounds NEL-002
B 11/11/1969 Mg, Available 477 pounds NEL-002
B 11/11/1969 Mg, Available 500 pounds NEL-002
B 11/11/1969 Mn 0.05 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Mn 0.06 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Mn 0.09 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Mn 6.6 ppm DTPA Extractable NEL-002
B 11/11/1969 Mn 9 ppm DTPA Extractable NEL-002
B 11/11/1969 Mn 10.7 ppm DTPA Extractable NEL-002
B 11/11/1969 NH3 10 pounds NEL-002
B 11/11/1969 NH3 15 pounds NEL-002
B 11/11/1969 NO3 15 pounds NEL-002
B 11/11/1969 NO3 20 pounds NEL-002
B 11/11/1969 NO3 25 pounds NEL-002
B 11/11/1969 OM% 2.22 % NEL-002
B 11/11/1969 OM% 2.45 % NEL-002
B 11/11/1969 OM% 3.03 % NEL-002
B 11/11/1969 P, Available 108 pounds NEL-002
B 11/11/1969 P, Available 116 pounds NEL-002
B 11/11/1969 P, Available 133 pounds NEL-002
B 11/11/1969 pH 6.35 su NEL-002
B 11/11/1969 pH 6.4 su NEL-002
B 11/11/1969 Sand 58.8 % NEL-002
B 11/11/1969 Sand 60.8 % NEL-002
B 11/11/1969 Sand 64.2 % NEL-002
B 11/11/1969 Zn 0.06 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Zn 0.085 ppm in Saturated Soil Extract NEL-002
B 11/11/1969 Zn 1.02 ppm DTPA Extractable NEL-002
B 11/11/1969 Zn 1.64 ppm DTPA Extractable NEL-002
B 11/11/1969 Zn 2.5 ppm DTPA Extractable NEL-002
C 11/11/1969 B 0.14 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 B 0.17 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 B 0.39 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Ca, Available 2080 pounds NEL-002
C 11/11/1969 Ca, Available 2220 pounds NEL-002
C 11/11/1969 Ca, Available 2610 pounds NEL-002
C 11/11/1969 Cl 20 ppm NEL-002
C 11/11/1969 Clay 22.6 % NEL-002
C 11/11/1969 Clay 26.6 % NEL-002
C 11/11/1969 Clay 27.4 % NEL-002
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Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

C 11/11/1969 Cu 0.01 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Cu 0.02 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Cu 0.05 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Cu 2.17 ppm DTPA Extractable NEL-002
C 11/11/1969 Cu 3.41 ppm DTPA Extractable NEL-002
C 11/11/1969 Cu 3.89 ppm DTPA Extractable NEL-002
C 11/11/1969 EC 0.48 mmhos/c NEL-002
C 11/11/1969 EC 0.55 mmhos/c NEL-002
C 11/11/1969 EC 0.72 mmhos/c NEL-002
C 11/11/1969 Fe 0.14 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Fe 0.21 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Fe 90 ppm DTPA Extractable NEL-002
C 11/11/1969 Fe 119.7 ppm DTPA Extractable NEL-002
C 11/11/1969 Fe 130.2 ppm DTPA Extractable NEL-002
C 11/11/1969 K, Available 202 pounds NEL-002
C 11/11/1969 K, Available 229 pounds NEL-002
C 11/11/1969 K, Available 237 pounds NEL-002
C 11/11/1969 Mg, Available 504 pounds NEL-002
C 11/11/1969 Mg, Available 547 pounds NEL-002
C 11/11/1969 Mg, Available 669 pounds NEL-002
C 11/11/1969 Mn 0.19 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Mn 0.27 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Mn 2.67 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Mn 20.4 ppm DTPA Extractable NEL-002
C 11/11/1969 Mn 24.1 ppm DTPA Extractable NEL-002
C 11/11/1969 Mn 28.6 ppm DTPA Extractable NEL-002
C 11/11/1969 NH3 10 pounds NEL-002
C 11/11/1969 NH3 23 pounds NEL-002
C 11/11/1969 NO3 10 pounds NEL-002
C 11/11/1969 OM% 2.6 % NEL-002
C 11/11/1969 OM% 3.94 % NEL-002
C 11/11/1969 OM% 9.89 % NEL-002
C 11/11/1969 P, Available 30 pounds NEL-002
C 11/11/1969 P, Available 43 pounds NEL-002
C 11/11/1969 P, Available 73 pounds NEL-002
C 11/11/1969 pH 4.9 su NEL-002
C 11/11/1969 pH 5.4 su NEL-002
C 11/11/1969 pH 5.6 su NEL-002
C 11/11/1969 Sand 41.4 % NEL-002
C 11/11/1969 Sand 48.2 % NEL-002
C 11/11/1969 Sand 54 % NEL-002
C 11/11/1969 Zn 0.1 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Zn 0.12 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Zn 0.18 ppm in Saturated Soil Extract NEL-002
C 11/11/1969 Zn 1.39 ppm DTPA Extractable NEL-002
C 11/11/1969 Zn 1.69 ppm DTPA Extractable NEL-002
C 11/11/1969 Zn 3.13 ppm DTPA Extractable NEL-002
D 11/11/1969 B 0.4 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 B 0.43 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 B 0.57 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Ca, Available 2440 pounds NEL-002
D 11/11/1969 Ca, Available 2520 pounds NEL-002
D 11/11/1969 Cl 20 ppm NEL-002
D 11/11/1969 Cl 30 ppm NEL-002
D 11/11/1969 Clay 27.6 % NEL-002
D 11/11/1969 Clay 28.8 % NEL-002
D 11/11/1969 Clay 29.6 % NEL-002
D 11/11/1969 Cu 0.01 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Cu 0.025 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Cu 0.05 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Cu 0.77 ppm DTPA Extractable NEL-002
D 11/11/1969 Cu 0.82 ppm DTPA Extractable NEL-002
D 11/11/1969 Cu 1.39 ppm DTPA Extractable NEL-002
D 11/11/1969 EC 0.33 mmhos/c NEL-002
D 11/11/1969 EC 0.42 mmhos/c NEL-002
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Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

D 11/11/1969 EC 0.47 mmhos/c NEL-002
D 11/11/1969 Fe 0.11 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Fe 0.27 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Fe 0.32 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Fe 28.9 ppm DTPA Extractable NEL-002
D 11/11/1969 Fe 31 ppm DTPA Extractable NEL-002
D 11/11/1969 Fe 49 ppm DTPA Extractable NEL-002
D 11/11/1969 K, Available 455 pounds NEL-002
D 11/11/1969 K, Available 517 pounds NEL-002
D 11/11/1969 K, Available 562 pounds NEL-002
D 11/11/1969 Mg, Available 745 pounds NEL-002
D 11/11/1969 Mg, Available 885 pounds NEL-002
D 11/11/1969 Mg, Available 995 pounds NEL-002
D 11/11/1969 Mn 0.02 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Mn 0.03 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Mn 0.15 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Mn 10.7 ppm DTPA Extractable NEL-002
D 11/11/1969 Mn 14.6 ppm DTPA Extractable NEL-002
D 11/11/1969 Mn 29.6 ppm DTPA Extractable NEL-002
D 11/11/1969 NH3 10 pounds NEL-002
D 11/11/1969 NH3 12 pounds NEL-002
D 11/11/1969 NO3 10 pounds NEL-002
D 11/11/1969 NO3 15 pounds NEL-002
D 11/11/1969 OM% 1.3 % NEL-002
D 11/11/1969 OM% 1.66 % NEL-002
D 11/11/1969 OM% 3.01 % NEL-002
D 11/11/1969 P, Available 204 pounds NEL-002
D 11/11/1969 P, Available 225 pounds NEL-002
D 11/11/1969 P, Available 229 pounds NEL-002
D 11/11/1969 pH 6 su NEL-002
D 11/11/1969 pH 6.25 su NEL-002
D 11/11/1969 Sand 43 % NEL-002
D 11/11/1969 Sand 43.2 % NEL-002
D 11/11/1969 Sand 46 % NEL-002
D 11/11/1969 Zn 0.11 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Zn 0.15 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Zn 0.23 ppm in Saturated Soil Extract NEL-002
D 11/11/1969 Zn 0.32 ppm DTPA Extractable NEL-002
D 11/11/1969 Zn 0.53 ppm DTPA Extractable NEL-002
D 11/11/1969 Zn 0.97 ppm DTPA Extractable NEL-002
E 11/11/1969 B 0.44 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 B 0.49 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 B 0.56 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Ca, Available 2140 pounds NEL-002
E 11/11/1969 Ca, Available 2610 pounds NEL-002
E 11/11/1969 Ca, Available 2925 pounds NEL-002
E 11/11/1969 Cl 30 ppm NEL-002
E 11/11/1969 Cl 40 ppm NEL-002
E 11/11/1969 Clay 25.2 % NEL-002
E 11/11/1969 Clay 27.6 % NEL-002
E 11/11/1969 Cu 0.03 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Cu 0.06 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Cu 1.82 ppm DTPA Extractable NEL-002
E 11/11/1969 Cu 2.17 ppm DTPA Extractable NEL-002
E 11/11/1969 Cu 2.6 ppm DTPA Extractable NEL-002
E 11/11/1969 EC 0.37 mmhos/c NEL-002
E 11/11/1969 EC 0.44 mmhos/c NEL-002
E 11/11/1969 EC 0.56 mmhos/c NEL-002
E 11/11/1969 Fe 0.54 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Fe 0.72 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Fe 0.84 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Fe 123 ppm DTPA Extractable NEL-002
E 11/11/1969 Fe 171 ppm DTPA Extractable NEL-002
E 11/11/1969 Fe 179.4 ppm DTPA Extractable NEL-002
E 11/11/1969 K, Available 98 pounds NEL-002
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Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

E 11/11/1969 K, Available 215 pounds NEL-002
E 11/11/1969 K, Available 455 pounds NEL-002
E 11/11/1969 Mg, Available 665 pounds NEL-002
E 11/11/1969 Mg, Available 892 pounds NEL-002
E 11/11/1969 Mg, Available 943 pounds NEL-002
E 11/11/1969 Mn 0.04 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Mn 0.13 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Mn 13 ppm DTPA Extractable NEL-002
E 11/11/1969 Mn 13.5 ppm DTPA Extractable NEL-002
E 11/11/1969 Mn 18.8 ppm DTPA Extractable NEL-002
E 11/11/1969 NH3 10 pounds NEL-002
E 11/11/1969 NH3 12 pounds NEL-002
E 11/11/1969 NO3 15 pounds NEL-002
E 11/11/1969 NO3 20 pounds NEL-002
E 11/11/1969 NO3 25 pounds NEL-002
E 11/11/1969 OM% 1.74 % NEL-002
E 11/11/1969 OM% 4.74 % NEL-002
E 11/11/1969 OM% 7.17 % NEL-002
E 11/11/1969 P, Available 4 pounds NEL-002
E 11/11/1969 P, Available 9 pounds NEL-002
E 11/11/1969 P, Available 10 pounds NEL-002
E 11/11/1969 pH 6.2 su NEL-002
E 11/11/1969 pH 6.3 su NEL-002
E 11/11/1969 Sand 41.2 % NEL-002
E 11/11/1969 Sand 45.2 % NEL-002
E 11/11/1969 Sand 47 % NEL-002
E 11/11/1969 Zn 0.07 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Zn 0.11 ppm in Saturated Soil Extract NEL-002
E 11/11/1969 Zn 0.44 ppm DTPA Extractable NEL-002
E 11/11/1969 Zn 1.18 ppm DTPA Extractable NEL-002
E 11/11/1969 Zn 1.78 ppm DTPA Extractable NEL-002
F 11/11/1969 B 0.36 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 B 0.39 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 B 0.5 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Ca, Available 2350 pounds NEL-002
F 11/11/1969 Ca, Available 2440 pounds NEL-002
F 11/11/1969 Ca, Available 2695 pounds NEL-002
F 11/11/1969 Cl 20 ppm NEL-002
F 11/11/1969 Cl 30 ppm NEL-002
F 11/11/1969 Clay 26.6 % NEL-002
F 11/11/1969 Clay 27.6 % NEL-002
F 11/11/1969 Clay 31.6 % NEL-002
F 11/11/1969 Cu 0.02 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Cu 0.04 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Cu 0.07 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Cu 1.76 ppm DTPA Extractable NEL-002
F 11/11/1969 Cu 2.26 ppm DTPA Extractable NEL-002
F 11/11/1969 Cu 2.45 ppm DTPA Extractable NEL-002
F 11/11/1969 EC 0.37 mmhos/c NEL-002
F 11/11/1969 EC 0.4 mmhos/c NEL-002
F 11/11/1969 EC 0.44 mmhos/c NEL-002
F 11/11/1969 Fe 0.25 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Fe 0.38 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Fe 0.95 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Fe 94.8 ppm DTPA Extractable NEL-002
F 11/11/1969 Fe 129.3 ppm DTPA Extractable NEL-002
F 11/11/1969 Fe 172.2 ppm DTPA Extractable NEL-002
F 11/11/1969 K, Available 188 pounds NEL-002
F 11/11/1969 K, Available 208 pounds NEL-002
F 11/11/1969 K, Available 260 pounds NEL-002
F 11/11/1969 Mg, Available 782 pounds NEL-002
F 11/11/1969 Mg, Available 787 pounds NEL-002
F 11/11/1969 Mg, Available 800 pounds NEL-002
F 11/11/1969 Mn 0.05 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Mn 0.06 ppm in Saturated Soil Extract NEL-002
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Soil Quality Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

F 11/11/1969 Mn 0.09 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Mn 10.9 ppm DTPA Extractable NEL-002
F 11/11/1969 Mn 12.8 ppm DTPA Extractable NEL-002
F 11/11/1969 Mn 13.1 ppm DTPA Extractable NEL-002
F 11/11/1969 NH3 10 pounds NEL-002
F 11/11/1969 NO3 10 pounds NEL-002
F 11/11/1969 NO3 15 pounds NEL-002
F 11/11/1969 NO3 20 pounds NEL-002
F 11/11/1969 OM% 2.11 % NEL-002
F 11/11/1969 OM% 3.36 % NEL-002
F 11/11/1969 OM% 6.67 % NEL-002
F 11/11/1969 P, Available 13 pounds NEL-002
F 11/11/1969 P, Available 15 pounds NEL-002
F 11/11/1969 P, Available 18 pounds NEL-002
F 11/11/1969 pH 6.2 su NEL-002
F 11/11/1969 pH 6.4 su NEL-002
F 11/11/1969 pH 6.45 su NEL-002
F 11/11/1969 Sand 40 % NEL-002
F 11/11/1969 Sand 44 % NEL-002
F 11/11/1969 Sand 46 % NEL-002
F 11/11/1969 Zn 0.03 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Zn 0.04 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Zn 0.07 ppm in Saturated Soil Extract NEL-002
F 11/11/1969 Zn 0.5 ppm DTPA Extractable NEL-002
F 11/11/1969 Zn 0.54 ppm DTPA Extractable NEL-002
F 11/11/1969 Zn 0.99 ppm DTPA Extractable NEL-002

Notes:

Informaton obtained from database source code YOU-001 within the project database.  The original source was from Investigation of Soil and 
Irrigation Water Condiditons of the Brooks Park by Nelson Laboratories for RWQCB (1970).  

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, K = Potassium, Mg = Magnesium, Mn = Manganese, Na = 
Sodium, , P = Phosphorous, NO3 = Nitrate, PO4 = Phosphate, SO4 = Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, 
Dis = dissolved, SpC = s, uS/cm = microseimens per centimeter, ppm = parts per million, OM = organic matter
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Surface Water Results from the Project Database
Nelson Laboratories (1969)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

BCDD 11/11/1969
Alkalinity 

(Bicarbonate) 24
mg/l as 
HCO3 Total NEL-002

BCDD 11/11/1969
Alkalinity 

(Carbonate) 0 ppm Dis NEL-002
BCDD 11/11/1969 As 0.01 ppm Dis NEL-002
BCDD 11/11/1969 B 0.04 ppm Dis NEL-002
BCDD 11/11/1969 Ca 43 ppm Dis NEL-002
BCDD 11/11/1969 Cl 6 ppm Dis NEL-002
BCDD 11/11/1969 Cu 0.01 ppm Dis NEL-002
BCDD 11/11/1969 Fe 0.03 ppm Dis NEL-002
BCDD 11/11/1969 Fe 0.25 ppm Dis NEL-002
BCDD 11/11/1969 Hardness 153 ppm Dis NEL-002
BCDD 11/11/1969 Mg 11 ppm Dis NEL-002
BCDD 11/11/1969 Mn 1.09 ppm Dis NEL-002
BCDD 11/11/1969 Na 13 ppm Dis NEL-002
BCDD 11/11/1969 Na 15.7 % Dis NEL-002
BCDD 11/11/1969 NO3 0.1 ppm Dis NEL-002
BCDD 11/11/1969 pH 6.7 su NEL-002
BCDD 11/11/1969 PO4 0.01 ppm Dis NEL-002
BCDD 11/11/1969 SO4 142 ppm Dis NEL-002

BCDD 11/11/1969
Specific 

Conductance 0.38 uS/cm Dis NEL-002
BCDD 11/11/1969 TDS 239 ppm Dis NEL-002
BCDD 11/11/1969 Zn 0.02 ppm Dis NEL-002

CCDD 11/11/1969
Alkalinity 

(Bicarbonate) 98
mg/l as 
HCO3 Total NEL-002

CCDD 11/11/1969
Alkalinity 

(Carbonate) 0 ppm Dis NEL-002
CCDD 11/11/1969 As 0.01 ppm Dis NEL-002
CCDD 11/11/1969 B 0.04 ppm Dis NEL-002
CCDD 11/11/1969 Ca 18 ppm Dis NEL-002
CCDD 11/11/1969 Cl 6 ppm Dis NEL-002
CCDD 11/11/1969 Cu 0.02 ppm Dis NEL-002
CCDD 11/11/1969 Fe 0.04 ppm Dis NEL-002
CCDD 11/11/1969 Fe 0.11 ppm Dis NEL-002
CCDD 11/11/1969 Hardness 74 ppm Dis NEL-002
CCDD 11/11/1969 Mg 7 ppm Dis NEL-002
CCDD 11/11/1969 Mn 0.02 ppm Dis NEL-002
CCDD 11/11/1969 Na 14 ppm Dis NEL-002
CCDD 11/11/1969 Na 28.9 % Dis NEL-002
CCDD 11/11/1969 NO3 0.1 ppm Dis NEL-002
CCDD 11/11/1969 pH 8.2 su NEL-002
CCDD 11/11/1969 PO4 0.07 ppm Dis NEL-002
CCDD 11/11/1969 SO4 22 ppm Dis NEL-002
CCDD 11/11/1969 SpC 0.19 uS/cm Dis NEL-002
CCDD 11/11/1969 TDS 165 ppm Dis NEL-002
CCDD 11/11/1969 Zn 0.01 ppm Dis NEL-002

Notes:

Informaton obtained from database source code NEL-002 within the project database.  The original source was from 
Investigation of Soil and Irrigation Water Conditions on the Brooks Park - River Ranch.  By Nelson Laboroatories (1969) 

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = 
Sodium, NO3 = Nitrate, PO4 = Phosphate, SO4 = Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, 
Dis = dissolved, SpC = specific conductivity, uS/cm = microseimens per centimeter, ppm = parts per million, su = 
standard units, mg/l = milligrams per liter
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AN APPRAISAL OF THE EFFECTS OF CONTAMINANTS IN IRRIGATION WATER DERIVED FROM 
BRYANT CREEK ON THE AGRICULTURAL POTENTIAL OF RIVER RANCH 

(Young, 1970) 



Soil Quality Results from the Project Database
Young (1970)

Leviathan Mine Site
Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
1C 9/7/1970 As 0.1 ppm Agricultural Consultants Lab YOU-001
1C 9/7/1970 Co 4.2 ppm Agricultural Consultants Lab YOU-001
1C 9/7/1970 Cu 0.8 ppm Agricultural Consultants Lab YOU-001
1C 9/7/1970 Cu 3.1 ppm Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Cu 3.8 ppm Colorado State Univ Soil Lab YOU-001
1C 9/7/1970 Fe 11 ppm Data questionable. Agricultural YOU-001
1C 9/7/1970 Fe 74 ppm Colorado State Univ Soil Lab YOU-001
1C 9/7/1970 Fe 75 ppm Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Fe 282 ppm Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Fe 605 ppm Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Mn 10.2 ppm Colorado State Univ Soil Lab YOU-001
1C 9/7/1970 Mn 100 ppm Agricultural Consultants Lab YOU-001
1C 9/7/1970 Ni 2.2 ppm Agricultural Consultants Lab YOU-001
1C 9/7/1970 pH 6.32 su Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Zn 1.2 ppm Colorado State Univ Soil Lab YOU-001
1C 9/7/1970 Zn 1.6 ppm Nevada Soil and Water Testing YOU-001
1C 9/7/1970 Zn 2.4 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 As 0.1 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 Co 3.8 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 Cu 0.2 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 Cu 3.2 ppm Nevada Soil and Water Testing YOU-001
2C 9/7/1970 Cu 3.5 ppm Colorado State Univ Soil Lab YOU-001
2C 9/7/1970 Fe 7 ppm Data questionable. Agricultural YOU-001
2C 9/7/1970 Fe 118 ppm Colorado State Univ Soil Lab YOU-001
2C 9/7/1970 Fe 137 ppm Nevada Soil and Water Testing YOU-001
2C 9/7/1970 Fe 363 ppm Nevada Soil and Water Testing YOU-001
2C 9/7/1970 Fe 814 ppm Nevada Soil and Water Testing YOU-001
2C 9/7/1970 Mn 13.4 ppm Colorado State Univ Soil Lab YOU-001
2C 9/7/1970 Mn 90 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 Ni 1.2 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 pH 6.6 su Nevada Soil and Water Testing YOU-001
2C 9/7/1970 Zn 0.34 ppm Agricultural Consultants Lab YOU-001
2C 9/7/1970 Zn 2.7 ppm Colorado State Univ Soil Lab YOU-001
2C 9/7/1970 Zn 2.8 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 As 0.1 ppm Agricultural Consultants Lab YOU-001
2L 9/7/1970 Co 15 ppm Agricultural Consultants Lab YOU-001
2L 9/7/1970 Cu 2 ppm Agricultural Consultants Lab YOU-001
2L 9/7/1970 Cu 7.8 ppm Colorado State Univ Soil Lab YOU-001
2L 9/7/1970 Cu 12.5 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Fe 2 ppm Data questionable. Agricultural YOU-001
2L 9/7/1970 Fe 140 ppm Colorado State Univ Soil Lab YOU-001
2L 9/7/1970 Fe 182 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Fe 370 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Fe 855 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Mn 16.2 ppm Colorado State Univ Soil Lab YOU-001
2L 9/7/1970 Mn 180 ppm Agricultural Consultants Lab YOU-001
2L 9/7/1970 Ni 28 ppm Agricultural Consultants Lab YOU-001
2L 9/7/1970 pH 5.6 su Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Zn 3.2 ppm Colorado State Univ Soil Lab YOU-001
2L 9/7/1970 Zn 3.5 ppm Nevada Soil and Water Testing YOU-001
2L 9/7/1970 Zn 7 ppm Agricultural Consultants Lab YOU-001
IL 9/7/1970 As 0.1 ppm Agricultural Consultants Lab YOU-001
IL 9/7/1970 Co 14 ppm Agricultural Consultants Lab YOU-001
IL 9/7/1970 Cu 3.6 ppm Agricultural Consultants Lab YOU-001
IL 9/7/1970 Cu 7.9 ppm Colorado State Univ Soil Lab YOU-001
IL 9/7/1970 Cu 10.7 ppm Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Fe 5 ppm Data questionable. Agricultural YOU-001
IL 9/7/1970 Fe 150 ppm Colorado State Univ Soil Lab YOU-001
IL 9/7/1970 Fe 171 ppm Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Fe 349 ppm Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Fe 835 ppm Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Mn 26 ppm Colorado State Univ Soil Lab YOU-001
IL 9/7/1970 Mn 140 ppm Agricultural Consultants Lab YOU-001
IL 9/7/1970 Ni 20 ppm Agricultural Consultants Lab YOU-001
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Soil Quality Results from the Project Database
Young (1970)

Leviathan Mine Site
Alpine County, California

IL 9/7/1970 pH 5.65 su Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Zn 3.3 ppm Colorado State Univ Soil Lab YOU-001
IL 9/7/1970 Zn 3.4 ppm Nevada Soil and Water Testing YOU-001
IL 9/7/1970 Zn 6.2 ppm Agricultural Consultants Lab YOU-001

Notes:

Informaton obtained from database source code YOU-001 within the project database.  The original source was from  An Appraisal of the Effects of Contaminants in 
Irrigation Water Derived from Bryant Creek on the Agricultural Potential of River Branch, Ralph Young, Agricultural Consultant

As = Arsenic, B = Boron, Co = Cobalt, Cu = Copper, Fe = Iron,  Mn = Manganese, Ni = Nickel, Zn = Zinc, ppm = parts per million, su= standard units
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Surface Water Results from the Project Database
Young (1970)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

BCDD 9/7/1970
Alkalinity 

(Bicarbonate) 0.9 ppm Total YOU-001

BCDD 9/7/1970
Alkalinity 

(Carbonate) 0 ppm YOU-001
BCDD 9/7/1970 Ca 3.2 ppm YOU-001
BCDD 9/7/1970 Cl 0.03 ppm YOU-001
BCDD 9/7/1970 Co 0.1 ppm YOU-001
BCDD 9/7/1970 Cu 0.1 ppm YOU-001
BCDD 9/7/1970 Fe 2.5 ppm YOU-001
BCDD 9/7/1970 Mg 3.2 ppm YOU-001
BCDD 9/7/1970 Mn 1 ppm YOU-001
BCDD 9/7/1970 Na 0.45 ppm YOU-001
BCDD 9/7/1970 pH 7.6 su YOU-001
BCDD 9/7/1970 SO4 2.78 ppm YOU-001
BCDD 9/7/1970 SpC 396 uS/cm YOU-001
BCDD 9/7/1970 Zn 0 ppm YOU-001

Notes:

Informaton obtained from database source code YOU-001 within the project database.  The original source was from 
An Appraisal of the Effects of Contaminats in Irrigation Water Derived From Bryant Creek on the Agricultural Potential 
of River Ranch .  By Young (1970).  

Ca = Calcium, Cl = Chlorine, Co = cobalt, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = Sodium, 
SO4 = Sulfate Zn = Zinc, HCO3 = bicarbonate, Dis = dissolved, SpC = specific conductivity, uS/cm = microseimens per 
centimeter, ppm = parts per million
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REPORT ON POLLUTION OF LEVIATHAN CREEK, BRYANT CREEK, AND THE EAST FORK 
CARSON RIVER CAUSED BY THE LEVIATHAN SULFUR MINE 

(RWQCB, 1975) 





























 

 THE REVEGETATION POTENTIAL OF THE LEVIATHAN MINE SOILS, MS THESIS UNIVERSITY 
NEVADA RENO 

(Butterfield, 1977) 



Soil Quality Results from the Project Database
Butterfield (1977)

Leviathan Mine Site
Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Soil 1 Ca, Exchangeable 2.9 meq/100g strongly altered material BUT-001
Soil 1 clay 22 percent strongly altered material BUT-001
Soil 1 Cu, Available 10 ppm strongly altered material BUT-001
Soil 1 Fe, Available 39 ppm strongly altered material BUT-001
Soil 1 K, Available 40 ppm strongly altered material BUT-001
Soil 1 Mg, Exchangeable 1 meq/100g strongly altered material BUT-001
Soil 1 Mn, Available 15 ppm strongly altered material BUT-001
Soil 1 NO3, Available 0.6 ppm strongly altered material BUT-001
Soil 1 pH 4.3 su strongly altered material BUT-001
Soil 1 sand 63 percent strongly altered material BUT-001
Soil 1 silt 15 percent strongly altered material BUT-001
Soil 1 Zn, Available 0.7 ppm strongly altered material BUT-001

Soil 10 Ca, Exchangeable 11.8 meq/100g weakly altered material BUT-001
Soil 10 clay 52 percent weakly altered material BUT-001
Soil 10 Cu, Available 0.7 ppm weakly altered material BUT-001
Soil 10 Fe, Available 37 ppm weakly altered material BUT-001
Soil 10 K, Available 310 ppm weakly altered material BUT-001
Soil 10 Mg, Exchangeable 3.9 meq/100g weakly altered material BUT-001
Soil 10 Mn, Available 28 ppm weakly altered material BUT-001
Soil 10 NO3, Available 0.5 ppm weakly altered material BUT-001
Soil 10 pH 4.2 su weakly altered material BUT-001
Soil 10 sand 36 percent weakly altered material BUT-001
Soil 10 silt 12 percent weakly altered material BUT-001
Soil 10 Zn, Available 1 ppm weakly altered material BUT-001
Soil 11 Ca, Exchangeable 6 meq/100g weakly altered material BUT-001
Soil 11 clay 63 percent weakly altered material BUT-001
Soil 11 Cu, Available 1 ppm weakly altered material BUT-001
Soil 11 Fe, Available 50 ppm weakly altered material BUT-001
Soil 11 K, Available 205 ppm weakly altered material BUT-001
Soil 11 Mg, Exchangeable 1.6 meq/100g weakly altered material BUT-001
Soil 11 Mn, Available 7 ppm weakly altered material BUT-001
Soil 11 NO3, Available 1 ppm weakly altered material BUT-001
Soil 11 pH 2.9 su weakly altered material BUT-001
Soil 11 sand 24 percent weakly altered material BUT-001
Soil 11 silt 13 percent weakly altered material BUT-001
Soil 11 Zn, Available 1.6 ppm weakly altered material BUT-001
Soil 12 Ca, Exchangeable 32 meq/100g weakly altered material BUT-001
Soil 12 clay 48 percent weakly altered material BUT-001
Soil 12 Cu, Available 1.8 ppm weakly altered material BUT-001
Soil 12 Fe, Available 33 ppm weakly altered material BUT-001
Soil 12 K, Available 470 ppm weakly altered material BUT-001
Soil 12 Mg, Exchangeable 10 meq/100g weakly altered material BUT-001
Soil 12 Mn, Available 6.3 ppm weakly altered material BUT-001
Soil 12 NO3, Available 1.4 ppm weakly altered material BUT-001
Soil 12 P, Available 41 ppm weakly altered material BUT-001
Soil 12 pH 6.7 su weakly altered material BUT-001
Soil 12 sand 37 percent weakly altered material BUT-001
Soil 12 silt 15 percent weakly altered material BUT-001
Soil 12 Zn, Available 1.3 ppm weakly altered material BUT-001
Soil 13 Ca, Exchangeable 32 meq/100g weakly altered material BUT-001
Soil 13 clay 41 percent weakly altered material BUT-001
Soil 13 Cu, Available 3.1 ppm weakly altered material BUT-001
Soil 13 Fe, Available 20 ppm weakly altered material BUT-001
Soil 13 K, Available 480 ppm weakly altered material BUT-001
Soil 13 Mg, Exchangeable 10 meq/100g weakly altered material BUT-001
Soil 13 Mn, Available 3.3 ppm weakly altered material BUT-001
Soil 13 NO3, Available 0.7 ppm weakly altered material BUT-001
Soil 13 P, Available 6 ppm weakly altered material BUT-001
Soil 13 pH 7 su weakly altered material BUT-001
Soil 13 sand 47 percent weakly altered material BUT-001
Soil 13 silt 12 percent weakly altered material BUT-001
Soil 13 Zn, Available 1.6 ppm weakly altered material BUT-001
Soil 2 Ca, Exchangeable 5.9 meq/100g strongly altered material BUT-001
Soil 2 clay 34 percent strongly altered material BUT-001

P:\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B - Previous Investigations - Being Edited\3.1.10 Butterfield, 1977. Soil

AMEC Geomatrix, Inc.
Page 1 of 3



Soil Quality Results from the Project Database
Butterfield (1977)

Leviathan Mine Site
Alpine County, California

Soil 2 Cu, Available 3.5 ppm strongly altered material BUT-001
Soil 2 Fe, Available 39 ppm strongly altered material BUT-001
Soil 2 K, Available 135 ppm strongly altered material BUT-001
Soil 2 Mg, Exchangeable 2.3 meq/100g strongly altered material BUT-001
Soil 2 Mn, Available 26 ppm strongly altered material BUT-001
Soil 2 NO3, Available 1 ppm strongly altered material BUT-001
Soil 2 pH 4.5 su strongly altered material BUT-001
Soil 2 sand 46 percent strongly altered material BUT-001
Soil 2 silt 20 percent strongly altered material BUT-001
Soil 2 Zn, Available 2 ppm strongly altered material BUT-001
Soil 3 Ca, Exchangeable 4.2 meq/100g strongly altered material BUT-001
Soil 3 clay 38 percent strongly altered material BUT-001
Soil 3 Cu, Available 0.6 ppm strongly altered material BUT-001
Soil 3 Fe, Available 18 ppm strongly altered material BUT-001
Soil 3 K, Available 60 ppm strongly altered material BUT-001
Soil 3 Mg, Exchangeable 3.2 meq/100g strongly altered material BUT-001
Soil 3 Mn, Available 7 ppm strongly altered material BUT-001
Soil 3 NO3, Available 0.8 ppm strongly altered material BUT-001
Soil 3 pH 4.4 su strongly altered material BUT-001
Soil 3 sand 47 percent strongly altered material BUT-001
Soil 3 silt 15 percent strongly altered material BUT-001
Soil 3 Zn, Available 0.6 ppm strongly altered material BUT-001
Soil 4 Ca, Exchangeable 6.8 meq/100g strongly altered material BUT-001
Soil 4 clay 16 percent strongly altered material BUT-001
Soil 4 Cu, Available 1.3 ppm strongly altered material BUT-001
Soil 4 Fe, Available 13 ppm strongly altered material BUT-001
Soil 4 K, Available 30 ppm strongly altered material BUT-001
Soil 4 Mg, Exchangeable 0.9 meq/100g strongly altered material BUT-001
Soil 4 Mn, Available 1.4 ppm strongly altered material BUT-001
Soil 4 NO3, Available 1.5 ppm strongly altered material BUT-001
Soil 4 P, Available 3 ppm strongly altered material BUT-001
Soil 4 pH 7 su strongly altered material BUT-001
Soil 4 sand 62 percent strongly altered material BUT-001
Soil 4 silt 22 percent strongly altered material BUT-001
Soil 4 Zn, Available 0.7 ppm strongly altered material BUT-001
Soil 5 Ca, Exchangeable 17.4 meq/100g weakly altered material BUT-001
Soil 5 clay 62 percent weakly altered material BUT-001
Soil 5 Cu, Available 1 ppm weakly altered material BUT-001
Soil 5 Fe, Available 39 ppm weakly altered material BUT-001
Soil 5 K, Available 270 ppm weakly altered material BUT-001
Soil 5 Mg, Exchangeable 3.1 meq/100g weakly altered material BUT-001
Soil 5 Mn, Available 50 ppm weakly altered material BUT-001
Soil 5 NO3, Available 1 ppm weakly altered material BUT-001
Soil 5 pH 3.8 su weakly altered material BUT-001
Soil 5 sand 25 percent weakly altered material BUT-001
Soil 5 silt 13 percent weakly altered material BUT-001
Soil 5 Zn, Available 2 ppm weakly altered material BUT-001
Soil 6 Ca, Exchangeable 15.8 meq/100g weakly altered material BUT-001
Soil 6 clay 67 percent weakly altered material BUT-001
Soil 6 Cu, Available 0.6 ppm weakly altered material BUT-001
Soil 6 Fe, Available 33 ppm weakly altered material BUT-001
Soil 6 K, Available 350 ppm weakly altered material BUT-001
Soil 6 Mg, Exchangeable 6 meq/100g weakly altered material BUT-001
Soil 6 Mn, Available 50 ppm weakly altered material BUT-001
Soil 6 NO3, Available 0.3 ppm weakly altered material BUT-001
Soil 6 pH 4.2 su weakly altered material BUT-001
Soil 6 sand 24 percent weakly altered material BUT-001
Soil 6 silt 9 percent weakly altered material BUT-001
Soil 6 Zn, Available 3.1 ppm weakly altered material BUT-001
Soil 7 Ca, Exchangeable 6.1 meq/100g weakly altered material BUT-001
Soil 7 clay 56 percent weakly altered material BUT-001
Soil 7 Cu, Available 0.5 ppm weakly altered material BUT-001
Soil 7 Fe, Available 50 ppm weakly altered material BUT-001
Soil 7 K, Available 200 ppm weakly altered material BUT-001
Soil 7 Mg, Exchangeable 1.8 meq/100g weakly altered material BUT-001
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Soil Quality Results from the Project Database
Butterfield (1977)

Leviathan Mine Site
Alpine County, California

Soil 7 Mn, Available 29 ppm weakly altered material BUT-001
Soil 7 NO3, Available 0.8 ppm weakly altered material BUT-001
Soil 7 pH 3.5 su weakly altered material BUT-001
Soil 7 sand 33 percent weakly altered material BUT-001
Soil 7 silt 11 percent weakly altered material BUT-001
Soil 7 Zn, Available 1.5 ppm weakly altered material BUT-001
Soil 8 Ca, Exchangeable 29 meq/100g weakly altered material BUT-001
Soil 8 clay 65 percent weakly altered material BUT-001
Soil 8 Cu, Available 1 ppm weakly altered material BUT-001
Soil 8 Fe, Available 32 ppm weakly altered material BUT-001
Soil 8 K, Available 470 ppm weakly altered material BUT-001
Soil 8 Mg, Exchangeable 10 meq/100g weakly altered material BUT-001
Soil 8 Mn, Available 50 ppm weakly altered material BUT-001
Soil 8 NO3, Available 0.4 ppm weakly altered material BUT-001
Soil 8 pH 4.5 su weakly altered material BUT-001
Soil 8 sand 25 percent weakly altered material BUT-001
Soil 8 silt 10 percent weakly altered material BUT-001
Soil 8 Zn, Available 1.5 ppm weakly altered material BUT-001
Soil 9 Ca, Exchangeable 7.5 meq/100g weakly altered material BUT-001
Soil 9 clay 65 percent weakly altered material BUT-001
Soil 9 Cu, Available 0.6 ppm weakly altered material BUT-001
Soil 9 Fe, Available 41 ppm weakly altered material BUT-001
Soil 9 K, Available 190 ppm weakly altered material BUT-001
Soil 9 Mg, Exchangeable 3 meq/100g weakly altered material BUT-001
Soil 9 Mn, Available 16 ppm weakly altered material BUT-001
Soil 9 NO3, Available 2 ppm weakly altered material BUT-001
Soil 9 pH 3.7 su weakly altered material BUT-001
Soil 9 sand 24 percent weakly altered material BUT-001
Soil 9 silt 11 percent weakly altered material BUT-001
Soil 9 Zn, Available 1.8 ppm weakly altered material BUT-001

Notes:

Informaton obtained from database source code BUT-001 within the project database.  The original source was from The Revegetation Potential of the Leviathan Mine 
Spoils,  MS Thesis, University of Nevada, Reno, Richard Butterfield (1977) 

Ca = Calcium, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, NO3 = Nitrate, SO4 = Sulfate,  Zn = Zinc,  ppm = parts per million, meq/100g milli-
equivalents per 100 grams, su= standard units
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LEVIATHAN MINE POLLUTION ABATEMENT PROJECT, DESIGN REPORT AND DRAFT 
ENVIRONMENTAL IMPACT REPORT, APRIL 1983 

(Brown and Caldwell, 1983) 

























































































































































































































































































































































































































































































































































































































































































































































































































































 

SHALLOW GROUNDWATER FLOW IN THE VICINITY OF THE OPEN PIT AT THE LEVIATHAN MINE 

(Prudic and Hammermeister, 1984) 







 

HYDROLOGIC DATA FOR LEVIATHAN MINE AND VICINITY OF ALPINE COUNTY, CALIFORNIA, 
1981-1983 

(Hammermeister and Waimsley, 1985) 





























































































 

FINAL REVISED ANALYSES OF MAJOR AND TRACE ELEMENTS FROM ACID MINE WATERS IN 
THE LEVIATHAN MINE DRAINAGE BASIN, CALIFORNIA AND NEVADA, OCTOBER 1981 TO OCT 

1982 

(USGS, 1989) 











































































































 

PARTIAL SOIL REMEDIATION AND REVEGETATION OF THE LEVIATHAN MINE 

(Claassen, 1997) 



Soil Quality Results from the Project Database
Claussen (1997)

Leviathan Mine Site
Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
25935 B 2.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 bicrbP 37 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 buff pH 4.9 su Sampled in 1995/1996.  No adequate location info CLA-002
25935 Ca 20 percent Sampled in 1995/1996.  No adequate location info CLA-002
25935 Ca 4980 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 CEC 124 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
25935 Cu 6.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 EC 1.9 dS Sampled in 1995/1996.  No adequate location info CLA-002
25935 Fe 240 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 H 74 percent Sampled in 1995/1996.  No adequate location info CLA-002
25935 H 92 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
25935 K 315 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 Mg 5.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
25935 Mg 792 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 Mn 190 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 Na 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 OM% 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
25935 pH 4.1 su Sampled in 1995/1996.  No adequate location info CLA-002
25935 SO4 583 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 wkbrP 51 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25935 Zn 4.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 B 1.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 bicrbP 21 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 buff pH 4.1 su Sampled in 1995/1996.  No adequate location info CLA-002
25936 Ca 19.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
25936 Ca 372 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 CEC 95.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
25936 Cu 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 EC 1.9 dS Sampled in 1995/1996.  No adequate location info CLA-002
25936 Fe 180 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 H 71 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
25936 K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
25936 K 209 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 Mg 4.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
25936 Mg 557 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 Mn 71 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 Na 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
25936 pH 3.3 su Sampled in 1995/1996.  No adequate location info CLA-002
25936 SO4 713 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 wkbrP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25936 Zn 1.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 B 1.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 bicrbP 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 buff pH 4.3 su Sampled in 1995/1996.  No adequate location info CLA-002
25937 Ca 19.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
25937 Ca 5440 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 CEC 137 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
25937 Cu 3.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 EC 1.8 dS Sampled in 1995/1996.  No adequate location info CLA-002
25937 Fe 260 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
25937 H 103 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 K 0.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
25937 K 218 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 Mg 4.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
25937 Mg 780 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 Mn 66 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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25937 Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 Na 20 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 OM% 0.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
25937 pH 3.6 su Sampled in 1995/1996.  No adequate location info CLA-002
25937 SO4 605 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 wkbrP 22 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
25937 Zn 1.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

2N B 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N bicrbP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N buff pH 5 su Sampled in 1995/1996.  No adequate location info CLA-002
2N Ca 42 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N Ca 4910 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N CEC 58.4 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
2N Cu 5.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N EC 0.2 dS Sampled in 1995/1996.  No adequate location info CLA-002
2N Fe 194 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N H 26 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N H 44 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N K 1 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N K 229 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N Mg 13 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N Mg 920 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N Mn 34 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N Na 8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N NO3 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N OM% 0.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
2N pH 4.9 su Sampled in 1995/1996.  No adequate location info CLA-002
2N SO4 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N wkbrP 13 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
2N Zn 2.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

LM054 As 130 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 B 0.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Ca 19.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Ca 2150 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 CEC 55.5 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Cu 4.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Cutot 60 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 EC 1.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Fe 184 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 H 42 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 K 0.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 K 89 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Mg 5.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Mg 348 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Mn 28 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Na 12 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Nitot 11 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM054 pH 3.9 su Sampled in 1995/1996.  No adequate location info CLA-002
LM054 SO4 448 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 wkbrP 30 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM054 Zn 0.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 As 130 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 B 1.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Ca 21.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Ca 2970 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 CEC 70.3 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Cu 8.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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LM055 Cutot 67 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 EC 1.5 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Fe 193 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 H 50 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 H 70.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 K 476 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Mg 7.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Mg 665 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Mn 38 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Nitot 16 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM055 pH 4.2 su Sampled in 1995/1996.  No adequate location info CLA-002
LM055 SO4 339 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 wkbrP 86 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM055 Zn 1.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 As 100 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 B 0.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 buff pH 6.4 su Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Ca 28.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Ca 630 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 CEC 11.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Cu 97.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Cutot 260 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 EC 0.2 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Fe 70 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 H 6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 H 57.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 K 1.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 K 48 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Mg 12.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Mg 164 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Mn 15 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Na 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM056 pH 4.5 su Sampled in 1995/1996.  No adequate location info CLA-002
LM056 SO4 74 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 wkbrP 15 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM056 Zn 1.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D B 1.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D B 1.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D bicrbP 70 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D bicrbP 121 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D bicrbP 123 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D buff pH 5.3 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D buff pH 5.6 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 15 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 29.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 30.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 2200 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 2230 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Ca 2400 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D CEC 35.5 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D CEC 41.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D CEC 74 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Cu 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Cu 18.9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Cu 24.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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LM3-2D EC 1.3 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D EC 1.7 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D EC 2.3 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Fe 129 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Fe 131 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Fe 142 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 18 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 22 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 50.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 54 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 56 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D K 1.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D K 1.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D K 148 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D K 178 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D K 349 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 8.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 15.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 17.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 752 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 780 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mg 782 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mn 74 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Mn 200 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Na 11 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Na 13 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D NO3 47 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D NO3 48 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D NO3 77 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D OM% 0.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D OM% 2.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D OM% 3.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D pH 3.9 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D pH 4.6 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D pH 4.7 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D SO4 81 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D SO4 151 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D SO4 184 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D wkbrP 48 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D wkbrP 94 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D wkbrP 106 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Zn 4.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Zn 7.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2D Zn 11.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

LM3-2Dpre B 1.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre bicrbP 48 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Ca 14.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Ca 2830 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre CEC 100 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Cu 8.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre EC 1.3 dS Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Fe 185 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre H 75 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre K 230 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Mg 10.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Mg 1233 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Mn 250 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Na 33 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre NO3 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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LM3-2Dpre OM% 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre pH 4 su Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre SO4 318 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre wkbrP 28 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
LM3-2Dpre Zn 5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier B 1.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier bicrbP 29 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier buff pH 4.3 su Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Ca 19.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Ca 5440 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier CEC 137 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Cu 3.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier EC 1.8 dS Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Fe 260 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier H 75.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier H 103 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier K 0.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier K 218 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Mg 4.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Mg 780 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Mn 66 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Na 20 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier OM% 0.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
lower tier pH 3.6 su Sampled in 1995/1996.  No adequate location info CLA-002
lower tier SO4 605 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier wkbrP 46 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
lower tier Zn 1.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

middle tier B 1.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier bicrbP 29 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier buff pH 4.1 su Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Ca 19.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Ca 3720 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier CEC 95.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Cu 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier EC 1.9 dS Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Fe 180 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier H 71 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier K 209 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Mg 4.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Mg 557 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Mn 71 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Na 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
middle tier pH 3.3 su Sampled in 1995/1996.  No adequate location info CLA-002
middle tier SO4 713 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier wkbrP 8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
middle tier Zn 1.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

OC C MIDDLE As 370 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE B 0.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE bicrbP 58 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Ca 87.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Ca 2140 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE CEC 12.2 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Cu 1.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Cutot 19 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE EC 0.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Fe 18 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

P:\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B - Previous Investigations - Being Edited\3.1.15 Claussen 1977. Soil

AMEC Geomatrix, Inc.
Page 5 of 12



Soil Quality Results from the Project Database
Claussen (1997)

Leviathan Mine Site
Alpine County, California

OC C MIDDLE K 1.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE K 58 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Mg 4.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Mg 73 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Mn 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE pH 6.6 su Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE SO4 5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE wkbrP 32 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OC C MIDDLE Zn 0.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm As 150 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm B 0.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm bicrbP 32 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm buff pH 4 su Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Ca 13.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Ca 1330 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm CEC 50.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Cu 2.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Cutot 23 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm EC 0.1 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Fe 43 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm H 38 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm H 75.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm K 0.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm K 152 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Mg 10.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Mg 649 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Mn 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Na 36 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm OM% 0.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm pH 4 su Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm SO4 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm wkbrP 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL A upperm Zn 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST As 330 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST B 0.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST bicrbP 64 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Ca 93.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Ca 1800 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST CEC 9.6 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Cu 0.9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Cutot 14 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST EC 0.2 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Fe 5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST K 1.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST K 46 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Mg 5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Mg 58 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Mn 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Na 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Na 13 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST OM% 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST pH 7.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST SO4 18 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST wkbrP 17 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B EAST Zn 0.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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Soil Quality Results from the Project Database
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Leviathan Mine Site
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OL B FAR EAST As 630 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST B 0.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST bicrbP 52 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Ca 91.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Ca 1430 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST CEC 7.8 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Cu 1.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Cutot 16 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST EC 0.3 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Fe 16 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST H 54 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST K 1.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST K 46 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Mg 5.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Mg 56 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Mn 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Na 0.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST pH 7.1 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST SO4 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST wkbrP 20 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B FAR EAST Zn 0.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE As 310 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE B 0.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE bicrbP 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE buff pH 6.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Ca 83.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Ca 1760 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE CEC 10.5 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Cu 1.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Cutot 25 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE EC 0.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Fe 25 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE H 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE H 7.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE K 1.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE K 53 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Mg 7.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Mg 95 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Mn 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Na 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE pH 6.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE SO4 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE wkbrP 17 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B MIDDLE Zn 0.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST As 720 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST B 0.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST bicrbP 46 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST buff pH 6.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Ca 77.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Ca 2320 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST CEC 14.9 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Cu 1.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Cutot 20 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST EC 0.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Fe 23 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST H 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST H 7.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
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OL B WEST K 2.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST K 132 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Mg 12.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Mg 223 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Mn 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Na 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST OM% 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST pH 6.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST SO4 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST wkbrP 16 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL B WEST Zn 0.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST As 120 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST B 0.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST bicrbP 50 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Ca 93.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Ca 1520 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST CEC 8.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Cu 0.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Cutot 25 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST EC 0.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Fe 6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST K 1.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST K 48 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Mg 4.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Mg 45 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Mn 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Na 0.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Na 8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST pH 7 su Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST SO4 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST wkbrP 11 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C EAST Zn 0.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST As 320 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST B 0.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST bicrbP 93 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST buff pH 6.1 su Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Ca 35.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Ca 1430 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST CEC 20.2 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Cu 1.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Cutot 17 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST EC 0.1 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Fe 27 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST H 11 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST K 1.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST K 114 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Mg 9.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Mg 223 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Mn 12 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Na 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST pH 4.6 su Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST SO4 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST wkbrP 134 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL C WEST Zn 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

OL D SOUTH As 170 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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OL D SOUTH B 0.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH bicrbP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH buff pH 6.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Ca 29 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Ca 820 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH CEC 14.1 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Cu 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Cutot 9.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH EC 0.1 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Fe 27 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH H 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH H 66 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH K 1.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH K 70 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Mg 10.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Mg 182 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Mn 12 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Na 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH pH 4.3 su Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH SO4 41 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH wkbrP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D SOUTH Zn 1.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST As 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST B 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST bicrbP 98 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST buff pH 5.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Ca 34 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Ca 2240 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST CEC 32.9 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Cu 1.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Cutot 8.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST EC 0.2 dS Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Fe 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST H 19 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST H 58.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST K 1.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST K 189 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Mg 6.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Mg 256 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Mn 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Na 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Nitot 10 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST pH 4.5 su Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST SO4 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST wkbrP 46 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
OL D WEST Zn 0.8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope B 0.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope bicrbP 29 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope buff pH 4.9 su Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Ca 16.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Ca 1210 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope CEC 35.8 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Cu 1.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope EC 0.9 dS Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Fe 104 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope H 27 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope H 75.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope K 0.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
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p1N slope K 75 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Mg 7.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Mg 327 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Mn 18 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope NO3 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope OM% 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope pH 3.4 su Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope SO4 449 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope wkbrP 8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1N slope Zn 0.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad B 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad bicrbP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad buff pH 5.1 su Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Ca 30.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Ca 3520 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad CEC 56.8 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Cu 3.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad EC 1.6 dS Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Fe 220 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad H 38 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad H 66 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad K 0.7 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad K 150 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Mg 2.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Mg 155 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Mn 8 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Na 17 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad pH 4.3 su Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad SO4 750 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad wkbrP 13 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u1-pad Zn 1.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

p1u2-north B 0.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north bicrbP 17 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north buff pH 4.3 su Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Ca 21.5 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Ca 1350 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north CEC 31.4 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Cu 6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north EC 1.7 dS Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Fe 300 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north H 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north H 75.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north K 73 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Mg 2.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Mg 108 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Mn 12 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Na 9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north pH 3.3 su Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north SO4 720 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north wkbrP 37 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
p1u2-north Zn 1.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

P2UES B 0.9 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES bicrbP 35 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
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Soil Quality Results from the Project Database
Claussen (1997)

Leviathan Mine Site
Alpine County, California

P2UES Ca 29.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Ca 3030 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES CEC 51.4 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Cu 4.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES EC 0.4 dS Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Fe 145 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES H 30 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES H 58 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES K 1 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES K 195 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Mg 11.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Mg 723 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Mn 49 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Na 6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES NO3 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
P2UES pH 4.5 su Sampled in 1995/1996.  No adequate location info CLA-002
P2UES SO4 134 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES wkbrP 25 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
P2UES Zn 2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

upper tier B 2.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier bicrbP 14 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier buff pH 4.9 su Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Ca 20 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Ca 4980 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier CEC 124 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Cu 6.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier EC 1.9 dS Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Fe 240 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier H 74.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier H 92 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier K 0.6 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier K 315 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Mg 5.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Mg 792 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Mn 190 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Mo 0.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Na 24 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier NO3 4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier OM% 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
upper tier pH 4.1 su Sampled in 1995/1996.  No adequate location info CLA-002
upper tier SO4 583 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier wkbrP 30 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
upper tier Zn 4.3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

x079 B 1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 bicrbP 88 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
x079 Ca 17.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 Ca 2240 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 CEC 64.8 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
x079 Cu 2.2 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 EC 0.3 dS Sampled in 1995/1996.  No adequate location info CLA-002
x079 Fe 82 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 H 49 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 H 75 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 K 0.8 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 K 210 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 Mg 6.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 Mg 541 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 Mn 42 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 Na 0 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 Na 7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
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Soil Quality Results from the Project Database
Claussen (1997)

Leviathan Mine Site
Alpine County, California

x079 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
x079 pH 3.9 su Sampled in 1995/1996.  No adequate location info CLA-002
x079 SO4 133 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 wkbrP 40 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x079 Zn 1.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 B 1.5 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 bicrbP 64 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
x081 Ca 19.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 Ca 1570 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 CEC 40.7 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
x081 Cu 4.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 EC 2 dS Sampled in 1995/1996.  No adequate location info CLA-002
x081 Fe 165 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 H 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 H 74.9 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 K 0.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 K 45 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 Mg 5.3 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 Mg 264 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 Mn 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 Na 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 Na 13 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 OM% 0.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
x081 pH 2.9 su Sampled in 1995/1996.  No adequate location info CLA-002
x081 SO4 438 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 wkbrP 37 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x081 Zn 0.7 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 B 1.4 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 bicrbP 93 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 buff pH 4.8 su Sampled in 1995/1996.  No adequate location info CLA-002
x082 Ca 14 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 Ca 1300 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 CEC 46.2 cmol/kg Sampled in 1995/1996.  No adequate location info CLA-002
x082 Cu 8.1 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 EC 2.6 dS Sampled in 1995/1996.  No adequate location info CLA-002
x082 Fe 97 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 H 35 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 H 75.1 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 K 0.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 K 73 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 Mg 10.4 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 Mg 586 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 Mn 49 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 Na 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 Na 16 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 NO3 3 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 OM% 0.2 percent Sampled in 1995/1996.  No adequate location info CLA-002
x082 pH 3.3 su Sampled in 1995/1996.  No adequate location info CLA-002
x082 SO4 434 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 wkbrP 31 ug/g Sampled in 1995/1996.  No adequate location info CLA-002
x082 Zn 1.6 ug/g Sampled in 1995/1996.  No adequate location info CLA-002

Notes:

Informaton obtained from database source code CLA-002 within the project database.  The original source was from Partial Soil Remeditaion and Revegetation of the Leviathan Mine, 
Vic Claassen and Michael Hogan, Univ CA, Davis (1997) 

Ca = Calcium, Cu = Copper, EC = Electrical Conductivity, Fe = Iron, K = Potassium, Mg = Magnesium, Mn = Manganese, Na = Sodium, NO3 = Nitrate, SO4 = Sulfate, Zn = Zinc, su= 
standard units, CEC = cation exchange capacity, cmol/kg = centimole per kilogram, dS = deciseimens, ug/g = microgram per gram
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TRACE ELEMENT ERICHMENT IN STREAMBED SEDIMENT AND CRAYFISH, CARSON AND 
TRUCKEE RIVERS, NEVADA AND CALIFORNIA, SEPTEMBER 1992 

(USGS, 1998) 









 

LEVIATHAN MINE, SPRING 1998 SPRING MONITORING PROGRAM 

(SRK, 1998) 

















 

DATA ON STREAM-WATER AND BED-SEDIMENT QUALITY IN THE VICINITY OF LEVIATHAN 
MINE, ALPINE COUNTY, CALIFORNIA, AND DOUGLAS COUNTY, NEVADA; SEPTEMBER 1998 

(Thomas and Lico, 1998) 

























 

1998-1999 SUMMARY REPORT, ADMINISTRATIVE ORDER ON CONSENT, LEVIATHAN MINE, 
ALPINE COUNTY, CALIFORNIA 

(SRK, 1999) 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 

DATA REPORT FOR THE LEVIATHAN MINE STUDY AREA WATER AND SEDIMENT TOXICITY 
TESTING AND BENTHIC COMMUNITY DATA, SEPTEMBER 1998 ASSESSMENT 

(ENSR, 1999) 



Bioassessment Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units Comments SourceCode
BC-BRC 9/21/1998 %C 21.2 percent ENS-001
BC-BRC 9/21/1998 EPT 7.2 index ENS-001
BC-BRC 9/21/1998 HBI 4.46 index ENS-001
BC-BRC 9/21/1998 Mean Density 2815 number/sq.meter ENS-001
BC-BRC 9/21/1998 Total Taxa 47 number ENS-001
EFC 1 9/21/1998 %C 21.7 percent ENS-001
EFC 1 9/21/1998 EPT 14 index ENS-001
EFC 1 9/21/1998 HBI 3.48 index ENS-001
EFC 1 9/21/1998 Mean Density 4774 number/sq.meter ENS-001
EFC 1 9/21/1998 Total Taxa 54 number ENS-001
EFC 2 9/21/1998 %C 13 percent ENS-001
EFC 2 9/21/1998 EPT 13.4 index ENS-001
EFC 2 9/21/1998 HBI 3.1 index ENS-001
EFC 2 9/21/1998 Mean Density 6052 number/sq.meter ENS-001
EFC 2 9/21/1998 Total Taxa 47 number ENS-001

EFC-Riverview 9/21/1998 %C 16.2 percent ENS-001
EFC-Riverview 9/21/1998 EPT 13.4 index ENS-001
EFC-Riverview 9/21/1998 HBI 3.22 index ENS-001
EFC-Riverview 9/21/1998 Mean Density 12506 number/sq.meter ENS-001
EFC-Riverview 9/21/1998 Total Taxa 52 number ENS-001

EFC-Ruhen 9/21/1998 %C 29.1 percent ENS-001
EFC-Ruhen 9/21/1998 EPT 12.2 index ENS-001
EFC-Ruhen 9/21/1998 HBI 3.5 index ENS-001
EFC-Ruhen 9/21/1998 Mean Density 13594 number/sq.meter ENS-001
EFC-Ruhen 9/21/1998 Total Taxa 41 number ENS-001

Sta 1 9/21/1998 %C 16.9 percent ENS-001
Sta 1 9/21/1998 EPT 15.6 index ENS-001
Sta 1 9/21/1998 HBI 3.5 index ENS-001
Sta 1 9/21/1998 Mean Density 7206 number/sq.meter ENS-001
Sta 1 9/21/1998 Total Taxa 60 number ENS-001

Sta 15 9/21/1998 %C 91.9 percent ENS-001
Sta 15 9/21/1998 EPT 0.4 index ENS-001
Sta 15 9/21/1998 HBI 6.86 index ENS-001
Sta 15 9/21/1998 Mean Density 231 number/sq.meter ENS-001
Sta 15 9/21/1998 Total Taxa 15 number ENS-001
Sta 16 9/21/1998 %C 87.5 percent ENS-001
Sta 16 9/21/1998 EPT 1.2 index ENS-001
Sta 16 9/21/1998 HBI 6.84 index ENS-001
Sta 16 9/21/1998 Mean Density 1025 number/sq.meter ENS-001
Sta 16 9/21/1998 Total Taxa 16 number ENS-001
Sta 16 9/29/1998 Water Toxicity 20 percent ENS-001
Sta 16 9/29/1998 Water Toxicity 45 percent ENS-001
Sta 16 9/29/1998 Water Toxicity 50 percent ENS-001
Sta 16 9/29/1998 Water Toxicity 75 percent ENS-001
Sta 16 9/29/1998 Water Toxicity 80 percent ENS-001
Sta 16 10/1/1998 Water Toxicity 0 percent ENS-001
Sta 16 10/1/1998 Water Toxicity 100 percent ENS-001
Sta 16 10/1/1998 Water Toxicity 50 percent ENS-001
Sta 22 9/21/1998 %C 27.1 percent ENS-001
Sta 22 9/21/1998 EPT 8 index ENS-001
Sta 22 9/21/1998 HBI 4.59 index ENS-001
Sta 22 9/21/1998 Mean Density 23898 number/sq.meter ENS-001
Sta 22 9/21/1998 Total Taxa 48 number ENS-001
Sta 23 9/21/1998 %C 90 percent ENS-001
Sta 23 9/21/1998 EPT 0.4 index ENS-001
Sta 23 9/21/1998 HBI 7.31 index ENS-001
Sta 23 9/21/1998 Mean Density 708 number/sq.meter ENS-001
Sta 23 9/21/1998 Total Taxa 11 number ENS-001
Sta 24 9/21/1998 %C 4.1 percent ENS-001
Sta 24 9/21/1998 EPT 20.2 index ENS-001
Sta 24 9/21/1998 HBI 3.5 index ENS-001
Sta 24 9/21/1998 Mean Density 12339 number/sq.meter ENS-001
Sta 24 9/21/1998 Total Taxa 55 number ENS-001
Sta 25 9/21/1998 %C 62.5 percent ENS-001
Sta 25 9/21/1998 EPT 5.8 index ENS-001
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Bioassessment Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units Comments SourceCode
Sta 25 9/21/1998 HBI 6.11 index ENS-001
Sta 25 9/21/1998 Mean Density 2573 number/sq.meter ENS-001
Sta 25 9/21/1998 Total Taxa 40 number ENS-001
Sta 26 9/21/1998 %C 6.1 percent ENS-001
Sta 26 9/21/1998 EPT 8.6 index ENS-001
Sta 26 9/21/1998 HBI 4.12 index ENS-001
Sta 26 9/21/1998 Mean Density 11844 number/sq.meter ENS-001
Sta 26 9/21/1998 Total Taxa 50 number ENS-001
Sta 29 9/21/1998 %C 41.1 percent ENS-001
Sta 29 9/21/1998 EPT 6 index ENS-001
Sta 29 9/21/1998 HBI 5.41 index ENS-001
Sta 29 9/21/1998 Mean Density 12577 number/sq.meter ENS-001
Sta 29 9/21/1998 Total Taxa 50 number ENS-001

Notes:
Informaton obtained from database source code CLA-002 within the project database.  The original source was from Data Report for the Leviathan Mine Study 
Area Water and Sediment Toxicity Testing and Benthic Community Data,  ENSR (1999) 
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
BC-BRC 23-Sep-98 Coarse Grain 0 % ENS-001
BC-BRC 23-Sep-98 Cr 18.8 mg/Kg ENS-001
BC-BRC 23-Sep-98 Silt 55 % ENS-001
BC-BRC 23-Sep-98 Moisture Content 77.27 % ENS-001
BC-BRC 23-Sep-98 S 4.4 umoles ENS-001
BC-BRC 23-Sep-98 TOC 0.11 % ENS-001
BC-BRC 23-Sep-98 Clay 1.25 % ENS-001
BC-BRC 23-Sep-98 Coarse Grain 23.9 % ENS-001
BC-BRC 23-Sep-98 Clay 20 % ENS-001
BC-BRC 23-Sep-98 S 14.1 umoles ENS-001
BC-BRC 23-Sep-98 Pb 2.2 mg/Kg ENS-001
BC-BRC 23-Sep-98 Mn 3310 mg/Kg ENS-001
BC-BRC 23-Sep-98 Mn 857 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 38 mg/Kg ENS-001
BC-BRC 23-Sep-98 Sand 94.38 % ENS-001
BC-BRC 23-Sep-98 As 81.2 mg/Kg ENS-001
BC-BRC 23-Sep-98 S 25.4 umoles ENS-001
BC-BRC 23-Sep-98 Coarse Grain 58 % ENS-001
BC-BRC 23-Sep-98 Pb 6.4 mg/Kg ENS-001
BC-BRC 23-Sep-98 Silt 4.37 % ENS-001
BC-BRC 23-Sep-98 AVS 1.92 ENS-001
BC-BRC 23-Sep-98 TOC 1.15 % ENS-001
BC-BRC 23-Sep-98 TOC 1.48 % ENS-001
BC-BRC 23-Sep-98 Cd 0.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cd 0.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Mn 524 mg/Kg ENS-001
BC-BRC 23-Sep-98 Sand 25 % ENS-001
BC-BRC 23-Sep-98 Sand 75 % ENS-001
BC-BRC 23-Sep-98 Silt 17.5 % ENS-001
BC-BRC 23-Sep-98 Cd 0.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Al 6630 mg/Kg ENS-001
BC-BRC 23-Sep-98 AVS 2.54 umoles/g ENS-001
BC-BRC 23-Sep-98 AVS 1.45 umoles/g ENS-001
BC-BRC 23-Sep-98 As 85.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Pb 2.2 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cd 0.78 mg/Kg ENS-001
BC-BRC 23-Sep-98 Pb 1.8 mg/Kg ENS-001
BC-BRC 23-Sep-98 Clay 7.5 % ENS-001
BC-BRC 23-Sep-98 Moisture Content 38.1 % ENS-001
BC-BRC 23-Sep-98 Cd 0.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 34.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 66.4 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 227 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 145 mg/Kg ENS-001
BC-BRC 23-Sep-98 As 185 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 37 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 18.4 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 39.5 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 23 mg/Kg ENS-001
BC-BRC 23-Sep-98 Fe 42000 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 65 mg/Kg ENS-001
BC-BRC 23-Sep-98 Fe 28000 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 13.5 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 23 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 71.9 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 89.8 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 37 mg/Kg ENS-001
BC-BRC 23-Sep-98 Ni 18.4 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 117 mg/Kg ENS-001
BC-BRC 23-Sep-98 Al 19500 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cr 30.7 mg/Kg ENS-001
BC-BRC 23-Sep-98 Pb 1.8 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 13.5 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 13.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cu 126 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
BC-BRC 23-Sep-98 Zn 25 mg/Kg ENS-001
BC-BRC 23-Sep-98 Al 11000 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 76.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 25 mg/Kg ENS-001
BC-BRC 23-Sep-98 Cr 14.2 mg/Kg ENS-001
BC-BRC 23-Sep-98 Fe 19300 mg/Kg ENS-001
BC-BRC 23-Sep-98 Zn 13.1 mg/Kg ENS-001
BC-BRC 23-Sep-98 Moisture Content 19.1 % ENS-001
BCU 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 9 ENS-001
BCU 24-Sep-98 Percent Survival of Hyalella azteca 100 % Sediment Toxicity Test,Site 9 ENS-001
BCU 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 9 ENS-001
EFC 1 23-Sep-98 AVS 1.24 ENS-001
EFC 1 23-Sep-98 Zn 55.7 mg/Kg ENS-001
EFC 1 23-Sep-98 Zn 29.7 mg/Kg ENS-001
EFC 1 23-Sep-98 Al 4630 mg/Kg ENS-001
EFC 1 23-Sep-98 Mn 228 mg/Kg ENS-001
EFC 1 23-Sep-98 As 17.8 mg/Kg ENS-001
EFC 1 23-Sep-98 Mn 769 mg/Kg ENS-001
EFC 1 23-Sep-98 As 7.1 mg/Kg ENS-001
EFC 1 23-Sep-98 TOC 1.38 % ENS-001
EFC 1 23-Sep-98 Ni 3.9 mg/Kg ENS-001
EFC 1 23-Sep-98 TOC 0.26 % ENS-001
EFC 1 23-Sep-98 Ni 12.3 mg/Kg ENS-001
EFC 1 23-Sep-98 Al 14800 mg/Kg ENS-001
EFC 1 23-Sep-98 Cr 4.2 mg/Kg ENS-001
EFC 1 23-Sep-98 Moisture Content 36.11 % ENS-001
EFC 1 23-Sep-98 Silt 1.87 % ENS-001
EFC 1 23-Sep-98 Coarse Grain 3.29 % ENS-001
EFC 1 23-Sep-98 Fe 20600 mg/Kg ENS-001
EFC 1 23-Sep-98 Fe 9660 mg/Kg ENS-001
EFC 1 23-Sep-98 Coarse Grain 65.52 % ENS-001
EFC 1 23-Sep-98 Clay 18.12 % ENS-001
EFC 1 23-Sep-98 AVS 1.1 ENS-001
EFC 1 23-Sep-98 Clay 0.62 % ENS-001
EFC 1 23-Sep-98 Cd 0.042 mg/Kg ENS-001
EFC 1 23-Sep-98 Zn 8.8 mg/Kg ENS-001
EFC 1 23-Sep-98 Zn 116 mg/Kg ENS-001
EFC 1 23-Sep-98 Ni 14.6 mg/Kg ENS-001
EFC 1 23-Sep-98 Ni 16 mg/Kg ENS-001
EFC 1 23-Sep-98 Moisture Content 13.69 % ENS-001
EFC 1 23-Sep-98 Cr 8.9 mg/Kg ENS-001
EFC 1 23-Sep-98 Pb 123 mg/Kg ENS-001
EFC 1 23-Sep-98 Cd 0.031 mg/Kg ENS-001
EFC 1 23-Sep-98 Cu 22.6 mg/Kg ENS-001
EFC 1 23-Sep-98 Sand 97.51 % ENS-001
EFC 1 23-Sep-98 Sand 21.88 % ENS-001
EFC 1 23-Sep-98 Cu 8.6 mg/Kg ENS-001
EFC 1 23-Sep-98 S 8.1 umoles ENS-001
EFC 1 23-Sep-98 S 9.7 umoles ENS-001
EFC 1 23-Sep-98 Pb 1.7 mg/Kg ENS-001
EFC 1 23-Sep-98 Cu 477 mg/Kg ENS-001
EFC 1 23-Sep-98 Silt 60 % ENS-001
EFC 1 23-Sep-98 Cu 4.5 mg/Kg ENS-001
EFC 2 23-Sep-98 Cr 3.9 mg/Kg ENS-001
EFC 2 23-Sep-98 Cu 15.5 mg/Kg ENS-001
EFC 2 23-Sep-98 Cu 3.5 mg/Kg ENS-001
EFC 2 23-Sep-98 Fe 23500 mg/Kg ENS-001
EFC 2 23-Sep-98 Ni 11 mg/Kg ENS-001
EFC 2 23-Sep-98 Cu 11.2 mg/Kg ENS-001
EFC 2 23-Sep-98 Fe 12300 mg/Kg ENS-001
EFC 2 23-Sep-98 Cu 27.9 mg/Kg ENS-001
EFC 2 23-Sep-98 Ni 13.9 mg/Kg ENS-001
EFC 2 23-Sep-98 Ni 3.9 mg/Kg ENS-001
EFC 2 23-Sep-98 Ni 3.8 mg/Kg ENS-001
EFC 2 23-Sep-98 Silt 67.5 % ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
EFC 2 23-Sep-98 AVS 0.33 ENS-001
EFC 2 23-Sep-98 Sand 96.26 % ENS-001
EFC 2 23-Sep-98 Sand 12.5 % ENS-001
EFC 2 23-Sep-98 Cd 0.05 mg/Kg ENS-001
EFC 2 23-Sep-98 AVS 0.53 ENS-001
EFC 2 23-Sep-98 Cd 0.032 mg/Kg ENS-001
EFC 2 23-Sep-98 Zn 27.1 mg/Kg ENS-001
EFC 2 23-Sep-98 Pb 6 mg/Kg ENS-001
EFC 2 23-Sep-98 Clay 0.62 % ENS-001
EFC 2 23-Sep-98 Cr 9.1 mg/Kg ENS-001
EFC 2 23-Sep-98 Silt 3.12 % ENS-001
EFC 2 23-Sep-98 Coarse Grain 0.3 % ENS-001
EFC 2 23-Sep-98 Coarse Grain 55.6 % ENS-001
EFC 2 23-Sep-98 As 13.4 mg/Kg ENS-001
EFC 2 23-Sep-98 As 18.5 mg/Kg ENS-001
EFC 2 23-Sep-98 Pb 0.89 mg/Kg ENS-001
EFC 2 23-Sep-98 Al 4490 mg/Kg ENS-001
EFC 2 23-Sep-98 Al 16700 mg/Kg ENS-001
EFC 2 23-Sep-98 Clay 20 % ENS-001
EFC 2 23-Sep-98 Zn 26.3 mg/Kg ENS-001
EFC 2 23-Sep-98 S 1.2 umoles ENS-001
EFC 2 23-Sep-98 Moisture Content 14.75 % ENS-001
EFC 2 23-Sep-98 Zn 7.7 mg/Kg ENS-001
EFC 2 23-Sep-98 Moisture Content 46.12 % ENS-001
EFC 2 23-Sep-98 Mn 920 mg/Kg ENS-001
EFC 2 23-Sep-98 Mn 235 mg/Kg ENS-001
EFC 2 23-Sep-98 Zn 60.9 mg/Kg ENS-001
EFC 2 23-Sep-98 TOC 0.08 % ENS-001
EFC 2 23-Sep-98 TOC 2.74 % ENS-001
EFC 2 23-Sep-98 S 0.4 umoles ENS-001
EFC-1 24-Sep-98 Percent Survival of Hyalella azteca 96 % Sediment Toxicity Test,Site 12 ENS-001
EFC-1 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 12 ENS-001
EFC-2 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 11 ENS-001
EFC-2 24-Sep-98 Percent Survival of Hyalella azteca 96 % Sediment Toxicity Test,Site 11 ENS-001
EFC-Review 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 14 ENS-001
EFC-Review 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 14 ENS-001
EFC-Review 24-Sep-98 Percent Survival of Hyalella azteca 100 % Sediment Toxicity Test,Site 14 ENS-001
EFC-Riverview 21-Sep-98 As 12.7 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cd 0.04 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cd 0.11 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 As 19.8 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 TOC 0.95 % ENS-001
EFC-Riverview 21-Sep-98 S -0.8 umoles ENS-001
EFC-Riverview 21-Sep-98 Clay 11.25 % ENS-001
EFC-Riverview 21-Sep-98 AVS 8.77 ENS-001
EFC-Riverview 21-Sep-98 TOC 1.09 % ENS-001
EFC-Riverview 21-Sep-98 Clay 0 % ENS-001
EFC-Riverview 21-Sep-98 Clay 25 % ENS-001
EFC-Riverview 21-Sep-98 Mn 250 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Sand 99.38 % ENS-001
EFC-Riverview 21-Sep-98 Sand 65 % ENS-001
EFC-Riverview 21-Sep-98 Sand 7.5 % ENS-001
EFC-Riverview 21-Sep-98 Fe 10900 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cu 9.6 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Silt 67.5 % ENS-001
EFC-Riverview 21-Sep-98 Mn 505 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cu 8.6 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 As 11.2 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cu 18.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Silt 0.62 % ENS-001
EFC-Riverview 21-Sep-98 AVS 0.76 ENS-001
EFC-Riverview 21-Sep-98 Fe 17400 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 S 5.2 umoles ENS-001
EFC-Riverview 21-Sep-98 Mn 883 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cd 0.047 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
EFC-Riverview 21-Sep-98 Silt 23.75 % ENS-001
EFC-Riverview 21-Sep-98 Ni 9.7 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 S 5.2 umoles ENS-001
EFC-Riverview 21-Sep-98 Zn 20.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Pb 7.2 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 AVS 0.89 ENS-001
EFC-Riverview 21-Sep-98 AVS 0.73 ENS-001
EFC-Riverview 21-Sep-98 Cu 11.6 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cr 10.2 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Pb 3.1 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Zn 12.9 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Moisture Content 13.56 % ENS-001
EFC-Riverview 21-Sep-98 Cu 92 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Ni 25 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cr 6.2 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Ni 5.6 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Zn 65.9 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cr 4.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Zn 50.5 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Zn 27.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Zn 28.7 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Cu 28.7 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Moisture Content 31.88 % ENS-001
EFC-Riverview 21-Sep-98 AVS 0.33 ENS-001
EFC-Riverview 21-Sep-98 S 4.4 umoles ENS-001
EFC-Riverview 21-Sep-98 Coarse Grain 0 % ENS-001
EFC-Riverview 21-Sep-98 S 52 umoles ENS-001
EFC-Riverview 21-Sep-98 Fe 24400 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Ni 15.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Coarse Grain 0.16 % ENS-001
EFC-Riverview 21-Sep-98 Moisture Content 42.14 % ENS-001
EFC-Riverview 21-Sep-98 Coarse Grain 49.83 % ENS-001
EFC-Riverview 21-Sep-98 Al 5080 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Al 10900 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Ni 11.4 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Ni 3.8 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Pb 15.6 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 Al 16900 mg/Kg ENS-001
EFC-Riverview 21-Sep-98 TOC 0.08 % ENS-001
Sta 1 24-Sep-98 S 2.4 umoles ENS-001
Sta 1 24-Sep-98 S 0.4 umoles ENS-001
Sta 1 24-Sep-98 S 3.2 umoles ENS-001
Sta 1 24-Sep-98 Ni 2.3 mg/Kg ENS-001
Sta 1 24-Sep-98 Coarse Grain 60.1 % ENS-001
Sta 1 24-Sep-98 Coarse Grain 1.4 % ENS-001
Sta 1 24-Sep-98 Zn 7.6 mg/Kg ENS-001
Sta 1 24-Sep-98 Zn 6.2 mg/Kg ENS-001
Sta 1 24-Sep-98 Silt 3.75 % ENS-001
Sta 1 24-Sep-98 Silt 1.25 % ENS-001
Sta 1 24-Sep-98 Ni 1.5 mg/Kg ENS-001
Sta 1 24-Sep-98 Clay 5 % ENS-001
Sta 1 24-Sep-98 S 51 umoles ENS-001
Sta 1 24-Sep-98 Mn 252 mg/Kg ENS-001
Sta 1 24-Sep-98 Mn 264 mg/Kg ENS-001
Sta 1 24-Sep-98 Cd 0.21 mg/Kg ENS-001
Sta 1 24-Sep-98 Cd 0.15 mg/Kg ENS-001
Sta 1 24-Sep-98 Cr 8.7 mg/Kg ENS-001
Sta 1 24-Sep-98 Pb 2.8 mg/Kg ENS-001
Sta 1 24-Sep-98 Pb 1.6 mg/Kg ENS-001
Sta 1 24-Sep-98 Clay 1.25 % ENS-001
Sta 1 24-Sep-98 TOC 0.46 % ENS-001
Sta 1 24-Sep-98 Fe 11100 mg/Kg ENS-001
Sta 1 24-Sep-98 AVS 0.37 umoles/g ENS-001
Sta 1 24-Sep-98 Cu 9.1 mg/Kg ENS-001
Sta 1 24-Sep-98 Cu 3.5 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 1 24-Sep-98 Sand 97.5 % ENS-001
Sta 1 24-Sep-98 As 5.6 mg/Kg ENS-001
Sta 1 24-Sep-98 As 5.6 mg/Kg ENS-001
Sta 1 24-Sep-98 Zn 29.7 mg/Kg ENS-001
Sta 1 24-Sep-98 Cu 7.4 mg/Kg ENS-001
Sta 1 24-Sep-98 Zn 31.5 mg/Kg ENS-001
Sta 1 24-Sep-98 Al 6660 mg/Kg ENS-001
Sta 1 24-Sep-98 Al 5620 mg/Kg ENS-001
Sta 1 24-Sep-98 AVS 0.45 umoles/g ENS-001
Sta 1 24-Sep-98 AVS 0.39 umoles/g ENS-001
Sta 1 24-Sep-98 Cr 6.5 mg/Kg ENS-001
Sta 1 24-Sep-98 Sand 91.25 % ENS-001
Sta 1 24-Sep-98 Ni 3.7 mg/Kg ENS-001
Sta 1 24-Sep-98 AVS 6.95 umoles/g ENS-001
Sta 1 24-Sep-98 Fe 10400 mg/Kg ENS-001
Sta 1 24-Sep-98 Cu 2 mg/Kg ENS-001
Sta 1 24-Sep-98 TOC 0.19 % ENS-001
Sta 1 24-Sep-98 Ni 7 mg/Kg ENS-001
Sta 15 24-Sep-98 Al 10800 mg/Kg ENS-001
Sta 15 24-Sep-98 Cu 37.5 mg/Kg ENS-001
Sta 15 24-Sep-98 Cr 27.1 mg/Kg ENS-001
Sta 15 24-Sep-98 Cu 10.9 mg/Kg ENS-001
Sta 15 24-Sep-98 Mn 499 mg/Kg ENS-001
Sta 15 24-Sep-98 Al 10700 mg/Kg ENS-001
Sta 15 24-Sep-98 Ni 4.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Ni 6.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Clay 27.5 % ENS-001
Sta 15 24-Sep-98 Clay 7.5 % ENS-001
Sta 15 24-Sep-98 Zn 13.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Ni 16.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Coarse Grain 0.4 % ENS-001
Sta 15 24-Sep-98 Percent Survival of Hyalella azteca 40 % Sediment Toxicity Test,Site 2 ENS-001
Sta 15 24-Sep-98 Percent Survival of Hyalella azteca 1 % Sediment Toxicity Test,Site 2 ENS-001
Sta 15 24-Sep-98 Zn 35.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Zn 43.7 mg/Kg ENS-001
Sta 15 24-Sep-98 Fe 35000 mg/Kg ENS-001
Sta 15 24-Sep-98 Fe 135000 mg/Kg ENS-001
Sta 15 24-Sep-98 Ni 14.8 mg/Kg ENS-001
Sta 15 24-Sep-98 Zn 7 mg/Kg ENS-001
Sta 15 24-Sep-98 Silt 31.25 % ENS-001
Sta 15 24-Sep-98 Silt 3.75 % ENS-001
Sta 15 24-Sep-98 TOC 0.21 % ENS-001
Sta 15 24-Sep-98 Cu 8.8 mg/Kg ENS-001
Sta 15 24-Sep-98 TOC 0.57 % ENS-001
Sta 15 24-Sep-98 Coarse Grain 57.1 % ENS-001
Sta 15 24-Sep-98 Pb 5 mg/Kg ENS-001
Sta 15 24-Sep-98 Sand 41.25 % ENS-001
Sta 15 24-Sep-98 As 231 mg/Kg ENS-001
Sta 15 24-Sep-98 S 0.4 umoles ENS-001
Sta 15 24-Sep-98 S 1.2 umoles ENS-001
Sta 15 24-Sep-98 Sand 88.75 % ENS-001
Sta 15 24-Sep-98 Cu 40.6 mg/Kg ENS-001
Sta 15 24-Sep-98 Mn 203 mg/Kg ENS-001
Sta 15 24-Sep-98 As 147 mg/Kg ENS-001
Sta 15 24-Sep-98 AVS 0.72 umoles/g ENS-001
Sta 15 24-Sep-98 Cd 1.1 mg/Kg ENS-001
Sta 15 24-Sep-98 Cr 19.3 mg/Kg ENS-001
Sta 15 24-Sep-98 AVS 0.37 umoles/g ENS-001
Sta 15 24-Sep-98 Cd 8.3 mg/Kg ENS-001
Sta 15 24-Sep-98 Pb 1.8 mg/Kg ENS-001
Sta 16 24-Sep-98 S 21 umoles ENS-001
Sta 16 24-Sep-98 AVS 6.7 umoles/g ENS-001
Sta 16 24-Sep-98 Cu 93.4 mg/Kg ENS-001
Sta 16 24-Sep-98 Pb 2.8 mg/Kg ENS-001
Sta 16 24-Sep-98 Cd 0.1 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 16 24-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 16 24-Sep-98 Moisture Content 16.8 % ENS-001
Sta 16 24-Sep-98 Ni 6.8 mg/Kg ENS-001
Sta 16 24-Sep-98 Mn 1170 mg/Kg ENS-001
Sta 16 24-Sep-98 S 12.5 umoles ENS-001
Sta 16 24-Sep-98 Sand 80.01 % ENS-001
Sta 16 24-Sep-98 Zn 18 mg/Kg ENS-001
Sta 16 24-Sep-98 Sand 42.5 % ENS-001
Sta 16 24-Sep-98 Ni 7.9 mg/Kg ENS-001
Sta 16 24-Sep-98 Zn 73.3 mg/Kg ENS-001
Sta 16 24-Sep-98 Zn 79 mg/Kg ENS-001
Sta 16 24-Sep-98 Cu 93.4 mg/Kg ENS-001
Sta 16 24-Sep-98 AVS 1.33 umoles/g ENS-001
Sta 16 24-Sep-98 Fe 27300 mg/Kg ENS-001
Sta 16 24-Sep-98 Coarse Grain 67.9 % ENS-001
Sta 16 24-Sep-98 As 49.7 mg/Kg ENS-001
Sta 16 24-Sep-98 AVS 1.61 umoles/g ENS-001
Sta 16 24-Sep-98 Cu 55.9 mg/Kg ENS-001
Sta 16 24-Sep-98 Zn 15.3 mg/Kg ENS-001
Sta 16 24-Sep-98 Zn 18 mg/Kg ENS-001
Sta 16 24-Sep-98 AVS 2.1 umoles/g ENS-001
Sta 16 24-Sep-98 S 15.7 umoles ENS-001
Sta 16 24-Sep-98 Ni 32.4 mg/Kg ENS-001
Sta 16 24-Sep-98 Cu 241 mg/Kg ENS-001
Sta 16 24-Sep-98 Al 19700 mg/Kg ENS-001
Sta 16 24-Sep-98 Al 10900 mg/Kg ENS-001
Sta 16 24-Sep-98 Ni 6.8 mg/Kg ENS-001
Sta 16 24-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 16 24-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 16 24-Sep-98 Coarse Grain 9.9 % ENS-001
Sta 16 24-Sep-98 Ni 25.4 mg/Kg ENS-001
Sta 16 24-Sep-98 S 65.8 umoles ENS-001
Sta 16 24-Sep-98 Pb 2.8 mg/Kg ENS-001
Sta 16 24-Sep-98 Cu 180 mg/Kg ENS-001
Sta 16 24-Sep-98 TOC 0.14 % ENS-001
Sta 16 24-Sep-98 Pb 2.8 mg/Kg ENS-001
Sta 16 24-Sep-98 TOC 0.44 % ENS-001
Sta 16 24-Sep-98 Mn 2450 mg/Kg ENS-001
Sta 16 24-Sep-98 Silt 8.12 % ENS-001
Sta 16 24-Sep-98 Clay 11.87 % ENS-001
Sta 16 24-Sep-98 Clay 38.75 % ENS-001
Sta 16 24-Sep-98 Fe 23400 mg/Kg ENS-001
Sta 16 24-Sep-98 Silt 18.75 (%) ENS-001
Sta 16 24-Sep-98 As 46.5 mg/Kg ENS-001
Sta 16 24-Sep-98 Percent Survival of Hyalella azteca 91 % Sediment Toxicity Test,Site 4 ENS-001
Sta 16 24-Sep-98 Percent Survival of Hyalella azteca 91 % Sediment Toxicity Test,Site 4 ENS-001
Sta 16 24-Sep-98 Cr 16 mg/Kg ENS-001
Sta 16 24-Sep-98 Moisture Content 37.4 % ENS-001
Sta 16 24-Sep-98 Cr 24.1 mg/Kg ENS-001
Sta 17 24-Sep-98 Percent Survival of Hyalella azteca 100 % Sediment Toxicity Test,Site 1 ENS-001
Sta 17 24-Sep-98 Percent Survival of Hyalella azteca 96 % Sediment Toxicity Test,Site 1 ENS-001
Sta 22 24-Sep-98 Cu 4.5 mg/Kg ENS-001
Sta 22 24-Sep-98 Cu 1.8 mg/Kg ENS-001
Sta 22 24-Sep-98 Cr 5.4 mg/Kg ENS-001
Sta 22 24-Sep-98 Cr 6.9 mg/Kg ENS-001
Sta 22 24-Sep-98 Percent Survival of Hyalella azteca 86 % Sediment Toxicity Test,Site 3 ENS-001
Sta 22 24-Sep-98 Cu 5.3 mg/Kg ENS-001
Sta 22 24-Sep-98 Fe 8950 mg/Kg ENS-001
Sta 22 24-Sep-98 Fe 9850 mg/Kg ENS-001
Sta 22 24-Sep-98 Cu 1 mg/Kg ENS-001
Sta 22 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 3 ENS-001
Sta 22 24-Sep-98 As 8.6 mg/Kg ENS-001
Sta 22 24-Sep-98 Pb 3.6 mg/Kg ENS-001
Sta 22 24-Sep-98 Pb 1.9 mg/Kg ENS-001
Sta 22 24-Sep-98 Coarse Grain 37.3 % ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 22 24-Sep-98 S 17.4 umoles ENS-001
Sta 22 24-Sep-98 Mn 266 mg/Kg ENS-001
Sta 22 24-Sep-98 AVS 2.28 umoles/g ENS-001
Sta 22 24-Sep-98 AVS 0.61 umoles/g ENS-001
Sta 22 24-Sep-98 Sand 83.75 % ENS-001
Sta 22 24-Sep-98 Mn 143 mg/Kg ENS-001
Sta 22 24-Sep-98 As 5.6 mg/Kg ENS-001
Sta 22 24-Sep-98 S 0 umoles ENS-001
Sta 22 24-Sep-98 TOC 2.11 % ENS-001
Sta 22 24-Sep-98 TOC 0.71 % ENS-001
Sta 22 24-Sep-98 Al 5720 mg/Kg ENS-001
Sta 22 24-Sep-98 Al 7250 mg/Kg ENS-001
Sta 22 24-Sep-98 Ni 3.6 mg/Kg ENS-001
Sta 22 24-Sep-98 Ni 3.67 mg/Kg ENS-001
Sta 22 24-Sep-98 Zn 23.3 mg/Kg ENS-001
Sta 22 24-Sep-98 Zn 25.8 mg/Kg ENS-001
Sta 22 24-Sep-98 Sand 95 % ENS-001
Sta 22 24-Sep-98 Cd 0.24 mg/Kg ENS-001
Sta 22 24-Sep-98 Cd 0.27 mg/Kg ENS-001
Sta 22 24-Sep-98 Zn 7.1 mg/Kg ENS-001
Sta 22 24-Sep-98 Coarse Grain 10.5 % ENS-001
Sta 22 24-Sep-98 Zn 9.7 mg/Kg ENS-001
Sta 22 24-Sep-98 Ni 0.72 mg/Kg ENS-001
Sta 22 24-Sep-98 Silt 12.5 % ENS-001
Sta 22 24-Sep-98 Silt 3.75 % ENS-001
Sta 22 24-Sep-98 Clay 1.25 % ENS-001
Sta 22 24-Sep-98 Ni 1 mg/Kg ENS-001
Sta 22 24-Sep-98 Clay 3.75 % ENS-001
Sta 23 22-Sep-98 Cu 10.4 mg/Kg ENS-001
Sta 23 22-Sep-98 Silt 28.75 % ENS-001
Sta 23 22-Sep-98 Pb 200 mg/Kg ENS-001
Sta 23 22-Sep-98 Silt 4.37 % ENS-001
Sta 23 22-Sep-98 Ni 3.5 mg/Kg ENS-001
Sta 23 22-Sep-98 Cu 16.2 mg/Kg ENS-001
Sta 23 22-Sep-98 Pb 3 mg/Kg ENS-001
Sta 23 22-Sep-98 Cu 10.4 mg/Kg ENS-001
Sta 23 22-Sep-98 Cu 16.2 mg/Kg ENS-001
Sta 23 22-Sep-98 Ni 10.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Ni 13.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Fe 25400 mg/Kg ENS-001
Sta 23 22-Sep-98 Ni 3.5 mg/Kg ENS-001
Sta 23 22-Sep-98 Fe 43300 mg/Kg ENS-001
Sta 23 22-Sep-98 Moisture Content 45.4 % ENS-001
Sta 23 22-Sep-98 Sand 88.13 % ENS-001
Sta 23 22-Sep-98 Sand 41.25 % ENS-001
Sta 23 22-Sep-98 Mn 684 mg/Kg ENS-001
Sta 23 22-Sep-98 Pb 3 mg/Kg ENS-001
Sta 23 22-Sep-98 Pb 200 mg/Kg ENS-001
Sta 23 22-Sep-98 Ni 10.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Mn 646 mg/Kg ENS-001
Sta 23 22-Sep-98 Moisture Content 17.1 % ENS-001
Sta 23 22-Sep-98 Ni 17.7 mg/Kg ENS-001
Sta 23 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Cr 15.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Al 7320 mg/Kg ENS-001
Sta 23 22-Sep-98 Al 16200 mg/Kg ENS-001
Sta 23 22-Sep-98 Clay 7.5 % ENS-001
Sta 23 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Zn 7.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Zn 60.8 mg/Kg ENS-001
Sta 23 22-Sep-98 Cr 17.9 mg/Kg ENS-001
Sta 23 22-Sep-98 S 8.9 umoles ENS-001
Sta 23 22-Sep-98 Zn 35.2 mg/Kg ENS-001
Sta 23 22-Sep-98 Cd 0.1 mg/Kg ENS-001

P:\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B - Previous Investigations - Being Edited\3.1.20 ENSR, 1999. Sediment

AMEC Geomatrix, Inc.
Page 7 of 12



Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 23 22-Sep-98 Coarse Grain 0.8 % ENS-001
Sta 23 22-Sep-98 Zn 7.1 mg/Kg ENS-001
Sta 23 22-Sep-98 Zn 10.8 mg/Kg ENS-001
Sta 23 22-Sep-98 TOC 1.14 % ENS-001
Sta 23 22-Sep-98 TOC 0.37 % ENS-001
Sta 23 22-Sep-98 Clay 30 % ENS-001
Sta 23 22-Sep-98 Zn 10.8 mg/Kg ENS-001
Sta 23 22-Sep-98 S 17.8 umoles ENS-001
Sta 23 22-Sep-98 AVS 0.88 umoles/g ENS-001
Sta 23 22-Sep-98 As 96.5 mg/Kg ENS-001
Sta 23 22-Sep-98 Coarse Grain 58.4 % ENS-001
Sta 23 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 7 ENS-001
Sta 23 24-Sep-98 Percent Survival of Hyalella azteca 92 % Sediment Toxicity Test,Site 7 ENS-001
Sta 23 22-Sep-98 AVS 1.8 umoles/g ENS-001
Sta 23 22-Sep-98 As 66.8 mg/Kg ENS-001
Sta 23 22-Sep-98 Cu 55.9 mg/Kg ENS-001
Sta 23 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 7 ENS-001
Sta 23 22-Sep-98 Cu 33.9 mg/Kg ENS-001
Sta 24 22-Sep-98 Cu 10.2 mg/Kg ENS-001
Sta 24 22-Sep-98 Pb 2 mg/Kg ENS-001
Sta 24 22-Sep-98 As 8 mg/Kg ENS-001
Sta 24 22-Sep-98 Pb 1.5 mg/Kg ENS-001
Sta 24 22-Sep-98 Cu 2.3 mg/Kg ENS-001
Sta 24 22-Sep-98 Silt 57.5 % ENS-001
Sta 24 22-Sep-98 As 8.2 mg/Kg ENS-001
Sta 24 22-Sep-98 Cd 0.082 mg/Kg ENS-001
Sta 24 22-Sep-98 Clay 33.12 % ENS-001
Sta 24 22-Sep-98 Silt 16.87 % ENS-001
Sta 24 22-Sep-98 Zn 5.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Cu 2.9 mg/Kg ENS-001
Sta 24 22-Sep-98 Clay 6.25 % ENS-001
Sta 24 22-Sep-98 Zn 6.4 mg/Kg ENS-001
Sta 24 22-Sep-98 Cu 2.9 mg/Kg ENS-001
Sta 24 22-Sep-98 Clay 5.62 % ENS-001
Sta 24 22-Sep-98 Cu 2.3 mg/Kg ENS-001
Sta 24 22-Sep-98 Sand 9.38 % ENS-001
Sta 24 22-Sep-98 AVS 1.08 ENS-001
Sta 24 22-Sep-98 Sand 77.51 % ENS-001
Sta 24 22-Sep-98 Ni 6.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Ni 8.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Al 7260 mg/Kg ENS-001
Sta 24 22-Sep-98 Al 7930 mg/Kg ENS-001
Sta 24 22-Sep-98 Ni 1.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Ni 1.5 mg/Kg ENS-001
Sta 24 22-Sep-98 Ni 10.6 mg/Kg ENS-001
Sta 24 22-Sep-98 Ni 5.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Zn 55.9 mg/Kg ENS-001
Sta 24 22-Sep-98 AVS 0.65 umoles/g ENS-001
Sta 24 22-Sep-98 Zn 33.8 mg/Kg ENS-001
Sta 24 22-Sep-98 Zn 38.4 mg/Kg ENS-001
Sta 24 22-Sep-98 AVS 0.83 umoles/g ENS-001
Sta 24 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Sand 86.88 % ENS-001
Sta 24 22-Sep-98 As 6.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Al 16400 mg/Kg ENS-001
Sta 24 22-Sep-98 Cr 15.6 mg/Kg ENS-001
Sta 24 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 6 ENS-001
Sta 24 22-Sep-98 S 8.1 umoles ENS-001
Sta 24 22-Sep-98 Pb 1.5 mg/Kg ENS-001
Sta 24 22-Sep-98 Moisture Content 66.13 % ENS-001
Sta 24 22-Sep-98 Moisture Content 15 % ENS-001
Sta 24 22-Sep-98 Cu 26.7 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 24 22-Sep-98 Moisture Content 43.4 % ENS-001
Sta 24 22-Sep-98 Mn 475 mg/Kg ENS-001
Sta 24 22-Sep-98 Pb 2 mg/Kg ENS-001
Sta 24 22-Sep-98 S 6.5 umoles ENS-001
Sta 24 22-Sep-98 Fe 20600 mg/Kg ENS-001
Sta 24 22-Sep-98 Zn 5.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Silt 6.87 % ENS-001
Sta 24 22-Sep-98 S 3.6 umoles ENS-001
Sta 24 22-Sep-98 Cr 11.1 mg/Kg ENS-001
Sta 24 22-Sep-98 Cr 12 mg/Kg ENS-001
Sta 24 22-Sep-98 Fe 12000 mg/Kg ENS-001
Sta 24 22-Sep-98 Fe 13600 mg/Kg ENS-001
Sta 24 22-Sep-98 Zn 12.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Mn 361 mg/Kg ENS-001
Sta 24 22-Sep-98 Cu 11.9 mg/Kg ENS-001
Sta 24 22-Sep-98 Coarse Grain 0 % ENS-001
Sta 24 22-Sep-98 Ni 1.5 mg/Kg ENS-001
Sta 24 24-Sep-98 Percent Survival of Hyalella azteca 98 % Sediment Toxicity Test,Site 6 ENS-001
Sta 24 22-Sep-98 TOC 1.83 % ENS-001
Sta 24 22-Sep-98 TOC 0.4 % ENS-001
Sta 24 22-Sep-98 TOC 1.28 % ENS-001
Sta 24 22-Sep-98 Ni 1.7 mg/Kg ENS-001
Sta 24 22-Sep-98 Pb 7.6 mg/Kg ENS-001
Sta 24 22-Sep-98 Zn 6.4 mg/Kg ENS-001
Sta 24 22-Sep-98 Mn 809 mg/Kg ENS-001
Sta 24 24-Sep-98 Percent Survival of Hyalella azteca 89 % Sediment Toxicity Test,Site 6 ENS-001
Sta 24 22-Sep-98 Coarse Grain 4.6 % ENS-001
Sta 24 22-Sep-98 Coarse Grain 65.6 % ENS-001
Sta 24 22-Sep-98 Cu 14.5 mg/Kg ENS-001
Sta 25 22-Sep-98 Ni 44 mg/Kg ENS-001
Sta 25 22-Sep-98 Al 8520 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 75.5 mg/Kg ENS-001
Sta 25 22-Sep-98 Moisture Content 33.4 % ENS-001
Sta 25 24-Sep-98 Percent Survival of Hyalella azteca 0 % Sediment Toxicity Test,Site 5 ENS-001
Sta 25 22-Sep-98 Moisture Content 18.4 % ENS-001
Sta 25 22-Sep-98 As 163 mg/Kg ENS-001
Sta 25 22-Sep-98 Ni 88.8 mg/Kg ENS-001
Sta 25 22-Sep-98 Ni 65.2 mg/Kg ENS-001
Sta 25 22-Sep-98 Ni 44 mg/Kg ENS-001
Sta 25 24-Sep-98 Percent Survival of Hyalella azteca 1 % Sediment Toxicity Test,Site 5 ENS-001
Sta 25 22-Sep-98 Ni 18.4 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 138 mg/Kg ENS-001
Sta 25 22-Sep-98 As 82.5 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 11.1 mg/Kg ENS-001
Sta 25 22-Sep-98 Cu 161 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 17.8 mg/Kg ENS-001
Sta 25 22-Sep-98 Cu 11.2 mg/Kg ENS-001
Sta 25 22-Sep-98 Cu 22.6 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 17.8 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 11.1 mg/Kg ENS-001
Sta 25 22-Sep-98 TOC 0.12 % ENS-001
Sta 25 22-Sep-98 Mn 2890 mg/Kg ENS-001
Sta 25 22-Sep-98 TOC 0.23 % ENS-001
Sta 25 22-Sep-98 S 12.1 umoles ENS-001
Sta 25 22-Sep-98 Cu 22.6 mg/Kg ENS-001
Sta 25 22-Sep-98 Al 9840 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 56 mg/Kg ENS-001
Sta 25 22-Sep-98 TOC 1.79 % ENS-001
Sta 25 22-Sep-98 Mn 1480 mg/Kg ENS-001
Sta 25 22-Sep-98 Mn 1130 mg/Kg ENS-001
Sta 25 22-Sep-98 Ni 121 mg/Kg ENS-001
Sta 25 22-Sep-98 Zn 56 mg/Kg ENS-001
Sta 25 22-Sep-98 S 8.1 umoles ENS-001
Sta 25 22-Sep-98 S 6.5 umoles ENS-001
Sta 25 22-Sep-98 Al 23300 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 25 22-Sep-98 Moisture Content 77.02 % ENS-001
Sta 25 22-Sep-98 Ni 203 mg/Kg ENS-001
Sta 25 22-Sep-98 Cu 11.2 mg/Kg ENS-001
Sta 25 22-Sep-98 Coarse Grain 2.5 % ENS-001
Sta 25 22-Sep-98 Pb 1.7 mg/Kg ENS-001
Sta 25 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 25 22-Sep-98 Clay 23.12 % ENS-001
Sta 25 22-Sep-98 Sand 13.76 % ENS-001
Sta 25 22-Sep-98 Clay 5 % ENS-001
Sta 25 22-Sep-98 Coarse Grain 59.9 % ENS-001
Sta 25 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 25 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 25 22-Sep-98 Cu 43.5 mg/Kg ENS-001
Sta 25 22-Sep-98 Pb 2.7 mg/Kg ENS-001
Sta 25 22-Sep-98 Pb 6.9 mg/Kg ENS-001
Sta 25 22-Sep-98 Cd 0.1 mg/Kg ENS-001
Sta 25 22-Sep-98 Fe 55700 mg/Kg ENS-001
Sta 25 22-Sep-98 As 85.3 mg/Kg ENS-001
Sta 25 22-Sep-98 Cd 0.46 mg/Kg ENS-001
Sta 25 22-Sep-98 Pb 1.7 mg/Kg ENS-001
Sta 25 22-Sep-98 Pb 2.7 mg/Kg ENS-001
Sta 25 22-Sep-98 Coarse Grain 0 % ENS-001
Sta 25 22-Sep-98 Silt 6.87 % ENS-001
Sta 25 22-Sep-98 Silt 3.75 % ENS-001
Sta 25 22-Sep-98 Clay 9.37 % ENS-001
Sta 25 22-Sep-98 Cu 57.6 mg/Kg ENS-001
Sta 25 22-Sep-98 AVS 2.68 ENS-001
Sta 25 22-Sep-98 Silt 63.12 % ENS-001
Sta 25 22-Sep-98 Cu 91 mg/Kg ENS-001
Sta 25 22-Sep-98 Fe 25300 mg/Kg ENS-001
Sta 25 22-Sep-98 Cr 15.7 mg/Kg ENS-001
Sta 25 22-Sep-98 Cr 18.3 mg/Kg ENS-001
Sta 25 22-Sep-98 AVS 1.24 umoles/g ENS-001
Sta 25 22-Sep-98 Ni 18.4 mg/Kg ENS-001
Sta 25 22-Sep-98 AVS 0.8 umoles/g ENS-001
Sta 25 22-Sep-98 Sand 91.25 % ENS-001
Sta 25 22-Sep-98 Sand 83.76 % ENS-001
Sta 25 22-Sep-98 Fe 23400 mg/Kg ENS-001
Sta 25 22-Sep-98 Cr 27 mg/Kg ENS-001
Sta 26 23-Sep-98 S 13.7 umoles ENS-001
Sta 26 23-Sep-98 Ni 121 mg/Kg ENS-001
Sta 26 23-Sep-98 Coarse Grain 0 % ENS-001
Sta 26 23-Sep-98 Silt 0.62 % ENS-001
Sta 26 23-Sep-98 Silt 13.12 % ENS-001
Sta 26 23-Sep-98 Zn 57.3 mg/Kg ENS-001
Sta 26 23-Sep-98 Ni 20.7 mg/Kg ENS-001
Sta 26 23-Sep-98 S 16.9 umoles ENS-001
Sta 26 23-Sep-98 Mn 1380 mg/Kg ENS-001
Sta 26 23-Sep-98 Cu 172 mg/Kg ENS-001
Sta 26 23-Sep-98 Moisture Content 46.86 % ENS-001
Sta 26 23-Sep-98 Moisture Content 81.65 % ENS-001
Sta 26 23-Sep-98 Cr 9 mg/Kg ENS-001
Sta 26 23-Sep-98 Mn 485 mg/Kg ENS-001
Sta 26 23-Sep-98 Coarse Grain 0.63 % ENS-001
Sta 26 23-Sep-98 Fe 13600 mg/Kg ENS-001
Sta 26 23-Sep-98 Coarse Grain 59.96 % ENS-001
Sta 26 23-Sep-98 Mn 3330 mg/Kg ENS-001
Sta 26 23-Sep-98 Moisture Content 13.94 % ENS-001
Sta 26 23-Sep-98 TOC 3.21 % ENS-001
Sta 26 23-Sep-98 Cr 29.3 mg/Kg ENS-001
Sta 26 23-Sep-98 S 13.7 umoles ENS-001
Sta 26 23-Sep-98 Cr 15.1 mg/Kg ENS-001
Sta 26 23-Sep-98 Pb 7 mg/Kg ENS-001
Sta 26 23-Sep-98 TOC 0.11 % ENS-001
Sta 26 23-Sep-98 TOC 2.12 % ENS-001

P:\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B - Previous Investigations - Being Edited\3.1.20 ENSR, 1999. Sediment

AMEC Geomatrix, Inc.
Page 10 of 12



Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 26 23-Sep-98 Fe 21300 mg/Kg ENS-001
Sta 26 23-Sep-98 As 44.8 mg/Kg ENS-001
Sta 26 23-Sep-98 Sand 99.38 % ENS-001
Sta 26 23-Sep-98 AVS 1.56 ENS-001
Sta 26 23-Sep-98 Clay 0 % ENS-001
Sta 26 23-Sep-98 Ni 328 mg/Kg ENS-001
Sta 26 23-Sep-98 Cu 60.8 mg/Kg ENS-001
Sta 26 23-Sep-98 Al 10200 mg/Kg ENS-001
Sta 26 23-Sep-98 Al 6360 mg/Kg ENS-001
Sta 26 23-Sep-98 AVS 3.11 ENS-001
Sta 26 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 8 ENS-001
Sta 26 23-Sep-98 Al 22400 mg/Kg ENS-001
Sta 26 23-Sep-98 Sand 83.76 % ENS-001
Sta 26 23-Sep-98 Cu 51.8 mg/Kg ENS-001
Sta 26 23-Sep-98 As 150 mg/Kg ENS-001
Sta 26 23-Sep-98 AVS 7.22 ENS-001
Sta 26 23-Sep-98 Silt 66.25 % ENS-001
Sta 26 23-Sep-98 Ni 31.1 mg/Kg ENS-001
Sta 26 23-Sep-98 Ni 118 mg/Kg ENS-001
Sta 26 23-Sep-98 Cu 111 mg/Kg ENS-001
Sta 26 24-Sep-98 Percent Survival of Hyalella azteca 95 % Sediment Toxicity Test,Site 8 ENS-001
Sta 26 23-Sep-98 As 68.7 mg/Kg ENS-001
Sta 26 24-Sep-98 Percent Survival of Hyalella azteca 99 % Sediment Toxicity Test,Site 8 ENS-001
Sta 26 23-Sep-98 Cu 28.5 mg/Kg ENS-001
Sta 26 23-Sep-98 Cd 0.98 mg/Kg ENS-001
Sta 26 23-Sep-98 Zn 181 mg/Kg ENS-001
Sta 26 23-Sep-98 Clay 13.75 % ENS-001
Sta 26 23-Sep-98 Zn 14.8 mg/Kg ENS-001
Sta 26 23-Sep-98 Zn 114 mg/Kg ENS-001
Sta 26 23-Sep-98 Cd 0.32 mg/Kg ENS-001
Sta 26 23-Sep-98 Cd 0.031 mg/Kg ENS-001
Sta 26 23-Sep-98 Fe 43600 mg/Kg ENS-001
Sta 26 23-Sep-98 Zn 79.9 mg/Kg ENS-001
Sta 26 23-Sep-98 Zn 45.3 mg/Kg ENS-001
Sta 26 23-Sep-98 Ni 215 mg/Kg ENS-001
Sta 26 23-Sep-98 Cu 11.4 mg/Kg ENS-001
Sta 26 23-Sep-98 Pb 4.1 mg/Kg ENS-001
Sta 26 23-Sep-98 Pb 2.1 mg/Kg ENS-001
Sta 26 23-Sep-98 Sand 20 % ENS-001
Sta 26 23-Sep-98 Clay 3.12 % ENS-001
Sta 29 23-Sep-98 Cu 35 mg/Kg ENS-001
Sta 29 23-Sep-98 Cu 25.8 mg/Kg ENS-001
Sta 29 23-Sep-98 Cu 13.1 mg/Kg ENS-001
Sta 29 23-Sep-98 Zn 7.5 mg/Kg ENS-001
Sta 29 23-Sep-98 Fe 17600 mg/Kg ENS-001
Sta 29 24-Sep-98 Percent Survival of Hyalella azteca 100 % Sediment Toxicity Test,Site 10 ENS-001
Sta 29 23-Sep-98 Zn 18.8 mg/Kg ENS-001
Sta 29 23-Sep-98 Cu 7.6 mg/Kg ENS-001
Sta 29 23-Sep-98 Moisture Content 30.7 % ENS-001
Sta 29 23-Sep-98 Moisture Content 21 % ENS-001
Sta 29 24-Sep-98 Percent Survival of Hyalella azteca 99 % Sediment Toxicity Test,Site 10 ENS-001
Sta 29 23-Sep-98 Fe 16800 mg/Kg ENS-001
Sta 29 23-Sep-98 Sand 78.75 % ENS-001
Sta 29 23-Sep-98 Coarse Grain 49 % ENS-001
Sta 29 23-Sep-98 Cd 0.17 mg/Kg ENS-001
Sta 29 23-Sep-98 Pb 1.8 mg/Kg ENS-001
Sta 29 23-Sep-98 Pb 1.1 mg/Kg ENS-001
Sta 29 23-Sep-98 Al 8570 mg/Kg ENS-001
Sta 29 23-Sep-98 Zn 60.5 mg/Kg ENS-001
Sta 29 23-Sep-98 AVS 0.35 ENS-001
Sta 29 23-Sep-98 Cd 0.054 mg/Kg ENS-001
Sta 29 23-Sep-98 Sand 95 % ENS-001
Sta 29 23-Sep-98 AVS 4.79 ENS-001
Sta 29 23-Sep-98 Ni 27.8 mg/Kg ENS-001
Sta 29 23-Sep-98 Ni 49.9 mg/Kg ENS-001
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Sediment Quality 
Results from the Project Database

ENSR (1999)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Sta 29 23-Sep-98 As 54.2 mg/Kg ENS-001
Sta 29 23-Sep-98 As 34.7 mg/Kg ENS-001
Sta 29 23-Sep-98 Al 6770 mg/Kg ENS-001
Sta 29 23-Sep-98 TOC 1.79 % ENS-001
Sta 29 23-Sep-98 S 0 umoles ENS-001
Sta 29 23-Sep-98 Cr 7.5 mg/Kg ENS-001
Sta 29 23-Sep-98 Cr 12.8 mg/Kg ENS-001
Sta 29 23-Sep-98 Ni 22.3 mg/Kg ENS-001
Sta 29 23-Sep-98 Ni 11.9 mg/Kg ENS-001
Sta 29 23-Sep-98 Zn 38.7 mg/Kg ENS-001
Sta 29 23-Sep-98 Mn 479 mg/Kg ENS-001
Sta 29 23-Sep-98 S 33.9 umoles ENS-001
Sta 29 23-Sep-98 TOC 0.56 % ENS-001
Sta 29 23-Sep-98 Coarse Grain 31.24 % ENS-001
Sta 29 23-Sep-98 Silt 15 % ENS-001
Sta 29 23-Sep-98 Silt 2.5 % ENS-001
Sta 29 23-Sep-98 Clay 2.5 % ENS-001
Sta 29 23-Sep-98 Clay 6.25 % ENS-001
Sta 29 23-Sep-98 Mn 486 mg/Kg ENS-001

Notes:

Informaton obtained from database source code ENS-001 within the project database.  The original source was from Data Report for the Leviathan Mine Study Area Water and 
Sediment Toxicity and Benthic Community Data. September 1998 Assessment. By ENSR (1999).  

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = Sodium, S = Sulfur, Zn = Zinc, NO3 = Nitrate, PO4 = 
Phosphate, SO4 = Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, DO = dissolved oxygen, DOC = dissolved organic carbon, TSS = total suspended 
solids. TOC = total organic carbon, AVS = acid volatile sulfide

Dis = dissolved, SpC = specific conductance, uS/cm = microseimens per centimeter, ppm = parts per million, mg/L = milligrams per liter, mg/Kg = milligrams per kilogram, umoles = 
micromoles, % = percentage
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

BC-BRC 9/23/1998 Al 0.0439 mg/L Dis ENS-001
BC-BRC 9/23/1998 Al 1.6 mg/L Total ENS-001
BC-BRC 9/23/1998 As 0.0041 mg/L Dis ENS-001
BC-BRC 9/23/1998 As 0.0094 mg/L Total ENS-001
BC-BRC 9/23/1998 Cr 0.0092 mg/L Dis ENS-001
BC-BRC 9/23/1998 Cr 0.0092 mg/L Total ENS-001
BC-BRC 9/23/1998 Cu 0.002 mg/L Dis ENS-001
BC-BRC 9/23/1998 Cu 0.0142 mg/L Total ENS-001
BC-BRC 9/23/1998 DO 8.8 mg/L Field ENS-001
BC-BRC 9/23/1998 DOC 1.8 mg/L Dis ENS-001
BC-BRC 9/23/1998 Fe 0.0181 mg/L Dis ENS-001
BC-BRC 9/23/1998 Fe 2.18 mg/L Total ENS-001
BC-BRC 9/23/1998 Mn 0.794 mg/L Dis ENS-001
BC-BRC 9/23/1998 Mn 0.802 mg/L Total ENS-001
BC-BRC 9/23/1998 Ni 0.0555 mg/L Dis ENS-001
BC-BRC 9/23/1998 Ni 0.0616 mg/L Total ENS-001
BC-BRC 9/23/1998 pH 8.1 su Field ENS-001
BC-BRC 9/23/1998 TDS 239 mg/L Dis ENS-001
BC-BRC 9/23/1998 Temp 11.5 C Field ENS-001
BC-BRC 9/23/1998 TOC 1.2 mg/L Total ENS-001
BC-BRC 9/23/1998 TSS 13 mg/L Total ENS-001
BC-BRC 9/23/1998 Zn 0.0081 mg/L Dis ENS-001
BC-BRC 9/23/1998 Zn 0.051 mg/L Total ENS-001
BC-BRC 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
BC-BRC 10/1/1998 Water Toxicity Test 30 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
BC-BRC 10/1/1998 Water Toxicity Test 90 % Percent Survival of Ceriodaphnia dubia, 12.5 ENS-001
BC-BRC 10/1/1998 Water Toxicity Test 90 % Percent Survival of Ceriodaphnia dubia, 25 ENS-001
BC-BRC 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 50 ENS-001
BC-BRC 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 6.25 ENS-001
EFC 1 9/23/1998 Al 0.0392 mg/L Dis ENS-001
EFC 1 9/23/1998 Al 0.0617 mg/L Total ENS-001
EFC 1 9/23/1998 As 0.0084 mg/L Total ENS-001
EFC 1 9/23/1998 As 0.0088 mg/L Dis ENS-001
EFC 1 9/23/1998 Cr 0.0092 mg/L Dis ENS-001
EFC 1 9/23/1998 Cr 0.0092 mg/L Total ENS-001
EFC 1 9/23/1998 Cu 0.002 mg/L Dis ENS-001
EFC 1 9/23/1998 Cu 0.0023 mg/L Total ENS-001
EFC 1 9/23/1998 DO 8.8 mg/L Field ENS-001
EFC 1 9/23/1998 DOC 0.5 mg/L Dis ENS-001
EFC 1 9/23/1998 Fe 0.035 mg/L Dis ENS-001
EFC 1 9/23/1998 Fe 0.14 mg/L Total ENS-001
EFC 1 9/23/1998 Mn 0.0141 mg/L Dis ENS-001
EFC 1 9/23/1998 Mn 0.0241 mg/L Total ENS-001
EFC 1 9/23/1998 Ni 0.0193 mg/L Dis ENS-001
EFC 1 9/23/1998 Ni 0.0193 mg/L Total ENS-001
EFC 1 9/23/1998 pH 7.5 su Field ENS-001
EFC 1 9/23/1998 TDS 80 mg/L Dis ENS-001
EFC 1 9/23/1998 Temp 12.5 C Field ENS-001
EFC 1 9/23/1998 TOC 0.8 mg/L Total ENS-001
EFC 1 9/23/1998 TSS 4 mg/L Total ENS-001
EFC 1 9/23/1998 Zn 0.0071 mg/L Dis ENS-001
EFC 1 9/23/1998 Zn 0.0071 mg/L Total ENS-001
EFC 1 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
EFC 1 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
EFC 2 9/23/1998 Al 0.0392 mg/L Dis ENS-001
EFC 2 9/23/1998 Al 0.0492 mg/L Total ENS-001
EFC 2 9/23/1998 As 0.0061 mg/L Total ENS-001
EFC 2 9/23/1998 As 0.009 mg/L Dis ENS-001
EFC 2 9/23/1998 Cr 0.0092 mg/L Dis ENS-001
EFC 2 9/23/1998 Cr 0.0092 mg/L Total ENS-001
EFC 2 9/23/1998 Cu 0.0026 mg/L Total ENS-001
EFC 2 9/23/1998 Cu 0.0029 mg/L Dis ENS-001
EFC 2 9/23/1998 DO 8.8 mg/L Field ENS-001
EFC 2 9/23/1998 DOC 0.9 mg/L Dis ENS-001
EFC 2 9/23/1998 Fe 0.049 mg/L Dis ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

EFC 2 9/23/1998 Fe 0.133 mg/L Total ENS-001
EFC 2 9/23/1998 Mn 0.0161 mg/L Dis ENS-001
EFC 2 9/23/1998 Mn 0.0241 mg/L Total ENS-001
EFC 2 9/23/1998 Ni 0.0193 mg/L Total ENS-001
EFC 2 9/23/1998 Ni 0.0205 mg/L Dis ENS-001
EFC 2 9/23/1998 pH 7.5 su Field ENS-001
EFC 2 9/23/1998 TDS 76 mg/L Dis ENS-001
EFC 2 9/23/1998 Temp 14 C Field ENS-001
EFC 2 9/23/1998 TOC 0.5 mg/L Total ENS-001
EFC 2 9/23/1998 TSS 4 mg/L Total ENS-001
EFC 2 9/23/1998 Zn 0.0071 mg/L Dis ENS-001
EFC 2 9/23/1998 Zn 0.0071 mg/L Total ENS-001
EFC 2 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
EFC 2 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001

EFC-Riverview 9/21/1998 Al 0.0392 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Al 0.0717 mg/L Total ENS-001
EFC-Riverview 9/21/1998 As 0.0071 mg/L Total ENS-001
EFC-Riverview 9/21/1998 As 0.0079 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Cr 0.0092 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Cr 0.0092 mg/L Total ENS-001
EFC-Riverview 9/21/1998 Cu 0.002 mg/L Total ENS-001
EFC-Riverview 9/21/1998 Cu 0.0022 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 DO 6.4 mg/L Field ENS-001
EFC-Riverview 9/21/1998 DOC 0.5 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Fe 0.028 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Fe 0.14 mg/L Total ENS-001
EFC-Riverview 9/21/1998 Mn 0.008 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Mn 0.0141 mg/L Total ENS-001
EFC-Riverview 9/21/1998 Ni 0.0193 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Ni 0.0193 mg/L Total ENS-001
EFC-Riverview 9/21/1998 pH 8 su Field ENS-001
EFC-Riverview 9/21/1998 TDS 81 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Temp 18 C Field ENS-001
EFC-Riverview 9/21/1998 TOC 0.5 mg/L Total ENS-001
EFC-Riverview 9/21/1998 TSS 4 mg/L Total ENS-001
EFC-Riverview 9/21/1998 Zn 0.0071 mg/L Dis ENS-001
EFC-Riverview 9/21/1998 Zn 0.0071 mg/L Total ENS-001
EFC-Riverview 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
EFC-Riverview 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001

EFC-Ruhen 9/22/1998 Al 0.0392 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Al 0.0937 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 As 0.0084 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 As 0.0104 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 Cr 0.0092 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Cr 0.0092 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 Cu 0.002 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Cu 0.002 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 DO 7.2 mg/L Field ENS-001
EFC-Ruhen 9/22/1998 DOC 1.2 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Fe 0.0412 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Fe 0.165 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 Mn 0.0041 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Mn 0.0102 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 Ni 0.0193 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Ni 0.0193 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 pH 8 su Field ENS-001
EFC-Ruhen 9/22/1998 TDS 107 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Temp 12 C Field ENS-001
EFC-Ruhen 9/22/1998 TOC 1.2 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 TSS 4 mg/L Total ENS-001
EFC-Ruhen 9/22/1998 Zn 0.0071 mg/L Dis ENS-001
EFC-Ruhen 9/22/1998 Zn 0.0071 mg/L Total ENS-001
EFC-Ruhen 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
EFC-Ruhen 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001

Sta 1 9/24/1998 Al 0.0392 mg/L Dis ENS-001
Sta 1 9/24/1998 Al 0.0407 mg/L Total ENS-001
Sta 1 9/24/1998 As 0.0036 mg/L Dis ENS-001
Sta 1 9/24/1998 As 0.0064 mg/L Total ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 1 9/24/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 1 9/24/1998 Cr 0.0092 mg/L Total ENS-001
Sta 1 9/24/1998 Cu 0.002 mg/L Dis ENS-001
Sta 1 9/24/1998 Cu 0.002 mg/L Total ENS-001
Sta 1 9/24/1998 DO 7.5 mg/L Field ENS-001
Sta 1 9/24/1998 DOC 2.2 mg/L Dis ENS-001
Sta 1 9/24/1998 Fe 0.0549 mg/L Dis ENS-001
Sta 1 9/24/1998 Fe 0.144 mg/L Total ENS-001
Sta 1 9/24/1998 Mn 0.0082 mg/L Dis ENS-001
Sta 1 9/24/1998 Mn 0.0102 mg/L Total ENS-001
Sta 1 9/24/1998 Ni 0.0193 mg/L Dis ENS-001
Sta 1 9/24/1998 Ni 0.0193 mg/L Total ENS-001
Sta 1 9/24/1998 pH 7.9 su Field ENS-001
Sta 1 9/24/1998 TDS 118 mg/L Dis ENS-001
Sta 1 9/24/1998 Temp 9 C Field ENS-001
Sta 1 9/24/1998 TOC 2.2 mg/L Total ENS-001
Sta 1 9/24/1998 TSS 4 mg/L Total ENS-001
Sta 1 9/24/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 1 9/24/1998 Zn 0.0071 mg/L Total ENS-001
Sta 1 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 1 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 15 9/24/1998 Al 0.659 mg/L Dis ENS-001
Sta 15 9/24/1998 Al 0.74 mg/L Total ENS-001
Sta 15 9/24/1998 Al 1.29 mg/L Dis ENS-001
Sta 15 9/24/1998 Al 1.43 mg/L Total ENS-001
Sta 15 9/24/1998 Al 2.7 mg/L Dis ENS-001
Sta 15 9/24/1998 Al 2.96 mg/L Total ENS-001
Sta 15 9/24/1998 Al 5.37 mg/L Dis ENS-001
Sta 15 9/24/1998 Al 6 mg/L Total ENS-001
Sta 15 9/24/1998 Al 10 mg/L Dis ENS-001
Sta 15 9/24/1998 Al 11.4 mg/L Total ENS-001
Sta 15 9/24/1998 As 0.0047 mg/L Dis ENS-001
Sta 15 9/24/1998 As 0.0066 mg/L Dis ENS-001
Sta 15 9/24/1998 As 0.0096 mg/L Total ENS-001
Sta 15 9/24/1998 As 0.0118 mg/L Total ENS-001
Sta 15 9/24/1998 As 0.0149 mg/L Dis ENS-001
Sta 15 9/24/1998 As 0.0178 mg/L Total ENS-001
Sta 15 9/24/1998 As 0.0248 mg/L Dis ENS-001
Sta 15 9/24/1998 As 0.031 mg/L Total ENS-001
Sta 15 9/24/1998 As 0.0605 mg/L Total ENS-001
Sta 15 9/24/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 15 9/24/1998 Cr 0.0092 mg/L Total ENS-001
Sta 15 9/24/1998 Cr 0.0103 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.002 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.0031 mg/L Dis ENS-001
Sta 15 9/24/1998 Cu 0.0034 mg/L Dis ENS-001
Sta 15 9/24/1998 Cu 0.0034 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.0044 mg/L Dis ENS-001
Sta 15 9/24/1998 Cu 0.0044 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.0053 mg/L Dis ENS-001
Sta 15 9/24/1998 Cu 0.0059 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.0108 mg/L Total ENS-001
Sta 15 9/24/1998 Cu 0.0111 mg/L Dis ENS-001
Sta 15 9/24/1998 DO 7.7 mg/L Field ENS-001
Sta 15 9/24/1998 DOC 1.4 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 2.83 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 3.8 mg/L Total ENS-001
Sta 15 9/24/1998 Fe 5.56 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 7.28 mg/L Total ENS-001
Sta 15 9/24/1998 Fe 11.4 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 14.9 mg/L Total ENS-001
Sta 15 9/24/1998 Fe 22.5 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 29.9 mg/L Total ENS-001
Sta 15 9/24/1998 Fe 42.7 mg/L Dis ENS-001
Sta 15 9/24/1998 Fe 59 mg/L Total ENS-001
Sta 15 9/24/1998 Mn 0.418 mg/L Total ENS-001
Sta 15 9/24/1998 Mn 0.429 mg/L Dis ENS-001
Sta 15 9/24/1998 Mn 0.816 mg/L Total ENS-001

P:\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B - Previous Investigations - Being Edited\3.1.20 ENSR, 1999. Surface 
Water

AMEC Geomatrix, Inc.
Page 3 of 8



Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 15 9/24/1998 Mn 0.825 mg/L Dis ENS-001
Sta 15 9/24/1998 Mn 1.67 mg/L Total ENS-001
Sta 15 9/24/1998 Mn 1.69 mg/L Dis ENS-001
Sta 15 9/24/1998 Mn 3.33 mg/L Dis ENS-001
Sta 15 9/24/1998 Mn 3.33 mg/L Total ENS-001
Sta 15 9/24/1998 Mn 6.3 mg/L Dis ENS-001
Sta 15 9/24/1998 Mn 6.51 mg/L Total ENS-001
Sta 15 9/24/1998 Ni 0.0419 mg/L Dis ENS-001
Sta 15 9/24/1998 Ni 0.0512 mg/L Total ENS-001
Sta 15 9/24/1998 Ni 0.077 mg/L Total ENS-001
Sta 15 9/24/1998 Ni 0.0862 mg/L Dis ENS-001
Sta 15 9/24/1998 Ni 0.138 mg/L Total ENS-001
Sta 15 9/24/1998 Ni 0.167 mg/L Dis ENS-001
Sta 15 9/24/1998 Ni 0.297 mg/L Dis ENS-001
Sta 15 9/24/1998 Ni 0.312 mg/L Total ENS-001
Sta 15 9/24/1998 Ni 0.535 mg/L Dis ENS-001
Sta 15 9/24/1998 Ni 0.584 mg/L Total ENS-001
Sta 15 9/24/1998 pH 3.9 su Field ENS-001
Sta 15 9/24/1998 TDS 923 mg/L Dis ENS-001
Sta 15 9/24/1998 Temp 9.5 C Field ENS-001
Sta 15 9/24/1998 TOC 2.2 mg/L Total ENS-001
Sta 15 9/24/1998 TSS 100 mg/L Total ENS-001
Sta 15 9/24/1998 Zn 0.0071 mg/L Total ENS-001
Sta 15 9/24/1998 Zn 0.0092 mg/L Total ENS-001
Sta 15 9/24/1998 Zn 0.0106 mg/L Dis ENS-001
Sta 15 9/24/1998 Zn 0.0194 mg/L Dis ENS-001
Sta 15 9/24/1998 Zn 0.031 mg/L Total ENS-001
Sta 15 9/24/1998 Zn 0.0319 mg/L Dis ENS-001
Sta 15 9/24/1998 Zn 0.0477 mg/L Dis ENS-001
Sta 15 9/24/1998 Zn 0.0648 mg/L Total ENS-001
Sta 15 9/24/1998 Zn 0.104 mg/L Dis ENS-001
Sta 15 9/24/1998 Zn 0.113 mg/L Total ENS-001
Sta 15 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 15 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 12.5 Percent ENS-001
Sta 15 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 25 Percent ENS-001
Sta 15 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 50 Percent ENS-001
Sta 15 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 6.25 Percent ENS-001
Sta 15 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 15 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 12.5 ENS-001
Sta 15 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 25 ENS-001
Sta 15 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 50 ENS-001
Sta 15 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 6.25 ENS-001
Sta 16 9/24/1998 Al 0.473 mg/L Dis ENS-001
Sta 16 9/24/1998 Al 2.13 mg/L Total ENS-001
Sta 16 9/24/1998 As 0.0049 mg/L Dis ENS-001
Sta 16 9/24/1998 As 0.006 mg/L Total ENS-001
Sta 16 9/24/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 16 9/24/1998 Cr 0.0092 mg/L Total ENS-001
Sta 16 9/24/1998 Cu 0.0598 mg/L Dis ENS-001
Sta 16 9/24/1998 Cu 0.0657 mg/L Total ENS-001
Sta 16 9/24/1998 DO 8.2 mg/L Field ENS-001
Sta 16 9/24/1998 DOC 0.5 mg/L Dis ENS-001
Sta 16 9/24/1998 Fe 0.0412 mg/L Dis ENS-001
Sta 16 9/24/1998 Fe 0.117 mg/L Total ENS-001
Sta 16 9/24/1998 Mn 1.61 mg/L Dis ENS-001
Sta 16 9/24/1998 Mn 1.62 mg/L Total ENS-001
Sta 16 9/24/1998 Ni 0.0639 mg/L Dis ENS-001
Sta 16 9/24/1998 Ni 0.0685 mg/L Total ENS-001
Sta 16 9/24/1998 pH 5.8 su Field ENS-001
Sta 16 9/24/1998 TDS 440 mg/L Dis ENS-001
Sta 16 9/24/1998 Temp 9.5 C Field ENS-001
Sta 16 9/24/1998 TOC 0.9 mg/L Total ENS-001
Sta 16 9/24/1998 TSS 5 mg/L Total ENS-001
Sta 16 9/24/1998 Zn 0.0647 mg/L Total ENS-001
Sta 16 9/24/1998 Zn 0.0743 mg/L Dis ENS-001
Sta 22 9/24/1998 Al 0.0392 mg/L Dis ENS-001
Sta 22 9/24/1998 Al 0.0392 mg/L Total ENS-001
Sta 22 9/24/1998 As 0.0016 mg/L Dis ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 22 9/24/1998 As 0.0032 mg/L Total ENS-001
Sta 22 9/24/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 22 9/24/1998 Cr 0.0092 mg/L Total ENS-001
Sta 22 9/24/1998 Cu 0.002 mg/L Dis ENS-001
Sta 22 9/24/1998 Cu 0.002 mg/L Total ENS-001
Sta 22 9/24/1998 DO 6.6 mg/L Field ENS-001
Sta 22 9/24/1998 DOC 0.7 mg/L Dis ENS-001
Sta 22 9/24/1998 Fe 0.0181 mg/L Dis ENS-001
Sta 22 9/24/1998 Fe 0.0686 mg/L Total ENS-001
Sta 22 9/24/1998 Mn 0.0036 mg/L Dis ENS-001
Sta 22 9/24/1998 Mn 0.0082 mg/L Total ENS-001
Sta 22 9/24/1998 Ni 0.0193 mg/L Dis ENS-001
Sta 22 9/24/1998 Ni 0.0193 mg/L Total ENS-001
Sta 22 9/24/1998 pH 7.7 su Field ENS-001
Sta 22 9/24/1998 TDS 113 mg/L Dis ENS-001
Sta 22 9/24/1998 Temp 12 C Field ENS-001
Sta 22 9/24/1998 TOC 0.7 mg/L Total ENS-001
Sta 22 9/24/1998 TSS 5 mg/L Total ENS-001
Sta 22 9/24/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 22 9/24/1998 Zn 0.0071 mg/L Total ENS-001
Sta 22 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 22 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 23 9/22/1998 Al 0.381 mg/L Total ENS-001
Sta 23 9/22/1998 Al 0.387 mg/L Dis ENS-001
Sta 23 9/22/1998 Al 0.711 mg/L Dis ENS-001
Sta 23 9/22/1998 Al 0.72 mg/L Total ENS-001
Sta 23 9/22/1998 Al 1.51 mg/L Dis ENS-001
Sta 23 9/22/1998 Al 1.52 mg/L Total ENS-001
Sta 23 9/22/1998 Al 3 mg/L Dis ENS-001
Sta 23 9/22/1998 Al 3.02 mg/L Total ENS-001
Sta 23 9/22/1998 Al 6.05 mg/L Dis ENS-001
Sta 23 9/22/1998 Al 6.09 mg/L Total ENS-001
Sta 23 9/22/1998 As 0.0016 mg/L Total ENS-001
Sta 23 9/22/1998 As 0.002 mg/L Total ENS-001
Sta 23 9/22/1998 As 0.0025 mg/L Total ENS-001
Sta 23 9/22/1998 As 0.0031 mg/L Dis ENS-001
Sta 23 9/22/1998 As 0.0035 mg/L Dis ENS-001
Sta 23 9/22/1998 As 0.0036 mg/L Dis ENS-001
Sta 23 9/22/1998 As 0.0036 mg/L Total ENS-001
Sta 23 9/22/1998 As 0.0037 mg/L Dis ENS-001
Sta 23 9/22/1998 As 0.0044 mg/L Dis ENS-001
Sta 23 9/22/1998 As 0.0083 mg/L Total ENS-001
Sta 23 9/22/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 23 9/22/1998 Cr 0.0092 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.0059 mg/L Dis ENS-001
Sta 23 9/22/1998 Cu 0.0065 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.0067 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.0083 mg/L Dis ENS-001
Sta 23 9/22/1998 Cu 0.012 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.0132 mg/L Dis ENS-001
Sta 23 9/22/1998 Cu 0.0224 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.023 mg/L Dis ENS-001
Sta 23 9/22/1998 Cu 0.0401 mg/L Total ENS-001
Sta 23 9/22/1998 Cu 0.0411 mg/L Dis ENS-001
Sta 23 9/22/1998 DO 7.3 mg/L Field ENS-001
Sta 23 9/22/1998 DOC 0.5 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 0.336 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 0.434 mg/L Total ENS-001
Sta 23 9/22/1998 Fe 0.637 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 0.812 mg/L Total ENS-001
Sta 23 9/22/1998 Fe 1.35 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 1.81 mg/L Total ENS-001
Sta 23 9/22/1998 Fe 2.71 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 3.79 mg/L Total ENS-001
Sta 23 9/22/1998 Fe 5.72 mg/L Dis ENS-001
Sta 23 9/22/1998 Fe 8.67 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 0.249 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 0.251 mg/L Dis ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 23 9/22/1998 Mn 0.454 mg/L Dis ENS-001
Sta 23 9/22/1998 Mn 0.468 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 0.957 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 0.973 mg/L Dis ENS-001
Sta 23 9/22/1998 Mn 1.9 mg/L Dis ENS-001
Sta 23 9/22/1998 Mn 1.9 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 3.72 mg/L Total ENS-001
Sta 23 9/22/1998 Mn 3.85 mg/L Dis ENS-001
Sta 23 9/22/1998 Ni 0.0193 mg/L Total ENS-001
Sta 23 9/22/1998 Ni 0.0213 mg/L Dis ENS-001
Sta 23 9/22/1998 Ni 0.0405 mg/L Dis ENS-001
Sta 23 9/22/1998 Ni 0.0426 mg/L Total ENS-001
Sta 23 9/22/1998 Ni 0.0777 mg/L Total ENS-001
Sta 23 9/22/1998 Ni 0.0799 mg/L Dis ENS-001
Sta 23 9/22/1998 Ni 0.15 mg/L Dis ENS-001
Sta 23 9/22/1998 Ni 0.152 mg/L Total ENS-001
Sta 23 9/22/1998 Ni 0.265 mg/L Total ENS-001
Sta 23 9/22/1998 Ni 0.286 mg/L Dis ENS-001
Sta 23 9/22/1998 pH 3.7 su Field ENS-001
Sta 23 9/22/1998 TDS 655 mg/L Dis ENS-001
Sta 23 9/22/1998 Temp 13 C Field ENS-001
Sta 23 9/22/1998 TOC 0.6 mg/L Total ENS-001
Sta 23 9/22/1998 TSS 14 mg/L Total ENS-001
Sta 23 9/22/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 23 9/22/1998 Zn 0.0071 mg/L Total ENS-001
Sta 23 9/22/1998 Zn 0.0109 mg/L Total ENS-001
Sta 23 9/22/1998 Zn 0.0153 mg/L Total ENS-001
Sta 23 9/22/1998 Zn 0.0392 mg/L Total ENS-001
Sta 23 9/22/1998 Zn 0.0395 mg/L Dis ENS-001
Sta 23 9/22/1998 Zn 0.0774 mg/L Dis ENS-001
Sta 23 9/22/1998 Zn 0.082 mg/L Total ENS-001
Sta 23 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 23 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 12.5 Percent ENS-001
Sta 23 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 25 Percent ENS-001
Sta 23 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 50 Percent ENS-001
Sta 23 9/29/1998 Water Toxicity Test 0 % Percent Survival of Rainbow Trout, 6.25 Percent ENS-001
Sta 23 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 23 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 12.5 ENS-001
Sta 23 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 25 ENS-001
Sta 23 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 50 ENS-001
Sta 23 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 6.25 ENS-001
Sta 24 9/22/1998 Al 0.0392 mg/L Dis ENS-001
Sta 24 9/22/1998 Al 0.0434 mg/L Total ENS-001
Sta 24 9/22/1998 As 0.0016 mg/L Dis ENS-001
Sta 24 9/22/1998 As 0.0016 mg/L Total ENS-001
Sta 24 9/22/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 24 9/22/1998 Cr 0.0092 mg/L Total ENS-001
Sta 24 9/22/1998 Cu 0.002 mg/L Dis ENS-001
Sta 24 9/22/1998 Cu 0.002 mg/L Total ENS-001
Sta 24 9/22/1998 DO 7.5 mg/L Field ENS-001
Sta 24 9/22/1998 DOC 0.6 mg/L Dis ENS-001
Sta 24 9/22/1998 Fe 0.0181 mg/L Dis ENS-001
Sta 24 9/22/1998 Fe 0.098 mg/L Total ENS-001
Sta 24 9/22/1998 Mn 0.01 mg/L Dis ENS-001
Sta 24 9/22/1998 Mn 0.0141 mg/L Total ENS-001
Sta 24 9/22/1998 Ni 0.0193 mg/L Dis ENS-001
Sta 24 9/22/1998 Ni 0.0193 mg/L Total ENS-001
Sta 24 9/22/1998 pH 8.2 su Field ENS-001
Sta 24 9/22/1998 TDS 98 mg/L Dis ENS-001
Sta 24 9/22/1998 Temp 9 C Field ENS-001
Sta 24 9/22/1998 TOC 0.5 mg/L Total ENS-001
Sta 24 9/22/1998 TSS 4 mg/L Total ENS-001
Sta 24 9/22/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 24 9/22/1998 Zn 0.0071 mg/L Total ENS-001
Sta 24 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 24 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 25 9/22/1998 Al 0.0392 mg/L Dis ENS-001
Sta 25 9/22/1998 Al 1.22 mg/L Total ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 25 9/22/1998 As 0.0027 mg/L Dis ENS-001
Sta 25 9/22/1998 As 0.0034 mg/L Total ENS-001
Sta 25 9/22/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 25 9/22/1998 Cr 0.0092 mg/L Total ENS-001
Sta 25 9/22/1998 Cu 0.0021 mg/L Dis ENS-001
Sta 25 9/22/1998 Cu 0.0094 mg/L Total ENS-001
Sta 25 9/22/1998 DO 7.5 mg/L Field ENS-001
Sta 25 9/22/1998 DOC 0.6 mg/L Dis ENS-001
Sta 25 9/22/1998 Fe 0.0181 mg/L Dis ENS-001
Sta 25 9/22/1998 Fe 1.72 mg/L Total ENS-001
Sta 25 9/22/1998 Mn 0.949 mg/L Dis ENS-001
Sta 25 9/22/1998 Mn 0.979 mg/L Total ENS-001
Sta 25 9/22/1998 Ni 0.0738 mg/L Total ENS-001
Sta 25 9/22/1998 Ni 0.0769 mg/L Dis ENS-001
Sta 25 9/22/1998 pH 7.6 su Field ENS-001
Sta 25 9/22/1998 TDS 359 mg/L Dis ENS-001
Sta 25 9/22/1998 Temp 12 C Field ENS-001
Sta 25 9/22/1998 TOC 0.5 mg/L Total ENS-001
Sta 25 9/22/1998 TSS 8 mg/L Total ENS-001
Sta 25 9/22/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 25 9/22/1998 Zn 0.0223 mg/L Total ENS-001
Sta 25 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 25 10/1/1998 Water Toxicity Test 0 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 25 10/1/1998 Water Toxicity Test 90 % Percent Survival of Ceriodaphnia dubia, 50 ENS-001
Sta 25 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 25 ENS-001
Sta 26 9/23/1998 Al 0.0664 mg/L Dis ENS-001
Sta 26 9/23/1998 Al 0.536 mg/L Total ENS-001
Sta 26 9/23/1998 As 0.0042 mg/L Total ENS-001
Sta 26 9/23/1998 As 0.006 mg/L Dis ENS-001
Sta 26 9/23/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 26 9/23/1998 Cr 0.0092 mg/L Total ENS-001
Sta 26 9/23/1998 Cu 0.0029 mg/L Dis ENS-001
Sta 26 9/23/1998 Cu 0.0035 mg/L Total ENS-001
Sta 26 9/23/1998 DO 7.8 mg/L Field ENS-001
Sta 26 9/23/1998 DOC 0.5 mg/L Dis ENS-001
Sta 26 9/23/1998 Fe 0.021 mg/L Dis ENS-001
Sta 26 9/23/1998 Fe 0.462 mg/L Total ENS-001
Sta 26 9/23/1998 Mn 0.213 mg/L Dis ENS-001
Sta 26 9/23/1998 Mn 0.219 mg/L Total ENS-001
Sta 26 9/23/1998 Ni 0.0297 mg/L Dis ENS-001
Sta 26 9/23/1998 Ni 0.0305 mg/L Total ENS-001
Sta 26 9/23/1998 pH 8.3 su Field ENS-001
Sta 26 9/23/1998 TDS 216 mg/L Dis ENS-001
Sta 26 9/23/1998 Temp 16.5 C Field ENS-001
Sta 26 9/23/1998 TOC 0.5 mg/L Total ENS-001
Sta 26 9/23/1998 TSS 4 mg/L Total ENS-001
Sta 26 9/23/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 26 9/23/1998 Zn 0.0071 mg/L Total ENS-001
Sta 26 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 26 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001
Sta 29 9/23/1998 Al 0.222 mg/L Dis ENS-001
Sta 29 9/23/1998 Al 0.794 mg/L Total ENS-001
Sta 29 9/23/1998 As 0.0064 mg/L Dis ENS-001
Sta 29 9/23/1998 As 0.0078 mg/L Total ENS-001
Sta 29 9/23/1998 Cr 0.0092 mg/L Dis ENS-001
Sta 29 9/23/1998 Cr 0.0092 mg/L Total ENS-001
Sta 29 9/23/1998 Cu 0.0026 mg/L Dis ENS-001
Sta 29 9/23/1998 Cu 0.0029 mg/L Total ENS-001
Sta 29 9/23/1998 DO 8.8 mg/L Field ENS-001
Sta 29 9/23/1998 DOC 0.5 mg/L Dis ENS-001
Sta 29 9/23/1998 Fe 0.091 mg/L Dis ENS-001
Sta 29 9/23/1998 Fe 0.469 mg/L Total ENS-001
Sta 29 9/23/1998 Mn 0.127 mg/L Dis ENS-001
Sta 29 9/23/1998 Mn 0.13 mg/L Total ENS-001
Sta 29 9/23/1998 Ni 0.0193 mg/L Dis ENS-001
Sta 29 9/23/1998 Ni 0.0193 mg/L Total ENS-001
Sta 29 9/23/1998 pH 7.9 su Field ENS-001
Sta 29 9/23/1998 TDS 354 mg/L Dis ENS-001
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Surface Water Results from the Project Database
ENSR (1999)

Leviathan Mine Site
Alpine County, California

Sta 29 9/23/1998 Temp 15 C Field ENS-001
Sta 29 9/23/1998 TOC 0.5 mg/L Total ENS-001
Sta 29 9/23/1998 TSS 4 mg/L Total ENS-001
Sta 29 9/23/1998 Zn 0.0071 mg/L Dis ENS-001
Sta 29 9/23/1998 Zn 0.0071 mg/L Total ENS-001
Sta 29 9/29/1998 Water Toxicity Test 100 % Percent Survival of Rainbow Trout, 100 Percent ENS-001
Sta 29 10/1/1998 Water Toxicity Test 100 % Percent Survival of Ceriodaphnia dubia, 100 ENS-001

Notes:

Informaton obtained from database source code ENS-001 within the project database.  The original source was from Data Report for the Leviathan Mine Study Area Water and 
Sediment Toxicity and Benthic Community Data. September 1998 Assessment. By ENSR (1999).  

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = Sodium, NO3 = Nitrate, PO4 = Phosphate, SO4 = 
Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, DO = dissolved oxygen, DOC = dissolved organic carbon, TSS = total suspended solids

 Dis = dissolved, SpC = specific conductance, uS/cm = microseimens per centimeter, ppm = parts per million, mg/L = milligrams per liter
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ASSESSMENTS OF INJURIES TO AQUATIC NATURAL RESOURCES NEAR THE LEVIATHAN MINE, 
ALPINE COUNTY, CALIFORNIA. PHASE 1 DATA REPORT: CONCENTRATIONS OF METALS AND 

TRACE ELEMENTS IN AQUATIC INSECTS AND FISH 

(Thompson and Welch, 1999) 





























































































































































































 

METHYL-MERCURY IN WATER AND BOTTOM SEDIMENT ALONG THE CARSON RIVER SYSTEM, 
NEVADA AND CALIFORNIA, SEPTEMBER 1998 

(Hoffman and Thomas, 2000) 



Surface Water Results from the Project Database
Hoffman and Thomas (2000)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

EFC-Ruhen 9/14/1998 Flow 150 cfs Field HOF-001
EFC-Ruhen 9/14/1998 Hg 3.42 mg/L Total HOF-001
EFC-Ruhen 9/14/1998 Methyl-Hg 0.16 mg/L Total HOF-001
EFC-Ruhen 9/14/1998 pH 8.3 su Field HOF-001
EFC-Ruhen 9/14/1998 Temp 20 C Field HOF-001
EFC-Ruhen 9/14/1998 TOC 1.5 mg/L Total HOF-001
EFC-upstr 9/14/1998 Flow 130 cfs Field HOF-001
EFC-upstr 9/14/1998 Hg 4.74 mg/L Total HOF-001
EFC-upstr 9/14/1998 Methyl-Hg 0.08 mg/L Total HOF-001
EFC-upstr 9/14/1998 pH 8.3 su Field HOF-001
EFC-upstr 9/14/1998 Temp 16 C Field HOF-001
EFC-upstr 9/14/1998 TOC 1.3 mg/L Total HOF-001

Notes:

Informaton obtained from database source code HOF-001 within the project database.  The original source was from 
Methylmercury in Water and Bottom Sediment along the Carson River System, Nevada and california, September 1998 .  
By Hoffman and Thomas (2000).

Hg = Mercury, Methyl-Hg = Methyl mercury, TOC = total organic carbon, Temp = Temperature, C = Celcius, ppm = parts 
per million, mg/L = milligrams per liter, cfs = cubic feet per second, su = standard units
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LEVIATHAN MINE NATURAL RESOURCES DAMAGE ASSESSMENT PHASE I FISHERIES 
ASSESSMENT 

(Lehr, 2000) 













Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

Mtn-1 10/21/1998 Fish population 0 #fish/mile LEH-001
Sta 16 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 25 10/16/1998 Fish population 0 #fish/mile LEH-001
BC-BRC 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 26 10/16/1998 Fish population 0 #fish/mile LEH-001
Sta 29 10/15/1998 Fish population 3446 #fish/mile LEH-001
EFC 1 10/27/1998 Fish population 288 #fish/mile LEH-001
EFC 2 10/28/1998 Fish population 216 #fish/mile LEH-001
Sta 23 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 24 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 1 10/23/1998 Fish population 0 #fish/mile LEH-001
Mtn-1 10/21/1998 Fish population 0 #fish/mile LEH-001
Sta 16 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 25 10/16/1998 Fish population 0 #fish/mile LEH-001
BC-BRC 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 26 10/16/1998 Fish population 0 #fish/mile LEH-001
Sta 29 10/15/1998 Fish population 139 #fish/mile LEH-001
EFC 1 10/27/1998 Fish population 129 #fish/mile LEH-001
EFC 2 10/28/1998 Fish population 11 #fish/mile LEH-001
Sta 23 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 24 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 1 10/23/1998 Fish population 0 #fish/mile LEH-001
Mtn-1 10/21/1998 Fish population 0 #fish/mile LEH-001
Sta 16 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 25 10/16/1998 Fish population 64 #fish/mile LEH-001
BC-BRC 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 26 10/16/1998 Fish population 16 #fish/mile LEH-001
Sta 29 10/15/1998 Fish population 19 #fish/mile LEH-001
EFC 1 10/27/1998 Fish population 24 #fish/mile LEH-001
EFC 2 10/28/1998 Fish population 0 #fish/mile LEH-001
Sta 23 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 24 10/22/1998 Fish population 1441 #fish/mile LEH-001
Sta 1 10/23/1998 Fish population 721 #fish/mile LEH-001
Mtn-1 10/21/1998 Fish population 915 #fish/mile LEH-001
Sta 16 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 25 10/16/1998 Fish population 0 #fish/mile LEH-001
BC-BRC 10/23/1998 Fish population 0 #fish/mile LEH-001
Sta 26 10/16/1998 Fish population 0 #fish/mile LEH-001
Sta 29 10/15/1998 Fish population 179 #fish/mile LEH-001
EFC 1 10/27/1998 Fish population 821 #fish/mile LEH-001
EFC 2 10/28/1998 Fish population 382 #fish/mile LEH-001
Sta 23 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 24 10/22/1998 Fish population 0 #fish/mile LEH-001
Sta 1 10/23/1998 Fish population 0 #fish/mile LEH-001
Mtn-1 10/21/1998 Fish population 0 #fish/mile LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 1 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 0 number LEH-001
EFC 1 10/27/1998 Number of Fish 0 number LEH-001
EFC 2 10/28/1998 Number of Fish 0 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

Sta 24 10/22/1998 Number of Fish 17 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 10 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 1 number LEH-001
Sta 29 10/15/1998 Number of Fish 1 number LEH-001
EFC 1 10/27/1998 Number of Fish 1 number LEH-001
EFC 2 10/28/1998 Number of Fish 4 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 2 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 155 number LEH-001
EFC 1 10/27/1998 Number of Fish 43 number LEH-001
EFC 2 10/28/1998 Number of Fish 30 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001

Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 7 number LEH-001
EFC 1 10/27/1998 Number of Fish 15 number LEH-001
EFC 2 10/28/1998 Number of Fish 2 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 4 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 1 number LEH-001
Sta 29 10/15/1998 Number of Fish 1 number LEH-001
EFC 1 10/27/1998 Number of Fish 5 number LEH-001
EFC 2 10/28/1998 Number of Fish 0 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 83 number LEH-001
Sta 1 10/23/1998 Number of Fish 41 number LEH-001
Mtn-1 10/21/1998 Number of Fish 52 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 9 number LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

EFC 1 10/27/1998 Number of Fish 66 number LEH-001
EFC 2 10/28/1998 Number of Fish 41 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 1.93

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 17.27

pounds/surface 
area LEH-001

Sta 1 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 26.76

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 8.65

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 1.41

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 0.02

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0.12

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 25 10/16/1998
Fish population 
estimates 16 #fish/mile LEH-001

BC-BRC 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 26 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

Sta 29 10/15/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 1 10/27/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 2 10/28/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 23 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 24 10/22/1998
Fish population 
estimates 284 #fish/mile LEH-001

Sta 1 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Mtn-1 10/21/1998
Fish population 
estimates 176 #fish/mile LEH-001

Sta 16 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 25 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001

BC-BRC 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 26 10/16/1998
Fish population 
estimates 16 #fish/mile LEH-001

Sta 29 10/15/1998
Fish population 
estimates 19 #fish/mile LEH-001

EFC 1 10/27/1998
Fish population 
estimates 4 #fish/mile LEH-001

EFC 2 10/28/1998
Fish population 
estimates 22 #fish/mile LEH-001

Sta 23 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 24 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 1 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Mtn-1 10/21/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 16 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 25 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001

BC-BRC 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 26 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 29 10/15/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 1 10/27/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 2 10/28/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 23 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

Sta 24 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 1 10/23/1998
Fish population 
estimates 17 #fish/mile LEH-001

Mtn-1 10/21/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 16 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 25 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001

BC-BRC 10/23/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 26 10/16/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 29 10/15/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 1 10/27/1998
Fish population 
estimates 0 #fish/mile LEH-001

EFC 2 10/28/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 23 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 24 10/22/1998
Fish population 
estimates 0 #fish/mile LEH-001

Sta 1 10/23/1998
Fish population 
estimates 35 #fish/mile LEH-001

Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 1 number LEH-001
EFC 1 10/27/1998 Number of Fish 0 number LEH-001
EFC 2 10/28/1998 Number of Fish 0 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 0 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 0 number LEH-001
EFC 1 10/27/1998 Number of Fish 0 number LEH-001
EFC 2 10/28/1998 Number of Fish 0 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001
Sta 24 10/22/1998 Number of Fish 0 number LEH-001
Sta 1 10/23/1998 Number of Fish 1 number LEH-001
Mtn-1 10/21/1998 Number of Fish 0 number LEH-001
Sta 16 10/23/1998 Number of Fish 0 number LEH-001
Sta 25 10/16/1998 Number of Fish 0 number LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

BC-BRC 10/23/1998 Number of Fish 0 number LEH-001
Sta 26 10/16/1998 Number of Fish 0 number LEH-001
Sta 29 10/15/1998 Number of Fish 0 number LEH-001
EFC 1 10/27/1998 Number of Fish 0 number LEH-001
EFC 2 10/28/1998 Number of Fish 0 number LEH-001
Sta 23 10/22/1998 Number of Fish 0 number LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 1 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 1 10/23/1998
Standing crop 
estimates 9.6

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001
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Bioassessment Results from the Project Database
Lehr (2000)

Leviathan Mine Site
Alpine County, California

Biological
Station

Sample
Date Parameter Value Units Comments SourceCode

Sta 1 10/23/1998
Standing crop 
estimates 5.12

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 3.79

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 5.49

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0.3

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 1 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 16 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 25 10/16/1998
Standing crop 
estimates 0.41

pounds/surface 
area LEH-001

BC-BRC 10/23/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 26 10/16/1998
Standing crop 
estimates 3.39

pounds/surface 
area LEH-001

Sta 29 10/15/1998
Standing crop 
estimates 8.11

pounds/surface 
area LEH-001

EFC 1 10/27/1998
Standing crop 
estimates 1.03

pounds/surface 
area LEH-001

EFC 2 10/28/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 23 10/22/1998
Standing crop 
estimates 0

pounds/surface 
area LEH-001

Sta 24 10/22/1998
Standing crop 
estimates 73.07

pounds/surface 
area LEH-001

Sta 1 10/23/1998
Standing crop 
estimates 71.14

pounds/surface 
area LEH-001

Mtn-1 10/21/1998
Standing crop 
estimates 61.96

pounds/surface 
area LEH-001

Notes:

Informaton obtained from database source code LEH-001 within the project database.  The original source was from Leviathan Mine Natural 
Resources Damage Assessment, Phase I Fisheries Assessment,  by Stafford K. Lehr, CDFG.  Lehr (2000).  

\\SAC1-FS1\ProjectF$\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B\Working 
Components\3.1.23 LEHR, 2000. Bioass Database.xls

AMEC Geomatrix, Inc.
Page 7 of 7



 

OPERATION AND MONITORING OF BIOREACTORS AT THE LEVIATHAN MINE 

(Miller, 2001) 



Surface Water Results from the Project Database
Miller (2001)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

OS 3/12/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 3/27/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 4/16/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 4/24/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 5/8/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 6/21/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 6/25/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 6/28/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 7/6/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 7/12/2001
Alkalinity 
(Total) 0 mg/L Total MIL-001

OS 7/16/2001 Alkalinity 0 mg/L Total MIL-001
OS 4/16/2001 Ni 0.04 mg/L Dis MIL-001
OS 4/24/2001 Ni 0.06 mg/L Dis MIL-001
OS 5/8/2001 Ni 0.06 mg/L Dis MIL-001
OS 6/25/2001 Ni 0.09 mg/L Dis MIL-001
OS 2/6/2001 Ni 0.11 mg/L Dis MIL-001
OS 3/12/2001 Ni 0.11 mg/L Dis MIL-001
OS 3/27/2001 Ni 0.11 mg/L Dis MIL-001
OS 6/28/2001 Ni 0.11 mg/L Dis MIL-001
OS 7/6/2001 Ni 0.11 mg/L Dis MIL-001
OS 2/26/2001 Ni 0.12 mg/L Dis MIL-001
OS 6/21/2001 Ni 0.12 mg/L Dis MIL-001
OS 1/5/2001 Ni 0.13 mg/L Dis MIL-001
OS 6/14/2001 Ni 0.13 mg/L Dis MIL-001
OS 7/12/2001 Ni 0.13 mg/L Dis MIL-001
OS 7/16/2001 Ni 0.13 mg/L Dis MIL-001
OS 4/24/2001 Cu 0.13 mg/L Dis MIL-001
OS 3/27/2001 Cu 0.14 mg/L Dis MIL-001
OS 4/16/2001 Cu 0.14 mg/L Dis MIL-001
OS 2/6/2001 Cu 0.16 mg/L Dis MIL-001
OS 3/12/2001 Cu 0.16 mg/L Dis MIL-001
OS 2/26/2001 Cu 0.17 mg/L Dis MIL-001
OS 1/5/2001 Cu 0.2 mg/L Dis MIL-001
OS 5/8/2001 Cu 0.22 mg/L Dis MIL-001
OS 6/14/2001 Cu 0.22 mg/L Dis MIL-001
OS 6/25/2001 Cu 0.22 mg/L Dis MIL-001
OS 7/12/2001 Cu 0.22 mg/L Dis MIL-001
OS 6/21/2001 Cu 0.23 mg/L Dis MIL-001
OS 6/28/2001 Cu 0.23 mg/L Dis MIL-001
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Surface Water Results from the Project Database
Miller (2001)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

OS 7/6/2001 Cu 0.23 mg/L Dis MIL-001
OS 7/16/2001 Cu 0.23 mg/L Dis MIL-001
OS 4/24/2001 Zn 0.94 mg/L Dis MIL-001
OS 3/27/2001 Zn 1.02 mg/L Dis MIL-001

OS 4/16/2001 Zn 1.03 mg/L Dis MIL-001

OS 6/25/2001 Zn 1.05 mg/L Dis MIL-001
OS 6/28/2001 Zn 1.07 mg/L Dis MIL-001
OS 7/6/2001 Zn 1.1 mg/L Dis MIL-001
OS 6/21/2001 Zn 1.13 mg/L Dis MIL-001
OS 3/12/2001 Zn 1.15 mg/L Dis MIL-001
OS 2/6/2001 Zn 1.18 mg/L Dis MIL-001
OS 1/5/2001 Zn 1.21 mg/L Dis MIL-001
OS 6/14/2001 Zn 1.22 mg/L Dis MIL-001
OS 2/26/2001 Zn 1.23 mg/L Dis MIL-001
OS 7/16/2001 Zn 1.55 mg/L Dis MIL-001
OS 7/12/2001 Zn 1.64 mg/L Dis MIL-001
OS 6/25/2001 pH 3 su Field MIL-001
OS 6/21/2001 pH 3.04 su Field MIL-001
OS 6/14/2001 pH 3.1 su Field MIL-001
OS 5/8/2001 pH 3.23 su Field MIL-001
OS 7/6/2001 pH 3.23 su Field MIL-001
OS 4/16/2001 pH 3.27 su Field MIL-001
OS 7/12/2001 pH 3.27 su Field MIL-001
OS 6/28/2001 pH 3.32 su Field MIL-001
OS 7/16/2001 pH 3.32 su Field MIL-001
OS 3/27/2001 pH 3.34 su Field MIL-001
OS 4/24/2001 pH 3.35 su Field MIL-001
OS 2/26/2001 pH 3.37 su Field MIL-001
OS 2/6/2001 pH 3.46 su Field MIL-001
OS 1/5/2001 pH 3.61 su Field MIL-001
OS 3/12/2001 pH 3.68 su Field MIL-001
OS 3/12/2001 Mn 17 mg/L Dis MIL-001
OS 3/27/2001 Mn 17 mg/L Dis MIL-001
OS 4/16/2001 Mn 17 mg/L Dis MIL-001
OS 4/24/2001 Mn 17 mg/L Dis MIL-001
OS 2/26/2001 Mn 17.3 mg/L Dis MIL-001
OS 2/6/2001 Mn 17.5 mg/L Dis MIL-001
OS 6/14/2001 Mn 18 mg/L Dis MIL-001
OS 6/21/2001 Mn 19 mg/L Dis MIL-001
OS 6/25/2001 Mn 19 mg/L Dis MIL-001
OS 6/28/2001 Mn 19 mg/L Dis MIL-001
OS 7/12/2001 Mn 19 mg/L Dis MIL-001
OS 7/16/2001 Mn 19 mg/L Dis MIL-001
OS 1/5/2001 Mn 19.5 mg/L Dis MIL-001
OS 7/6/2001 Mn 20 mg/L Dis MIL-001
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Surface Water Results from the Project Database
Miller (2001)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

OS 6/21/2001 Al 25 mg/L Dis MIL-001
OS 6/25/2001 Al 26 mg/L Dis MIL-001
OS 6/28/2001 Al 27 mg/L Dis MIL-001
OS 6/14/2001 Al 28 mg/L Dis MIL-001
OS 7/16/2001 Al 29 mg/L Dis MIL-001
OS 7/6/2001 Al 30 mg/L Dis MIL-001
OS 7/12/2001 Al 30 mg/L Dis MIL-001
OS 7/6/2001 Fe 79 mg/L Dis MIL-001
OS 5/8/2001 Fe 83 mg/L Dis MIL-001
OS 6/28/2001 Fe 84 mg/L Dis MIL-001
OS 4/24/2001 Fe 90 mg/L Dis MIL-001
OS 3/27/2001 Fe 94 mg/L Dis MIL-001
OS 4/16/2001 Fe 95 mg/L Dis MIL-001
OS 6/25/2001 Fe 96 mg/L Dis MIL-001
OS 3/12/2001 Fe 103 mg/L Dis MIL-001
OS 2/6/2001 Fe 105 mg/L Dis MIL-001
OS 6/21/2001 Fe 107 mg/L Dis MIL-001
OS 2/26/2001 Fe 108 mg/L Dis MIL-001
OS 7/16/2001 Fe 109 mg/L Dis MIL-001
OS 7/12/2001 Fe 111 mg/L Dis MIL-001
OS 1/5/2001 Fe 112 mg/L Dis MIL-001
OS 6/14/2001 Fe 116 mg/L Dis MIL-001
OS 4/16/2001 SO4 1408 mg/L Dis MIL-001
OS 4/24/2001 SO4 1413 mg/L Dis MIL-001
OS 5/8/2001 SO4 1425 mg/L Dis MIL-001
OS 2/26/2001 SO4 1426 mg/L Dis MIL-001
OS 3/12/2001 SO4 1436 mg/L Dis MIL-001
OS 7/16/2001 SO4 1492 mg/L Dis MIL-001
OS 2/6/2001 SO4 1500 mg/L Dis MIL-001
OS 3/27/2001 SO4 1514 mg/L Dis MIL-001
OS 6/28/2001 SO4 1519 mg/L Dis MIL-001
OS 7/12/2001 SO4 1525 mg/L Dis MIL-001
OS 7/6/2001 SO4 1548 mg/L Dis MIL-001
OS 6/21/2001 SO4 1562 mg/L Dis MIL-001
OS 2/6/2001 TDS 2268 mg/L Dis MIL-001
OS 4/24/2001 TDS 2268 mg/L Dis MIL-001
OS 2/26/2001 TDS 2280 mg/L Dis MIL-001
OS 4/16/2001 TDS 2292 mg/L Dis MIL-001
OS 3/27/2001 TDS 2315 mg/L Dis MIL-001
OS 7/12/2001 TDS 2316 mg/L Dis MIL-001
OS 3/12/2001 TDS 2336 mg/L Dis MIL-001
OS 5/8/2001 TDS 2348 mg/L Dis MIL-001
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Surface Water Results from the Project Database
Miller (2001)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

OS 7/16/2001 TDS 2348 mg/L Dis MIL-001
OS 6/21/2001 TDS 2360 mg/L Dis MIL-001
OS 6/25/2001 TDS 2360 mg/L Dis MIL-001
OS 6/28/2001 TDS 2428 mg/L Dis MIL-001
OS 7/6/2001 TDS 2492 mg/L Dis MIL-001

Notes:

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = 
Sodium, NO3 = Nitrate, PO4 = Phosphate, SO4 = Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, 
Dis = dissolved, SpC = specific conductivity, uS/cm = microseimens per centimeter, ppm = parts per million, su = 
standard units, mg/L = milligrams per liter

Informaton obtained from database source code MIL-001 within the project database.  The original source was from 
Operation and Monitoring of Bioreactors at the Leviathan Mine .  Miller (2001)
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PRELIMINARY ASSESSMENT OF FISH COMMUNITY DYNAMICS AND TRACE-ELEMENT 
EXPOSURES TO AQUATIC INVERTEBRATES AND SALMONIDS, LOWER BRYANT CREEK AND 

EAST FORK CARSON RIVER, DOUGLAS COUNTY, NEVADA 2001 

(Higgins, 2001) 



Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
BRY 10/19/2001 Al 161 ppm HIG-006
BRY 10/19/2001 Al 37.1 ppm HIG-006
BRY 10/19/2001 Al 501 ppm HIG-006
BRY 10/19/2001 Al 560 ppm HIG-006
BRY 10/19/2001 As 0.1575 ppm HIG-006
BRY 10/19/2001 As 1.5 ppm HIG-006
BRY 10/19/2001 As 2.83 ppm HIG-006
BRY 10/19/2001 As 3.06 ppm HIG-006
BRY 10/19/2001 B 1.02 ppm HIG-006
BRY 10/19/2001 B 1.05 ppm HIG-006
BRY 10/19/2001 B 1.11 ppm HIG-006
BRY 10/19/2001 Ba 14.2 ppm HIG-006
BRY 10/19/2001 Ba 2.52 ppm HIG-006
BRY 10/19/2001 Ba 20 ppm HIG-006
BRY 10/19/2001 Ba 3.11 ppm HIG-006
BRY 10/19/2001 Be 0.0509 ppm HIG-006
BRY 10/19/2001 Be 0.0525 ppm HIG-006
BRY 10/19/2001 Be 0.0829 ppm HIG-006
BRY 10/19/2001 Be 0.0877 ppm HIG-006
BRY 10/19/2001 Ca 12600 ppm HIG-006
BRY 10/19/2001 Ca 4500 ppm HIG-006
BRY 10/19/2001 Ca 4650 ppm HIG-006
BRY 10/19/2001 Ca 5790 ppm HIG-006
BRY 10/19/2001 Cd 0.0493 ppm HIG-006
BRY 10/19/2001 Cd 0.066 ppm HIG-006
BRY 10/19/2001 Cd 0.169 ppm HIG-006
BRY 10/19/2001 Cd 0.18 ppm HIG-006
BRY 10/19/2001 Co 0.591 ppm HIG-006
BRY 10/19/2001 Co 0.914 ppm HIG-006
BRY 10/19/2001 Co 5.46 ppm HIG-006
BRY 10/19/2001 Co 8.1 ppm HIG-006
BRY 10/19/2001 Cr 0.509 ppm HIG-006
BRY 10/19/2001 Cr 0.594 ppm HIG-006
BRY 10/19/2001 Cr 1.11 ppm HIG-006
BRY 10/19/2001 Cr 1.19 ppm HIG-006
BRY 10/19/2001 Cu 27.4 ppm HIG-006
BRY 10/19/2001 Cu 28.2 ppm HIG-006
BRY 10/19/2001 Cu 3.67 ppm HIG-006
BRY 10/19/2001 Cu 4.15 ppm HIG-006
BRY 10/19/2001 Fe 148 ppm HIG-006
BRY 10/19/2001 Fe 204 ppm HIG-006
BRY 10/19/2001 Fe 758 ppm HIG-006
BRY 10/19/2001 Fe 870 ppm HIG-006
BRY 10/19/2001 Hg 0.162 ppm HIG-006
BRY 10/19/2001 Hg 0.202 ppm HIG-006
BRY 10/19/2001 Hg 0.23 ppm HIG-006
BRY 10/19/2001 Hg 0.557 ppm HIG-006
BRY 10/19/2001 K 10600 ppm HIG-006
BRY 10/19/2001 K 11800 ppm HIG-006
BRY 10/19/2001 K 6830 ppm HIG-006
BRY 10/19/2001 K 7770 ppm HIG-006
BRY 10/19/2001 Mg 1030 ppm HIG-006
BRY 10/19/2001 Mg 1560 ppm HIG-006
BRY 10/19/2001 Mg 1620 ppm HIG-006
BRY 10/19/2001 Mg 958 ppm HIG-006
BRY 10/19/2001 Mn 17.7 ppm HIG-006
BRY 10/19/2001 Mn 251 ppm HIG-006
BRY 10/19/2001 Mn 40.8 ppm HIG-006
BRY 10/19/2001 Mn 435 ppm HIG-006
BRY 10/19/2001 Mo 1.02 ppm HIG-006
BRY 10/19/2001 Mo 1.05 ppm HIG-006
BRY 10/19/2001 Mo 1.11 ppm HIG-006
BRY 10/19/2001 Na 2110 ppm HIG-006
BRY 10/19/2001 Na 3080 ppm HIG-006
BRY 10/19/2001 Na 3120 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
BRY 10/19/2001 Na 3530 ppm HIG-006
BRY 10/19/2001 Ni 0.746 ppm HIG-006
BRY 10/19/2001 Ni 1 ppm HIG-006
BRY 10/19/2001 Ni 11.5 ppm HIG-006
BRY 10/19/2001 Ni 9.47 ppm HIG-006
BRY 10/19/2001 P 11200 ppm HIG-006
BRY 10/19/2001 P 14600 ppm HIG-006
BRY 10/19/2001 P 9940 ppm HIG-006
BRY 10/19/2001 P 9960 ppm HIG-006
BRY 10/19/2001 Pb 0.128 ppm HIG-006
BRY 10/19/2001 Pb 0.137 ppm HIG-006
BRY 10/19/2001 Pb 0.196 ppm HIG-006
BRY 10/19/2001 Pb 0.4 ppm HIG-006
BRY 10/19/2001 S 5510 ppm HIG-006
BRY 10/19/2001 S 5540 ppm HIG-006
BRY 10/19/2001 S 6940 ppm HIG-006
BRY 10/19/2001 S 7030 ppm HIG-006
BRY 10/19/2001 Se 1.44 ppm HIG-006
BRY 10/19/2001 Se 2.25 ppm HIG-006
BRY 10/19/2001 Se 2.37 ppm HIG-006
BRY 10/19/2001 Se 2.5 ppm HIG-006
BRY 10/19/2001 Si 144 ppm HIG-006
BRY 10/19/2001 Si 259 ppm HIG-006
BRY 10/19/2001 Si 285 ppm HIG-006
BRY 10/19/2001 Si 90.7 ppm HIG-006
BRY 10/19/2001 Sr 18.6 ppm HIG-006
BRY 10/19/2001 Sr 26.6 ppm HIG-006
BRY 10/19/2001 Sr 27.5 ppm HIG-006
BRY 10/19/2001 Sr 31.2 ppm HIG-006
BRY 10/19/2001 Ti 1.32 ppm HIG-006
BRY 10/19/2001 Ti 12.9 ppm HIG-006
BRY 10/19/2001 Ti 13.2 ppm HIG-006
BRY 10/19/2001 Ti 24.2 ppm HIG-006
BRY 10/19/2001 V 1.02 ppm HIG-006
BRY 10/19/2001 V 1.28 ppm HIG-006
BRY 10/19/2001 V 1.67 ppm HIG-006
BRY 10/19/2001 V 1.98 ppm HIG-006
BRY 10/19/2001 Zn 231 ppm HIG-006
BRY 10/19/2001 Zn 301 ppm HIG-006
BRY 10/19/2001 Zn 68.9 ppm HIG-006
BRY 10/19/2001 Zn 79.5 ppm HIG-006

EFC 1 10/19/2001 Al 13.8 ppm HIG-006
EFC 1 10/19/2001 Al 1380 ppm HIG-006
EFC 1 10/19/2001 Al 1440 ppm HIG-006
EFC 1 10/19/2001 Al 15.5 ppm HIG-006
EFC 1 10/19/2001 Al 25.2 ppm HIG-006
EFC 1 10/19/2001 Al 4.16 ppm HIG-006
EFC 1 10/19/2001 Al 49.6 ppm HIG-006
EFC 1 10/19/2001 Al 51 ppm HIG-006
EFC 1 10/19/2001 Al 59.8 ppm HIG-006
EFC 1 10/19/2001 Al 7.64 ppm HIG-006
EFC 1 10/19/2001 Al 81.9 ppm HIG-006
EFC 1 10/19/2001 Al 974 ppm HIG-006
EFC 1 10/19/2001 As 0.1555 ppm HIG-006
EFC 1 10/19/2001 As 0.25 ppm HIG-006
EFC 1 10/19/2001 As 0.295 ppm HIG-006
EFC 1 10/19/2001 As 0.305 ppm HIG-006
EFC 1 10/19/2001 As 1.19 ppm HIG-006
EFC 1 10/19/2001 As 1.23 ppm HIG-006
EFC 1 10/19/2001 As 1.63 ppm HIG-006
EFC 1 10/19/2001 As 1.65 ppm HIG-006
EFC 1 10/19/2001 As 2.27 ppm HIG-006
EFC 1 10/19/2001 As 6.18 ppm HIG-006
EFC 1 10/19/2001 As 7.77 ppm HIG-006
EFC 1 10/19/2001 As 9.84 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 1 10/19/2001 B 0.833 ppm HIG-006
EFC 1 10/19/2001 B 0.982 ppm HIG-006
EFC 1 10/19/2001 B 1.01 ppm HIG-006
EFC 1 10/19/2001 B 1.02 ppm HIG-006
EFC 1 10/19/2001 B 1.03 ppm HIG-006
EFC 1 10/19/2001 B 1.04 ppm HIG-006
EFC 1 10/19/2001 B 1.07 ppm HIG-006
EFC 1 10/19/2001 B 11.1 ppm HIG-006
EFC 1 10/19/2001 B 6.48 ppm HIG-006
EFC 1 10/19/2001 B 9.38 ppm HIG-006
EFC 1 10/19/2001 Ba 0.188 ppm HIG-006
EFC 1 10/19/2001 Ba 0.224 ppm HIG-006
EFC 1 10/19/2001 Ba 0.591 ppm HIG-006
EFC 1 10/19/2001 Ba 0.707 ppm HIG-006
EFC 1 10/19/2001 Ba 1.19 ppm HIG-006
EFC 1 10/19/2001 Ba 1.95 ppm HIG-006
EFC 1 10/19/2001 Ba 18.6 ppm HIG-006
EFC 1 10/19/2001 Ba 3.08 ppm HIG-006
EFC 1 10/19/2001 Ba 32.5 ppm HIG-006
EFC 1 10/19/2001 Ba 33.7 ppm HIG-006
EFC 1 10/19/2001 Ba 35.3 ppm HIG-006
EFC 1 10/19/2001 Ba 5.23 ppm HIG-006
EFC 1 10/19/2001 Be 0.0416 ppm HIG-006
EFC 1 10/19/2001 Be 0.0491 ppm HIG-006
EFC 1 10/19/2001 Be 0.0507 ppm HIG-006
EFC 1 10/19/2001 Be 0.0508 ppm HIG-006
EFC 1 10/19/2001 Be 0.0515 ppm HIG-006
EFC 1 10/19/2001 Be 0.0518 ppm HIG-006
EFC 1 10/19/2001 Be 0.0522 ppm HIG-006
EFC 1 10/19/2001 Be 0.0533 ppm HIG-006
EFC 1 10/19/2001 Be 0.104 ppm HIG-006
EFC 1 10/19/2001 Be 0.117 ppm HIG-006
EFC 1 10/19/2001 Be 0.121 ppm HIG-006
EFC 1 10/19/2001 Ca 10900 ppm HIG-006
EFC 1 10/19/2001 Ca 16800 ppm HIG-006
EFC 1 10/19/2001 Ca 19300 ppm HIG-006
EFC 1 10/19/2001 Ca 2450 ppm HIG-006
EFC 1 10/19/2001 Ca 2570 ppm HIG-006
EFC 1 10/19/2001 Ca 268 ppm HIG-006
EFC 1 10/19/2001 Ca 2800 ppm HIG-006
EFC 1 10/19/2001 Ca 2830 ppm HIG-006
EFC 1 10/19/2001 Ca 40100 ppm HIG-006
EFC 1 10/19/2001 Ca 4240 ppm HIG-006
EFC 1 10/19/2001 Ca 896 ppm HIG-006
EFC 1 10/19/2001 Ca 9500 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0347 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0383 ppm HIG-006
EFC 1 10/19/2001 Cd 0.043 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0433 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0447 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0453 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0479 ppm HIG-006
EFC 1 10/19/2001 Cd 0.0916 ppm HIG-006
EFC 1 10/19/2001 Cd 0.105 ppm HIG-006
EFC 1 10/19/2001 Cd 0.107 ppm HIG-006
EFC 1 10/19/2001 Cd 0.11 ppm HIG-006
EFC 1 10/19/2001 Cd 0.165 ppm HIG-006
EFC 1 10/19/2001 Co 0.416 ppm HIG-006
EFC 1 10/19/2001 Co 0.491 ppm HIG-006
EFC 1 10/19/2001 Co 0.507 ppm HIG-006
EFC 1 10/19/2001 Co 0.508 ppm HIG-006
EFC 1 10/19/2001 Co 0.515 ppm HIG-006
EFC 1 10/19/2001 Co 0.518 ppm HIG-006
EFC 1 10/19/2001 Co 0.522 ppm HIG-006
EFC 1 10/19/2001 Co 0.533 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 1 10/19/2001 Co 4.13 ppm HIG-006
EFC 1 10/19/2001 Co 4.62 ppm HIG-006
EFC 1 10/19/2001 Co 4.76 ppm HIG-006
EFC 1 10/19/2001 Cr 0.416 ppm HIG-006
EFC 1 10/19/2001 Cr 0.508 ppm HIG-006
EFC 1 10/19/2001 Cr 0.557 ppm HIG-006
EFC 1 10/19/2001 Cr 0.598 ppm HIG-006
EFC 1 10/19/2001 Cr 0.624 ppm HIG-006
EFC 1 10/19/2001 Cr 0.638 ppm HIG-006
EFC 1 10/19/2001 Cr 0.671 ppm HIG-006
EFC 1 10/19/2001 Cr 0.68 ppm HIG-006
EFC 1 10/19/2001 Cr 0.683 ppm HIG-006
EFC 1 10/19/2001 Cr 1.38 ppm HIG-006
EFC 1 10/19/2001 Cr 1.42 ppm HIG-006
EFC 1 10/19/2001 Cr 11.5 ppm HIG-006
EFC 1 10/19/2001 Cu 1.26 ppm HIG-006
EFC 1 10/19/2001 Cu 1.59 ppm HIG-006
EFC 1 10/19/2001 Cu 1.61 ppm HIG-006
EFC 1 10/19/2001 Cu 1.73 ppm HIG-006
EFC 1 10/19/2001 Cu 119 ppm HIG-006
EFC 1 10/19/2001 Cu 27 ppm HIG-006
EFC 1 10/19/2001 Cu 27.5 ppm HIG-006
EFC 1 10/19/2001 Cu 28.3 ppm HIG-006
EFC 1 10/19/2001 Cu 6.07 ppm HIG-006
EFC 1 10/19/2001 Cu 6.14 ppm HIG-006
EFC 1 10/19/2001 Cu 6.51 ppm HIG-006
EFC 1 10/19/2001 Cu 8.66 ppm HIG-006
EFC 1 10/19/2001 Fe 1600 ppm HIG-006
EFC 1 10/19/2001 Fe 21.9 ppm HIG-006
EFC 1 10/19/2001 Fe 244 ppm HIG-006
EFC 1 10/19/2001 Fe 2730 ppm HIG-006
EFC 1 10/19/2001 Fe 2750 ppm HIG-006
EFC 1 10/19/2001 Fe 32.8 ppm HIG-006
EFC 1 10/19/2001 Fe 36.4 ppm HIG-006
EFC 1 10/19/2001 Fe 49.3 ppm HIG-006
EFC 1 10/19/2001 Fe 62.3 ppm HIG-006
EFC 1 10/19/2001 Fe 72.5 ppm HIG-006
EFC 1 10/19/2001 Fe 78.7 ppm HIG-006
EFC 1 10/19/2001 Fe 930 ppm HIG-006
EFC 1 10/19/2001 Hg 0.278 ppm HIG-006
EFC 1 10/19/2001 Hg 0.294 ppm HIG-006
EFC 1 10/19/2001 Hg 0.336 ppm HIG-006
EFC 1 10/19/2001 Hg 0.571 ppm HIG-006
EFC 1 10/19/2001 Hg 0.753 ppm HIG-006
EFC 1 10/19/2001 Hg 0.89 ppm HIG-006
EFC 1 10/19/2001 Hg 0.915 ppm HIG-006
EFC 1 10/19/2001 Hg 0.925 ppm HIG-006
EFC 1 10/19/2001 Hg 0.984 ppm HIG-006
EFC 1 10/19/2001 Hg 1.23 ppm HIG-006
EFC 1 10/19/2001 Hg 1.24 ppm HIG-006
EFC 1 10/19/2001 Hg 1.39 ppm HIG-006
EFC 1 10/19/2001 K 10400 ppm HIG-006
EFC 1 10/19/2001 K 10500 ppm HIG-006
EFC 1 10/19/2001 K 11400 ppm HIG-006
EFC 1 10/19/2001 K 12200 ppm HIG-006
EFC 1 10/19/2001 K 12500 ppm HIG-006
EFC 1 10/19/2001 K 16000 ppm HIG-006
EFC 1 10/19/2001 K 16400 ppm HIG-006
EFC 1 10/19/2001 K 17200 ppm HIG-006
EFC 1 10/19/2001 K 6270 ppm HIG-006
EFC 1 10/19/2001 K 6380 ppm HIG-006
EFC 1 10/19/2001 K 6530 ppm HIG-006
EFC 1 10/19/2001 K 6970 ppm HIG-006
EFC 1 10/19/2001 Mg 1000 ppm HIG-006
EFC 1 10/19/2001 Mg 1150 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 1 10/19/2001 Mg 1210 ppm HIG-006
EFC 1 10/19/2001 Mg 1230 ppm HIG-006
EFC 1 10/19/2001 Mg 1280 ppm HIG-006
EFC 1 10/19/2001 Mg 1350 ppm HIG-006
EFC 1 10/19/2001 Mg 1510 ppm HIG-006
EFC 1 10/19/2001 Mg 1630 ppm HIG-006
EFC 1 10/19/2001 Mg 1640 ppm HIG-006
EFC 1 10/19/2001 Mg 771 ppm HIG-006
EFC 1 10/19/2001 Mg 820 ppm HIG-006
EFC 1 10/19/2001 Mg 954 ppm HIG-006
EFC 1 10/19/2001 Mn 0.935 ppm HIG-006
EFC 1 10/19/2001 Mn 11.3 ppm HIG-006
EFC 1 10/19/2001 Mn 14.1 ppm HIG-006
EFC 1 10/19/2001 Mn 17.6 ppm HIG-006
EFC 1 10/19/2001 Mn 2.84 ppm HIG-006
EFC 1 10/19/2001 Mn 23.7 ppm HIG-006
EFC 1 10/19/2001 Mn 3.34 ppm HIG-006
EFC 1 10/19/2001 Mn 35.9 ppm HIG-006
EFC 1 10/19/2001 Mn 468 ppm HIG-006
EFC 1 10/19/2001 Mn 549 ppm HIG-006
EFC 1 10/19/2001 Mn 581 ppm HIG-006
EFC 1 10/19/2001 Mn 6.35 ppm HIG-006
EFC 1 10/19/2001 Mo 0.833 ppm HIG-006
EFC 1 10/19/2001 Mo 0.982 ppm HIG-006
EFC 1 10/19/2001 Mo 1.01 ppm HIG-006
EFC 1 10/19/2001 Mo 1.02 ppm HIG-006
EFC 1 10/19/2001 Mo 1.03 ppm HIG-006
EFC 1 10/19/2001 Mo 1.04 ppm HIG-006
EFC 1 10/19/2001 Mo 1.07 ppm HIG-006
EFC 1 10/19/2001 Mo 1.08 ppm HIG-006
EFC 1 10/19/2001 Mo 1.11 ppm HIG-006
EFC 1 10/19/2001 Mo 1.25 ppm HIG-006
EFC 1 10/19/2001 Mo 1.54 ppm HIG-006
EFC 1 10/19/2001 Na 1170 ppm HIG-006
EFC 1 10/19/2001 Na 2250 ppm HIG-006
EFC 1 10/19/2001 Na 2490 ppm HIG-006
EFC 1 10/19/2001 Na 2620 ppm HIG-006
EFC 1 10/19/2001 Na 2800 ppm HIG-006
EFC 1 10/19/2001 Na 3570 ppm HIG-006
EFC 1 10/19/2001 Na 3760 ppm HIG-006
EFC 1 10/19/2001 Na 4220 ppm HIG-006
EFC 1 10/19/2001 Na 4500 ppm HIG-006
EFC 1 10/19/2001 Na 6150 ppm HIG-006
EFC 1 10/19/2001 Na 854 ppm HIG-006
EFC 1 10/19/2001 Na 965 ppm HIG-006
EFC 1 10/19/2001 Ni 0.507 ppm HIG-006
EFC 1 10/19/2001 Ni 0.508 ppm HIG-006
EFC 1 10/19/2001 Ni 0.515 ppm HIG-006
EFC 1 10/19/2001 Ni 0.518 ppm HIG-006
EFC 1 10/19/2001 Ni 0.522 ppm HIG-006
EFC 1 10/19/2001 Ni 0.533 ppm HIG-006
EFC 1 10/19/2001 Ni 0.62 ppm HIG-006
EFC 1 10/19/2001 Ni 0.651 ppm HIG-006
EFC 1 10/19/2001 Ni 0.806 ppm HIG-006
EFC 1 10/19/2001 Ni 2.63 ppm HIG-006
EFC 1 10/19/2001 Ni 3.21 ppm HIG-006
EFC 1 10/19/2001 Ni 3.71 ppm HIG-006
EFC 1 10/19/2001 P 11000 ppm HIG-006
EFC 1 10/19/2001 P 12000 ppm HIG-006
EFC 1 10/19/2001 P 12700 ppm HIG-006
EFC 1 10/19/2001 P 13500 ppm HIG-006
EFC 1 10/19/2001 P 13600 ppm HIG-006
EFC 1 10/19/2001 P 15200 ppm HIG-006
EFC 1 10/19/2001 P 16200 ppm HIG-006
EFC 1 10/19/2001 P 17900 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 1 10/19/2001 P 26600 ppm HIG-006
EFC 1 10/19/2001 P 7510 ppm HIG-006
EFC 1 10/19/2001 P 7530 ppm HIG-006
EFC 1 10/19/2001 P 7570 ppm HIG-006
EFC 1 10/19/2001 Pb 0.0907 ppm HIG-006
EFC 1 10/19/2001 Pb 0.0959 ppm HIG-006
EFC 1 10/19/2001 Pb 0.107 ppm HIG-006
EFC 1 10/19/2001 Pb 0.116 ppm HIG-006
EFC 1 10/19/2001 Pb 0.12 ppm HIG-006
EFC 1 10/19/2001 Pb 0.121 ppm HIG-006
EFC 1 10/19/2001 Pb 0.152 ppm HIG-006
EFC 1 10/19/2001 Pb 0.165 ppm HIG-006
EFC 1 10/19/2001 Pb 0.207 ppm HIG-006
EFC 1 10/19/2001 Pb 0.564 ppm HIG-006
EFC 1 10/19/2001 Pb 0.709 ppm HIG-006
EFC 1 10/19/2001 Pb 0.782 ppm HIG-006
EFC 1 10/19/2001 S 5080 ppm HIG-006
EFC 1 10/19/2001 S 5180 ppm HIG-006
EFC 1 10/19/2001 S 5350 ppm HIG-006
EFC 1 10/19/2001 S 6290 ppm HIG-006
EFC 1 10/19/2001 S 6670 ppm HIG-006
EFC 1 10/19/2001 S 6860 ppm HIG-006
EFC 1 10/19/2001 S 6950 ppm HIG-006
EFC 1 10/19/2001 S 7160 ppm HIG-006
EFC 1 10/19/2001 S 7400 ppm HIG-006
EFC 1 10/19/2001 S 7590 ppm HIG-006
EFC 1 10/19/2001 S 8390 ppm HIG-006
EFC 1 10/19/2001 S 9260 ppm HIG-006
EFC 1 10/19/2001 Se 0.547 ppm HIG-006
EFC 1 10/19/2001 Se 0.563 ppm HIG-006
EFC 1 10/19/2001 Se 0.564 ppm HIG-006
EFC 1 10/19/2001 Se 0.628 ppm HIG-006
EFC 1 10/19/2001 Se 0.641 ppm HIG-006
EFC 1 10/19/2001 Se 0.653 ppm HIG-006
EFC 1 10/19/2001 Se 0.862 ppm HIG-006
EFC 1 10/19/2001 Se 0.887 ppm HIG-006
EFC 1 10/19/2001 Se 0.925 ppm HIG-006
EFC 1 10/19/2001 Se 1.07 ppm HIG-006
EFC 1 10/19/2001 Se 1.45 ppm HIG-006
EFC 1 10/19/2001 Se 4.5 ppm HIG-006
EFC 1 10/19/2001 Si 106 ppm HIG-006
EFC 1 10/19/2001 Si 117 ppm HIG-006
EFC 1 10/19/2001 Si 118 ppm HIG-006
EFC 1 10/19/2001 Si 205 ppm HIG-006
EFC 1 10/19/2001 Si 248 ppm HIG-006
EFC 1 10/19/2001 Si 30.5 ppm HIG-006
EFC 1 10/19/2001 Si 462 ppm HIG-006
EFC 1 10/19/2001 Si 47.2 ppm HIG-006
EFC 1 10/19/2001 Si 58.4 ppm HIG-006
EFC 1 10/19/2001 Si 70.9 ppm HIG-006
EFC 1 10/19/2001 Si 78.7 ppm HIG-006
EFC 1 10/19/2001 Si 8.3 ppm HIG-006
EFC 1 10/19/2001 Sr 0.921 ppm HIG-006
EFC 1 10/19/2001 Sr 11.9 ppm HIG-006
EFC 1 10/19/2001 Sr 147 ppm HIG-006
EFC 1 10/19/2001 Sr 2.11 ppm HIG-006
EFC 1 10/19/2001 Sr 28.8 ppm HIG-006
EFC 1 10/19/2001 Sr 30.4 ppm HIG-006
EFC 1 10/19/2001 Sr 33.2 ppm HIG-006
EFC 1 10/19/2001 Sr 34.6 ppm HIG-006
EFC 1 10/19/2001 Sr 39.6 ppm HIG-006
EFC 1 10/19/2001 Sr 54.5 ppm HIG-006
EFC 1 10/19/2001 Sr 65.2 ppm HIG-006
EFC 1 10/19/2001 Sr 7.5 ppm HIG-006
EFC 1 10/19/2001 Ti 0.416 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 1 10/19/2001 Ti 0.508 ppm HIG-006
EFC 1 10/19/2001 Ti 0.522 ppm HIG-006
EFC 1 10/19/2001 Ti 1.23 ppm HIG-006
EFC 1 10/19/2001 Ti 1.25 ppm HIG-006
EFC 1 10/19/2001 Ti 111 ppm HIG-006
EFC 1 10/19/2001 Ti 2.52 ppm HIG-006
EFC 1 10/19/2001 Ti 3.8 ppm HIG-006
EFC 1 10/19/2001 Ti 4.54 ppm HIG-006
EFC 1 10/19/2001 Ti 4.65 ppm HIG-006
EFC 1 10/19/2001 Ti 50.1 ppm HIG-006
EFC 1 10/19/2001 Ti 76.2 ppm HIG-006
EFC 1 10/19/2001 V 0.833 ppm HIG-006
EFC 1 10/19/2001 V 0.982 ppm HIG-006
EFC 1 10/19/2001 V 1.01 ppm HIG-006
EFC 1 10/19/2001 V 1.02 ppm HIG-006
EFC 1 10/19/2001 V 1.03 ppm HIG-006
EFC 1 10/19/2001 V 1.04 ppm HIG-006
EFC 1 10/19/2001 V 1.07 ppm HIG-006
EFC 1 10/19/2001 V 4.83 ppm HIG-006
EFC 1 10/19/2001 V 4.97 ppm HIG-006
EFC 1 10/19/2001 V 8.66 ppm HIG-006
EFC 1 10/19/2001 Zn 12.8 ppm HIG-006
EFC 1 10/19/2001 Zn 125 ppm HIG-006
EFC 1 10/19/2001 Zn 145 ppm HIG-006
EFC 1 10/19/2001 Zn 155 ppm HIG-006
EFC 1 10/19/2001 Zn 16 ppm HIG-006
EFC 1 10/19/2001 Zn 17.3 ppm HIG-006
EFC 1 10/19/2001 Zn 197 ppm HIG-006
EFC 1 10/19/2001 Zn 202 ppm HIG-006
EFC 1 10/19/2001 Zn 223 ppm HIG-006
EFC 1 10/19/2001 Zn 225 ppm HIG-006
EFC 1 10/19/2001 Zn 88.3 ppm HIG-006
EFC 1 10/19/2001 Zn 91.9 ppm HIG-006
EFC 2 10/19/2001 Al 169 ppm HIG-006
EFC 2 10/19/2001 Al 17.5 ppm HIG-006
EFC 2 10/19/2001 Al 22.2 ppm HIG-006
EFC 2 10/19/2001 Al 312 ppm HIG-006
EFC 2 10/19/2001 Al 353 ppm HIG-006
EFC 2 10/19/2001 Al 392 ppm HIG-006
EFC 2 10/19/2001 Al 43.4 ppm HIG-006
EFC 2 10/19/2001 Al 5.2 ppm HIG-006
EFC 2 10/19/2001 Al 50.5 ppm HIG-006
EFC 2 10/19/2001 Al 6.31 ppm HIG-006
EFC 2 10/19/2001 Al 6.34 ppm HIG-006
EFC 2 10/19/2001 Al 7.17 ppm HIG-006
EFC 2 10/19/2001 Al 7.38 ppm HIG-006
EFC 2 10/19/2001 Al 733 ppm HIG-006
EFC 2 10/19/2001 Al 8.7 ppm HIG-006
EFC 2 10/19/2001 As 0 ppm HIG-006
EFC 2 10/19/2001 As 0.156 ppm HIG-006
EFC 2 10/19/2001 As 0.312 ppm HIG-006
EFC 2 10/19/2001 As 0.315 ppm HIG-006
EFC 2 10/19/2001 As 0.323 ppm HIG-006
EFC 2 10/19/2001 As 0.327 ppm HIG-006
EFC 2 10/19/2001 As 0.328 ppm HIG-006
EFC 2 10/19/2001 As 1.14 ppm HIG-006
EFC 2 10/19/2001 As 1.3 ppm HIG-006
EFC 2 10/19/2001 As 1.81 ppm HIG-006
EFC 2 10/19/2001 As 14.4 ppm HIG-006
EFC 2 10/19/2001 As 2.58 ppm HIG-006
EFC 2 10/19/2001 As 3.15 ppm HIG-006
EFC 2 10/19/2001 As 6.84 ppm HIG-006
EFC 2 10/19/2001 As 7.91 ppm HIG-006
EFC 2 10/19/2001 B 0.991 ppm HIG-006
EFC 2 10/19/2001 B 1.00 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 B 1.03 ppm HIG-006
EFC 2 10/19/2001 B 1.04 ppm HIG-006
EFC 2 10/19/2001 B 1.05 ppm HIG-006
EFC 2 10/19/2001 B 1.07 ppm HIG-006
EFC 2 10/19/2001 B 1.08 ppm HIG-006
EFC 2 10/19/2001 B 1.09 ppm HIG-006
EFC 2 10/19/2001 B 4.06 ppm HIG-006
EFC 2 10/19/2001 B 4.25 ppm HIG-006
EFC 2 10/19/2001 B 5.78 ppm HIG-006
EFC 2 10/19/2001 Ba 0.108 ppm HIG-006
EFC 2 10/19/2001 Ba 0.109 ppm HIG-006
EFC 2 10/19/2001 Ba 0.131 ppm HIG-006
EFC 2 10/19/2001 Ba 0.208 ppm HIG-006
EFC 2 10/19/2001 Ba 0.277 ppm HIG-006
EFC 2 10/19/2001 Ba 0.294 ppm HIG-006
EFC 2 10/19/2001 Ba 0.614 ppm HIG-006
EFC 2 10/19/2001 Ba 1.66 ppm HIG-006
EFC 2 10/19/2001 Ba 15.4 ppm HIG-006
EFC 2 10/19/2001 Ba 16.2 ppm HIG-006
EFC 2 10/19/2001 Ba 17.7 ppm HIG-006
EFC 2 10/19/2001 Ba 2.18 ppm HIG-006
EFC 2 10/19/2001 Ba 3.18 ppm HIG-006
EFC 2 10/19/2001 Ba 3.88 ppm HIG-006
EFC 2 10/19/2001 Ba 5.46 ppm HIG-006
EFC 2 10/19/2001 Be 0.0496 ppm HIG-006
EFC 2 10/19/2001 Be 0.0502 ppm HIG-006
EFC 2 10/19/2001 Be 0.0515 ppm HIG-006
EFC 2 10/19/2001 Be 0.052 ppm HIG-006
EFC 2 10/19/2001 Be 0.0521 ppm HIG-006
EFC 2 10/19/2001 Be 0.0525 ppm HIG-006
EFC 2 10/19/2001 Be 0.0526 ppm HIG-006
EFC 2 10/19/2001 Be 0.0533 ppm HIG-006
EFC 2 10/19/2001 Be 0.0538 ppm HIG-006
EFC 2 10/19/2001 Be 0.0539 ppm HIG-006
EFC 2 10/19/2001 Be 0.0545 ppm HIG-006
EFC 2 10/19/2001 Be 0.0546 ppm HIG-006
EFC 2 10/19/2001 Be 0.0548 ppm HIG-006
EFC 2 10/19/2001 Be 0.0847 ppm HIG-006
EFC 2 10/19/2001 Ca 14500 ppm HIG-006
EFC 2 10/19/2001 Ca 18100 ppm HIG-006
EFC 2 10/19/2001 Ca 2210 ppm HIG-006
EFC 2 10/19/2001 Ca 2310 ppm HIG-006
EFC 2 10/19/2001 Ca 292 ppm HIG-006
EFC 2 10/19/2001 Ca 3000 ppm HIG-006
EFC 2 10/19/2001 Ca 33300 ppm HIG-006
EFC 2 10/19/2001 Ca 3390 ppm HIG-006
EFC 2 10/19/2001 Ca 46700 ppm HIG-006
EFC 2 10/19/2001 Ca 5540 ppm HIG-006
EFC 2 10/19/2001 Ca 5660 ppm HIG-006
EFC 2 10/19/2001 Ca 582 ppm HIG-006
EFC 2 10/19/2001 Ca 808 ppm HIG-006
EFC 2 10/19/2001 Ca 918 ppm HIG-006
EFC 2 10/19/2001 Ca 967 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0344 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0365 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0393 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0432 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0437 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0463 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0487 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0501 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0513 ppm HIG-006
EFC 2 10/19/2001 Cd 0.0545 ppm HIG-006
EFC 2 10/19/2001 Cd 0.18 ppm HIG-006
EFC 2 10/19/2001 Cd 0.296 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 Cd 0.427 ppm HIG-006
EFC 2 10/19/2001 Cd 0.452 ppm HIG-006
EFC 2 10/19/2001 Cd 0.468 ppm HIG-006
EFC 2 10/19/2001 Co 0.52 ppm HIG-006
EFC 2 10/19/2001 Co 0.525 ppm HIG-006
EFC 2 10/19/2001 Co 0.533 ppm HIG-006
EFC 2 10/19/2001 Co 0.539 ppm HIG-006
EFC 2 10/19/2001 Co 0.545 ppm HIG-006
EFC 2 10/19/2001 Co 0.925 ppm HIG-006
EFC 2 10/19/2001 Co 0.926 ppm HIG-006
EFC 2 10/19/2001 Co 0.939 ppm HIG-006
EFC 2 10/19/2001 Co 1.11 ppm HIG-006
EFC 2 10/19/2001 Co 1.42 ppm HIG-006
EFC 2 10/19/2001 Co 1.52 ppm HIG-006
EFC 2 10/19/2001 Co 14.1 ppm HIG-006
EFC 2 10/19/2001 Co 14.8 ppm HIG-006
EFC 2 10/19/2001 Co 15 ppm HIG-006
EFC 2 10/19/2001 Co 2.53 ppm HIG-006
EFC 2 10/19/2001 Cr 0.52 ppm HIG-006
EFC 2 10/19/2001 Cr 0.525 ppm HIG-006
EFC 2 10/19/2001 Cr 0.526 ppm HIG-006
EFC 2 10/19/2001 Cr 0.533 ppm HIG-006
EFC 2 10/19/2001 Cr 0.535 ppm HIG-006
EFC 2 10/19/2001 Cr 0.538 ppm HIG-006
EFC 2 10/19/2001 Cr 0.539 ppm HIG-006
EFC 2 10/19/2001 Cr 0.545 ppm HIG-006
EFC 2 10/19/2001 Cr 0.546 ppm HIG-006
EFC 2 10/19/2001 Cr 0.548 ppm HIG-006
EFC 2 10/19/2001 Cr 0.623 ppm HIG-006
EFC 2 10/19/2001 Cr 0.66 ppm HIG-006
EFC 2 10/19/2001 Cr 11.1 ppm HIG-006
EFC 2 10/19/2001 Cr 3.07 ppm HIG-006
EFC 2 10/19/2001 Cr 5.61 ppm HIG-006
EFC 2 10/19/2001 Cu 1.39 ppm HIG-006
EFC 2 10/19/2001 Cu 1.45 ppm HIG-006
EFC 2 10/19/2001 Cu 1.98 ppm HIG-006
EFC 2 10/19/2001 Cu 19.8 ppm HIG-006
EFC 2 10/19/2001 Cu 2.01 ppm HIG-006
EFC 2 10/19/2001 Cu 2.15 ppm HIG-006
EFC 2 10/19/2001 Cu 2.25 ppm HIG-006
EFC 2 10/19/2001 Cu 25.8 ppm HIG-006
EFC 2 10/19/2001 Cu 28.2 ppm HIG-006
EFC 2 10/19/2001 Cu 29 ppm HIG-006
EFC 2 10/19/2001 Cu 4.15 ppm HIG-006
EFC 2 10/19/2001 Cu 5.51 ppm HIG-006
EFC 2 10/19/2001 Cu 554 ppm HIG-006
EFC 2 10/19/2001 Cu 6.95 ppm HIG-006
EFC 2 10/19/2001 Cu 9.36 ppm HIG-006
EFC 2 10/19/2001 Fe 116 ppm HIG-006
EFC 2 10/19/2001 Fe 16.6 ppm HIG-006
EFC 2 10/19/2001 Fe 17.1 ppm HIG-006
EFC 2 10/19/2001 Fe 18.3 ppm HIG-006
EFC 2 10/19/2001 Fe 1840 ppm HIG-006
EFC 2 10/19/2001 Fe 197 ppm HIG-006
EFC 2 10/19/2001 Fe 22.3 ppm HIG-006
EFC 2 10/19/2001 Fe 313 ppm HIG-006
EFC 2 10/19/2001 Fe 46.5 ppm HIG-006
EFC 2 10/19/2001 Fe 481 ppm HIG-006
EFC 2 10/19/2001 Fe 521 ppm HIG-006
EFC 2 10/19/2001 Fe 718 ppm HIG-006
EFC 2 10/19/2001 Fe 804 ppm HIG-006
EFC 2 10/19/2001 Fe 82.1 ppm HIG-006
EFC 2 10/19/2001 Fe 95.5 ppm HIG-006
EFC 2 10/19/2001 Hg 0.359 ppm HIG-006
EFC 2 10/19/2001 Hg 0.416 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 Hg 0.439 ppm HIG-006
EFC 2 10/19/2001 Hg 0.545 ppm HIG-006
EFC 2 10/19/2001 Hg 0.679 ppm HIG-006
EFC 2 10/19/2001 Hg 0.724 ppm HIG-006
EFC 2 10/19/2001 Hg 0.773 ppm HIG-006
EFC 2 10/19/2001 Hg 0.801 ppm HIG-006
EFC 2 10/19/2001 Hg 0.802 ppm HIG-006
EFC 2 10/19/2001 Hg 0.814 ppm HIG-006
EFC 2 10/19/2001 Hg 0.83 ppm HIG-006
EFC 2 10/19/2001 Hg 1.01 ppm HIG-006
EFC 2 10/19/2001 Hg 1.27 ppm HIG-006
EFC 2 10/19/2001 Hg 1.29 ppm HIG-006
EFC 2 10/19/2001 Hg 1.39 ppm HIG-006
EFC 2 10/19/2001 K 10700 ppm HIG-006
EFC 2 10/19/2001 K 10800 ppm HIG-006
EFC 2 10/19/2001 K 11100 ppm HIG-006
EFC 2 10/19/2001 K 12500 ppm HIG-006
EFC 2 10/19/2001 K 13100 ppm HIG-006
EFC 2 10/19/2001 K 17800 ppm HIG-006
EFC 2 10/19/2001 K 18200 ppm HIG-006
EFC 2 10/19/2001 K 18400 ppm HIG-006
EFC 2 10/19/2001 K 18500 ppm HIG-006
EFC 2 10/19/2001 K 6430 ppm HIG-006
EFC 2 10/19/2001 K 6680 ppm HIG-006
EFC 2 10/19/2001 K 7080 ppm HIG-006
EFC 2 10/19/2001 K 7710 ppm HIG-006
EFC 2 10/19/2001 Mg 1050 ppm HIG-006
EFC 2 10/19/2001 Mg 1120 ppm HIG-006
EFC 2 10/19/2001 Mg 1140 ppm HIG-006
EFC 2 10/19/2001 Mg 1150 ppm HIG-006
EFC 2 10/19/2001 Mg 1240 ppm HIG-006
EFC 2 10/19/2001 Mg 1260 ppm HIG-006
EFC 2 10/19/2001 Mg 1270 ppm HIG-006
EFC 2 10/19/2001 Mg 1430 ppm HIG-006
EFC 2 10/19/2001 Mg 754 ppm HIG-006
EFC 2 10/19/2001 Mg 811 ppm HIG-006
EFC 2 10/19/2001 Mg 815 ppm HIG-006
EFC 2 10/19/2001 Mn 0.69 ppm HIG-006
EFC 2 10/19/2001 Mn 0.981 ppm HIG-006
EFC 2 10/19/2001 Mn 1.39 ppm HIG-006
EFC 2 10/19/2001 Mn 1.42 ppm HIG-006
EFC 2 10/19/2001 Mn 1.45 ppm HIG-006
EFC 2 10/19/2001 Mn 11 ppm HIG-006
EFC 2 10/19/2001 Mn 167 ppm HIG-006
EFC 2 10/19/2001 Mn 18.4 ppm HIG-006
EFC 2 10/19/2001 Mn 189 ppm HIG-006
EFC 2 10/19/2001 Mn 191 ppm HIG-006
EFC 2 10/19/2001 Mn 2.94 ppm HIG-006
EFC 2 10/19/2001 Mn 21.4 ppm HIG-006
EFC 2 10/19/2001 Mn 39 ppm HIG-006
EFC 2 10/19/2001 Mn 6.63 ppm HIG-006
EFC 2 10/19/2001 Mn 6.92 ppm HIG-006
EFC 2 10/19/2001 Mo 0.991 ppm HIG-006
EFC 2 10/19/2001 Mo 1.00 ppm HIG-006
EFC 2 10/19/2001 Mo 1.03 ppm HIG-006
EFC 2 10/19/2001 Mo 1.04 ppm HIG-006
EFC 2 10/19/2001 Mo 1.05 ppm HIG-006
EFC 2 10/19/2001 Mo 1.07 ppm HIG-006
EFC 2 10/19/2001 Mo 1.08 ppm HIG-006
EFC 2 10/19/2001 Mo 1.09 ppm HIG-006
EFC 2 10/19/2001 Mo 1.1 ppm HIG-006
EFC 2 10/19/2001 Mo 1.15 ppm HIG-006
EFC 2 10/19/2001 Na 1040 ppm HIG-006
EFC 2 10/19/2001 Na 1070 ppm HIG-006
EFC 2 10/19/2001 Na 1170 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 Na 1180 ppm HIG-006
EFC 2 10/19/2001 Na 1220 ppm HIG-006
EFC 2 10/19/2001 Na 2410 ppm HIG-006
EFC 2 10/19/2001 Na 2570 ppm HIG-006
EFC 2 10/19/2001 Na 2910 ppm HIG-006
EFC 2 10/19/2001 Na 3010 ppm HIG-006
EFC 2 10/19/2001 Na 3020 ppm HIG-006
EFC 2 10/19/2001 Na 3560 ppm HIG-006
EFC 2 10/19/2001 Na 3580 ppm HIG-006
EFC 2 10/19/2001 Na 3650 ppm HIG-006
EFC 2 10/19/2001 Na 4680 ppm HIG-006
EFC 2 10/19/2001 Na 6840 ppm HIG-006
EFC 2 10/19/2001 Ni 0.515 ppm HIG-006
EFC 2 10/19/2001 Ni 0.519 ppm HIG-006
EFC 2 10/19/2001 Ni 0.524 ppm HIG-006
EFC 2 10/19/2001 Ni 0.525 ppm HIG-006
EFC 2 10/19/2001 Ni 0.531 ppm HIG-006
EFC 2 10/19/2001 Ni 0.539 ppm HIG-006
EFC 2 10/19/2001 Ni 0.545 ppm HIG-006
EFC 2 10/19/2001 Ni 0.546 ppm HIG-006
EFC 2 10/19/2001 Ni 0.61 ppm HIG-006
EFC 2 10/19/2001 Ni 1.03 ppm HIG-006
EFC 2 10/19/2001 Ni 2.06 ppm HIG-006
EFC 2 10/19/2001 Ni 3.42 ppm HIG-006
EFC 2 10/19/2001 Ni 4.09 ppm HIG-006
EFC 2 10/19/2001 Ni 4.81 ppm HIG-006
EFC 2 10/19/2001 Ni 6.92 ppm HIG-006
EFC 2 10/19/2001 P 10700 ppm HIG-006
EFC 2 10/19/2001 P 11300 ppm HIG-006
EFC 2 10/19/2001 P 11400 ppm HIG-006
EFC 2 10/19/2001 P 11500 ppm HIG-006
EFC 2 10/19/2001 P 11700 ppm HIG-006
EFC 2 10/19/2001 P 12400 ppm HIG-006
EFC 2 10/19/2001 P 15100 ppm HIG-006
EFC 2 10/19/2001 P 15200 ppm HIG-006
EFC 2 10/19/2001 P 16400 ppm HIG-006
EFC 2 10/19/2001 P 24000 ppm HIG-006
EFC 2 10/19/2001 P 30800 ppm HIG-006
EFC 2 10/19/2001 P 7920 ppm HIG-006
EFC 2 10/19/2001 P 8000 ppm HIG-006
EFC 2 10/19/2001 P 8220 ppm HIG-006
EFC 2 10/19/2001 Pb 0.0688 ppm HIG-006
EFC 2 10/19/2001 Pb 0.0787 ppm HIG-006
EFC 2 10/19/2001 Pb 0.0926 ppm HIG-006
EFC 2 10/19/2001 Pb 0.0942 ppm HIG-006
EFC 2 10/19/2001 Pb 0.117 ppm HIG-006
EFC 2 10/19/2001 Pb 0.142 ppm HIG-006
EFC 2 10/19/2001 Pb 0.157 ppm HIG-006
EFC 2 10/19/2001 Pb 0.163 ppm HIG-006
EFC 2 10/19/2001 Pb 0.164 ppm HIG-006
EFC 2 10/19/2001 Pb 0.166 ppm HIG-006
EFC 2 10/19/2001 Pb 0.239 ppm HIG-006
EFC 2 10/19/2001 Pb 0.286 ppm HIG-006
EFC 2 10/19/2001 Pb 0.453 ppm HIG-006
EFC 2 10/19/2001 Pb 0.468 ppm HIG-006
EFC 2 10/19/2001 Pb 1.96 ppm HIG-006
EFC 2 10/19/2001 S 5370 ppm HIG-006
EFC 2 10/19/2001 S 5540 ppm HIG-006
EFC 2 10/19/2001 S 5550 ppm HIG-006
EFC 2 10/19/2001 S 6630 ppm HIG-006
EFC 2 10/19/2001 S 6840 ppm HIG-006
EFC 2 10/19/2001 S 7180 ppm HIG-006
EFC 2 10/19/2001 S 7540 ppm HIG-006
EFC 2 10/19/2001 S 7840 ppm HIG-006
EFC 2 10/19/2001 S 8150 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 S 8460 ppm HIG-006
EFC 2 10/19/2001 S 9100 ppm HIG-006
EFC 2 10/19/2001 S 9240 ppm HIG-006
EFC 2 10/19/2001 S 9440 ppm HIG-006
EFC 2 10/19/2001 S 9670 ppm HIG-006
EFC 2 10/19/2001 Se 0.429 ppm HIG-006
EFC 2 10/19/2001 Se 0.521 ppm HIG-006
EFC 2 10/19/2001 Se 0.541 ppm HIG-006
EFC 2 10/19/2001 Se 0.59 ppm HIG-006
EFC 2 10/19/2001 Se 0.622 ppm HIG-006
EFC 2 10/19/2001 Se 0.699 ppm HIG-006
EFC 2 10/19/2001 Se 0.713 ppm HIG-006
EFC 2 10/19/2001 Se 0.716 ppm HIG-006
EFC 2 10/19/2001 Se 0.724 ppm HIG-006
EFC 2 10/19/2001 Se 0.807 ppm HIG-006
EFC 2 10/19/2001 Se 0.838 ppm HIG-006
EFC 2 10/19/2001 Se 0.84 ppm HIG-006
EFC 2 10/19/2001 Se 0.905 ppm HIG-006
EFC 2 10/19/2001 Se 1.35 ppm HIG-006
EFC 2 10/19/2001 Se 4.75 ppm HIG-006
EFC 2 10/19/2001 Si 100 ppm HIG-006
EFC 2 10/19/2001 Si 106 ppm HIG-006
EFC 2 10/19/2001 Si 126 ppm HIG-006
EFC 2 10/19/2001 Si 156 ppm HIG-006
EFC 2 10/19/2001 Si 207 ppm HIG-006
EFC 2 10/19/2001 Si 238 ppm HIG-006
EFC 2 10/19/2001 Si 246 ppm HIG-006
EFC 2 10/19/2001 Si 27.5 ppm HIG-006
EFC 2 10/19/2001 Si 30.4 ppm HIG-006
EFC 2 10/19/2001 Si 31.3 ppm HIG-006
EFC 2 10/19/2001 Si 33.7 ppm HIG-006
EFC 2 10/19/2001 Si 36.5 ppm HIG-006
EFC 2 10/19/2001 Si 54 ppm HIG-006
EFC 2 10/19/2001 Si 54.2 ppm HIG-006
EFC 2 10/19/2001 Sr 0.972 ppm HIG-006
EFC 2 10/19/2001 Sr 1.41 ppm HIG-006
EFC 2 10/19/2001 Sr 10.2 ppm HIG-006
EFC 2 10/19/2001 Sr 139 ppm HIG-006
EFC 2 10/19/2001 Sr 153 ppm HIG-006
EFC 2 10/19/2001 Sr 18.9 ppm HIG-006
EFC 2 10/19/2001 Sr 2.42 ppm HIG-006
EFC 2 10/19/2001 Sr 2.67 ppm HIG-006
EFC 2 10/19/2001 Sr 2.73 ppm HIG-006
EFC 2 10/19/2001 Sr 21.1 ppm HIG-006
EFC 2 10/19/2001 Sr 24.8 ppm HIG-006
EFC 2 10/19/2001 Sr 25.1 ppm HIG-006
EFC 2 10/19/2001 Sr 36.9 ppm HIG-006
EFC 2 10/19/2001 Sr 51.4 ppm HIG-006
EFC 2 10/19/2001 Sr 61.7 ppm HIG-006
EFC 2 10/19/2001 Ti 0.52 ppm HIG-006
EFC 2 10/19/2001 Ti 0.521 ppm HIG-006
EFC 2 10/19/2001 Ti 0.539 ppm HIG-006
EFC 2 10/19/2001 Ti 0.545 ppm HIG-006
EFC 2 10/19/2001 Ti 0.546 ppm HIG-006
EFC 2 10/19/2001 Ti 0.745 ppm HIG-006
EFC 2 10/19/2001 Ti 0.845 ppm HIG-006
EFC 2 10/19/2001 Ti 1.97 ppm HIG-006
EFC 2 10/19/2001 Ti 10.7 ppm HIG-006
EFC 2 10/19/2001 Ti 12.6 ppm HIG-006
EFC 2 10/19/2001 Ti 2.28 ppm HIG-006
EFC 2 10/19/2001 Ti 2.71 ppm HIG-006
EFC 2 10/19/2001 Ti 25 ppm HIG-006
EFC 2 10/19/2001 Ti 7.7 ppm HIG-006
EFC 2 10/19/2001 Ti 8.95 ppm HIG-006
EFC 2 10/19/2001 V 0.991 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC 2 10/19/2001 V 1.00 ppm HIG-006
EFC 2 10/19/2001 V 1.03 ppm HIG-006
EFC 2 10/19/2001 V 1.04 ppm HIG-006
EFC 2 10/19/2001 V 1.05 ppm HIG-006
EFC 2 10/19/2001 V 1.07 ppm HIG-006
EFC 2 10/19/2001 V 1.08 ppm HIG-006
EFC 2 10/19/2001 V 1.09 ppm HIG-006
EFC 2 10/19/2001 V 1.12 ppm HIG-006
EFC 2 10/19/2001 V 1.41 ppm HIG-006
EFC 2 10/19/2001 V 2.6 ppm HIG-006
EFC 2 10/19/2001 Zn 113 ppm HIG-006
EFC 2 10/19/2001 Zn 115 ppm HIG-006
EFC 2 10/19/2001 Zn 124 ppm HIG-006
EFC 2 10/19/2001 Zn 147 ppm HIG-006
EFC 2 10/19/2001 Zn 15.7 ppm HIG-006
EFC 2 10/19/2001 Zn 15.8 ppm HIG-006
EFC 2 10/19/2001 Zn 17.2 ppm HIG-006
EFC 2 10/19/2001 Zn 17.4 ppm HIG-006
EFC 2 10/19/2001 Zn 177 ppm HIG-006
EFC 2 10/19/2001 Zn 196 ppm HIG-006
EFC 2 10/19/2001 Zn 230 ppm HIG-006
EFC 2 10/19/2001 Zn 25.1 ppm HIG-006
EFC 2 10/19/2001 Zn 252 ppm HIG-006
EFC 2 10/19/2001 Zn 292 ppm HIG-006
EFC 2 10/19/2001 Zn 447 ppm HIG-006

EFC-Ruhen 10/19/2001 Al 12.2 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 1440 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 21.3 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 46.2 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 634 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 679 ppm HIG-006
EFC-Ruhen 10/19/2001 Al 9.16 ppm HIG-006
EFC-Ruhen 10/19/2001 As 0.298 ppm HIG-006
EFC-Ruhen 10/19/2001 As 0.300 ppm HIG-006
EFC-Ruhen 10/19/2001 As 0.306 ppm HIG-006
EFC-Ruhen 10/19/2001 As 0.324 ppm HIG-006
EFC-Ruhen 10/19/2001 As 2.52 ppm HIG-006
EFC-Ruhen 10/19/2001 As 2.84 ppm HIG-006
EFC-Ruhen 10/19/2001 As 6.39 ppm HIG-006
EFC-Ruhen 10/19/2001 B 0.994 ppm HIG-006
EFC-Ruhen 10/19/2001 B 1.00 ppm HIG-006
EFC-Ruhen 10/19/2001 B 1.02 ppm HIG-006
EFC-Ruhen 10/19/2001 B 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 B 3.06 ppm HIG-006
EFC-Ruhen 10/19/2001 B 3.17 ppm HIG-006
EFC-Ruhen 10/19/2001 B 9.53 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 0.93 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 1.04 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 1.65 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 1.69 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 11.4 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 12.2 ppm HIG-006
EFC-Ruhen 10/19/2001 Ba 23.4 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.0497 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.0500 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.0510 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.0541 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.0552 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.056 ppm HIG-006
EFC-Ruhen 10/19/2001 Be 0.103 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 12600 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 1430 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 1580 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 1880 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 26300 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC-Ruhen 10/19/2001 Ca 8860 ppm HIG-006
EFC-Ruhen 10/19/2001 Ca 9540 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.0390 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.0506 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.0511 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.256 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.279 ppm HIG-006
EFC-Ruhen 10/19/2001 Cd 0.285 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 0.497 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 0.500 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 0.510 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 0.541 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 3.62 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 3.93 ppm HIG-006
EFC-Ruhen 10/19/2001 Co 4.01 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 0.712 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 0.821 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 1.13 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 1.31 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 2.08 ppm HIG-006
EFC-Ruhen 10/19/2001 Cr 3.68 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 11.1 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 27.3 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 30.7 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 5.98 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 9.39 ppm HIG-006
EFC-Ruhen 10/19/2001 Cu 9.43 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 1100 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 2680 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 38.5 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 54.1 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 570 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 91.2 ppm HIG-006
EFC-Ruhen 10/19/2001 Fe 93.8 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 0.286 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 0.29 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 0.352 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 0.845 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 0.997 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 1.11 ppm HIG-006
EFC-Ruhen 10/19/2001 Hg 1.17 ppm HIG-006
EFC-Ruhen 10/19/2001 K 11900 ppm HIG-006
EFC-Ruhen 10/19/2001 K 12100 ppm HIG-006
EFC-Ruhen 10/19/2001 K 12200 ppm HIG-006
EFC-Ruhen 10/19/2001 K 12400 ppm HIG-006
EFC-Ruhen 10/19/2001 K 6010 ppm HIG-006
EFC-Ruhen 10/19/2001 K 6340 ppm HIG-006
EFC-Ruhen 10/19/2001 K 7380 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 1000 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 1100 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 1290 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 1420 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 1620 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 896 ppm HIG-006
EFC-Ruhen 10/19/2001 Mg 947 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 190 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 199 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 322 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 4.67 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 5.87 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 7.01 ppm HIG-006
EFC-Ruhen 10/19/2001 Mn 8.2 ppm HIG-006
EFC-Ruhen 10/19/2001 Mo 0.994 ppm HIG-006
EFC-Ruhen 10/19/2001 Mo 1.00 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC-Ruhen 10/19/2001 Mo 1.02 ppm HIG-006
EFC-Ruhen 10/19/2001 Mo 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 Mo 1.1 ppm HIG-006
EFC-Ruhen 10/19/2001 Mo 1.12 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 2730 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 3020 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 3220 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 3250 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 3290 ppm HIG-006
EFC-Ruhen 10/19/2001 Na 4010 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 0.5 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 0.51 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 0.541 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 2.05 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 2.9 ppm HIG-006
EFC-Ruhen 10/19/2001 Ni 4.44 ppm HIG-006
EFC-Ruhen 10/19/2001 P 12700 ppm HIG-006
EFC-Ruhen 10/19/2001 P 14100 ppm HIG-006
EFC-Ruhen 10/19/2001 P 14300 ppm HIG-006
EFC-Ruhen 10/19/2001 P 21400 ppm HIG-006
EFC-Ruhen 10/19/2001 P 7130 ppm HIG-006
EFC-Ruhen 10/19/2001 P 7280 ppm HIG-006
EFC-Ruhen 10/19/2001 P 7490 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.0780 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.101 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.102 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.284 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.307 ppm HIG-006
EFC-Ruhen 10/19/2001 Pb 0.647 ppm HIG-006
EFC-Ruhen 10/19/2001 S 5300 ppm HIG-006
EFC-Ruhen 10/19/2001 S 5330 ppm HIG-006
EFC-Ruhen 10/19/2001 S 5420 ppm HIG-006
EFC-Ruhen 10/19/2001 S 7220 ppm HIG-006
EFC-Ruhen 10/19/2001 S 7520 ppm HIG-006
EFC-Ruhen 10/19/2001 S 8020 ppm HIG-006
EFC-Ruhen 10/19/2001 S 8230 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 0.404 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 0.425 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 0.474 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 0.687 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 0.727 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 1.01 ppm HIG-006
EFC-Ruhen 10/19/2001 Se 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 111 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 218 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 266 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 307 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 33.6 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 37.7 ppm HIG-006
EFC-Ruhen 10/19/2001 Si 42.6 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 14 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 16.5 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 19.7 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 29.9 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 30 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 44.7 ppm HIG-006
EFC-Ruhen 10/19/2001 Sr 89.1 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 0.709 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 0.897 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 1.04 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 2.56 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 22.8 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 33.8 ppm HIG-006
EFC-Ruhen 10/19/2001 Ti 62.8 ppm HIG-006
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Bioassessment Results from the Project Database
Higgins (2001)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units SourceCode
EFC-Ruhen 10/19/2001 V 0.994 ppm HIG-006
EFC-Ruhen 10/19/2001 V 1.00 ppm HIG-006
EFC-Ruhen 10/19/2001 V 1.02 ppm HIG-006
EFC-Ruhen 10/19/2001 V 1.08 ppm HIG-006
EFC-Ruhen 10/19/2001 V 2.33 ppm HIG-006
EFC-Ruhen 10/19/2001 V 2.69 ppm HIG-006
EFC-Ruhen 10/19/2001 V 4.92 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 122 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 135 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 148 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 161 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 200 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 241 ppm HIG-006
EFC-Ruhen 10/19/2001 Zn 243 ppm HIG-006

Notes:

Al = Aluminum, As = Arsenic, B = Boron, Ba = Barium, Be = Beryllium, Ca = Calcium, Cd = Cadmium, Co = Cobalt, Cr = Chromium, 
Cu = Copper, Hg = Mercury, K = Potassium, Fe = Iron, Mg = Magnesium, Mn = Manganese, Mo = Molybdenum, Na = Sodium, 
Ni = Nickel, P = Phosphorus, Pb = Lead, S = Sulfer, Se = Sellenium, Si = Silicon, Sr = Strontium, Ti = Titanium, V = Vanadium, 
Z = Zinc, ppm = parts per million 

The original source for these data were from Preliminary Assessment of Fish Community Dynamics and Trace-element Exposures to Aquatic 
Invertebrates and Salmonids, Lower Bryant Creek and East Fork Carson River, Douglas County, Nevada .  By Higgins (2001).
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GEOTECHNICAL INVESTIGATION REPORT, PHASE I PRELIMINARY SLOPE STABILITY 
EVALUATION, LEVIATHAN MINE DELTA AREA WASTE PILE, ALPINE COUNTY, CALIFORNIA 

(Kleinfelder, 2001) 



















































































































































































 

LEVIATHAN MINE 2001 EARLY RESPONSE ACTION, CHANNEL UNDERDRAIN TREATMENT 
COMPLETION REPORT 

(Brown and Caldwell, 2002) 























































































 

GEOTECHNICAL INVESTIGATION REPORT: PHASE II PRELIMINARY SLOPE STABILITY 
EVALUATION, LEVIATHAN MINE DELTA AREA WASTE PILE, ALPINE COUNTY, CALIFORNIA 

(Kleinfelder, 2001b) 







 

INFLUENCE OF NATURAL SOURCES ON MERCURY IN WATER, SEDIMENT AND AQUATIC BIOTA 
IN SEVEN TRIBUTARY STREAMS OF THE EAST FORK OF THE UPPER CARSON RIVER, 

CALIFORNIA 

(Fischer and Gustin, 2002) 



Bioassessment Results from the Project Database
Fischer and Gustin (2002)

Leviathan Mine Site
Alpine County, California

BiologicalStation SampleDate Parameter Value Units Comments SourceCode
Poison Creek 6/1/1999 Hg 0.0240 μg/g dry Composite sample FIS-002
Poison Creek 6/1/1999 Hg 0.0350 μg/g dry FIS-002
Poison Creek 6/1/1999 Hg 0.0360 μg/g dry FIS-002
Poison Creek 6/1/1999 Hg 0.0380 μg/g dry Composite sample FIS-002
Poison Creek 6/1/1999 Hg 0.0400 μg/g dry FIS-002
Poison Creek 6/1/1999 Hg 0.0520 μg/g dry Composite sample FIS-002
Poison Creek 9/1/1999 Hg 0.0520 μg/g dry FIS-002
Poison Creek 9/1/1999 Hg 0.0620 μg/g dry FIS-002
Poison Creek 9/1/1999 Hg 0.0770 μg/g dry FIS-002
Poison Creek 9/1/1999 Methyl Hg 0.0640 μg/g dry FIS-002
Poison Creek 9/1/1999 Methyl Hg 0.0660 μg/g dry FIS-002
Poison Creek 9/1/1999 Methyl Hg 0.0890 μg/g dry FIS-002

Upper Mountaineer Creek 6/1/1999 Hg 0.0310 μg/g dry Composite sample FIS-002
Upper Mountaineer Creek 6/1/1999 Hg 0.0330 μg/g dry Composite sample FIS-002
Upper Mountaineer Creek 6/1/1999 Hg 0.0490 μg/g dry Composite sample FIS-002
Upper Mountaineer Creek 9/1/1999 Hg 0.0300 μg/g dry FIS-002
Upper Mountaineer Creek 9/1/1999 Hg 0.0690 μg/g dry FIS-002
Upper Mountaineer Creek 9/1/1999 Hg 0.0760 μg/g dry FIS-002
Upper Mountaineer Creek 9/1/1999 Hg 0.2320 μg/g dry FIS-002

Notes:

Informaton obtained from database source code FIS-002 within the project database.  The original source was from Influence of Natural Sources on Mercury in Water, 
Sediment, and Aquatic Biota in Seven Tributary Streams of the East Fork of the Upper Carson River, California .  By Fischer and Gustin (2002).  
Methyl Hg = Methylmercury, Hg = Mercury
ng/g = nanograms per gram, ug/g = micrograms per gram
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Sediment Quality 
Results from the Project Database

Fischer and Gustin (2002)
Leviathan Mine Site

Alpine County, California

SoilSedStation SampleDate Parameter Value Units Comments SourceCode
Cottonwood Creek 6/14/1999 Hg 0.1 μg/g Streambed sediment FIS-002
Cottonwood Creek 6/14/1999 Hg 0.07 μg/g Streambed sediment FIS-002

Sta 23 6/14/1999 Hg 0.4 μg/g Streambed sediment, location approximate FIS-002
BC-BRC 6/14/1999 Hg 0.2 μg/g Streambed sediment FIS-002
Sta 24 6/14/1999 Hg 9999 μg/g Streambed sediment, location approximate FIS-002

Barney Riley Creek 6/29/1999 Hg 0.09 μg/g Streambed sediment FIS-002
Poison Creek 7/9/1999 Hg 0.04 μg/g Streambed sediment FIS-002

Upper Mountaineer Creek 7/9/1999 Hg 0.05 μg/g Streambed sediment FIS-002
Cottonwood Creek 9/12/1999 Hg 0.07 μg/g Streambed sediment FIS-002

Upper Mountaineer Creek 9/19/1999 Hg 0.05 μg/g Streambed sediment FIS-002
Poison Creek 9/19/1999 Hg 0.04 μg/g Streambed sediment FIS-002

Sta 23 9/20/1999 Hg 0.19 μg/g Streambed sediment, location approximate FIS-002
Sta 23 9/23/1999 Hg 0.1 μg/g Streambed sediment, location approximate FIS-002
Sta 24 9/23/1999 Hg 9999 μg/g Streambed sediment, location approximate FIS-002

BC-BRC 9/23/1999 Hg 0.11 μg/g Streambed sediment FIS-002
Upper Mountaineer Creek 9/19/1999 Methyl Hg 6.62 ng/g Streambed sediment FIS-002

Poison Creek 9/19/1999 Methyl Hg 1.34 ng/g Streambed sediment FIS-002
Sta 23 9/20/1999 Methyl Hg 0.09 ng/g Streambed sediment, location approximate FIS-002

Notes:

Methyl Hg = Methylmercury, Hg = Mercury

ng/g = nanograms per gram, ug/g = micrograms per gram

Informaton obtained from database source code FIS-002 within the project database.  The original source was from Influence of Natural Sources on Mercury in Water, Sedimment, and 
Aquatic Biota in Seven Tributary Streams of teh East Fork of the Upper Carson River, California .  By Fischer and Gustin (2002).  
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GEOTECHNICAL SLOPE STABILITY EVALUATION, LEVIATHAN MINE DELTA AREA WASTE PILE, 
ALPINE COUNTY, CALIFORNIA 

(Kleinfelder 2003) 













































































































 

BIOASSESSMENT MONITORING OF ACID MINE DRAINAGE IMPACTS IN STREAMS OF THE 
LEVIATHAN MINE WATERSHED: AN UPDATE FOR 2003 SURVEYS 

(Herbst, 2004b) 
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Background 

  Leviathan Mine is an abandoned open pit mine site located just north of Monitor 

Pass on highway 89 in Alpine County, California.  Covering an area of 650 acres (250 

with visible mining disturbance), the mine last operated on a large scale in the 1950s, 

primarily for sulfur extraction.  Acid mine drainage (AMD) from this site enters 

Leviathan Creek and Aspen Creek, flowing then into Bryant Creek, and enters the East 

Fork of the Carson River in Douglas County, Nevada.  Though some of the annual run-

off is contained by collecting ponds, until recently these have regularly overflowed 

during late winter and spring snow-melt periods, and along with seepage and other 

sources, contribute flows of low pH water containing a mixture of dissolved and 

particulate toxic metals, and orange ferric hydroxide precipitates (“yellow-boy”).  Active 

chemical treatment of AMD sources began in earnest in the Autumn of 1999 and has 

continued since, with the result that the ponds have not overflowed since the Spring of 

1999. A second major source of AMD, the “channel underdrain” (where contaminated 

groundwater “daylights” from beneath a concrete-lined channel constructed to reduce 

contact of Leviathan Creek with mine spoils) has also been actively treated during the 

summers of 2001 (Aug-Sep), 2002 (June-Oct), and 2003 (June-Sept). These actions have 

substantially reduced, but not eliminated the discharge of AMD to Leviathan Creek.  

Other recent site restoration measures have included the construction of biological 

treatment systems at AMD seeps (on Aspen Creek), which utilize iron-reducing bacteria 

to precipitate toxic metals. These “passive” treatment systems have also reduced AMD 

discharges from the site.  In May of 2000 the USEPA listed Leviathan Mine as a 

Superfund site to facilitate further site remediation. 

  Bioassessment monitoring of aquatic invertebrates such as insects has been 

conducted since 1995 in streams of the Leviathan Mine watershed to provide an 

ecological evaluation of AMD effects on aquatic life and the progress of restoration.  

Benthic stream invertebrates are sensitive to chemical pollution and physical habitat 

disturbance and provide a useful indicator tool for assessment of biological integrity.  

Aquatic macroinvertebrate bioassessment has been previously used to define the spatial 

extent of biological impacts in the Leviathan-Bryant Creek watershed in 1995, 1997, 
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1998, 1999 and 2000 (Herbst 1995, Herbst 1997, Herbst 2000, Herbst 2002, Herbst 

2004).  These data have established the existing condition of the benthic invertebrate 

community in receiving waters and reference streams, and documented seasonal and 

year-to-year changes and natural variability.  The objective of this report is to provide an 

update on the results of bioassessment monitoring at sites exposed to mine discharges, 

and continued development of a data set for evaluating changes in the biological health of 

stream habitats in the Leviathan watershed. 

 A group of 6 sample stations was surveyed in June of 2003, and the central 3 stations 

in September of 2003.  The sample sites were located just below the mine on Aspen and 

Leviathan Creeks, on Leviathan Creek just above its confluence with Mountaineer Creek, 

on Mountaineer Creek just above confluence with Leviathan, on Bryant Creek below the 

confluence formed by Leviathan and Mountaineer, and on Bryant Creek near the stateline 

boundary.  The collection periods were selected to represent changing hydrologic 

conditions during spring run-off and fall base-flow, and phenological changes in the 

development of insect populations.  Mountaineer Creek has served as the primary control 

site or reference for biomonitoring throughout the history of this survey program.  A 

topographic map of site locations is shown in Figure 1. 

 

Bioassessment Monitoring and Methods 

 The purpose of the monitoring program described here is to provide biological 

measures of ecological health using the stream invertebrate community as an indicator.  

These data will assist managers in delineating the area impacted by AMD, and establish a 

status condition for continued monitoring of the extent and progress of ecological 

recovery of stream habitat.  Biological structure and function of aquatic ecosystems are 

not always obvious features of the environment, so practical field techniques are needed 

to assess the ecological health of streams.  Aquatic insects and other invertebrates are 

central to the function of stream ecosystems, consuming organic matter (wood and leaf 

debris) and algae, and providing food to higher trophic levels (fish and riparian birds).  

These native organisms also have varying degrees of pollution tolerance and so may be 

used as indicators of water quality and habitat conditions.  For example, distinctive shifts 

in the structure and function of the aquatic invertebrate community can often be detected 



 4

above and below a pollution source.  Such use of the stream invertebrate fauna in 

evaluating stream ecosystem health is known as bioassessment.  This technique uses 

collections of the benthos (bottom-dwelling fauna) to evaluate the relative abundance of 

different taxa, feeding guilds, pollution indicators, and diversity, in order to develop a 

quantitative basis for measuring ecological attributes of the stream.  Monitoring relative 

to reference sites (having little or no impact but similar physical setting), and/or over time 

within subject sites, then permits impact problems or recovery to be quantified 

(Rosenberg and Resh 1993).  Previous studies of AMD impacts on stream communities 

have also utilized macroinvertebrate biomonitoring (e.g., Peckarsky and Cook 1981, 

Chadwick et al. 1986, Vinyard and Watts 1992, Clements 1994, Clements et al. 2000). 

 The approach taken for the set of collections reported here was to use bioassessment 

sampling at a reference site (Mountaineer) for contrast to a core group of impact sites 

located just below the Leviathan Mine AMD source, and above and below the confluence 

with Mountaineer Creek.  Data on the chemical properties of sediments and water from 

each sample site was also collected to aid interpretation of biological patterns but are not 

included in this report.  Trends have shown gradual improvements in biological 

conditions progressing upstream toward the mine site contamination source area (Herbst 

2004).  Previous reports have examined patterns of biological impairment over the 

greater Leviathan Mine watershed including samples from streams above the mine, on 

the receiving waters of the East Carson River above and below inflow from Bryant 

Creek, and on reference streams adjacent to the watershed.  As with previous monitoring, 

sampling was conducted in mid-June and late September, within the index periods 

established for this study. 

 Bioassessment sampling was conducted by collecting benthic invertebrates from 

riffle habitats in shallow stream sections within established survey reaches.  Riffles are 

turbulent flows of water over rocky, shallow stream reaches and contain the greatest 

abundance and diversity of benthic stream fauna.  Samples were taken by kicking and 

flushing organisms by hand from rocks for 20-30 seconds into a 250-micron mesh D-

frame net held just downstream of the 25 x 25 cm sample area (width and depth of the 

net).  Large wood or rock debris was washed and removed from the net and the sample 

procedure repeated at 2 more locations across each riffle transect.  This composite sample 
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from 3 collections was then processed to separate mineral from biological fractions 

(elutriation), the mineral fraction inspected in a shallow white pan, remaining 

invertebrates collected, and the sample preserved in 95% ethanol.  Such a collection 

contains benthic invertebrates in proportion to their relative abundance within the riffle 

sample areas.  Five replicates of these composite kick-samples were taken at each site 

(moving upstream in randomly located riffle transects) for purposes of statistical 

description and comparison.  The invertebrates collected were identified to the lowest 

practical taxonomic level (usually genus, species, or species group except oligochaetes 

and ostracods).  Samples were sorted in the lab, organisms identified and counted, and 

data entered onto an Excel spreadsheet for analysis.  Some dense samples were 

subsampled using a rotating-drum splitter and others were counted in their entirety 

(counts per sample typically averaged between 250-500 organisms).  Reference 

collections of all taxa have been retained for further comparisons of any taxa of uncertain 

status.  This provides a resource that may be used as a reference collection for future 

comparison and verification of identifications.  For more details on sampling methods 

and QA/QC procedures followed for these studies, see:  

http://www.swrcb.ca.gov/rwqcb6/QAPP/QAPP_Index.htm 

 Data were analyzed using descriptive statistics and graphical contrasts among sites 

and by season and time.  The primary metrics used in interpreting community structure 

and biological integrity were based on measures of diversity, tolerance, density, and 

dominance.  Mean taxa richness is a measure of overall taxonomic diversity for each site 

and should increase with heterogeneity of habitat spatial and food resources.  Mean EPT 

richness index is a measure of the diversity of generally sensitive insects belonging to the 

mayfly (Ephemeroptera), stonefly (Plecoptera) and caddisfly (Trichoptera) orders and 

will increase in clean, cold, well-oxygenated waters exposed to minimal chemical 

pollution or habitat alteration (calculated as the sum number of taxa in these groups in 

each sample).  The biotic index is a composite measure of overall community tolerance to 

pollution and will increase (over a scale of 0-10) as water and habitat quality are 

degraded (it is calculated as the product of relative abundance and tolerance value for 

each taxon, summed over all taxa).  The percent midges comprising the sample often 

increase under degraded conditions of water and habitat quality, particularly among 
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certain indicator taxa.  Dominance is a measure of the relative abundance of the most 

common taxon and levels above 50% of the total community often indicate an imbalance 

or disturbance in food or habitat resources that permit one or a few species to dominate.  

Invertebrate density is often quite variable and unreliable as an indicator, but when 

pollution is severe, density of even tolerant taxa can be reduced as stream conditions 

become unsuitable for life. 

 

Results and Discussion 

 From the 2003 surveys there were over 20,000 individual organisms counted and 

identified, comprised of 149 taxa (listed in the Appendix to this report).  In previous 

surveys over this set of sites the most prominent pattern was of poor biological 

performance measures at the sites closest to the mine source area (Leviathan below mine, 

Leviathan above Mountaineer, and Aspen below mine).  Recovery at Aspen Creek below 

the mine, first noted in fall of 1999 as an improved biotic index, continued with the 

accrual of both total taxa and EPT taxa (Figures 2, 3 and 4).  This site was first re-

colonized by opportunistic taxa including the mayfly Baetis and the black fly Simulium, 

followed by the Nemourid stoneflies Malenka and Zapada.  From low levels of 

abundance, the density of invertebrates has gradually increased at this site (Figure 5) 

along with decreased dominance (Figure 6) as a mixed community becomes established.  

Note that for clarity of presentation only the means of the metrics (for the 5 sample 

replicates in each case) are shown in these trend graphs, and seasons have not been 

separated. 

 The Leviathan Creek below site, closest to the mine, shows in 2003 the early signs 

of recovery – increased taxa diversity, EPT numbers, reduced biotic index values, and 

lower levels of dominance by tolerant chironomids, though total density still remains low.  

The next site downstream, Leviathan @Mountaineer (above Mountaineer confluence), 

exhibits further indications of progressive recovery, evident in stabilization of the biotic 

index (as was noted in the initial recovery phase of Aspen Creek) and continued increase 

in diversity and density.  The amount of yellow-boy deposition also appears to be 

decreasing here.  Data on density were included in this report despite the variability in 

this measure (coefficient of variation typically 50-100% or more compared to about 20% 
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or less for most other metrics) because it shows how severely AMD can depress 

biological activity, and because it is an indicator of food resource recovery.  Productive 

streams can also have a great deal of local and seasonal variation in benthic abundance of 

different taxa and this probably accounts for the large differences in density seen in the 

Mountaineer Creek samples over time.  Though there appears to be an increase over time, 

there were no significant differences (large and overlapping CV values). 

  At sites below the mixing zone with clean flows from Mountaineer Creek, biological 

impairment has usually been evident but less marked than at the sites above Mountaineer 

and immediately below the mine.  The Bryant below sample station (sometimes referred 

to as the compliance point) and Bryant middle station (also known as the stateline site) 

appear to be the locations where the most extensive recovery has occurred.  While 

streambed substrates in these areas still show traces and deposits of yellow-boy iron 

oxides, these sites were densely covered by this precipitate when sampling began in 1995 

and 1997.  In the early stages of colonization, these sites still contained elevated numbers 

of some pollution-indicating taxa such as certain midges (e.g. Eukiefferiella claripennis 

grp., Corynoneura sp.), empidids (Chelifera sp.), and mites (Sperchon sp.), but have 

accumulated more total diversity and EPT taxa with time.  The variable trends associated 

with these locations are typical of instable habitats in transitional phases of recovery, but 

suggest environmental improvements are sustaining increased biological health on upper 

Bryant Creek. 

 Annual and seasonal trends for selected sites over the monitoring period 1997-2003 

are presented in most of the figures.  The exclusion of spring 1995 surveys in these cases 

is because the method used then involved collection from only one sample area for each 

of 3 replicates (resulting in low counts), while all other samples from 1997 and after had 

sufficient counts or collected three combined or composited samples for each of 5 

replicates.  The 1995 data will therefore underestimate measures of diversity and 

community composition.  The mean taxa richness (Figure 2) shows that this measure of 

total diversity is typically in the range of 35 to 50 taxa at the Mountaineer reference site, 

and previously less than about 30 at the AMD-exposed sites.  Improving trends are 

recently apparent since 2002 at all sites, including early signs at Leviathan Creek nearest 

the mine.  As conditions improve in AMD-impaired streams, the community may shift 
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from one of low-diversity, inhabited consistently by a few species of very stress-tolerant 

organisms, to a transitional community of instable composition, dominated by “weedy” 

species (opportunistic colonizers such as the mayfly Baetis, and the black fly Simulium) 

and a mix of more sensitive organisms.  As improved water and habitat quality conditions 

persist, this instable phase is expected to be replaced by a more diverse and stable 

community of more equally distributed taxa with varied food and habitat requirements.  

Evidence of such patterns in community structure are present in this data set and should 

become more clear and predictable with further monitoring of trends during the on-going 

restoration of AMD-impaired stream segments. 

 Stages in progressive biological degradation attributable to AMD may be identified 

based on changes in community structure.  About one-third of the total taxonomic 

diversity is found within one family - the Chironomidae or midges.  Within this group are 

some of the best indicators or signal taxa for AMD pollution impact.  Imbalance in 

community structure may first become apparent at moderately polluted sites (or those in 

initial stages of recovery) where Baetis sp. alone may come to dominate >50% of all taxa.  

As severity of AMD exposure increases, Baetis sp. abundance decreases while the 

relative abundance of midges increases.  With further pollution the midge community 

itself comes to be dominated by Corynoneura sp. and Eukiefferiella claripennis sp. 

group.  Other taxa that appear in smaller numbers but are most prevalent at polluted sites 

include the empidid Chelifera sp., the midges Pseudorthocladius sp., Pseudosmittia sp., 

the crane fly Molophilus sp., and the biting midge Monohelea sp. (Ceratopogonidae).  E. 

claripennis dominates where AMD pollution is chronic, and is present only in low 

numbers at unimpaired sites. This species group is a known indicator of degraded water 

quality (Bode 1983).  Recovering communities are first recolonized by opportunistic taxa 

with rapid growth (Baetis and Simulium), and by a more diverse group of moderately 

sensitive taxa that are common and widely distributed (e.g. Malenka, Parapsyche, 

Ceratopsyche, Pagastia, Optioservus).  Dominance by these groups is then reduced as 

other more rare taxa become established with further easing of AMD stress. 
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Conclusions: 

 Bioassessment monitoring in the Leviathan Mine watershed continues to show clear 

and consistent signals of progressive improvement in biological integrity on Aspen and 

Leviathan Creek below the mine.  The sites on Bryant Creek downstream of Mountaineer 

Creek are approaching the reference stream condition in several indicators including 

diversity and tolerance measures.  The instability of community structure and tolerance 

measures over time at these downstream sites of intermediate pollution attests to their 

being in a state of flux as the level of exposure to chemical toxicity changes. 

 Long-term assessment of the biological integrity of streams in the Leviathan Mine 

watershed will require development of a monitoring strategy to optimize data gathering at 

a reasonable cost.  Biomonitoring observations over the past several years (refer to earlier 

reports) provide the following guidance: (1) sampling on the East Carson River has 

revealed no convincing evidence of any current impact from Bryant Creek inflow, (2) 

Bryant lower is impaired by local impacts independent of AMD, (3) Bryant above Doud 

has been within the range of reference indicators for all previous samples, (4) sampling in 

both spring and fall produces some redundant patterns but seasonal shifts in taxa are 

present and effects of remediation treatment activities in the summer may best be 

detected through this within-year seasonal contrast, and (5) the reference sites above the 

mine, on Aspen and Leviathan Creek, are less appropriate locations than Mountaineer 

Creek for establishing standards for biological recovery, but other control stations should 

be sampled to frame the target range for the desired community composition.  Further 

sampling can be made more efficient by changing the monitoring strategy as follows 

(these recommendations revised from Herbst 2002):  

1. discontinue sampling at all East Carson River sites, and on Bryant lower and 

Bryant above Doud stations (though sampling above River Ranch on the East 

Carson may be useful to confirm biological similarity above and below potential 

AMD inputs coming from irrigation return flows at that location) 

2. conduct sampling both during spring and fall at the core 6 sites documented in 

these 2003 surveys (to obtain the most cost-effective resolution of remediation 
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success and track shifts in the aquatic invertebrate community related to flow and 

season effects as well as the timing of treatment activities) 

3. exclude Leviathan and Aspen sites above the mine from regular reference 

sampling but periodically re-sample, and search for other reference sites (some 

potential options: Poison Creek, Monitor Creek above the mining district – before 

reservoir releases in spring, Snodgrass Creek, Pleasant Valley Creek, 

Pennsylvania Creek above mine site) 

 

The following (new) recommendations are also offered for consideration: 

1. In order to interpret how different remediation activities are related to the 

encouraging trends for recovery of stream ecosystems in the Leviathan Mine 

drainage, the biological response patterns need to be coupled to a chronology of 

the timing, locations, and types of operations that have affected the volume and 

quality of treated flow.  This information, along with water chemistry monitoring, 

should provide a basis for evaluating the effectiveness of individual and 

cumulative treatment projects, and correlation of chemical improvements in water 

and sediment with ecological recovery.   

2. Further analysis of bioassessment data should also include (1) measures of 

community similarity between control and impaired streams, and (2) the 

development of a multimetric index that standardizes and combines separate 

indicator metrics into a single measure of biological integrity. 
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Figure 1.  Locations of sample sites surveyed for aquatic invertebrate biomonitoring of 
the Leviathan Mine watershed in 2001 and 2002. 
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Trend in Mean No. Taxa Present
at selected sites in the Leviathan Mine Drainage
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Figure 2.  Mean number of taxa present at each site over time (season and year) for 

selected sites in the Leviathan Mine watershed.  Solid line for reference site, dashed 
lines for AMD-exposed sites. 
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Figure 3.  Mean number of EPT taxa present at each site over time (season and year) for 

selected sites in the Leviathan Mine watershed.  Solid line for reference site, dashed 
lines for AMD-exposed sites. 
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Biotic Index (composite community tolerance)
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Figure 4.  Biotic Index at each site over time (season and year) for selected sites in the 

Leviathan Mine watershed.  Solid line for reference site, dashed lines for AMD-
exposed sites. 
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Figure 5.  Density (number per square meter) of total invertebrates at each site over time 

(season and year) for selected sites in the Leviathan Mine watershed.  Solid line for 
reference site, dashed lines for AMD-exposed sites. 
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Trends in Dominance: Selected Sites
in Leviathan Mine watershed
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Figure 6.  Dominance of the most common invertebrate taxon at each site over time 

(season and year) for selected sites in the Leviathan Mine watershed.  Solid line for 
reference site, dashed lines for AMD-exposed sites. 
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APPENDIX:  2003 Leviathan Mine Stream Invertebrate Monitoring: Taxa List and Count Sums   Spring         Fall     

Class Order Family Genus and species TVs Lm Bm Bb Mr Al La Lm Mr Bb 

INSECTA Ephemeroptera Baetidae Baetis sp. 4 9 106 614 98 490 6 15 94 39 
   Diphetor sp. 5 3 14 1 4 0 0 1 80 4 
   Centroptilum sp. 2 0 3 0 0 0 0 0 0 0 
  Ameletidae Ameletus sp. 0 0 5 0 3 0 0 0 1 0 
  Leptophlebiidae Paraleptophlebia sp. 1 0 63 10 7 1 0 0 15 0 
  Ephemerellidae Serratella spp. (teresa, tibialis, levis) 2 0 4 4 24 14 0 1 62 20 
   Ephemerella (infrequens, inermis) 1 0 1 2 1 0 0 0 0 0 
   Attenella delantala 3 0 0 1 2 0 0 0 0 0 
   Drunella flavilinea 0 0 1 7 20 1 0 0 0 0 
   Drunella grandis 0 0 1 1 1 0 0 0 0 0 
   Drunella spinifera 0 0 0 0 0 1 0 0 0 0 
   Timpanoga hecuba 7 0 0 2 0 0 0 0 0 0 
  Heptageniidae Cinygmula sp. 4 0 0 0 0 0 1 0 40 15 
   Epeorus sp. 0 0 2 1 63 0 0 0 65 6 
   Ironodes sp. 4 0 1 0 11 4 0 6 43 8 
 Plecoptera Nemouridae Malenka sp. 2 407 215 247 89 92 1 11 1 3 
   Zapada sp. 2 9 405 774 175 189 0 92 54 300 
  Capniidae Capnia /Paracapnia +mixed spp. 1 0 2 0 0 10 2 7 17 33 
  Leuctridae Despaxia augusta 0 2 0 0 0 0 0 5 0 0 
  Chloroperlidae Sweltsa sp. 1 4 2 4 6 2 0 3 6 4 
   Suwallia 1 0 0 2 0 0 0 0 0 0 
   Haploperla 1 0 0 0 2 0 0 0 0 0 
  Peltoperlidae Yoraperla sp. 2 0 0 2 0 0 0 0 3 1 
  Perlodidae Isoperla sp. 2 4 0 3 0 18 0 0 0 0 
   Frisonia picticeps 2 0 2 0 1 0 0 0 0 0 
   Kogotus / Rickera 2 0 0 0 0 0 0 0 1 0 
   Skwala sp. 2 0 0 0 0 0 0 9 1 3 
  Perlidae Doroneuria baumanni 1 1 6 3 5 0 0 0 6 5 
   Hesperoperla pacifica 1 0 0 1 2 0 0 0 0 1 
 Trichoptera Rhyacophilidae Rhyacophila acropedes grp. 0 0 5 5 5 8 0 2 7 5 
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2003 Leviathan Mine Stream Invertebrate Monitoring: Taxa List and Count Sums  (continued)   Spring         Fall     

Class Order Family Genus and species TVs Lm Bm Bb Mr Al La Lm Mr Bb 

   Rhyacophila angelita grp. 0 7 0 11 4 0 0 0 0 0 
   Rhyacophila betteni grp. 0 0 0 0 5 0 0 0 3 0 
   Rhyacophila sibirica grp. 0 0 0 0 0 1 0 0 1 6 
  Hydroptilidae Hydroptila sp. 6 0 7 0 0 0 0 1 0 2 
   Ochrotrichia sp. 4 0 3 0 0 6 0 0 0 0 
  Brachycentridae Brachycentrus americanus 1 0 0 1 11 0 0 0 2 0 
   Micrasema sp. 1 0 0 5 64 0 0 1 143 22 
  Glossosomatidae Agapetus sp. 0 0 0 3 5 0 0 0 16 9 
   Anagapetus sp. 0 1 0 2 17 0 0 0 1 0 
   Glossosoma sp. 0 0 0 7 0 0 0 0 5 0 
  Arctopsychidae Parapsyche almota 3 2 1 2 1 1 7 5 3 1 
  Hydropsychidae Ceratopsyche spp. (oslari, cockerelli) 4 10 18 15 71 17 0 774 346 675 
  Lepidostomatidae Lepidostoma sp. 1 0 2 5 1 1 0 6 67 54 
   Lepidostoma cascadense 1 0 0 0 0 0 0 0 0 4 
  Limnephilidae Dicosmoecus sp. 2 2 4 1 0 4 0 0 0 0 
   Amphicosmoecus sp. 1 2 0 0 0 0 0 0 0 0 
   Onocosmoecus 2 0 2 1 0 0 0 0 0 0 
   Psychoglypha sp. 2 2 2 2 0 3 2 0 0 0 
  Uenoidae Neophylax sp. 3 0 0 0 3 0 0 0 10 1 
 Megaloptera Sialidae Sialis sp. 4 15 3 2 0 0 14 17 0 6 
 Coleoptera Psephenidae Eubrianax edwardsi 4 0 0 0 0 0 0 15 10 14 
  Elmidae Lara avara 4 0 0 1 4 0 0 0 4 2 
   Narpus concolor 4 0 6 10 2 1 0 1 14 0 
   Cleptelmis addenda 4 0 0 0 1 0 0 0 0 0 
   Optioservus quadrimaculatus 4 7 69 175 751 67 4 274 1593 290 
   Optioservus divergens 4 0 6 0 179 7 1 9 265 18 
   Zaitzevia parvula 4 0 0 0 1 0 0 19 3 11 
  Dryopidae Helichus sp. 4 0 0 1 0 0 0 1 0 0 
  Hydraenidae Hydraena sp. 5 0 0 0 0 1 0 0 0 0 
   Ochthebius 5 0 0 0 0 2 0 1 0 0 
   Hydrophilidae Ametor scabrosus 5 0 0 0 0 2 0 0 0 0 
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2003 Leviathan Mine Stream Invertebrate Monitoring: Taxa List and Count Sums  (continued)   Spring         Fall     

Class Order Family Genus and species TVs Lm Bm Bb Mr Al La Lm Mr Bb 

  Dytiscidae Agabus sp. 5 1 0 0 0 0 4 0 0 0 
   Stictotarsus striatellus 5 1 0 0 0 0 2 0 0 0 
 Diptera Tipulidae Antocha monticola 3 0 0 0 0 0 0 0 5 0 
   Dicranota sp. 3 6 10 7 4 15 9 1 7 9 
   Limnophila sp. 6 0 0 0 0 0 0 0 1 1 
   Tipula sp. 4 1 0 0 0 1 3 5 0 0 
  Ptychopteridae Ptychoptera 7 1 2 0 1 0 2 0 2 1 
  Psychodidae Pericoma sp. 4 0 0 0 0 0 0 0 95 50 
   Maruina lanceolata 2 1 0 0 0 0 1 0 1 0 
  Tabanidae Tabanus sp. 8 0 0 0 3 0 0 0 2 1 
  Simuliidae Simulium spp. (argus-aureum-canadense++) 6 0 19 0 46 141 6 59 9 21 
   Prosimulium 6 5 0 0 0 0 0 0 0 0 
  Culicidae Culex 8 0 0 0 0 0 4 0 0 0 
  Dixidae Dixa sp. 1 0 0 0 0 13 0 0 1 0 
   Meringodixa 1 0 0 0 0 1 0 0 1 0 
  Ceratopogonidae Bezzia-Palpomyia sp. 6 43 5 9 5 10 9 37 14 19 
   Culicoides sp. 6 3 0 2 1 3 0 1 0 2 
   Forcipomyia sp. 6 1 0 0 0 2 0 0 0 0 
   Ceratopogon sp. 6 18 7 1 0 7 2 4 0 0 
   Monohelea sp. 6 0 0 0 0 0 9 4 0 0 
  Muscidae undetermined sp. 6 2 0 0 0 0 4 0 0 0 
   Limnophora 6 0 0 0 1 0 8 0 0 0 
  Empididae Chelifera sp. 6 10 6 11 2 16 0 9 12 14 
   Clinocera (Hydrodromia) sp. 6 0 0 0 1 1 0 0 0 0 
  Ephydridae Scatella 6 0 0 1 1 0 0 0 0 0 
 Chironomidae Diamesinae Diamesa sp. 6 10 7 5 2 0 3 2 0 5 
   Pseudodiamesa 6 0 0 0 0 0 1 0 0 0 
   Pagastia sp. 1 405 111 151 87 47 12 3 1 5 
  Prodiamesinae Odontomesa sp. 6 0 0 6 0 0 0 0 0 1 
  Tanypodinae Apsectrotanypus sp. 6 2 3 0 0 1 0 0 1 0 
   Larsia sp. 6 0 0 5 15 0 0 1 25 8 
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2003 Leviathan Mine Stream Invertebrate Monitoring: Taxa List and Count Sums  (continued)   Spring         Fall     

Class Order Family Genus and species TVs Lm Bm Bb Mr Al La Lm Mr Bb 

   Pentaneura sp. 6 0 0 2 24 13 0 1 1 0 
   Thienemannimyia grp. 6 5 32 14 14 0 0 15 0 6 
   Zavrelimyia sp. 6 0 0 0 0 1 0 0 0 0 
  Orthocladiinae Brillia sp. 5 4 12 3 2 11 1 1 2 4 
   Cricotopus-Orthocladius spp. 7 441 136 485 44 252 299 181 22 628 
   Cricotopus trifascia grp. 7 0 3 0 0 0 0 0 0 0 
   Corynoneura cf. lobata 6 6 6 0 11 9 10 31 24 7 
   Eukiefferiella brehmi grp. 8 0 0 0 0 0 2 1 0 0 
   Eukiefferiella gracei grp. 8 21 6 95 220 24 0 4 16 36 
   Eukiefferiella claripennis grp. 8 179 2 0 4 35 12 216 3 25 
   Eukiefferiella devonica grp. 8 0 0 0 1 0 0 0 0 0 
   Heleniella sp. 6 7 0 2 12 1 0 0 4 0 
   Krenosmittia sp. 6 0 0 1 0 0 0 0 0 0 
   Limnophyes sp. 8 2 3 0 1 16 14 3 0 1 
   Metriocnemus hygropetricus grp. 6 0 0 0 0 2 0 0 0 0 
   Nanocladius parvulus grp. 3 0 0 0 2 0 1 0 0 0 
   Parakiefferiella sp. 6 0 0 1 0 0 0 0 2 3 
   Parametriocnemus sp. 6 0 5 0 3 32 7 4 9 6 
   Paraphaenocladius sp. 6 0 0 0 1 0 0 0 0 0 
   Parorthocladius 6 0 0 0 0 0 0 0 1 0 
   Psectrocladius sordidellus grp. 8 0 0 0 0 0 15 0 0 0 
   Pseudorthocladius sp. 6 3 0 0 0 0 7 1 0 0 
   Pseudosmittia sp. 6 1 0 0 0 1 8 1 0 0 
   Rheocricotopus sp. 6 0 6 0 0 0 0 0 27 0 
   Smittia 6 0 0 0 0 0 1 0 0 0 
   Thienemanniella cf. xena 6 0 3 0 25 36 0 6 57 65 
   Tvetenia bavarica grp. 5 0 12 0 53 23 7 11 8 17 
  Chironominae Apedilum sp. 6 3 0 0 0 0 16 0 0 0 
   Chironomus 10 0 0 0 0 1 6 0 0 0 
   Cladotanytarsus vanderwulpi grp. 7 0 1 1 0 0 0 0 17 2 
   Micropsectra sp. 7 10 447 42 78 108 66 54 69 92 
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2003 Leviathan Mine Stream Invertebrate Monitoring: Taxa List and Count Sums  (continued)   Spring         Fall     

Class Order Family Genus and species TVs Lm Bm Bb Mr Al La Lm Mr Bb 

   Paracladopelma nereis 6 0 1 1 0 1 0 0 0 0 
   Paratendipes 6 2 2 1 1 0 0 0 0 0 
   Phaenopsectra sp. 7 4 61 0 0 0 1 0 1 1 
   Polypedilum cf. laetum 6 3 0 0 0 3 1 0 0 0 
   Polypedilum cf. scalaenum 6 3 6 3 0 0 0 0 2 1 
   Pseudochironomus sp. 8 0 2 0 0 4 0 3 0 1 
   Stempellinella sp. 4 0 15 10 25 0 0 0 0 0 
   Rheotanytarsus 6 0 0 0 4 0 0 0 0 3 
   Virgatanytarsus 6 0 0 0 1 0 0 8 20 25 
OLIGOCHAETA undetermined undetermined undetermined oligochaete spp. 4 66 84 65 66 18 8 27 81 9 
TURBELLARIA Tricladida Planariidae Dugesia tigrina 4 0 0 1 16 0 0 0 7 1 
CRUSTACEA Ostracoda undetermined undetermined ostracod spp. 8 0 40 7 5 29 0 5 10 2 
BIVALVIA  Sphaeriidae Pisidium sp. 8 0 0 1 9 0 0 0 37 0 
GASTROPODA Pulmonata Lymnaeidae Fossaria 8 0 0 0 0 0 0 0 0 2 
 water mites  Cheiroseius 5 0 0 0 0 0 2 0 0 0 
   Hydrozetes 5 0 0 0 1 0 1 0 0 0 
HYDRACARINA   Atractides sp. 5 16 24 21 21 42 3 10 25 18 
   Hygrobates 5 0 0 1 0 0 0 0 1 0 
   Aturus sp. 5 1 7 11 19 1 0 1 32 17 
   Feltria sp. 5 0 2 1 6 0 0 0 2 3 
   Lebertia sp. 5 12 13 17 12 8 0 22 20 27 
   Protzia sp. 5 0 0 0 0 0 0 1 0 1 
   Sperchon sp. 5 35 1 24 11 37 1 18 13 15 
   Wandesia 5 0 0 0 0 0 1 0 0 0 
   Torrenticola 5 0 1 0 0 0 0 0 0 0 
   Testudacarus sp. 5 0 0 6 19 0 0 2 35 27 

 
TVs = tolerance values (0 = sensitive, 10 = tolerant) 
 
Study Site Location Codes: Lm = Leviathan @/above Mountaineer, Al = Aspen above Leviathan, Mr = Mountaineer reference, 
Bb = Bryant below confluence, Bm = Bryant middle, and La = Leviathan above Aspen 



 

WATER QUALITY STUDY REPORT FOR THE NATURAL RESOURCE DAMAGE ASSESSMENT OF 
SURFACE WATER BELOW THE LEVIATHAN MINE, ALPINE COUNTY, CALIFORNIA AND 

DOUGLAS COUNTY, NEVADA 

(Markin and Yee, 2006) 



Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

LEV 6/13/2002 Hg 0.4 ng/L Total MAR-006

Sta 25 6/13/2002
Alkalinity 
(Bicarbonate) 57 mg/L Total MAR-006

Sta 25 6/13/2002
Alkalinity 
(Bicarbonate) 56 mg/L Total MAR-006

Sta 25 6/13/2002 Cl 1.05 mg/L Total MAR-006
Sta 25 6/13/2002 Cl 1.08 mg/L Total MAR-006

Sta 25 6/13/2002
Carbon, 
Organic 0.8 mg/L Dis MAR-006

Sta 25 6/13/2002
Carbon, 
Organic 0.8 mg/L Dis MAR-006

Sta 25 6/13/2002 pH 7.95 su Lab MAR-006
Sta 25 6/13/2002 pH 7.87 su Lab MAR-006
Sta 25 6/13/2002 SO4 104 mg/L Total MAR-006
Sta 25 6/13/2002 SO4 105 mg/L Total MAR-006

Sta 25 6/13/2002
Carbon, 
Organic 1.3 mg/L Total MAR-006

Sta 25 6/13/2002
Carbon, 
Organic 1.1 mg/L Total MAR-006

Sta 23 6/13/2002
Alkalinity 
(Bicarbonate) 3 mg/L Total MAR-006

Sta 23 6/13/2002
Alkalinity 
(Bicarbonate) 3 mg/L Total MAR-006

Sta 23 6/13/2002 Cl 1.19 mg/L Total MAR-006
Sta 23 6/13/2002 Cl 1.19 mg/L Total MAR-006

Sta 23 6/13/2002
Carbon, 
Organic 0.9 mg/L Dis MAR-006

Sta 23 6/13/2002
Carbon, 
Organic 0.9 mg/L Dis MAR-006

Sta 23 6/13/2002 pH 6.13 su Lab MAR-006
Sta 23 6/13/2002 pH 6.11 su Lab MAR-006
Sta 23 6/13/2002 SO4 343 mg/L Total MAR-006
Sta 23 6/13/2002 SO4 339 mg/L Total MAR-006

Sta 23 6/13/2002
Carbon, 
Organic 1.3 mg/L Total MAR-006

Sta 23 6/13/2002
Carbon, 
Organic 1.3 mg/L Total MAR-006

BRY 6/13/2002
Alkalinity 
(Bicarbonate) 59 mg/L Total MAR-006

BRY 6/13/2002
Alkalinity 
(Bicarbonate) 59 mg/L Total MAR-006

BRY 6/13/2002 Cl 1.87 mg/L Total MAR-006
BRY 6/13/2002 Cl 1.86 mg/L Total MAR-006

BRY 6/13/2002
Carbon, 
Organic 1.1 mg/L Dis MAR-006

BRY 6/13/2002
Carbon, 
Organic 1.2 mg/L Dis MAR-006

BRY 6/13/2002 pH 8.04 su Lab MAR-006
BRY 6/13/2002 pH 8.04 su Lab MAR-006

\\SAC1-FS1\ProjectF$\Project\13000s\13091 Leviathan\4000 Regulatory\4140 RIFS Work Plan\Volume I - Program Work Plan. Working Folder\Appendices\App B\3.1.32 
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

BRY 6/13/2002 SO4 102 mg/L Total MAR-006
BRY 6/13/2002 SO4 103 mg/L Total MAR-006

BRY 6/13/2002
Carbon, 
Organic 1.2 mg/L Total MAR-006

BRY 6/13/2002
Carbon, 
Organic 1.1 mg/L Total MAR-006

Sta 26 6/13/2002
Alkalinity 
(Bicarbonate) 86 mg/L Total MAR-006

Sta 26 6/13/2002
Alkalinity 
(Bicarbonate) 86 mg/L Total MAR-006

Sta 26 6/13/2002 Cl 1.44 mg/L Total MAR-006
Sta 26 6/13/2002 Cl 1.43 mg/L Total MAR-006

Sta 26 6/13/2002
Carbon, 
Organic 1 mg/L Dis MAR-006

Sta 26 6/13/2002 pH 8.25 su Lab MAR-006
Sta 26 6/13/2002 pH 8.3 su Lab MAR-006
Sta 26 6/13/2002 SO4 55.37 mg/L Total MAR-006
Sta 26 6/13/2002 SO4 55.5 mg/L Total MAR-006

Sta 26 6/13/2002
Carbon, 
Organic 1 mg/L Total MAR-006

Sta 26 6/13/2002
Carbon, 
Organic 1.4 mg/L Total MAR-006

Sta 26 6/13/2002
Carbon, 
Organic 1 mg/L Total MAR-006

Sta 15 6/13/2002
Alkalinity 
(Bicarbonate) 3 mg/L Total MAR-006

Sta 15 6/13/2002
Alkalinity 
(Bicarbonate) 3 mg/L Total MAR-006

Sta 15 6/13/2002 Cl 1.45 mg/L Total MAR-006
Sta 15 6/13/2002 Cl 1.43 mg/L Total MAR-006

Sta 15 6/13/2002
Carbon, 
Organic 1.1 mg/L Dis MAR-006

Sta 15 6/13/2002
Carbon, 
Organic 1.1 mg/L Dis MAR-006

Sta 15 6/13/2002 Hg 5.9 ng/L Total MAR-006
Sta 15 6/13/2002 Hg 0.4 ng/L Total MAR-006
Sta 15 6/13/2002 pH 4.74 su Lab MAR-006
Sta 15 6/13/2002 pH 4.77 su Lab MAR-006
Sta 15 6/13/2002 SO4 636 mg/L Total MAR-006
Sta 15 6/13/2002 SO4 749 mg/L Total MAR-006

Sta 15 6/13/2002
Carbon, 
Organic 1.6 mg/L Total MAR-006

Sta 15 6/13/2002
Carbon, 
Organic 1.5 mg/L Total MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 1 6/13/2002 Hg 2.1 ng/L Total MAR-006
Sta 1 6/13/2002 Hg 1.4 ng/L Total MAR-006
Sta 25 6/13/2002 Al 0.0288 mg/L Dis MAR-006
Sta 25 6/13/2002 Al 0.0165 mg/L Dis MAR-006
Sta 25 6/13/2002 Al 1.17 mg/L Total MAR-006
Sta 25 6/13/2002 Al 1.29 mg/L Total MAR-006
Sta 25 6/13/2002 As 0.0007 mg/L Dis MAR-006
Sta 25 6/13/2002 As 0.0007 mg/L Dis MAR-006
Sta 25 6/13/2002 As 0.0067 mg/L Total MAR-006
Sta 25 6/13/2002 As 0.0069 mg/L Total MAR-006
Sta 25 6/13/2002 B 0.0435 mg/L Dis MAR-006
Sta 25 6/13/2002 B 0.0275 mg/L Dis MAR-006
Sta 25 6/13/2002 B 0.023 mg/L Total MAR-006
Sta 25 6/13/2002 B 0.0452 mg/L Total MAR-006
Sta 25 6/13/2002 Cd 0.00002 mg/L Dis MAR-006
Sta 25 6/13/2002 Cd 0.00002 mg/L Dis MAR-006
Sta 25 6/13/2002 Cd 0.00004 mg/L Total MAR-006
Sta 25 6/13/2002 Cd 0.00005 mg/L Total MAR-006
Sta 25 6/13/2002 Ca 38.7 mg/L Dis MAR-006
Sta 25 6/13/2002 Ca 37.9 mg/L Dis MAR-006
Sta 25 6/13/2002 Ca 39.4 mg/L Total MAR-006
Sta 25 6/13/2002 Ca 40.6 mg/L Total MAR-006
Sta 25 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
Sta 25 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
Sta 25 6/13/2002 Cr 0.00031 mg/L Total MAR-006
Sta 25 6/13/2002 Cr 0.00035 mg/L Total MAR-006
Sta 25 6/13/2002 Co 0.0179 mg/L Dis MAR-006
Sta 25 6/13/2002 Co 0.0179 mg/L Dis MAR-006
Sta 25 6/13/2002 Co 0.0206 mg/L Total MAR-006
Sta 25 6/13/2002 Co 0.0203 mg/L Total MAR-006
Sta 25 6/13/2002 Cu 0.0006 mg/L Dis MAR-006
Sta 25 6/13/2002 Cu 0.0005 mg/L Dis MAR-006
Sta 25 6/13/2002 Cu 0.0025 mg/L Total MAR-006
Sta 25 6/13/2002 Cu 0.0026 mg/L Total MAR-006
Sta 25 6/13/2002 Fe 0.213 mg/L Dis MAR-006
Sta 25 6/13/2002 Fe 0.19 mg/L Dis MAR-006
Sta 25 6/13/2002 Fe 3.6 mg/L Total MAR-006
Sta 25 6/13/2002 Fe 0.0374 mg/L Total MAR-006
Sta 25 6/13/2002 Mn 0.641 mg/L Dis MAR-006
Sta 25 6/13/2002 Mn 0.628 mg/L Dis MAR-006
Sta 25 6/13/2002 Mn 0.694 mg/L Total MAR-006
Sta 25 6/13/2002 Mn 0.714 mg/L Total MAR-006
Sta 25 6/13/2002 Mg 11.2 mg/L Dis MAR-006
Sta 25 6/13/2002 Mg 10.9 mg/L Dis MAR-006
Sta 25 6/13/2002 Mg 11.4 mg/L Total MAR-006
Sta 25 6/13/2002 Mg 11.7 mg/L Total MAR-006
Sta 25 6/13/2002 Ni 0.0368 mg/L Dis MAR-006
Sta 25 6/13/2002 Ni 0.0369 mg/L Dis MAR-006
Sta 25 6/13/2002 Ni 0.0416 mg/L Total MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 25 6/13/2002 Ni 0.0425 mg/L Total MAR-006
Sta 25 6/13/2002 K 3.49 mg/L Dis MAR-006
Sta 25 6/13/2002 K 3.49 mg/L Dis MAR-006
Sta 25 6/13/2002 K 3.35 mg/L Total MAR-006
Sta 25 6/13/2002 K 3.77 mg/L Total MAR-006
Sta 25 6/13/2002 Se 0.0006 mg/L Dis MAR-006
Sta 25 6/13/2002 Se 0.0007 mg/L Dis MAR-006
Sta 25 6/13/2002 Se 0.0007 mg/L Total MAR-006
Sta 25 6/13/2002 Se 0.0007 mg/L Total MAR-006
Sta 25 6/13/2002 Na 10.3 mg/L Dis MAR-006
Sta 25 6/13/2002 Na 10.1 mg/L Dis MAR-006
Sta 25 6/13/2002 Na 10.3 mg/L Total MAR-006
Sta 25 6/13/2002 Na 10.6 mg/L Total MAR-006
Sta 25 6/13/2002 Sr 0.369 mg/L Dis MAR-006
Sta 25 6/13/2002 Sr 0.362 mg/L Dis MAR-006
Sta 25 6/13/2002 Sr 0.376 mg/L Total MAR-006
Sta 25 6/13/2002 Sr 0.387 mg/L Total MAR-006
Sta 25 6/13/2002 Tl 0.00092 mg/L Dis MAR-006
Sta 25 6/13/2002 Tl 0.00094 mg/L Dis MAR-006
Sta 25 6/13/2002 Tl 0.00101 mg/L Total MAR-006
Sta 25 6/13/2002 Tl 0.00104 mg/L Total MAR-006
Sta 25 6/13/2002 Zn 0.002 mg/L Dis MAR-006
Sta 25 6/13/2002 Zn 0.0019 mg/L Dis MAR-006
Sta 25 6/13/2002 Zn 0.0085 mg/L Total MAR-006
Sta 25 6/13/2002 Zn 0.0089 mg/L Total MAR-006
Sta 23 6/13/2002 Al 0.0125 mg/L Dis MAR-006
Sta 23 6/13/2002 Al 0.0165 mg/L Dis MAR-006
Sta 23 6/13/2002 Al 0.0141 mg/L Dis MAR-006
Sta 23 6/13/2002 Al 2.92 mg/L Total MAR-006
Sta 23 6/13/2002 Al 2.87 mg/L Total MAR-006
Sta 23 6/13/2002 As 0.0015 mg/L Dis MAR-006
Sta 23 6/13/2002 As 0.0007 mg/L Dis MAR-006
Sta 23 6/13/2002 As 0.0015 mg/L Dis MAR-006
Sta 23 6/13/2002 As 0.0198 mg/L Total MAR-006
Sta 23 6/13/2002 As 0.0199 mg/L Total MAR-006
Sta 23 6/13/2002 B 0.0503 mg/L Dis MAR-006
Sta 23 6/13/2002 B 0.0275 mg/L Dis MAR-006
Sta 23 6/13/2002 B 0.0476 mg/L Dis MAR-006
Sta 23 6/13/2002 B 0.0548 mg/L Total MAR-006
Sta 23 6/13/2002 B 0.0468 mg/L Total MAR-006
Sta 23 6/13/2002 Cd 0.00012 mg/L Dis MAR-006
Sta 23 6/13/2002 Cd 0.00002 mg/L Dis MAR-006
Sta 23 6/13/2002 Cd 0.00012 mg/L Dis MAR-006
Sta 23 6/13/2002 Cd 0.00013 mg/L Total MAR-006
Sta 23 6/13/2002 Cd 0.00014 mg/L Total MAR-006
Sta 23 6/13/2002 Ca 88.9 mg/L Dis MAR-006
Sta 23 6/13/2002 Ca 37.9 mg/L Dis MAR-006
Sta 23 6/13/2002 Ca 89.1 mg/L Dis MAR-006
Sta 23 6/13/2002 Ca 86.7 mg/L Total MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 23 6/13/2002 Ca 86.2 mg/L Total MAR-006
Sta 23 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
Sta 23 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
Sta 23 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
Sta 23 6/13/2002 Cr 0.00081 mg/L Total MAR-006
Sta 23 6/13/2002 Cr 0.00083 mg/L Total MAR-006
Sta 23 6/13/2002 Co 0.0691 mg/L Dis MAR-006
Sta 23 6/13/2002 Co 0.0179 mg/L Dis MAR-006
Sta 23 6/13/2002 Co 0.0684 mg/L Dis MAR-006
Sta 23 6/13/2002 Co 0.0683 mg/L Total MAR-006
Sta 23 6/13/2002 Co 0.0666 mg/L Total MAR-006
Sta 23 6/13/2002 Cu 0.0011 mg/L Dis MAR-006
Sta 23 6/13/2002 Cu 0.0005 mg/L Dis MAR-006
Sta 23 6/13/2002 Cu 0.0012 mg/L Dis MAR-006
Sta 23 6/13/2002 Cu 0.0068 mg/L Total MAR-006
Sta 23 6/13/2002 Cu 0.0071 mg/L Total MAR-006
Sta 23 6/13/2002 Fe 5.53 mg/L Dis MAR-006
Sta 23 6/13/2002 Fe 0.19 mg/L Dis MAR-006
Sta 23 6/13/2002 Fe 5.51 mg/L Dis MAR-006
Sta 23 6/13/2002 Fe 11.3 mg/L Total MAR-006
Sta 23 6/13/2002 Fe 11.3 mg/L Total MAR-006
Sta 23 6/13/2002 Mn 2.28 mg/L Dis MAR-006
Sta 23 6/13/2002 Mn 0.628 mg/L Dis MAR-006
Sta 23 6/13/2002 Mn 2.28 mg/L Dis MAR-006
Sta 23 6/13/2002 Mn 2.25 mg/L Total MAR-006
Sta 23 6/13/2002 Mn 2.23 mg/L Total MAR-006
Sta 23 6/13/2002 Mg 22.6 mg/L Dis MAR-006
Sta 23 6/13/2002 Mg 10.9 mg/L Dis MAR-006
Sta 23 6/13/2002 Mg 22.7 mg/L Dis MAR-006
Sta 23 6/13/2002 Mg 22.1 mg/L Total MAR-006
Sta 23 6/13/2002 Mg 22 mg/L Total MAR-006
Sta 23 6/13/2002 Ni 0.14 mg/L Dis MAR-006
Sta 23 6/13/2002 Ni 0.0369 mg/L Dis MAR-006
Sta 23 6/13/2002 Ni 0.141 mg/L Dis MAR-006
Sta 23 6/13/2002 Ni 0.137 mg/L Total MAR-006
Sta 23 6/13/2002 Ni 0.138 mg/L Total MAR-006
Sta 23 6/13/2002 K 5.04 mg/L Dis MAR-006
Sta 23 6/13/2002 K 3.49 mg/L Dis MAR-006
Sta 23 6/13/2002 K 4.7 mg/L Dis MAR-006
Sta 23 6/13/2002 K 4.72 mg/L Total MAR-006
Sta 23 6/13/2002 K 4.2 mg/L Total MAR-006
Sta 23 6/13/2002 Se 0.0018 mg/L Dis MAR-006
Sta 23 6/13/2002 Se 0.0007 mg/L Dis MAR-006
Sta 23 6/13/2002 Se 0.0017 mg/L Dis MAR-006
Sta 23 6/13/2002 Se 0.0019 mg/L Total MAR-006
Sta 23 6/13/2002 Se 0.002 mg/L Total MAR-006
Sta 23 6/13/2002 Na 15.6 mg/L Dis MAR-006
Sta 23 6/13/2002 Na 10.1 mg/L Dis MAR-006
Sta 23 6/13/2002 Na 15.5 mg/L Dis MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 23 6/13/2002 Na 15.2 mg/L Total MAR-006
Sta 23 6/13/2002 Na 15 mg/L Total MAR-006
Sta 23 6/13/2002 Sr 0.677 mg/L Dis MAR-006
Sta 23 6/13/2002 Sr 0.362 mg/L Dis MAR-006
Sta 23 6/13/2002 Sr 0.678 mg/L Dis MAR-006
Sta 23 6/13/2002 Sr 0.661 mg/L Total MAR-006
Sta 23 6/13/2002 Sr 0.654 mg/L Total MAR-006
Sta 23 6/13/2002 Tl 0.00307 mg/L Dis MAR-006
Sta 23 6/13/2002 Tl 0.00094 mg/L Dis MAR-006
Sta 23 6/13/2002 Tl 0.00313 mg/L Dis MAR-006
Sta 23 6/13/2002 Tl 3.25 mg/L Total MAR-006
Sta 23 6/13/2002 Tl 0.00324 mg/L Total MAR-006
Sta 23 6/13/2002 Zn 0.0211 mg/L Dis MAR-006
Sta 23 6/13/2002 Zn 0.0019 mg/L Dis MAR-006
Sta 23 6/13/2002 Zn 0.0213 mg/L Dis MAR-006
Sta 23 6/13/2002 Zn 0.0258 mg/L Total MAR-006
Sta 23 6/13/2002 Zn 0.0263 mg/L Total MAR-006
BRY 6/13/2002 Al 0.218 mg/L Dis MAR-006
BRY 6/13/2002 Al 0.194 mg/L Dis MAR-006
BRY 6/13/2002 Al 0.355 mg/L Total MAR-006
BRY 6/13/2002 Al 0.38 mg/L Total MAR-006
BRY 6/13/2002 As 0.0041 mg/L Dis MAR-006
BRY 6/13/2002 As 0.0042 mg/L Dis MAR-006
BRY 6/13/2002 As 0.0048 mg/L Total MAR-006
BRY 6/13/2002 As 0.0048 mg/L Total MAR-006
BRY 6/13/2002 B 0.0551 mg/L Dis MAR-006
BRY 6/13/2002 B 0.0311 mg/L Dis MAR-006
BRY 6/13/2002 B 0.0407 mg/L Total MAR-006
BRY 6/13/2002 B 0.0363 mg/L Total MAR-006
BRY 6/13/2002 Cd 0.00001 mg/L Dis MAR-006
BRY 6/13/2002 Cd 0.00002 mg/L Dis MAR-006
BRY 6/13/2002 Cd 0.00001 mg/L Total MAR-006
BRY 6/13/2002 Cd 0.00002 mg/L Total MAR-006
BRY 6/13/2002 Ca 34.6 mg/L Dis MAR-006
BRY 6/13/2002 Ca 33.4 mg/L Dis MAR-006
BRY 6/13/2002 Ca 34.4 mg/L Total MAR-006
BRY 6/13/2002 Ca 34.1 mg/L Total MAR-006
BRY 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
BRY 6/13/2002 Cr 0.00004 mg/L Dis MAR-006
BRY 6/13/2002 Cr 0.00009 mg/L Total MAR-006
BRY 6/13/2002 Cr 0.00007 mg/L Total MAR-006
BRY 6/13/2002 Co 0.00032 mg/L Dis MAR-006
BRY 6/13/2002 Co 0.00032 mg/L Dis MAR-006
BRY 6/13/2002 Co 0.00056 mg/L Total MAR-006
BRY 6/13/2002 Co 0.00058 mg/L Total MAR-006
BRY 6/13/2002 Cu 0.0008 mg/L Dis MAR-006
BRY 6/13/2002 Cu 0.0008 mg/L Dis MAR-006
BRY 6/13/2002 Cu 0.001 mg/L Total MAR-006
BRY 6/13/2002 Cu 0.001 mg/L Total MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

BRY 6/13/2002 Fe 0.132 mg/L Dis MAR-006
BRY 6/13/2002 Fe 0.127 mg/L Dis MAR-006
BRY 6/13/2002 Fe 0.332 mg/L Total MAR-006
BRY 6/13/2002 Fe 0.351 mg/L Total MAR-006
BRY 6/13/2002 Mn 0.0241 mg/L Dis MAR-006
BRY 6/13/2002 Mn 0.023 mg/L Dis MAR-006
BRY 6/13/2002 Mn 0.0362 mg/L Total MAR-006
BRY 6/13/2002 Mn 0.0378 mg/L Total MAR-006
BRY 6/13/2002 Mg 11.7 mg/L Dis MAR-006
BRY 6/13/2002 Mg 11.3 mg/L Dis MAR-006
BRY 6/13/2002 Mg 11.7 mg/L Total MAR-006
BRY 6/13/2002 Mg 11.6 mg/L Total MAR-006
BRY 6/13/2002 Ni 0.00428 mg/L Dis MAR-006
BRY 6/13/2002 Ni 0.00423 mg/L Dis MAR-006
BRY 6/13/2002 Ni 0.00486 mg/L Total MAR-006
BRY 6/13/2002 Ni 0.00476 mg/L Total MAR-006
BRY 6/13/2002 K 5.28 mg/L Dis MAR-006
BRY 6/13/2002 K 5.09 mg/L Dis MAR-006
BRY 6/13/2002 K 5.38 mg/L Total MAR-006
BRY 6/13/2002 K 5.62 mg/L Total MAR-006
BRY 6/13/2002 Se 0.0005 mg/L Dis MAR-006
BRY 6/13/2002 Se 0.0005 mg/L Dis MAR-006
BRY 6/13/2002 Se 0.0005 mg/L Total MAR-006
BRY 6/13/2002 Se 0.0005 mg/L Total MAR-006
BRY 6/13/2002 Na 16.8 mg/L Dis MAR-006
BRY 6/13/2002 Na 16.1 mg/L Dis MAR-006
BRY 6/13/2002 Na 16.7 mg/L Total MAR-006
BRY 6/13/2002 Na 16.4 mg/L Total MAR-006
BRY 6/13/2002 Sr 0.319 mg/L Dis MAR-006
BRY 6/13/2002 Sr 0.307 mg/L Dis MAR-006
BRY 6/13/2002 Sr 0.318 mg/L Total MAR-006
BRY 6/13/2002 Sr 0.314 mg/L Total MAR-006
BRY 6/13/2002 Tl 0.00043 mg/L Dis MAR-006
BRY 6/13/2002 Tl 0.00045 mg/L Dis MAR-006
BRY 6/13/2002 Tl 0.00043 mg/L Total MAR-006
BRY 6/13/2002 Tl 0.00045 mg/L Total MAR-006
BRY 6/13/2002 Zn 0.0013 mg/L Dis MAR-006
BRY 6/13/2002 Zn 0.0032 mg/L Dis MAR-006
BRY 6/13/2002 Zn 0.0021 mg/L Total MAR-006
BRY 6/13/2002 Zn 0.0022 mg/L Total MAR-006
Sta 26 6/13/2002 Al 0.0181 mg/L Dis MAR-006
Sta 26 6/13/2002 Al 0.0193 mg/L Dis MAR-006
Sta 26 6/13/2002 Al 0.233 mg/L Total MAR-006
Sta 26 6/13/2002 Al 0.352 mg/L Total MAR-006
Sta 26 6/13/2002 As 0.004 mg/L Dis MAR-006
Sta 26 6/13/2002 As 0.0039 mg/L Dis MAR-006
Sta 26 6/13/2002 As 0.0056 mg/L Total MAR-006
Sta 26 6/13/2002 As 0.0055 mg/L Total MAR-006
Sta 26 6/13/2002 B 0.0268 mg/L Dis MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 26 6/13/2002 B 0.0304 mg/L Dis MAR-006
Sta 26 6/13/2002 B 0.0309 mg/L Total MAR-006
Sta 26 6/13/2002 B 0.03 mg/L Total MAR-006
Sta 26 6/13/2002 Cd 0.00001 mg/L Dis MAR-006
Sta 26 6/13/2002 Cd 0.00001 mg/L Dis MAR-006
Sta 26 6/13/2002 Cd 0.00002 mg/L Total MAR-006
Sta 26 6/13/2002 Cd 0.00002 mg/L Total MAR-006
Sta 26 6/13/2002 Ca 29.8 mg/L Dis MAR-006
Sta 26 6/13/2002 Ca 29.6 mg/L Dis MAR-006
Sta 26 6/13/2002 Ca 29.9 mg/L Total MAR-006
Sta 26 6/13/2002 Ca 29.6 mg/L Total MAR-006
Sta 26 6/13/2002 Cr 0.00014 mg/L Dis MAR-006
Sta 26 6/13/2002 Cr 0.00013 mg/L Dis MAR-006
Sta 26 6/13/2002 Cr 0.00029 mg/L Total MAR-006
Sta 26 6/13/2002 Cr 0.00027 mg/L Total MAR-006
Sta 26 6/13/2002 Co 0.00027 mg/L Dis MAR-006
Sta 26 6/13/2002 Co 0.00026 mg/L Dis MAR-006
Sta 26 6/13/2002 Co 0.00151 mg/L Total MAR-006
Sta 26 6/13/2002 Co 0.00146 mg/L Total MAR-006
Sta 26 6/13/2002 Cu 0.0007 mg/L Dis MAR-006
Sta 26 6/13/2002 Cu 0.0007 mg/L Dis MAR-006
Sta 26 6/13/2002 Cu 0.0014 mg/L Total MAR-006
Sta 26 6/13/2002 Cu 0.0014 mg/L Total MAR-006
Sta 26 6/13/2002 Fe 0.033 mg/L Dis MAR-006
Sta 26 6/13/2002 Fe 0.0362 mg/L Dis MAR-006
Sta 26 6/13/2002 Fe 0.776 mg/L Total MAR-006
Sta 26 6/13/2002 Fe 0.773 mg/L Total MAR-006
Sta 26 6/13/2002 Mn 0.0131 mg/L Dis MAR-006
Sta 26 6/13/2002 Mn 0.013 mg/L Dis MAR-006
Sta 26 6/13/2002 Mn 0.0747 mg/L Total MAR-006
Sta 26 6/13/2002 Mn 0.0726 mg/L Total MAR-006
Sta 26 6/13/2002 Mg 10.9 mg/L Dis MAR-006
Sta 26 6/13/2002 Mg 0.109 mg/L Dis MAR-006
Sta 26 6/13/2002 Mg 11 mg/L Total MAR-006
Sta 26 6/13/2002 Mg 10.8 mg/L Total MAR-006
Sta 26 6/13/2002 Ni 0.00311 mg/L Dis MAR-006
Sta 26 6/13/2002 Ni 0.00306 mg/L Dis MAR-006
Sta 26 6/13/2002 Ni 0.00571 mg/L Total MAR-006
Sta 26 6/13/2002 Ni 0.00546 mg/L Total MAR-006
Sta 26 6/13/2002 K 2.75 mg/L Dis MAR-006
Sta 26 6/13/2002 K 0.0479 mg/L Dis MAR-006
Sta 26 6/13/2002 K 4.5 mg/L Total MAR-006
Sta 26 6/13/2002 K 4.64 mg/L Total MAR-006
Sta 26 6/13/2002 Se 0.0005 mg/L Dis MAR-006
Sta 26 6/13/2002 Se 0.0005 mg/L Dis MAR-006
Sta 26 6/13/2002 Se 0.0004 mg/L Total MAR-006
Sta 26 6/13/2002 Se 0.0004 mg/L Total MAR-006
Sta 26 6/13/2002 Na 11.1 mg/L Dis MAR-006
Sta 26 6/13/2002 Na 11.1 mg/L Dis MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 26 6/13/2002 Na 11.1 mg/L Total MAR-006
Sta 26 6/13/2002 Na 11.1 mg/L Total MAR-006
Sta 26 6/13/2002 Sr 0.29 mg/L Dis MAR-006
Sta 26 6/13/2002 Sr 0.289 mg/L Dis MAR-006
Sta 26 6/13/2002 Sr 0.293 mg/L Total MAR-006
Sta 26 6/13/2002 Sr 0.289 mg/L Total MAR-006
Sta 26 6/13/2002 Tl 0.00043 mg/L Dis MAR-006
Sta 26 6/13/2002 Tl 0.00043 mg/L Dis MAR-006
Sta 26 6/13/2002 Tl 0.00048 mg/L Total MAR-006
Sta 26 6/13/2002 Tl 0.00047 mg/L Total MAR-006
Sta 26 6/13/2002 Zn 0.0003 mg/L Dis MAR-006
Sta 26 6/13/2002 Zn 0.0004 mg/L Dis MAR-006
Sta 26 6/13/2002 Zn 0.0018 mg/L Total MAR-006
Sta 26 6/13/2002 Zn 0.0018 mg/L Total MAR-006
Sta 15 6/13/2002 Al 3.35 mg/L Dis MAR-006
Sta 15 6/13/2002 Al 3.33 mg/L Dis MAR-006
Sta 15 6/13/2002 Al 8.46 mg/L Total MAR-006
Sta 15 6/13/2002 Al 8.12 mg/L Total MAR-006
Sta 15 6/13/2002 As 0.0313 mg/L Dis MAR-006
Sta 15 6/13/2002 As 0.0314 mg/L Dis MAR-006
Sta 15 6/13/2002 As 0.0605 mg/L Total MAR-006
Sta 15 6/13/2002 As 0.0602 mg/L Total MAR-006
Sta 15 6/13/2002 B 0.0791 mg/L Dis MAR-006
Sta 15 6/13/2002 B 0.0683 mg/L Dis MAR-006
Sta 15 6/13/2002 B 0.0857 mg/L Total MAR-006
Sta 15 6/13/2002 B 0.0727 mg/L Total MAR-006
Sta 15 6/13/2002 Cd 0.00018 mg/L Dis MAR-006
Sta 15 6/13/2002 Cd 0.00018 mg/L Dis MAR-006
Sta 15 6/13/2002 Cd 0.00019 mg/L Total MAR-006
Sta 15 6/13/2002 Cd 0.00018 mg/L Total MAR-006
Sta 15 6/13/2002 Ca 118 mg/L Dis MAR-006
Sta 15 6/13/2002 Ca 115 mg/L Dis MAR-006
Sta 15 6/13/2002 Ca 121 mg/L Total MAR-006
Sta 15 6/13/2002 Ca 116 mg/L Total MAR-006
Sta 15 6/13/2002 Cr 0.00043 mg/L Dis MAR-006
Sta 15 6/13/2002 Cr 0.00045 mg/L Dis MAR-006
Sta 15 6/13/2002 Cr 0.00242 mg/L Total MAR-006
Sta 15 6/13/2002 Cr 0.00242 mg/L Total MAR-006
Sta 15 6/13/2002 Co 0.175 mg/L Dis MAR-006
Sta 15 6/13/2002 Co 0.173 mg/L Dis MAR-006
Sta 15 6/13/2002 Co 0.182 mg/L Total MAR-006
Sta 15 6/13/2002 Co 0.174 mg/L Total MAR-006
Sta 15 6/13/2002 Cu 0.0068 mg/L Dis MAR-006
Sta 15 6/13/2002 Cu 0.0068 mg/L Dis MAR-006
Sta 15 6/13/2002 Cu 0.0077 mg/L Total MAR-006
Sta 15 6/13/2002 Cu 0.0078 mg/L Total MAR-006
Sta 15 6/13/2002 Fe 45.1 mg/L Dis MAR-006
Sta 15 6/13/2002 Fe 43.9 mg/L Dis MAR-006
Sta 15 6/13/2002 Fe 47.5 mg/L Total MAR-006
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Surface Water Results from the Project Database
Markin and Yee (2006)

Leviathan Mine Site
Alpine County, California

Surface Water 
Station

Sample 
Date Parameter Value Units Basis SourceCode

Sta 15 6/13/2002 Fe 45.6 mg/L Total MAR-006
Sta 15 6/13/2002 Mn 5.14 mg/L Dis MAR-006
Sta 15 6/13/2002 Mn 5.02 mg/L Dis MAR-006
Sta 15 6/13/2002 Mn 5.28 mg/L Total MAR-006
Sta 15 6/13/2002 Mn 5.07 mg/L Total MAR-006
Sta 15 6/13/2002 Mg 32 mg/L Dis MAR-006
Sta 15 6/13/2002 Mg 31.3 mg/L Dis MAR-006
Sta 15 6/13/2002 Mg 32.7 mg/L Total MAR-006
Sta 15 6/13/2002 Mg 31.6 mg/L Total MAR-006
Sta 15 6/13/2002 Ni 0.403 mg/L Dis MAR-006
Sta 15 6/13/2002 Ni 0.392 mg/L Dis MAR-006
Sta 15 6/13/2002 Ni 0.403 mg/L Total MAR-006
Sta 15 6/13/2002 Ni 0.397 mg/L Total MAR-006
Sta 15 6/13/2002 K 6.48 mg/L Dis MAR-006
Sta 15 6/13/2002 K 5.87 mg/L Dis MAR-006
Sta 15 6/13/2002 K 6.23 mg/L Total MAR-006
Sta 15 6/13/2002 K 6.76 mg/L Total MAR-006
Sta 15 6/13/2002 Se 0.0013 mg/L Dis MAR-006
Sta 15 6/13/2002 Se 0.0013 mg/L Dis MAR-006
Sta 15 6/13/2002 Se 0.0012 mg/L Total MAR-006
Sta 15 6/13/2002 Se 0.0013 mg/L Total MAR-006
Sta 15 6/13/2002 Na 17 mg/L Dis MAR-006
Sta 15 6/13/2002 Na 16.6 mg/L Dis MAR-006
Sta 15 6/13/2002 Na 17.4 mg/L Total MAR-006
Sta 15 6/13/2002 Na 16.8 mg/L Total MAR-006
Sta 15 6/13/2002 Sr 0.828 mg/L Dis MAR-006
Sta 15 6/13/2002 Sr 0.811 mg/L Dis MAR-006
Sta 15 6/13/2002 Sr 0.852 mg/L Total MAR-006
Sta 15 6/13/2002 Sr 0.816 mg/L Total MAR-006
Sta 15 6/13/2002 Tl 0.00684 mg/L Dis MAR-006
Sta 15 6/13/2002 Tl 0.00683 mg/L Dis MAR-006
Sta 15 6/13/2002 Tl 0.00688 mg/L Total MAR-006
Sta 15 6/13/2002 Tl 0.00701 mg/L Total MAR-006
Sta 15 6/13/2002 Zn 0.0595 mg/L Dis MAR-006
Sta 15 6/13/2002 Zn 0.0596 mg/L Dis MAR-006
Sta 15 6/13/2002 Zn 0.0598 mg/L Total MAR-006
Sta 15 6/13/2002 Zn 0.0607 mg/L Total MAR-006
Notes:

As = Arsenic, B = Boron, Ca = Calcium, Cl = Chlorine, Cu = Copper, Fe = Iron, Mg = Magnesium, Mn = Manganese, Na = 
Sodium, NO3 = Nitrate, PO4 = Phosphate, SO4 = Sulfate, TDS = Total Dissolved Solids, Zn = Zinc, HCO3 = bicarbonate, 
Dis = dissolved, SpC = specific conductivity, uS/cm = microseimens per centimeter, ppm = parts per million, su = 
standard units, mg/L = milligrams per liter

Informaton obtained from database source code MAR-006 within the project database.  The original source was from 
Water Quality Study Report for the Natural Resource Damage Assessment of Surface Water Below the Leviathan Mine 
Alpine County, California and Douglas County, Nevada .  Markine and Yee (2006)
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PRECIPITATION DATA CONTAINED IN THE DATA QUALITY OBJECTIVE REPORT: REMEDIAL 
INVESTIGATION AND FEASIBILITY STUDY, LEVIATHAN MINE, ALPINE COUNTY 

(Atlantic Richfield, 2008c) 
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2.4.2.2 Precipitation 
Precipitation falling both within the watersheds above the Site and directly on the Site provide 
the source of all water flowing at the Site.  A meteorological station was developed on site and 
has been producing data since 2003.  However, the data set is not complete in terms of daily 
precipitation totals, with data missing during 22 of the 42 months for which data are available.  
Because of the short period of record for on-site data and the significant amount of missing 
data within the period of record, other regional data sources and estimates were used to 
estimate potential precipitation at the Site during the scoping evaluation.  

Brown and Caldwell (1983) developed isohyets of precipitation measured at various regional 
meteorological stations to develop an estimate of approximately 14.4 inches for mean annual 
precipitation at the Leviathan Mine Site.  Monthly average precipitation was developed based 
on an assumed relationship between Leviathan and Woodfords, California.  MWH did not 
update this analysis, but noted that the State’s meteorological station was in the process of 
installation.  

A review of the map of mean annual precipitation for California developed by Rantz (1969), 
based on precipitation measured between 1900 and 1960, shows the Leviathan Mine Site is 
falling between the 22.5 and 27.0 inches per year contours, suggesting a much higher mean 
annual precipitation than that estimated by Brown and Caldwell.  This is likely due to the fact 
that simple interpolation methods such as the isohyetal method are not considered accurate 
for mountainous terrain because they do not account for the effects of topography, or the 
angle or direction of various facing slopes on precipitation (e.g, higher elevations within the 
watershed may receive significantly more precipitation, Phillips et al., 1992).  

Techniques are available that attempt to account for variations in topography and other 
variables on climatic parameters.  One widely used method is the PRISM (Parameter-
Elevation Regressions on Independent Slopes Model) climate mapping system, developed by 
Dr. Christopher Daly (http://prism.oregonstate.edu/).  PRISM is a unique knowledge-based 
system that uses point measurements of precipitation, temperature, and other climatic factors 
to produce continuous, digital grid estimates of monthly, yearly, and event-based climatic 
parameters.  The PRISM model is continuously updated to incorporate point data, a digital 
elevation model, and expert knowledge of complex climatic extremes, including rain shadows, 
coastal effects, and temperature inversions. 

PRISM produced precipitation estimates are available for any location in the United States, 
and come as data points on an 800-meter (30-arcsecond) grid of the United States.  Annual 
precipitation estimates developed using the PRISM model were downloaded for the Leviathan 
Mine Site by entering the latitude and longitude of the current on-site meteorological station.  
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Mean monthly and annual precipitation estimates based on data from 1971 through 2000 (e.g., 
30-year normals) are presented in Table 2.  Contours of PRISM estimated mean annual 
precipitations within the broader watersheds are shown on Figure 6.  

As shown in Table 2, the majority of precipitation in the watershed occurs in winter months 
from October through March (25 inches or 79.4 percent of the average annual precipitation).  
Precipitation during these months falls as snow, producing significant snow pack which 
routinely restricts access to the on-site property due to deep snow conditions followed by peak 
runoff periods in April and May.  

In addition to the PRISM estimates for the Site, nearby meteorological stations with long 
periods of record were reviewed.  The graph below shows the average and extreme snow 
depths measured at Markleeville, California.  Under average conditions, snow stays on the 
ground until the end of April, and snow pack begins to develop again in early November.  In 
extreme years, the snow pack has extended into late June and developed in early October.  
Snow depths of over 40 inches are evident in the period of record (snow depths are greater at 
Monitor Pass).  
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The graph below shows snow data from Woodfords, another nearby meteorological station.  
This data shows a very similar pattern of snow pack, with snow continuing into May and 
beginning again in October. 

 
 

The estimated long-term mean annual precipitation for Leviathan was estimated by the PRISM 
model at 31.5 inches per year.  This is slightly higher than the estimate by Rantz, 1969 and 
more than double the estimate developed by Brown and Caldwell.  This illustrates the general 
uncertainty in understanding the actual amount of available water at the Site and within the 
broader Leviathan Creek watershed. 

As noted, data from the meteorological station installed on-site are complete for only 20 
months between 2003 and 2006.  A comparison between precipitation measured during these 
months and estimates from the PRISM model is presented in Table 3.  This comparison 
indicates that on average, PRISM estimates are approximately 59 percent higher than Site 
measurements.   

With the limited available record at the Site, it is difficult to evaluate if Site measurements are 
significantly more accurate than regional estimates based on climate modeling.  For the 
purposes of estimating the Site water balance, the higher (and potentially more conservative) 
PRISM estimates were used in the analysis. 
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2.4.2.3 Short-Term Precipitation Events 
Another important consideration in understanding the Site water balance in relation to ongoing 
Site activities is the potential for short-term storm-related precipitation events and their impact 
on surface water flows.  Twenty-four-hour precipitation return periods have been estimated for 
California by the National Oceanographic and Atmospheric Administration (NOAA) (NOAA 
Atlas 2, Precipitation Frequency Atlas of the Western United States, 1973).  Maps containing 
(http://www.weather.gov/oh/hdsc/currentpf.htm) estimates of 24-hour precipitation return 
periods for the Leviathan Mine Site were reviewed.  The Site and the broader watershed area 
were generally near several precipitation contours on the map, as shown on Figure 7, resulting 
in some uncertainty in accurately reading the maps for the Site.  Therefore, estimates were 
made based on both observing which contour most closely crossed the general Site area, and 
on an estimate of the area-weighted average of contours within the Station 23 watershed.  
Results are presented in Table 4.  

The 100-year 24-hour precipitation for the Site is estimated to range from 7.0 to 7.5 inches 
based on this method.  The maximum daily precipitation total measured at the on-site 
meteorological station during 2003 through 2006 is 1.5 inches, which is significantly lower than 
the estimated 3.0 inches for the 2-year return period.  As before, measurement error and 
biases make interpreting the short period of Site data difficult, and use of the 24-hour 
precipitation estimates from the NOAA Atlas is considered conservative. 

The PMP is generally the maximum depth of precipitation that is physically possible for a 
particular geographic region, and has been estimated for the Site based on procedures 
described in Hydrometeorological Reports No. 58 and 59 (HMR 58 and 59, PMP for California, 
NWS, 1999).  All-season 24-hour PMP maps for California were downloaded in Geographic 
Information System (GIS) format from the NOAA National Weather Service 
Hydrometeorological Design Studies Center Web page 
(http://www.weather.gov/oh/hdsc/studies/pmp.html).  These PMP maps represent estimates 
for watersheds of 10 square miles or greater.  The watershed estimated above USGS gauging 
station 23 is estimated at approximately 10 square miles, and was thus used in the calculation. 

Estimates of the all-season PMP for various storm durations were developed for the Leviathan 
Mine Site based on procedures outlined in HMR 58, and are summarized in Table 5.  

As shown on Table 5, the 24-hour all-season PMP for the Site is estimated at approximately 
12.6 inches.  

For the Site, peak stream flows are generally observed during snow melt occurring in spring.  
Therefore, the maximum available water for a peak event may not be the all-season PMP, but 
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may be derived from a rain-on-snow event during the spring.  Estimates of the maximum rain-
on-snow event were developed based on procedures outlined in U.S. Army Corps of 
Engineers Guidance EM-1110-2-1406, Runoff from Snowmelt.  The method uses the 100-year 
24-hour precipitation, an assumption of unlimited snow available for runoff, and temperature 
and wind speed parameters for the Site.  Using 7.5 inches for the 24-hour precipitation, an 
average wind speed of 5 miles/hour (from Site data), and an assumed temperature of 60 
degrees for the storm, the maximum snowmelt for the 24-hour storm was estimated at 3.3 
inches.  This results in a total available water of 10.8 inches for the maximum rain-on-snow 
event, which is below the all-season PMP of 12.6 inches.  Therefore, the estimated all-season 
PMP of 12.6 inches is considered the maximum potential short-term event for the Site. 

2.4.2.4 Stream Flow 
A key component of the Site water balance is surface water flow entering the Site.  The USGS 
established some short-term daily measurement stations in 1981 and 82, and established a 
number of permanent continuous monitoring stations in 1998.  These stations are shown on 
Figure 7.  Key stations near the Site that have had generally continuous monitoring since 1998 
include Station 1 (Leviathan Creek above the Mine), Station 15 (Leviathan Creek above Aspen 
Creek) and Station 23 (Leviathan Creek above Mountaineer Creek).  In addition, daily flow 
data have been collected at 4L Creek above Leviathan Creek and Station 22 (Aspen Creek 
above the Site) since October 2003.  Monthly average flow rates measured at these stations 
are summarized in Table 6; monthly average stream flows are shown on Figure 8. 

In addition to continuous monitoring stations at and near the Site, several one-time or 
short-term stream flow measurements have been made at the Site.  These data are useful to 
provide a framework for assessing general Site conditions, but generally can not be used 
directly to develop Site water balance estimates. 

While general average conditions may be estimated from the limited stream flow data set from 
continuous monitoring at the Site, the period of record is not extensive enough to accurately 
estimate extreme conditions.  Extreme stream flow and flood conditions are important to 
understand to support remedial design activities and to understand changes in the Site water 
balance during extreme events.  Rough estimates of flood frequency flows from the gauged 
locations were developed using regression techniques outlined in Nationwide Summary of 
USGS Regional Regression Equations for Estimating Magnitude and Frequency of Floods for 
Ungaged Sites, 1993 (USGS, 1994).  The Leviathan Mine Site falls within an area that has two 
different regression techniques; (1) the Sierra Region of the California Statewide Rural zones, 
and (2) the Eastern Sierra Region 5 of the Southwestern United States zone (USGS, 1994).  
Regression equations for various stream flow return periods are provided based on drainage 
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1952 WHI-001 W. White, Nevada 
Department of Health

Letter regarding water samples collected from Aspen and 
Leviathan Creeks (pre-mine)

2 0 0 0 0 0 1 Documents pre-open pit mining surface water quality based on two samples.   One sample was collected from Aspen Creek above the Site and 
one was collected from Leviathan Creek at the bridge downstream of the Site.  One flow measurement collected.

1955 NCR-002

Nevada Dept of 
Conservation and Natural 
Resources (NDCNR), 
Division of Wildlife

Nevada Division of Wildlife Stream Survey - Bryant 
Creek 0 0 0 0 1 0 0

Includes a downstream survey of the Bryant and Barney Riley Creeks in July and September of 1955.  Qualitative measurements made of 
stream quality. Data collected on the number of fish which were shocked during a fish shocking test. No fish were shocked along any of the 
five sections during the test.

1958 COL-001 S.J. Coli Report Leviathan Creek Bioassay 0 0 0 0 25 0 0
A bioassay was conducted in 1958 to investigate the toxicity of Leviathan Creek on rainbow trout.  Four tests were performed on Leviathan 
Creek and two control tests performed on Mountaineer and Dowd Creeks.  All 32 fish tested in Leviathan Creek died after 170 minutes. All 16 
fish at the control sites survived after 48 hours.

1958 REI-001 E Reinke, CA Dept of 
Public Health

Transmittal to RWQCB:  Leviathan Creek water quality 
sample results

104 0 0 0 0 0 0 Five surface water samples were collected on Leviathan Creek to investigate the water quality above the mine, at the mine, and downstream of 
the mine. Samples collected on Sept 27,1957.  Water samples were analyzed for general chemistry and metals.

1968 RWQ-001 RWQCB
Report on Pollution of Leviathan Creek Caused by 
Leviathan Mine 17 0 0 0 0 0 0

Includes a detailed mining history and information on pollution at the Site.  Five surface water samples were collected from a culvert 
downstream of the Site in 1963.  Water samples were analyzed for pH, total iron, and sulphate.    Results supported the issuance of Resolution 
64-3, a Cease and Desist Order for the Site.

1969 LEG-004 John Leggett, RWQCB
Letter:  Transmit RWQCB meeting minutes; Fish and 
Game Report (Sterling P. Davis, 1969) 138 0 0 0 16 0 0

Surface water quality and bioassays were collected from six sampling stations.  The six sample stations included water from the adit, an area 
of "mine drainage from springs" and from the present day USGS surface water Stations 1, 23, 24, and 31.  The surface water quality included 
an analysis of general chemistry and metals. The bioassessment included a survey of bottom organisms (fish food) and an evaluation of 
Leviathan Creek toxicity on rainbow trout.  Report evaluates the length of stream affected by mining activities (7.8 miles) and the estimated 
number of fish lost (227 pounds per year).

1969 NEL-002 Nelson Laboratories for 
RWQCB

Investigation of Soil and Irrigation Water Conditions on 
the Brooks Park - River Ranch

42 0 378 0 0 0 0
Two surface water samples (named BCDD and CCDD) were analyzed for general chemistry and metals.  Soil samples from 6 locations (A 
through F) were collected within the top foot of the surface and analyzed for metals, nutrients, and the percentage of sand, clay, and organic 
material.  All samples were collected on November 11, 1969.  Limited details were available for review.  1

1970 YOU-001
Ralph Young, Agricultural 
Consultant

An Appraisal of the Effects of Contaminants in Irrigation 
Water Derived from Bryant Creek on the Agricultural 
Potential of River Ranch

14 0 68 0 0 0 0

One surface water sample (named BCDD) was collected and analyzed for general chemistry and metals

Four soil sample locations (1C, 2C, 2L, 1L) were collected from the top four inches of the surface.  All samples were collected on on 
September 7, 1970 and analyzed for pH and metals. Limited details were available for review. 1

1975 RWQ-002 RWQCB
Report on Pollution of Leviathan Creek, Bryant Creek 
and the East Fork Carson River caused by the Leviathan 
Sulphur Mine

158 0 0 0 0 0 0

Investigation conducted on Leviathan Creek, Bryant Creek, and the East Fork Carson River.  Provides background history of the mine, and 
presented new surface water quality data.

Water samples were analyzed for general chemistry and metals from five surface water locations (named LEV-ds, Mine Drainage [1], Mine 
Drainage [2], and in the present day locations of USGS Stations 1 and 31).  Samples were collected in December 1968, June and September 
1969, and in July and December 1974.

Results indicate that the surface water quality did not improve between 1968 through 1974 and remained at concentrations that violated the 
discharge requirements.

1977 BUT-001 Richard Butterfield, UNR
The Revegetation Potential of the Leviathan Mine Spoils, 
MS Thesis Univ Nevada Reno 0 0 159 0 0 0 0

Samples were collected from surface soil and analyzed for general chemistry, nutrients, metals, and percent sand, silt, and clay.  Details of the 
sample date, location, or methods were not available for review. 1

1985 HAM-001
D. P. Hammermeister, S.J. 
Walmsley, USGS

Hydrologic Data for Leviathan Mine and Vicinity Alpine 
County, California, 1981-83 3,297 57 0 1,375 39 0 109

Surface water field data included one or more measurements of pH, flow, water temperature, and specific conductance at 45 locations in and 
adjacent to the mine area.   
Stream sediment samples were collected at three surface water stations in May 1983.  These sediment samples were analyzed for metals, 
total carbon, and moisture content.
Subsurface lithology was recorded in 71 vertical borings.  Although not included within the database, the borehole geophysical data provided 
information on moisture content, porosity, density, natural gamma, and temperature logs.  Selected samples were analyzed for mineralogic 
content.  The borings were converted to piezometers, many of which were clustered and screened at different depths.
Groundwater field data were collected from the 71 piezometers between August 1982 through April 1983.  Field measurements included the 
depth to water, hydraulic conductivity, and temperature.  Groundwater samples were analyzed for metals and general chemistry.

1989 BAL-001 James W. Ball, D. Kirk 
Nordstrom, USGS

Final Revised Analyses of Major and Trace Elements 
from Acid Mine Waters in the Leviathan Mine Drainage 
Basin, California and Nevada, October 1981 to Oct 1982

2,412 0 0 0 0 0 64
Revised surface water analytical results of the dataset from the 1981-1983 USGS investigation were presented.  This dataset was reanalyzed 
using a more precise method for quantifying trace metals in surface water that can heavily alter surface water tracer studies.  67 surface water 
samples from 45 locations were re-analyzed.

1997 CLA-002
Vic Claassen and Michael 
Hogan - Univ CA, Davis

Partial Soil Remediation and Revegetation of the 
Leviathan Mine 0 0 773 0 0 0 0

Surface soil samples were collected from 31 sampling locations and analyzed for metals, nutrients, conductivity, pH, and percent of organic 
material.  Samples were collected sometime between 1985/1986.  Limited details were available for review. 1

1998 LAW-001
Stephen J. Lawrence, 
USGS

Trace-Element Enrichment in Streambed Sediment and 
Crayfish, Carson and Truckee Rivers, Nevada and 
California, September 1992

0 28 0 0 29 0 0
11 streambed sediment samples were collected from the Carson and Truckee Rivers and analyzed for metals.  Results were compared to 
bioassays conducted on crayfish.
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1998 SRK-002 SRK Consulting Leviathan Mine Spring 1998 Stream Monitoring Program 2,842 0 0 0 0 0 37
Surface water samples were collected at 9 stream locations during six sampling events conducted between June and July of 1998.  Stream 
locations included stations EFC1, EFC2, and selected USGS surface water sampling stations. Field measurements of flow, temperature, pH, 
were collected at each stream location.  Water samples were analyzed for nutrients, hardness, TDS, total alkalinity, and metals.

1999 ENS-001

ENSR Environmental 
Toxicology Services for 
ARCO Environmental 
Remediation, LLC

Data Report for the Leviathan Mine Study Area Water 
and Sediment Toxicity Testing and Benthic Community 
Data      September 1998 Assessment

498 734 0 0 79 0 0

Surface water samples were collected from 18 locations between September 1998 and October 1999.   Locations included selected USGS 
stations and from discharge points at the Site.   The analyses performed on the surface water samples included measuring the pH, total 
dissolved solids, dissolved oxygen, dissolved organic carbon, and metals.  

Stream sediment samples were collected from 18 locations with the surface water samples and analyzed for total organic carbon, grain size, 
and metals. 

Bioassessments were performed at 14 locations which included selected USGS stations and from discharge points at the Site.  Measurements 
of %C, EPT, HBVI, mean density, total taxa, and a water toxicity test were performed.  Limited details were available for review. 1

1999 SRK-003 SRK Consulting
1998-1999 Data Summary Report Administrative Order 
on Consent Leviathan Mine, Alpine County, California 3,205 0 398 1,293 0 24 46

Surface water samples were collected at 19 stream locations during 10 sampling events between September and November of 1998.  The 
sampling locations included discharge points from the Site (e.g., Adit, seeps, CUD, etc) and selected USGS surface water sampling locations. 
Field measurements of flow, temperature, and pH were collected at each sampling location.  
Water samples were analyzed for nutrients, hardness, TDS, and metals.

200 surface soil samples were collected and analyzed for pH and conductivity.  

15 borings were advanced to observe the subsurface lithology and install monitoring wells (MW-1 through MW-12).  Paired/clustered wells 
were completed in MW-2, MW-5, and MW-10) to compare vertical differences in groundwater quality.

Groundwater samples were collected from the 15 newly installed monitoring wells  and from two of the remaining piezometers (PZ-25 and PZ-
33) (17 wells total).   Groundwater samples were collected on 23 separate events between August 1998 through September 1999.  
Groundwater parameters (pH, temperature, conductivity, TDS) were measured in the field and samples were analyzed for metals. 

Climate data was recorded from a light duty weather station in June 1998 through September 1999.  Temperature, precipitation, and wind speed were recorded.  Climate during the wet season was not recorded.

1999 THO-002
Larry Thompson, Dan 
Welsh, USFW for Atlantic 
Richfield and LMC

Assessments of Injuries to Aquatic Natural Resources 
near the Leviathan Mine, Alpine County, California.  
Phase 1 Data Report:  Concentrations of Metals and 
Trace Elements in Aquatic Insects and Fish

572 0 0 0 442 0 0

The purpose of this study was to determine the concentrations of metals and trace elements in whole aquatic insects, and the muscle and liver 
tissues of fish, collected in surfafce waters downstream from the Leviathan Mine.  

Four surface water samples were collected at 12 stream locations on April 5, 1999.  The sample stations included EFC-Ruhen and selected 
USGS sample stations.  Four water samples were collected at each station and analyzed for metals, acidity, alkalinity, and nutrients.

In September 1998, aquatic insects were collected in 11 stream locations, seven that are downstream of the Site.  In October 1998, fish were 
collected in creeks downstream of the Site.  Samples were analyzed for metal concentrations.

2000 HOF-001
Ray J. Hoffman, Karen A. 
Thomas, USGS

Methylmercury in Water and Bottom Sediment Along the 
Carson River System, Nevada and California, September 
1998

12 4 0 0 0 0 2

Surface water samples were collected from two locations (EFC-Ruhen and EFC-upstr) in September 1998.  Surface water samples were 
analyzed for flow, pH, temperature, mercury, methyl-mercury, and total organic carbon.

Stream sediments were analyzed at these locations and analyzed for mercury and methyl-mercury.  Details not provided.  1

2000 LEH-001 Stafford K. Lehr, CDFG Leviathan Mine Natural Resources Damage Assessment 
Phase I Fisheries Assessment

0 0 0 0 253 0 0 Documents the status of fisheries populations in the Leviathan-Bryant Creek watershed in October 1998. A bioassessment was conducted at 
11 locations and included information on the population of fish in each sections of the watershed.

2000 THO-001 Karen A. Thomas, Michael 
S. Lico, USGS

Data on Stream-Water and Bed-Sediment Quality in the 
Vicinity of Leviathan Mine, Alpine County, California, and 
Douglas County, Nevada; September 1998

982 2031 0 0 0 0 14

Conducted a chemical assessment of streams in the area of Leviathan Mine in September 1998.  Measurements of stream flow, pH, dissolved 
oxygen, temperature, specific conductance, and at most sites alkalinity, bicarbonate, and carbonate at 14 locations.  Surface water samples 
were analyzed for nutrients, major ions, trace elements, and organic carbon.  

Streambed sediments were collected at the same locations and analyzed for major and trace elements, total carbon, inorganic carbon, and 
organic carbon.

2001 HIG-006 Damian K. Higgins

Preliminary Assessment of Fish Community Dynamics 
and Trace-Element Exposures to Aquatic Invertebrates 
and Salmonids, Lower Bryant Creek and East Fork 
Carson River, Douglas County, Nevada, 2001

0 0 0 0 1,026 0 0
Bioassessment of metals in 38 fish tissue samples collected at four locations (BRY, EFC 1, EFC2, EFC-Ruhen) in October 2001.  Limited 
details were available for review. 1
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Bio-
assessment

Data

Climate
Data

Flow
Data Summary

2001 MIL-001
Glenn C Miller, Timothy K 
Tsukamoto, UNR

Operation and Monitoring of Bioreactors at the Leviathan 
Mine 131 0 0 0 0 0 0

Water samples were collected through various parts of the Aspen Seep bioreactor  to optimize and evaluate effectiveness of the system 
modifications.  Samples were collected on 15 different sampling events between January and July of 2001.  Water samples were analyzed for 
pH, TDS, total alkalinity, and metals. 

2002 BRO-004
Brown & Caldwell 
Consultants

Leviathan Mine 2001 Early Response Action, Channel 
Underdrain Treatment Completion Report (with 
Appendices A through F)

232 0 0 0 0 0 0

A treatability study was performed to achieve short-term water quality improvements in Leviathan Creek, to demonstrate continuous lime 
treatment, and to assist in managing solids generated by CUD treatment.  The technology tested included the use of a continuous treatment 
lagoon system using calcium hydroxide (lime) designed for metal hydroxide and metal oxy-hydroxide preciptiation.  

Seven surface water sampling events were conducted between August and September of 2001 to monitor the effectiveness of the treatment 
technology.  Field parameters (e.g., pH, temperature) were recorded and water samples were collected from the influent, effluent, and surface 
of Pond 4 for laboratory analysis.  Water samples were analyzed for total alkalinity, acidity, TDS, sulfate, hardness, and metals. 

2002 FIS-002 Peter Fischer & Mae 
Gustin, UNR

Influence of Natural Sources on Mercury in Water, 
Sediment and Aquatic Biota in Seven Tributary Streams 
of the East Fork of the Upper Carson River, California

0 18 0 0 19 0 0
Seven tributaries were sampled between June and September 1999 to measure the concentration of mercury and methyl-mercury in stream 
sediments and aquatic biota.  Limited details were available for review. 1

2002 KLE-002 Kleinfelder, Inc.,  Reno, NV
Geotechnical Investigation Report:  Phase II Slope 
Stability Investigation, Leviathan Mine Delta Area Waste 
Pile, Alpine County, California

0 0 0 45 0 0 0
Geotechnical investigation on the slope stability of the Delta Area waste pile.  Groundwater elevations were collected from borings B-1 through 
B-9, MW-8, and MW-12 during five events between September and November of 2001.

2006 MAR-006 Melanie J. Markin, 
USFWS; Julie Yee, USGS

Water Quality Study Report for the Natural Resource 
Damage Assessment of Surface Water Below the 
Leviathan Mine, Alpine County, California and Douglas 
County, Nevada

443 0 0 0 0 0 0
Seven surface water stations (BRY, LEV, Sta 1, 15, 23, 25, and 26) were monitored on June 13, 2002 and analyzed for pH, alkalinity, organic 
carbon, nutrients, and metals.  Limited details were available for review. 1

1995-2003 HER-EDR Dr. David Herbst, RWQCB 
and EPA

Electronic Data Report (EDR) - Semi-Annual 
Bioassessment Data

0 0 0 0 981 0 0 Provides (1) semi-annual benthic macroinvertabrate and sediment data, and (2) Field Evaluation and Technical Support (FEATS) data.  Data 
provided between June 1995 through September 2003.

1998-2002 USG-EDR USGS Electronic Data Report - Periodic Flow Measurements 69 0 0 0 0 0 69 USGS surface water flow data collected from Sta 16 and Sta 24 during 40 sampling events between October 1998 through August 2002.

2002-2005 EPA-EDT EPA Electronic Data Transfer (EDT) - Field Evaluation and 
Technical Support (Feats) Data

4,404 813 0 0 0 0 0 RWQCB Mono- and Bi-phasic water quality.  Data provided from June 2002 through Septemeber 2005.

2003-2005 UNR-EDT UNR, for Atlantic Richfield 
Company

Electronic Data Transfer - Aspen Seep Bioreactor Data 2,864 0 0 0 0 0 83 Atlantic Richfield ERA influent and effluent water quality data from Aspen Seep Bioreactors from April 2003 through February 2005.

ONGOING ACE-EDT US Army Corps of 
Engineers

Oversight Summaries 771 0 0 0 0 0 0 Measurements of pH, specific conductance, and temperature of surface water from 17 surface waster stations.  Data provided since June 
2007.

ONGOING ARC-EDT Atlantic Richfield Company Electronic Data Transfer (EDT) - ERA Treatment Data 24,665 0 0 0 0 0 549
Provides (1) influent and effluent water quality and sludge data from the Pond 4 CUD/DS Treatment System and (2) influent and effluent water 
quality and sludge data from the Aspen Seep Bioreactors Treatment System.  Data provided since 9/13/2001

ONGOING NDE-EDT Nevada Dept of 
Environmental Protection

Electronic Data Transfer - Surface Water Quality Data 9,525 0 0 0 0 0 136 Ongoing data collection.  Surface water sampling along the East Fork Carson River and Sta 26.  Data provided since January 1977.

ONGOING USG-PUB USGS Published Flow Data 5 0 0 0 0 0 42,106 USGS flow data collected between April 1994 through the present.

ONGOING RWQ-EDT RWQCB Electronic Data Transfer - Surface Water Quality, ERA 
Treatment, and Climate Data

46,101 293 0 73 0 432 378
Ongoing data collection.  Provides (1) comprehensive surface water quality monitoring data (monthly and semi-annual), (2) influent and effluent 
water quality and sludge data from the Biphasic Treatment System of Adit and Pit Underdrain (PUD) flows, (3) Site climate data, and (4) 
groundwater quality monitoring data (MW-3).  Data provided since August 1984.
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ABSTRACT
The Leviathan Mine 1s an abandoned open-pit sulfur nine, located on the

tastern slope of the Sierra Nevada Mountains at an elevation of 7,000 feet 1n
Alpine County. California. The entire ailne site 1s over SOO acres. Disposal
of alne tailings In the area surface waters and the generation of Acid Mine
Drainage (AMD) degraded downstream water quality and destroyed downstream
beneficial uses.

The California State Water Resources Control Board (State Board) obtained
over six million dollars to remediate the pollution. The constructed project,
designed to control approximately 75 percent of the pollution, was completed
1n 1985. The project consisted of relocating and regradlng one million yards
of tailings, constructing 11.4 acres of evaporation ponds, channelizing
streams to prevent contact with mine tailings constructing 17,000 feet of
drainage ditches to prevent stormwater Infiltration and revegetating the site.

Moderate Improvements to water quality have been documented. However,
AMD seeps, pond overflows, and sedimentation/erosion continue to Impair water
quality. Adequate success with re vegetation was not achieved, resulting In
erosion of the mine tailings.

The State 1s currently exploring the feasibility of Improving water
quality through the treatment/control of AMD discharges, construction of non-
point source controls, end through additional efforts at revegetatlon.

Keywords: abandoned open-pit nine reclamation, tailings, acid mine drainage
(AMD), non-point source, pH, sulfur, Iron, arsenic, nickel, total dissolved
solIds (TDS), aluminum, Alpine County, California



INTRODUCTION AND BACKGROUND
The Leviathan Mine Is an abandoned open-pit nine on the eastern slope of

the Sierra Nevada Mountains at an elevation of 7000 feet In Alpine County.
A location nap 1s shown on Figure 1. The site Is drained by Leviathan and
Aspen Creeks which are tributary to Bryant Creek and* eventually, to the East
Fork Carson River. The East Fork Carson River 1s a najor western Nevada water
supply source which 1s relied on heavily for agricultural Irrigation supply,
for fish and wildlife habitats, and for recreational benefits (rafting).

The nine was Initially developed 1n 1863 as a source of copper sulfate
for the processing of silver ore at the Comstock Mines In Virginia City,
Nevada. By 1872, work on the property came to a standstill-due -to lack of
copper and an over-abundance of sulfur. When abandoned, the nine consisted
of two adits connected by a vertical raise, the lower adit being 1000 feet 1n•

length located 200 feet below the upper adit. During this period, Leviathan
Creek just below the nine area showed slight discoloration due to seepage of
water from the canyon walls. The water from the nine area contained high
concentrations of sulfur and Iron, but the quantities of pollutants were not
such as to significantly affect water quality. Bryant Creek at this time was
a natural unpolluted stream which supported a natural fresh water flora and
fauna and a healthy trout population.

The nine was reopened from 1935 to 1941 to develop the sulfur body by the
Calplne Corporation of Los Angeles through a sublease from Texas Gulf Sulfur
Company. An extensive system of tunnels, drifts, and rises was constructed.
In 1941, the Calplne Corporation gave up Us sublease and the property
reverted to Texas Gulf Sulfur Company. No degradation of Bryant Creek
occurred during this period.
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f Extensive degradation of the site and of the surface waters resulted from
operations that occurred from 1951 through 1962 under the ownership of the
Anaconda Copper Company (which has since become i wholly-owned subsidiary of
the ARCO Products Company) for the mining of sulfur used to process copper ore
at Us Yerlngton, Nevada, facility. The first fish Mil occurred 1n the
Carson River and Bryant Creek In 1952 when an old mine shaft was opened,
discharging a large quantity of highly acid and toxic waste Into Leviathan
Creek. In 1954, Anaconda began operation of the mine as an open pit without
developing a comprehensive plan for disposing of the mine tailings or for
reclaiming the site. Many of the old mine workings were removed, and the
overburden material (high 1n sulfur content) was hauled to the nearest
location. At first, this meant hauling the material Immediately north of the
open pit, but eventually the disposal extended Into the Leviathan Creek

•

channel. Figure 2 shows the locations of the disposal and mining areas. The
overburden placement eventually dammed the creek and caused the water to seep
through the overburden pile. Surface runoff from snowmelt and precipitation
became contaminated by contact with over twenty two million tons of low-grade
sulfur ore. This runoff became acidic and leached toxic quantities of heavy
metals from the ore. *

The pollution problem became progressively worse, and In 1959 a second
fish kill occurred along 10 miles of the Carson River below the confluence of
Bryant Creek. An estimated 10,000 to 20,000 non-game fish were reported
killed; however, only a few dead trout were found, Implying that the trout had
been driven from Bryant Creek and a 10 mile stretch of the Carson River by
toxic substances discharged continually from the mine from 1953 to 1959.

The fish kill prompted Anaconda to proceed with some corrective measures.
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J
These Included Installing i diversion pipe to carry*Leviathan Creek around the

v overburden pile and detaining • portion of the seepage from the «1ne and
tailings In ponds for release during periods of high flows. However, when the
California Regional Vater Quality Control Board • Lahontan Region (Regional
Board) requested Anaconda to apply for • permit, the Anaconda Company sold the
vine and removed the treatment and disposal facilities. Anaconda left behind
• 245-acre site covered with spoil material, which Included a 50-acre open pit
(up to 350 feet of overburden had been removed), a 26-acre waste dump over 130
feet deep, and a 100-acrt active landslide. The landslide was attributed to
super-saturated undisturbed (by mining) material which constantly received an
Influx of Infiltrating water from the ungraded spoil area of the Leviathan• »

Nine. The pollution problem became steadily worse. The water quality data
from this period are discussed below. It has been suspected that the
pollution from the mine resulted In below-average crop growth ind higher

(' livestock mortality on downstream agricultural lands 1n Nevada. (Historical
data from the Regional Board's "Report on Pollution of Leviathan Creek, Bryant
Creek, and the East Fork Carson River Caused by the Leviathan Sulphur Mine".)

CONSTRUCTION OVERVIEW
Pre-Project Work

In 1978, California voters passed the Clean Hater and Hater Conservation
Bond Act (State Assistance Program, SAP), and the Regional Board later
obtained $3.76 nil lion from this bond act to address the Leviathan Mine
problem. In April, 1983, the Regional Board voted to file suit against ARCO
under the Federal CERCLA legislation (Comprehensive Environmental Response,
Compensation, and Liability Act). Negotiations, In-lleu of litigation,
proceeded, and ARCO agreed to a $2.337 million settlement 1n July, 1983.



The Regional Board contracted with the consulting firm of Skelly and Loy
1n 1979 to develop a feasibility study for the abatement of pollution from the
Leviathan Nine. The report Identified five discrete problem areas at the
»1ne: (1) the open pit and spoil areas, (2) the mine tunnels, (3) the waste
dump, (4) site drainage, and (5) the landslide area (see Figure 2). The open
pit and spoil areas prohibited adequate site drainage and promoted
precipitation and snow melt Infiltration Into the spoils. Water Infiltrating
the spoils of the Inadequately drained pit floor entered the workings of the
mining tunnel, flowed through the tunnel, became degraded by tunnel materials,
and seeped though spoils covering the tunnel mouth. The waste dump was eroded
by the adjacent Leviathan Creek. Creek waters infiltrated the tailings where

* *

the two were In direct contact, percolated though the tailings, leached toxic
materials, and discharged on the downstream side of the dump. Leviathan and
Aspen Creeks both eroded and Infiltrated the site spoil materials. The
landslide area was also continually eroded by both streams.

The report recommended regradlng the open pit and diverting runoff from
the open pit, sealing the opening of the mine tunnel, reconstructing Leviathan
and Aspen Creek channels In place (versus relocating the channels), removing
the waste dump and placing the material In a clay-lined open pit, and removing
the landslide material to cover the pit, spoil, and mine tailings.

The Regional Board then contracted the U.S. Geological Survey (USGS) to
do a complete hydrogeotechnlcal Investigation of the mine site. The
objectives of the USGS Investigation were to characterize the surface-water
quantities at the mine site and 1n the Leviathan Creek and Bryant Creek
drainages, to characterize the surface-water quality at the mine and 1n the
area surface waters, to characterize the shallow ground water system at the



vine, to define the major geochemlcal processes producing tdd nine discharge,
• VV and to i1d 1n the determination of pollution source areas.

Project Selection
The Regional Board hired Brown and Caldwell Consulting Engineers to

design a pollution abatement project. The Regional Board's goal was to
restore water quality of Leviathan Creek to conditions as near as possible to
those which existed prior to Mining activity, within the limitations of
available funding. The Regional Board also requested that the project be
designed to be as maintenance-fret as possible.

Brown and Caldwell developed a •Recommended Project" within the limits
• *

of available funds (which at the time consisted only of the $3.76 million SAP
grant), and a 'Maximum Feasible Pollution Abatement Project" not constrained

••

by funding. Major elements of the recommended project were:
i
1 1. Channelizing Leviathan Creek. Realignment of 1900 linear feet of

the creek channel would redirect the creek and prevent Us
contamination by passage through mine waste materials. The use
of a sealed channel would prevent acid groundwater seepage from
entering the channel through the sides and bottom.

«

2. F1TMno and reoradlno the open pit. Construction of compacted

terraced surfaces and sealed surface drainage channels would
Increase the quantity and Improve the quality of surface drainage
from the pit. Open channels would be constructed to carry runoff
rapidly to the bottom of the pit. A pipeline would be Installed
to carry surface drainage from the pit to Leviathan Creek.
Approximately 380,000 cubic yards of fill would be required.

, 3. Constructing on-s1te evaporation ponds. Evaporation ponds would



t J 1
be constructed on-s1te to receive subsurface drainage collected \
by a vine pit and adit underdraln system. Ponds would be lined

i

with heavy and durable plastic nembranes to prevent groundwater ' '
degradation. A total of 15 acres of ponds would be constructed
on-slte. The •vaporat1on pond area would not be sufficient to
dispose of all the subsurface drainage; therefore, discharge of

•

contaminated water would occur In the early- to Bid-spring period
of average water years..

4. Excavating and rggradino the waste dump. The waste dump would be
rtgraded to eliminate erosion and Infiltration. Excavated
materials would be used as fill for earthwork planned for the mine
pit and other areas. Approximately 472,000 cubic yards of

* *

material would be removed.
5. ftegradlno Spoil Area A and drainage work. (See Figure 2.) This

would Involve regradlng surface depressions and constructing
surface drainage channels to Improve drainage. Improved surface
drainage would reduce Infiltration.

The recommended project was expected to reduce the annual mean Total
Dissolved Solids (TOS) load from the nine site by an estimated 79 percent.
The construction bid price for the project was estimated at $2.8 million 1n
1983, with an average annual cost for project maintenance of $10,500 for the
first five years.

The maximum feasible project Included an additional 2.7-acre evaporation
pond to completely contain all AND; replacement of the deep limestone

*

underdraln system In the mine pit with a shallower rock underdraln at the
mouth of the pit (because of unknown groundwater flow and soil characteristics



beneath the pit); extreme regradlng and filling of the pit to reduce
subsurface flow; and construction of open drainage channels on fill slopes
and pit floor In Heu of pipeline transport to further reduce AMD generation.
The auuclnum feasible pollution abatement project was expected to reduce the
annual mean IDS load from the nine site by 85 to 90 percent. The estimated
construction cost was $5.8 Billion, with an average annual cost of $92,000 for
the first five years (the design Included extensive revegetation work).

Brown and Ctldwell evaluated a number of other project alternatives that
fell Into two categories • pollution source control and pollution discharge
control. The pollution source control alternatives Included upgradlent
Interception of the groundwater, Interception of adit flow before
contamination, clay or soil-cement seals and synthetic liners to prevent
Infiltration of contaminated or uncontamlnated water Into the ground, and
biochemical or chemical deoxygenatlon of groundwater upgradlent of the site
to Inhibit the formation of sulfurlc acid during water contact with ore-
bearing spoil Materials. Pollution discharge control alternatives Included
sealing the adit, on-$1te chemical treatment of AMD, and exportation of AMD
offsite to evaporation/holding ponds 1n Nevada.

*

The Regional Board Initially chose the maximum feasible project, since
they would be pursuing recovery of funds from ARCO under the Federal Superfund
Legislation. However, In April 1983, the Regional Board selected the
recommended project for several reasons: there was no guarantee of additional
funds as a result of the ARCO suit, SAP grant funds Might be disencumbered If
not used, and delaying the project would tscalate costs further. The Regional
Board supported doing as much work as resources would allow at the site rather
than allowing continued pollution.



J
Project Construction

In August, 1983, project construction began. Site conditions were much
worse than anticipated. Acidic seeps and springs were found In aiany locations
throughout the construction area. The channelization of Leviathan Creek had
to be redesigned and elevated due to these seeps. The seeps below the channel
were collected In a gravel underdraln and discharged directly to the creek.
Site constraints Bade It 1 epos$1 bit to allow discharge to an evaporation pond.
Rainfall aude the site unworkable due to the heavy mid produced from the
tailings. The construction season had to tnd by November 15th for the two«
years of construction.

The settlement with ARCO allowed for «any Improvements io the original
design. 17,000 feet of drainage ditches were changed to concrete from soll-
cement. A fifth evaporation pond was added (but only a total of 41.4 acres
of ponds could be built due to limited stable areas at the site). Additional
AMD seeps were captured and routed to the evaporation ponds. Additional funds
were available to Install an Intensive re vegetation project. Project
construction was completed In 1985 at a cost of $4,172,000. Figure 3 shows
a schematic of the completed project.

•

POST-PROJECT CONDITIONS
Current Water Quality Conditions

The Regional Board has conducted routine awnltorlng it Leviathan Mine
since project completion 1n order to evaluate the effectiveness of the control
erasures, and to determine the overall quality of the Leviathan Creek
watershed. Monitoring Is conducted for pH, total dissolved solids, sulfate,
aluminum, arsenic. Iron, tnd nickel. Some of the data collected through this
awnltorlng program are compared with pre-project data In Figure 4. Results
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of monitoring it Bryant Crtek represent the water quality leaving the
watershed after dilution of Leviathan Creek by Aspen and Mountaineer Creeks,
which are relatively uncontanlnated.

Because of the Inaccessibility of the site, nost Bonltorlng has been
conducted In sinner or tarly fall. Very little Information has been gathered
during the winter or spring runoff periods (when the evaporation ponds are
known to overflow). For this reason, the post-project data represent baseline
or "normal" conditions for Leviathan Creek and do not reflect the seasonal
Influence of evaporation pond overflows. Comparisons of pre- versus post-
project conditions are limited because of the relative scarcity of pre-project
data. Finally, drought conditions have persisted 1n California during most
of the post-project monitoring program, and the effect of the drought on the
monitoring results 1s unknown.

Despite these limitations, the data suggest a moderate Improvement 1n
the water quality of the Leviathan Creek watershed. Although Leviathan Creek
remains degraded, Bryant Creek generally meets the recommended standards for
supporting a variety of uses. Table 1 presents a comparison of post-project
monitoring results for Leviathan and Bryant Creeks, with a variety of

*

recommended water quality criteria (recommended criteria are collated In the
1983 Brown and Caldwell report).

Sources of Ongoing Hater Quality Problems
Ongoing water quality problems are from three sources: 1) uncontrolled

springs and seeps; 2) evaporation pond overflows; and 3) erosion of tailings
Into the creek channel. Limited monitoring data Indicate that the underdraln
seep may be the greatest pollution source to the creek, and additional seeps



TABLK 1.
VfVTER QUALITY COMPARED TO RECOMMENDED
CRITERIA FOR LEVIATHAN AND BRYANT CREEKS

PH

Total
Dissolved _ ,. .
Solids Sulfa*«Tmg/l) (mg/l)

Alttmlnum Arsenic Iron Nickel
(mg/l) (mg/l) (mg/l) (mg/l)

Leviathan Creek
(Post-project Median) 4.9 1,287 670 16 O.OS4 122 0.74

Bryant Creek
(Post-project Median) 7.0 242 89 0.006 4.9 0.10

Recommended Water Quality
Criteria—Cold Fresh Water
Habitat (Chronic)

6.6-9.0 2.000 0.04 0.066

Recommended Water Quality
Criteria—Cold Fresh Water
Habitat (Acute)

6.6-9.0 2.000 0.44 1.0 1.1

Recommended Water Quality
Criteria—Agricultural Supply
Irrigation

4.6-9.0 700 200 6.0 0.10 6.0 0.20

Recommended Water Quality
Criteria—Agricultural Supply
Livestock Watering 4.6-9.0 2.600 600 0.20



occur along Leviathan Creek downstream of the channel. Of the 8.1 million
^ gallons of AMD that 1s estimated to be generated every year, approximately 3

•Illlon gallons of partially concentrated AMD 1s flushed from the evaporation
ponds Into the Leviathan Creek during the spring runoff period of an average
water year. (However, Increased seasonal flows of the creek help to dilute
the discharge.) Finally, the lack of vegetation at the site (discussed below)
Increases the erosion of the Mine tailings Into both Leviathan and Aspen
Creeks.

Assessing the relative contributions of seeps, overflows, and erosion to
the ongoing problems at the Mine has been difficult because of the
Inaccessibility of the site during winter and spring and because of the lack
of needed data. Regular chemical analysis of pond overflows and visible
seeps, over a sufficient time period, Is still needed. Flow measurements
which are critical to a careful analysis of the situation are needed, but they
are often difficult to obtain at the site.

Non-Point Source Control
At the completion of the construction, an Intensive revegetation effort

was conducted at the Mine In order to dewater the Mine spoils and to help
stabilize the slopes. A contracted study [Lelser] concluded that the
prospects for successful re vegetation of the Leviathan Nine were good. The
study analyzed the typical precipitation patterns of the site, and the water
holding capacity and the acidic and toxic contents of the mine spoils. All
conditions were adequate to support vegetation. The consultant studied
twenty-five woody species Immediately adjacent to the Mine site as potential
revegetatlon candidates. Test plots with several of these species Indicated
that a 69 to 92 percent survival rate could be expected. The report also



stated that experience with grass species had been poor, tnd any revegetatlon
attempt with grasses would require in on-going fertilization program.

The Regional Board entered Into a tentative agreement with the U.S.
Forest Service (USFS) whereby the USFS would take over the site once It became
stabilized. The USFS Range and Experiment Station In Utah designed a
revegetatlon effort that emphasized grasses, against the recommendation of
State rtvegetatlon experts. However, woody species were also Included 1n the
design. The Regional Board allowed the USFS to proceed with the designed
revegetatlon effort, assuming that the USFS would assume title to the land.
The grasses-subsequently failed to survive, but woody species showed promise
for future revegetatlve efforts. The USFS has since declined to take over the
site.

••

The lack of adequate vegetative cover at the Leviathan Mine has left
acres of eroding slopes which threaten to choke the mine's pollution abatement
facilities with sediment, jeopardizing their function as well as undermining
their structural stability. The road system at the site has little drainage
control and 1s contributing to the erosion and sedimentation problem. The
eroding slopes and resulting contaminated sediment loads also endanger the
restoration of beneficial uses of the Leviathan Creek system. Revegetatlon
consultants to the Regional Board believe that a successfully Implemented
revegetatlon project would greatly reduce the threat to pollution abatement
structures, avert treatment failure, and further reduce pollutant loading to
the Leviathan Creek system from the sediments. A successful revegetatlon
project would also lessen the percolation of precipitation through the
tailings, reducing the generation of AMD seeps and enhancing the restoration
of the beneficial uses In the Leviathan Creek system.



Federal Requirements
Tht U.S. Environment!! Protection Agency (EPA) has recently placed the

Leviathan Nine on the Federal Clean Water Act Section 304(l)(l)(b) Short List.
The EPA will assume permitting authority for the Leviathan Mine and will Issue
an Individual Control Strategy (ICS) for the nine. The permit will require
compliance with effluent Units, based on State water quality standards, for
arsenic and nickel within three years. Regional Board staff will coordinate
with the EPA tnd other Interested agencies 1n development of the ICS.

PROPOSALS
The Leviathan Nine 1s one of the highest priority water-quality problems

now facing the Regional Board. The Regional Board recognizes 'the severity of
water quality Impacts that still emanate from the mine and Is committed to
reducing them. Potential projects that are currently being considered by the
Regional Board to control existing sources of pollution are:

1. Control Eroding Slopes and Mine Tailings.

Implement a comprehensive slope stabilization and revegetation
program using plants tolerant to on-slte acidic soil and low water
conditions.

2. Control Roadside Drainage and Erosion.
Regrade roads for proper drainage and Install drainage control and
treatment structures. The Integrity of the roads will be
Maintained while erosion and sediment transport to streams will
be reduced.

3. Control Excess AMD.
The Regional Board Is currently seeking expertise for methods to
control AMD. Options Include artificial wetlands to reduce the



pollution loading to trta surface waters; tn additional holding
pond to contain AMD overflow from the existing evaporation ponds;
and/or • wastewater treatment system to treat AMD overflows from
the existing evaporation ponds to Leviathan Creek.
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Leviathan Mine 5-Year Workplan

I. Introduction

This report describes a five year workplan that the Regional Water Quality Control
Board, Lahontan Region (Regional Board) believes will best address the water quality
problems remaining at Leviathan Mine. The workplan defines positive steps toward
achieving the Regional Board's overall goal: the restoration of all beneficial uses to
Bryant Creek, with significant improvements to Leviathan and Aspen Creeks. Future
regulatory action for Leviathan Mine should incorporate this workplan.

The five year workplan also serves as a site management plan that outlines
maintenance, inspections, and monitoring requirements. Erosion, vandalism, project
aging, and acid mine drainage discharges create these constant needs. This document
establishes a baseline program for maintenance, site inspections, and monitoring
required to protect the project improvements and comply with the requirements of the
Toxic Pit Cleanup Act Exemption granted to the SWRCB by the Regional Board
(Resolution No. 89-204).

In addition to the proposed workplan, this report contains descriptions of the Leviathan
Mine site, mining operations, early monitoring efforts, the design and construction of
the Regional Board's Leviathan Mine Pollution Abatement Project, and post-project
water quality. Substantial background information has been included in this workplan
to establish a common understanding of the site. Though direct inspection of
Leviathan Mine offers valuable insight, true appreciation requires knowledge of
information buried in the voluminous project files, and recollections of staff who
observed the site before and during construction of the pollution abatement project.
Most would agree that Leviathan Mine is an impressive site with many facets that do
not lend themselves to simple or complete solutions.
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II. Site Description

Leviathan Mine lies within the Bryant Creek (interstate) watershed, at an elevation of
7,000 feet (Figure II. 1). Leviathan Creek flows north across a southwestern portion of
the disturbed mine site and Aspen Creek flows northwest along the northeast border of
the overburden piles and landslide. Both receive surface runoff, and subsurface flows
from the site, while only Leviathan Creek receives continuous underdrain discharge and
seasonal pond overflows. Aspen Creek flows into Leviathan Creek downstream of all
mining related impacts to land. Approximately two miles north and downstream of the
mine, Leviathan Creek meets with Mountaineer Creek to form the headwaters of Bryant
Creek. Bryant Creek flows north across the California-Nevada state line which is three
miles downstream from the end of Leviathan Creek, and continues another three miles
northwest before it enters the East Fork Carson River. Leviathan Mine, Leviathan
Creek and Bryant Creek can be located on the USGS Heenan Lake Quadrangle 7.5
minute series topographic map. The nearest population, Dresslerville, Nevada, is
approximately 20 miles downstream from the mine site.

Leviathan Mine is located east of Markleeville in Alpine County, California (Figure
II.2). The site is accessed by two dirt roads that connect to California State Route 89
over Monitor Pass (3 miles), and to Interstate Highway 395 in the Double Spring Flat
area between Gardnerville and Topaz Lake (10 miles). In normal years, vehicle access
is limited to late spring through fall. Spring rain and winter snow storms make the dirt
roads virtually impassable. Vehicle travel is discouraged during wet conditions because
tire ruts accelerate erosion damage. In winter, Regional Board staff travel into the site
on skis and snowshoes after driving in as far as possible from the more arid Nevada
side. The majority of annual precipitation occurs in the winter in the form of snow.

The site is in a remote area of the eastern slopes of the Sierra Nevada where utility
services are unavailable. Evidence of vandalism is readily apparent at the site, and has
often required costly repairs. The area is also seismically active. Recent earthquakes
with magnitudes greater than 4.0 were centered in Double Spring Flat (September 1994)
and Markleeville (February 1995). Open pit mining operations created site instability
evidenced by several landslides, one of which is over 100 acres in aerial extent.

The site stands out as barren and eroding in comparison to the surrounding eastern
Sierra Nevada forest. The pollution abatement project resulted in extensive areas of
deep compaction which may be preventing revegetation. Winter frost heave loosens the
top ground layer each year making the slopes susceptible to rill and gully erosion.
Slope erosion contributes to sedimentation of the surface drainage structures constructed
within the pit, around the evaporation ponds, and on the slopes below the ponds. Each
year maintenance work is required to clear the surface drainage structures of sediment
and to regrade and repair the dirt access roads.
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Figure II. 1: Bryant Creek watershed
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III. Mining Operations

The Regional Board's files contain scant information on the history of mining
operations at Leviathan Mine. Extracting minerals needed for processing more
valuable ore mined in Nevada was a reoccurring theme. The mine had several owners
and produced copper and sulfur.

A. Subsurface

Initial mining efforts at Leviathan were underground. Mining work during this
period resulted in several adits (horizontal tunnels into a mountain) with drifts,
raises and slopes, that were connected by winzes. During subsurface
operations Leviathan was mined for copper sulfate, copper, and sulfur,
respectively.

1. Copper sulfate

Comstock Lode miners discovered Leviathan Mine and developed the
first workings in 1863. An adit was driven 400 feet in search of copper
sulfate for processing silver sulfide ore in Virginia City, Nevada.
Copper sulfate was found, but not in sufficient quantities.

2. Copper

By 1869, miners became interested in the showing of primary copper
minerals. A second adit of 700 to 1000 feet in length was driven 200
feet below the first adit. The two adits were connected by a vertical
rise. By 1870 miners extracted 500 tons of 30 to 50 percent copper ore
from the two adits. During this time it was noted that the mine was
"bottoming" in an immense sulfur deposit.

3. Sulfur

In 1935 Calpine Corporation, of Los Angeles began subsurface sulfur
mining. An extensive system of underground workings was constructed.
The main adit, Tunnel No. 3, was 3000 feet long and at the top of the
sulfur body. Tunnel No. 5 was driven 75 feet below Tunnel No. 3.
About 5,000 long tons of sulfur were produced from the underground
workings. This operation was noted as being extremely hazardous
because of the highly flammable nature of sulfur. In 1941 Calpine
Corporation gave up its sublease.
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B. Open-pit

Anaconda Copper Mining Company purchased Leviathan Mine in 1951 for
sulfur mining by open-pit methods. The sulfur was needed for processing
copper ore at Anaconda's Weed Heights mine near Yerington, Nevada. Isabell
Construction Company began stripping overburden from the sulfur orebody in
1952, and continued removing overburden adjacent to open pit mining
operations of sulfur ore which began in 1953. Anaconda stopped mining
operations in late 1962 and sold Leviathan Mine to Chris Mann, the Alpine
County Clerk in January 1963. Figure III.l shows the pit, spoil areas, waste
dump, surface features, and boundary of mining impacts that resulted from
Anaconda's operations. About 500,000 long tons of sulfur with an estimated
value of $14.5 million were produce between 1953 to 1962. U. S. Borax
declined an option to buy Leviathan Mine in 1968. Besides exploratory drilling
by U. S. Borax, no mining activities occurred after Anaconda's operations.

Approximately 22 million tons of overburden containing large quantities of low
grade sulfur ore were spread over more that 200 acres without any
classification, separation, or original ground surface preparation. Overburden
was dumped in spoil areas A, B, and C, as labeled on Figure III.l. Anaconda
created a 26-acre waste dump more than 130 feet in depth by disposing waste
rock, consisting of low grade ore from mining operations, in the Leviathan
Creek canyon. Leviathan Creek flowed around and seeped through the waste
dump. The final mined 50-acre pit was roughly 2000 feet long, 1000 feet wide
and a maximum of 400 feet deep. Much of the underground mine workings
were excavated, with the exception of portions of Tunnel Nos. 1, 2, 3, and all
of Tunnel No. 5 which lay some 20 feet below the bottom of the pit. Figures
III.2, III.3, and III.4 show the pit and approximate locations of excavated and
remaining underground workings.

Anaconda made various attempts to decrease water pollution during the open pit
mining operation. These attempts consisted of diverting Leviathan Creek
around the waste dump in an impervious ditch and an eight inch plastic pipe,
capturing acid mine drainage in a large pond and treating it with lime to raise
pH and precipitate iron before discharge, disposing of acid mine drainage in
injection wells near Leviathan Creek, sealing Adit No. 5 with an eight inch
thick concrete bulkhead installed 40 feet from the portal opening, and various
grading efforts to cover the exposed ore body and to redirect Leviathan Creek.
Unfortunately, the ditch and pipeline diversions washed out during high flows,
the pond dike broke and released millions of gallons of acid mine drainage
causing a fish kill that extended ten miles down the East Fork of the Carson
River, the injection wells clogged, and the adit seal failed.
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Figure .III. 1: Mining impacts
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Figure III.3: Plan view of pit and underground workings
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IV. Pre-project conditions

Very sketchy details exist about the water quality of Leviathan and Bryant Creeks
prior to the beginning of Anaconda's mining operations. In a 1957 letter, California
Department of Fish and Game Warden Artie G. Brown stated that Leviathan Creek
was always polluted downstream of the mine as evidenced by yellow colored water
and yellow sediment deposited on the bottom of the stream bed. Conversely, fish
were reportedly caught in Bryant Creek as late as May 1953. Fisheries could have
existed in Bryant Creek and not Leviathan Creek if the flow rate of Mountaineer
Creek provided enough dilution to mitigate the early impacts to Leviathan Creek.
Water diverted from Bryant Creek just below Doud creek was used for pasture
irrigation and stock watering by Parks Cattle Ranch.

Shortly after the open-pit mining operation began it was apparent that Bryant Creek,
and the East Fork Carson River were being degraded by discharges from Leviathan
Mine. The first of two fish kills occurred in April 1954 when overburden removal
operations collapsed an old mining tunnel and released a slug of acid mine drainage.
The second fish kill occurred in November 1959 and extended ten miles below Bryant
Creek in the East Fork Carson River. A breach in Anaconda's containment pond dike
released approximately five million gallons of acid mine drainage. The absence of
trout among the fish killed in Bryant Creek and in East Fork Carson River
immediately downstream from Bryant Creek indicated that continuous discharges from
mining operations had eliminated the more sensitive trout fisheries that existed prior to
open-pit operations. A rancher with downstream water rights noticed poor crop growth
in fields irrigated with water diverted from Bryant Creek, and an increase in cattle
mortality. Communities in Nevada were concerned about pollution in the East Fork
Carson River and what effect it would have on future plans to create a reservoir for
municipal and domestic supplies.

The August 1970 Water Quality Control Plan for the Bryant Creek Basin listed
agricultural water supply as the only existing beneficial use for Leviathan and Bryant
Creeks below the Leviathan Mine. At that time the quality of Bryant Creek water was
only marginal for irrigation. The plan also listed three potential uses: livestock and
wildlife watering, fish and aquatic life habitat, and recreation and aesthetic enjoyment.
The plan states that the potential uses were in effect before mine discharges occurred.

A. Early studies and data collections

Many and various efforts were made to characterize the impacts of Leviathan
Mine on water quality at and below the site during and after open-pit mining
operations. Attachment A contains 10 abstracts of early studies and data
collections ranging from 1954 to 1975. These sources, listed in Table IV.A.l,

11
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document water quality impairment in Leviathan and Bryant Creeks.

Table IV.A. 1: Abstracts contained in Attachment A

No.

1

2

3

4

5

6

7

8

9

10

Date

1954 to 1962

1955 to 1974

Jan and July 1958
1961

Oct 1968 Jan 1969

Dec 1968

Jan and Dec 1969

May to Sept 1969

Nov 1969

Sept 1970

WQ data

constituent concentrations

constituent concentrations
bioassay
USPHS investigation

loading rates

constituent concentrations

bioassay, invertebrate and fish surveys

water balance

irrigated soil

irrigated soil

Monitoring data demonstrated significant mining impacts to water quality in the
form of high metal and sulfate concentrations, and low pH and dissolved
oxygen concentrations in Leviathan and Bryant Creeks. Iron and arsenic
concentrations exceeded USPHS 1962 Drinking Water Standards seven miles
downstream from the mine. No fish were found in Leviathan or Bryant Creeks
between the mine and East Fork Carson River. A bioassay study demonstrated
toxicity nine miles downstream of the site at the mouth of Bryant Creek.
Stream bottom studies revealed that no invertebrates existed in Leviathan or
Bryant Creeks from the mine to East Fork Carson River, and that the benthic
environment of East Fork Carson River did not fully recover until two miles
downstream from Bryant Creek. Soil studies of areas irrigated with Bryant
Creek water exhibited low soil pH that could lead to metal toxicity and nutrient
deficiency with continued use.

B. 1970 Regional Board staff report

The January 1970 Regional Board staff report titled "Report on Pollution of
Leviathan Creek, Bryant Creek, and East Fork Carson River caused by the
Leviathan Sulphur Mine" was the most comprehensive report prepared at the
time it was written. All available water quality data was collected and

12
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compared to receiving water standards to show violation of waste discharge
requirements. The report contains a brief discussion of the condition of
beneficial uses (agricultural supply, wildlife sustenance, and recreation) for
each segment of surface water in the watershed and a very specific discussion
of the impacts to irrigation, stock and wildlife watering, and fish propagation
below the mine site. The report also contains descriptions of the watershed,
the mine site, mining operations, pollution sources, discharge and regulation
history, regional geology, and site hydrology. The 1973 and 1975 revisions of
this report contain new descriptions of specific corrective measures with cost
estimates and alternative Regional Board actions.

Table I V.B.I summarizes the worst water quality conditions measured in
Leviathan Creek below the mine and in Bryant Creek at the ranch diversion
(seven miles downstream from the mine, or two miles beyond the California
border) from three sample collections between December 1968 and September
1969. There is no indication whether the metal concentrations are for total or
dissolved metals. The table also contains information from the report
concerning water quality standards necessary to protect the beneficial uses
listed. Current U.S. EPA arsenic criteria is 0.1 milligrams per liter (mg/1) for
irrigation and 0.19 mg/1 for protection of freshwater aquatic life.

Table IV.B.l: Worst 1968 and 1969 water quality measured in Leviathan and Bryant Creeks
Parameter

(mg/1)

pH

Acidity (as
CaCO3)

Alkalinity
(as CaCO3)

Sulfates

Total
dissolved
solids
Boron
Aluminum

Leviathan
Cr. below

mine

2.8

1600

0.0

1425

5430

3.5
38

Bryant
Cr. at
ranch

diversion

3.2

33

0.0

344

404

2.4
6.7

Irrigation

optimum soil pH
5.5 to 8.5

<200 excellent
>500 hazardous
<175 excellent
175 to 525 good

<0.5 acceptable
1.0 dissolved
reduces crop yield

Stock and wildlife
watering

low pH's increase
toxic metal
solubility

<500 acceptable
2100 to 3590 toxic
<2500 acceptable

Fish and Aquatic life
habitat

optimum range 6.5 to
8.5, <4.0 toxic

>20 mg/1 to protect
carbonate system
<100 for healthy trout
population
<400 good fisheries,
fish cannot survive
sudden increases

5.0 kills trout in 5
minutes

13
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Table IV.B.l: Worst 1968 and 1969 water quality measured in Leviathan and Bryant Creeks
(Continued)

Parameter
(mg/1)

Copper

Iron

Manganese

Arsenic

Leviathan
Cr. below

mine

2.0

342

13

1.2

Bryant
Cr. at
ranch

diversion

0.11

92

0.61

0.2

Irrigation

0.1 to 1.0 toxic
depending on plant

>0.50 may be
harmful
1.0 maximum
recommended

Stock and wildlife
watering

iron taste prohibits
cattle from
drinking sufficient
amounts

1.0 may be toxic

Fish and Aquatic life
habitat

Toxicity threshold
limit = 0.02
toxicity pH dependent,
1.0 toxic in Bryant
Cr.

1.0 maximum
recommended
1.0 may be toxic

From this table it can be seen that the low pH and high sulfate, boron,
aluminum, copper, and manganese concentrations in irrigation waters drawn
from Bryant Creek most likely produced soil acidity, and decreased crop
productivity observed at River Ranch. Leviathan Creek was harmful if not
toxic when used for wildlife and stock watering, while Bryant Creek water
ranged from harmful to acceptable. The pH, alkalinity, sulfate, total dissolved
solids, aluminum, copper, iron, manganese, or arsenic alone would have
eliminated the cold freshwater habitat throughout Leviathan and Bryant Creeks.

V. Pollution abatement project design

The Regional Board took on the challenge of Leviathan Mine after efforts to get the
new owners or Alpine County to shoulder the burden failed. Minor temporary
improvements were made at the site by the new owners and Anaconda between 1963
and 1975, but both Alpine Mining Enterprises and Alpine County lacked the financial
means to address the pollution at Leviathan Mine and Anaconda had no recognized
legal liability. Outrage from Brooks Park, owner of Parks Cattle Company, and
concern from public agencies such as the Departments of Fish and Game in both
Nevada and California, Alpine County Health Department, California Department of
Health, and the Carson River Council of Governments, provided the initial impetus
and support for the Regional Board to assume the role of lead agency.

The problems at Leviathan Mine were more obvious than the solutions. Federal grants
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required specific project plans and assurance of site access and continued project
operation. The Regional Board began working to obtain a project feasibility report
and site ownership. With Clean Water Act 208 Water Quality Planning funds the
Regional Board implemented the Leviathan Mine Pollution Abatement Project
Management Strategy by organizing a Political Advisory Committee (PAC) of local
elected officials and reactivating an existing Technical Advisory Committee (TAG) of
concerned individuals with technical expertise from State and Federal agencies. Staff
sought direction from both the TAG and PAC in developing each step of the project:
feasibility study, project design, construction and long-term ownership.

A feasibility study prepared in 1979 by Skelly and Loy estimated that cleanup of the
mine site would cost approximately $2.1 million. In 1978, the voters in California
passed a $50 million bond issue to provide funding for the correction of water
pollution problems and for water conservation projects throughout the state. These
funds were administered through the State Water Resources Control Board. In 1979,
Regional Board staff used the feasibility study cost estimate and added funds for a
hydrogeotechnical investigation, engineering design, construction management, and
inflation to arrive at an estimated project cost of $3.76 million. An application was
made to the State Water Resources Control Board, and in 1980 the application was
approved.

In June 1982, the Regional Board contracted the consultant firm of Brown and
Caldwell to design the Leviathan Mine Pollution Abatement Project. Brown and
Caldwell performed a series of identification, evaluation and elimination steps to
develop the design of the recommended project. A preliminary cost estimate showed
that the recommended project could be constructed at the site within the project
budget. The Regional Board accepted the recommended project and instructed Brown
and Caldwell to prepare final plans and specifications. As the final design
considerations were included in the project, the engineer's estimate had climbed to
approximately $3.5 million. The amount of funding remaining in the Regional Board's
grant was approximately $2.9 million. Suggestions to cut costs by eliminating project
components were rejected to maintain acceptable safety margins and project
effectiveness. The Regional Board decided to proceed with the bid process because of
the poor economic climate in the construction industry in 1983, and with the hope that
the engineer's estimate was conservative.

A. Skelly and Loy feasibility report

Lack of funding prevented the Regional Board from addressing the Leviathan
Mine problem until 1978, when a feasibility study was contracted using Clean
Water Act 208 Water Quality Planning funds. Skelly and Loy, a consultant
firm from Harrisburg, Pennsylvania, prepared the "Feasibility Study for
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Abatement of Pollution from the Leviathan Mine, Alpine County, California."
The June 1979 feasibility study contained a clear problem statement, additional
data collection needs, alternative pollution abatement techniques, and a cost
estimate for design and construction.

The Skelly and Loy report, based on all available data, concluded that the five
major problems areas to be addressed were: open pit and spoil area, mine
tunnels, waste dump, site drainage, and slide area. The report presented the
following recommendations: 1) create more reliable and useful data base with
photogrammetric mapping, consistent water quality monitoring program, and
investigation of surface and subsurface site conditions including the landslide;
and 2) implement a five component abatement scheme addressing the problem
areas identified that should be re-evaluated once better understanding was
gained from the first recommendation.

B. Gathering additional data

Once funding was secured, the Regional Board immediately began
. implementing Skelly and Loy's first recommendation by gathering crucial
design information about the site.

1. Photographic Mapping

The Regional Board contracted with the U.S. Forest Service for the
preparation of photographic mapping of Leviathan Mine. Ortho-photo
reproductions were prepared at scales of 1" = 100' and 1" = 200' with
topographic contours at 2' intervals.

2. Geology of the Leviathan Sulfur Mine and Vicinity, by Herbst and
Sciacca, SWRCB, October 1982

A field study of the geology of the Leviathan Mine area was undertaken
by Charlene Herbst and John Sciacca of the State Water Resources
Control Board at the request of the Regional Board. A geologic map of
the site was constructed on 1" = 100' scale orthophoto map to help
answer questions about the surface and subsurface hydrology and
provide information for the design of engineering works. The study
also produced a 22 page report that details the geologic units, geologic
structures including faults, and ground water hydrology.

In addition, John Sciacca wrote a masters thesis titled the "Historical
and Environmental Geologic Study of the Leviathan Creek Basin
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Landslide." This report is an investigation of the large landslide (over
100 acres in aerial extent) north of the pit that was activated by the
placement of overburden.

3. Hydrologic Data for Leviathan Mine and Vicinity, Alpine County,
California, 1981-1983, U. S. Geological survey, Open-File Report 85-
160

The most rigorous study of water quality at Leviathan Mine was
performed by USGS. Extensive hydrologic data was gathered for water
years 1981 and 1982, including surface water quality and flow rates,
stream bottom and benthic invertebrate analysis, and ground water
quality and elevations for more than 30 wells. Figures V.B.I, V.B.2,
and V.B.3 show the locations of tests holes and surface water sampling
sites. Besides creating a much needed data base for the design of a
pollution abatement project, this data also serves as a characterization of
the pre-project conditions for measuring project effectiveness.

The Leviathan files contain several other reports USGS produced from
the data collected for this study, including:

Shallow Ground Water Flow in the Vicinity of the Open Pit at
Leviathan Mine - draft report (Prudic and Hammermeister),

Major and Trace Element Analysis of Acid Mine Waters in the
Leviathan Mine Drainage Basin, California/Nevada - October
1981 to October 1982, Water-Resource Investigations Report 85-
4169 - draft report (Ball and Nordstrom),

Data From a Solute Transport Experiment in the Leviathan Mine
Drainage, Alpine County, California, October 1982, Open-File
Report 85-85 - final report (Flint, Bencala, Zellwaeger, and
Hammermeister),

Final Revised Analysis of Major and Trace Elements from Acid
Mine Waters in the Leviathan Mine Drainage Basin, California
and Nevada - October 1981 to October 1982, Water-Resource
Investigations Report 89-4138 - final report (Ball and
Nordstrom),

Transport and Natural Attenuation of Cu, Zn, As, and Fe in the
Acid Mine Drainage of Leviathan and Bryant Creeks - draft
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report (Webster, Nordstrom, and Smith)

C. Brown and Caldwell Design Report and Draft EIR

On February 3, 1982, the Regional Board mailed out proposal requests for an
engineering design of the Leviathan Mine Pollution Abatement Project. The
end result of a competitive proposal and interview process was the selection of
Brown and Caldwell Engineers of Sacramento. The engineering firm was
requested to review the data generated by USGS, and data in Leviathan files
(including 1982 geology report, 1980 photographic mapping by USFS, and
aerial photographs from 1940, 1954, 1968, 1969, and 1975), identify the major
sources of acid mine drainage at the site, evaluate various alternatives for
improving downstream water quality, design the selected alternative, prepare
construction plans and specifications, develop revegetation plan, prepare
environmental documents, and provide construction management.

An intensive review of all the available data and engineering information by
Brown and Caldwell and their geotechnical subcontractor led to the conclusion
that the majority of the acid mine drainage being generated at Leviathan
came from: a) an abandoned adit, b) the open pit, and c) the contact of
Leviathan Creek with the overburden materials as the creek traversed the
mine workings. The water sources generating acid mine drainage in the adit
and pit were regional ground water and percolating rainfall and snow melt.
Brown and Caldwell believed that as the regional ground water flowed north
into the mined area it became immediately and grossly contaminated and was
later discharged from the adit and pit as well as numerous smaller seeps and
springs.

Brown and Caldwell performed a series of identification, evaluation and
elimination steps to develop the design of the recommended project. These
design steps are summarized in Attachment B.

The recommended project consisted of five major elements:

1) Leviathan Creek channelization,
2) mine pit filling and regrading,
3) waste dump excavation and regrading,
4) on-site evaporation ponds, and
5) spoil area A regrading and drainage work.

Figure V.C.I is a schematic of the recommended project showing the locations
of the five major elements.
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The Leviathan Creek channel proposed in the recommended project consists of
an open rectangular, wire mesh reinforced concrete channel 1900 feet in length
extending from a point just south of the waste dump northerly to a point just
beyond the delta. The channel alignment was slightly east of the creek
alignment at that time. The slope of the channel was expected to range from
0.005 to 0.2 depending on localized conditions. Unnamed tributaries that
terminated in the waste dump would be reconnected with Leviathan Creek with
soil cement channels. In the delta area, the channel was to be elevated 10 feet
above the existing creek alignment to prevent seepage of acid groundwater
from entering the channel through the sides or bottom.

The recommended project design specified the pit to be filled with 380,000
cubic yards of mine waste excavated from the waste dump in the Leviathan
Creek canyon to raise the bottom elevation from 7060 to 7160 feet. The
compacted pit fill slope would be graded with two to four terraces. Each
terrace would have an earthen drainage ditch sealed with soil cement. The
ditches were designed to drain to open channels that collect in the bottom of
the pit, and are drained by a pipe to Leviathan Creek. A pit underdrain was to
be constructed across the mouth of the pit in the shape of a "T" and with a
bottom elevation of 7054 feet. A concrete barrier wall installed down gradient
and across the pit throat would assist in collecting the underdrain flow. A
perforated pipe would extend from the wall into the pit and a solid pipe would
continue from the wall to the flow control structure near the adit.

The recommended project called for the excavation of 472,000 cubic yards
from the top of the waste dump to create a large flat area for 9.3 acres of
evaporation ponds (ponds 2N and 2S). The existing waste dump elevation of
7117 feet would be dropped down to 7045 feet. Excavated material would be
used for filling and regrading the pit and areas adjacent to the waste dump.

The recommended project proposed five evaporation ponds with a total of 15.1
acres of surface area. Figure V.C.2 shows the locations and surface areas of
the proposed ponds. The pond dikes would be trapezoidal with a maximum
height of 6 feet, and constructed of compacted material obtained from the site.
The tops of the dikes were specified to be 12 feet wide with a 3:1 slope on the
water side and a 2:1 slope on the land side. The pond bottoms would be
constructed of engineering fill and lined with 36 mil acid resistant liner
protected with a minimum 12 inch earth cover. The bottoms were to be mildly
sloped for maintenance drainage. The ponds would receive acid mine drainage
from the flow control structure which combined the adit and pit underdrain
flows. Piping was designed so that all or any combination of the top two
ponds, each with two cells, could be bypassed. Weirs in the flow control
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structure could be adjusted to discharge acid mine drainage into the pipeline
carrying pit runoff to Leviathan Creek channel.

The recommended project also indicated minimum regrading of spoil pile A to
provide positive surface drainage to Aspen Creek. Channels from surface
depressions would be graded to slopes of 2 to 3 percent, and channels on
slopes with velocities exceeding 2.5 feet per second would be lined with 4-
inch-diameter rock.

The estimated cost of the recommended project was $2.8 million, with
maintenance costs estimated at $52,600 for the first five years, and $30,000 for
the second five years. The recommended project was expected to remove 79
percent of the total dissolved solid (TDS) load and return the beneficial uses of
agricultural irrigation in Bryant Creek above Doud Creek and stock watering
below Aspen Creek confluence with Leviathan Creek. Calculated iron and
nickel concentrations from the mine to the East Fork of the Carson River
exceeded domestic water supply criteria. The recommended project's water
quality was also predicted to exceed cold freshwater habitat criteria for iron,
copper, cadmium, chromium, nickel and lead at all points below the mine to
the East Fork of the Carson River. Receiving water TDS and metal
concentrations were estimated for the recommended project based upon
expected pH increases and reduced metals emissions. Table V.C.I presents the
estimated constituent concentrations in Leviathan Creek below the confluence
with Aspen Creek and in Bryant Creek below the confluence of Leviathan and
Mountaineer Creeks.

Table V.C.I: Recommended project water quality
Parameter
Unit
Leviathan
below Aspen

Bryant

TDS
mg/L
346

150-155

Iron
ug/L

,20100

5600

Copper
ug/L
72

52

Cadmium
ug/L

10

4

Chromium
ug/L

50

17

Zinc
ug/L
55

34

Arsenic
ug/L

73

26

Nickel
ug/L
182

72

Lead
ug/L
3

1

Brown and Caldwell developed three "maximum feasible pollution abatement
projects" based on the objective of restoring water quality of the Bryant Creek
watershed as nearly as possible to its pre-mining conditions. The three
alternatives contain more intense application of the pollution abatement
concepts employed in the recommended project. One variation included
substantial additional regrading and filling of the mine pit from spoil area A to
further reduce infiltration and promote surface runoff. Another variation
incorporated extensive site revegetation to control drainage from all areas of
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the site including the pit. And the third version of the maximum feasible
project combined the first two variations. The recommended project compared
well to all three variations of the maximum feasible project. The costs of the
maximum feasible projects ranged from $4.3 million to $5.8 million, with the
first five years of maintenance ranging from $124 thousand to nearly half a
million dollars. While the maximum feasible projects may have significantly
reduced the concentrations of total dissolved solids and toxic metals, the
beneficial uses restored by the maximum feasible projects were estimated to be
the same as those for the recommended project but with a greater level of
protection.

Project changes were made in developing the final design plans and
specifications, such as eliminating the pond in the delta area, and piping a
section of the Leviathan Creek Channel. Brown and Caldwell completed the
final design for the recommended project during the Spring of 1983. On June
9, 1983, the Regional Board certified the final Environmental Impact Report
(EIR) for the Leviathan Mine Pollution Abatement Project was completed in
compliance with the California Environmental Quality Act and State Guidelines
( Resolution No. 83-6). The final EIR consists of the April 1983 draft and a
supplemental document titled "Leviathan Mine Pollution abatement Project,
Final Environmental Impact Report, May 1983" which contains responses to
comments made on the preliminary and draft EIR's. Response to late
comments received from Anaconda are also included as Attachment A..
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VI. Project construction

Construction of the Leviathan Mine Pollution Abatement Project was advertised for
bid on a statewide basis, and bids were opened in June 1983. The bids ranged from
$3.565 million to $7.22 million, with 7 of 12 bids ranging from $4.6 to $5.6 million.
The low bid of $3.565 million, from Mittry-G.E.B., Inc., was significantly more than
the $2.9 available to the Regional Board, therefore a bid was not immediately
awarded.

On April 14, 1983 the Regional Board adopted Resolution No. 83-3 which directed the
Executive Officer to request the California Attorney General to initiate legal actions
under the authority of the Comprehensive Environmental Response and Liabilities Act
of 1980 (CERCLA) against Anaconda Minerals, a wholly-owned subsidiary of ARCO,
to recover funds for the cleanup and abatement of water pollution generated by
Leviathan Mine. As a result of negotiations, Anaconda and ARCO agreed to
supplement the project funds. The Regional Board accepted the settlement, and
awarded a construction contract for $3.565 million on August 15, 1983 to Mittry-
G.E.B, Inc. of Anderson California.

Construction of the project began August 22, 1983, and with two winter shutdowns,
was completed in 1985. Many alterations were made to the project design during
construction as a result of the ARCO settlement, site conditions, and the anticipated
transfer of title to the U.S. Forest Service. Attachment C contains descriptions of
these factors, and a list of 14 contract change orders. As a result of project
modification the final total cost of the Leviathan Mine Pollution Abatement Project
reached $ 4.227 million.

VII. Site acquisition

When first looking for project funds, the Regional Board learned that to obtain a
Federal demonstration grant the project proponent must be able to assure site access
and continued project operation. From this, site ownership developed in to a Regional
Board objective. In September 1980, the Regional Board contracted with the
California Department of General Services, Real Estate Services Division to prepare a
title report on Leviathan Mine including mineral rights and to prepare an appraisal of
the fair market value of the site. The June 18, 1981 appraisal by Leo Brady stated the
fair market value of the 465 acre disturbed mine site was $54,500. The unit fair
market value was set at $500 per acre. Cleanup costs were assessed for each 20 acre
parcel and subtracted from the assigned fair market value of $10,000. The $54,500
appraisal compensated the property owner for 5 undisturbed parcels (Numbers 5, 23,
31, 32 and 43), the mill site (a noncontiguous 5 acre parcel), and one slightly
disturbed parcel (Number 13). Figure VII. 1 shows the area appraised.
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While the appraisal was being developed, the Regional Board sought advice from the
Department of Health Services Hazardous Material Management Section about the
extent of liability that the State would assume if it were to purchase Leviathan Mine.
In response, Ester Low of the Office of Legal Services, concludes in an August 28,
1981 letter that "if the State took ownership and control of Leviathan Mine for the
purposes of conducting a pollution abatement project, it would probably not be liable
for foreseeable hazardous substance damage if its acts or omissions are reasonable and
not negligent." This statement was based on the presumption that the. State would not
agree to assume the previous liabilities relating to pollution.

The purchase of Leviathan Mine was delayed because the State of California was
unable to sell Clean Water Bonds on September 2, 1981 and suspended indefinitely by
the Regional Board at the December 10, 1981 Board meeting until a viable restoration
project was ready to be implemented. On August 10, 1983, the Regional Board again
set the wheels in motion to purchase Leviathan Mine. In the mean time, 42
unpatented claims for the site became abandoned when the owner, Alpine Mining
Enterprises, Inc. failed to register the claims with the Bureau of Land Management
between 1976 and 1979.

On December 19, 1993 Alpine Mining Enterprises deeded 23 patented lode claims and
the Leviathan Mill site claim to the State of California. The State Public Works Board
authorized acquisition of Leviathan Mine with a resolution dated January 31, 1984 and
transferred jurisdiction of Leviathan Mine to the State Water Resources Control Board
in a letter dated August 20, 1984.
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VIII. Final project

Though some of the problems encountered during construction went unsolved, the
completed project achieved several important objectives that would benefit water
quality. Infiltration in the pit was reduced, Leviathan Creek was channelized to
prevent contact with mining wastes, and acid mine drainage was being stored in
evaporation ponds to reduce volumes of acid mine drainage discharged and to
coincide discharges with periods of high creek flows. These site improvements
were expected to reduce the length of stream impacted and reduce contaminant
loads. Figure VIII. 1 shows the pit, evaporation ponds, and channel components of the
finished project.

A. Leviathan Creek Channel with underdrain

A channel was designed to capture Leviathan Creek and convey it across the
mine site, preventing contact with mine wastes dumped in the creek canyon.
From upstream to downstream, this diversion consists of approximately 200
linear feet of grouted riprap channel, 465 linear feet of 5 feet by 8 feet
rectangular cross section reinforced concrete channel, 1070 linear feet of twin
72-inch reinforced concrete pipelines, and 540 linear feet of 9 feet by 14 feet
rectangular cross section reinforced concrete channel. Both the upper and
lower portions of the channel were constructed with weep holes to relieve
pressure from groundwater that may backup behind the channel walls.

Many acidic springs were encountered while digging the trench for the twin
72-inch pipes. A system of construction drains were centered under the pipes
to dewater the foundation for the pipe bedding (Contract Change Order (CCO)
Nos. 3 and 6). The underdrain was extended around the western side of the
lower concrete channel, providing additional drainage of the delta area, and
discharging directly to Leviathan Creek below the channel outfall. CCO No. 6
also describes a shallower rock drain designed to be located under the elevated
twin 72-inch pipeline and to discharge to the concrete channel near the outlet
structure. After the under drains were constructed, the pipeline trench was
filled with selected bedding material and compacted to 90 percent relative
density. On September 17, 1984, underdrain flow was observed to be 70
gallons per minute, but flows were expected to decrease. It was immediately
recognized that the underdrain discharge decreased the effectiveness of the
project, but there appeared to be no alternative.

By creating a barrier between the creek and the mining waste, the channel
prevents seepage of the creek through the waste piles. This decreases the
amount of acid mine drainage generated and creates an additional volume of
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unpolluted water that dilutes remaining acid mine drainage discharges. Though
contaminated groundwater is discharged to the creek, the creek has been kept
out of the mining wastes. The channel also stabilized a significant erosion
problem. Pre-project slides show Leviathan Creek eroding a canyon through
the mine waste.

B. Lined Evaporation Ponds

There are five lined evaporation ponds with an approximate total capacity of 14
million gallons and total surface area of 11.5 acres. The evaporation ponds
receive acid mine drainage from the adit, the pit underdrain system, and from
various drains collecting springs and seeps. Because of the isolated setting of
the Leviathan Mine and the desire for absolute minimum in maintenance costs,
the design emphasis was on passive acid mine drainage control methods which
would operate under the site conditions. Consequently, all flows in the project
are by gravity, and no energy inputs or chemicals are required for the
operation. The highest ponds (elevation 7040 feet), 1, 2S and 2N, receive flow
from the flow control structure and overflow into pond 3. Pond 3 (elevation
6990 feet) receives flow from the upper ponds and seeps collected by an
underdrain east of pond 1. Pond 4 (elevation 6915 feet) receives overflow
from pond 3, from a drain below the south levee of pond 3, and from
developed springs to the east and south of pond 4. Figure VIII.B.l shows the
piping system between the ponds. Ponds 1, 2S, 2N, and 3 each have an
individual leak detection system that consists of a branched drain constructed
with drainrock and liner that connects to a monitoring well.

According to Weekly Progress Report (WPR) No. 22, the ponds were the pond
bottoms were to be subexcavated 3 feet, and the pond levees were to be
subexcavated 6 feet below finish pond bottom elevation. The specifications in
the bid packet required compaction of the pond bottoms and levees to 95
percent relative density. The north slope of the waste pile was compacted to
90 percent relative density. Ponds 1, 2N, 2S, and 3 are lined with 36 mil
Dynaloy, and pond 4 with a 30 mil unreinforced PVC liner. The levees are
trapezoidal in shape with a 12-foot width across the top, 3:1 slope on the water
side, 2:1 slope on land side, and maximum height of 6 feet.

No surface runoff is directed into the ponds, though they do receive direct
precipitation. Surface runoff around the ponds and on slopes between the
ponds is collected in concrete v-ditches and conveyed to Leviathan Creek. The
collection of surface runoff around the ponds is necessary to protect the
structural integrity of the ponds, to prevent additional generation of acid mine
drainage by infiltration, and to prevent surface runoff from entering the ponds.
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When Brown and Caldwell estimated that the project costs would be higher
than the funds remaining, the final pond in the delta area was deleted from the
project. As the project was being constructed, it became apparent that
available stable sites would limit the area of ponds that could be constructed.
As an example, springs around and below pond 3 had to be drained to establish
a stable foundation for the levee and to keep the liner from floating. It was
late in the construction of the project that a final pond in the delta area was
again added to the project. Pond 4 was added because design calculations
showed that ponds 1, 2S, 2N and 3 would not be able to treat all the acid mine
drainage expected to be collected. Pond 4 was also added to receive
contaminated groundwater from under pond 3 that would otherwise be
discharged directly to Leviathan Creek. The project manager and engineers
determined that it would be too expensive and risky to try to direct flow from
the channel underdrain into pond 4 (WPR No.39). Connecting the channel
underdrain to pond 4 would have required lateral drilling that might have
damaged the pipeline. The project engineer believed that full capacity of the
site to evaporate the acid drainage was utilized with the construction of pond 4.

According to early Brown and Caldwell estimates, the site allowed a maximum
of 15.1 acres of evaporation ponds. The recommended project was expected to
collect 8.5 million gallons of acid mine drainage from the adit and pit
underdrain in an average year. Based upon an average yearly evaporation of
19 inches, which takes direct precipitation into account, 15.1 acres of pond
surface area would have evaporated 7.8 million gallons or 92 percent of the
acid mine drainage generated at the site. Funding and site limitations resulted
in a total of 11.5 acres of evaporation ponds. The 11.5 acres of surface area
will prevent 5.93 million gallons of acid mine drainage (70 percent) from being
discharged annually to Leviathan Creek.

The capacity of the ponds allows for the collection and evaporation of acid
mine drainage up until early spring before overflows occur. Spring discharges
of acid mine drainage have the least impact because that is when the peak flow
rates and assimilative capacity occur. It has been estimated that 2.6 to 3
million gallons of acid mine drainage overflow from pond 4 to Leviathan
Creek in years of average precipitation.

C. Regraded, compacted pit with surface and subsurface drainage

A total of 1,920 linear feet of pit underdrain were trenched into the bottom of
the pit (CCO No. 6). The underdrains stabilized the pit area for regrading and
construction of surface runoff structures by removing the pooled water. The pit
underdrains continue to intercept infiltrating precipitation before it has a chance
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to enter the deeper underground mine workings.

The pit was regraded and compacted to promote surface runoff and eliminate
infiltration. A total of approximately 970,000 cubic yards of overburden and
mining wastes were brought back into the pit. The fill was keyed into existing
slopes and compacted to specifications of 85 to 90 percent relative density.

The bottom of the pit was raised above the throat, and reinforced concrete v-
ditches constructed along regraded terraces. Pit runoff is collect by surface
ditches and conveyed to Leviathan Creek in a concrete pipe. No runoff is
directed into the evaporation ponds. Infiltration and acid mine drainage
generation is reduced by collecting the surface runoff. In addition, the v-
ditches provide some protection against erosion.

Regrading and installing surface and subsurface drainage in the pit worked to
eliminate the "bath tub" effect, where all precipitation was captured and
infiltrated through the remaining underground workings. A reduction in pit and
adit flow was expected, along with additional dilution capacity in the creek
from clean runoff.

D. Regrading of overburden

Overburden piles to the north of the pit (spoil pile A) were regraded to prevent
impounding and infiltration of precipitation and promote surface runoff. Pools
of water were released by regrading the overburden piles and installing
culverts. It was hypothesized that the overburden placed above the landslide
was surcharging a slip layer with infiltrated precipitation. A significant source
of water to the slip layer may have been reduced by regrading this area to
promote drainage.
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IX. Concrete Deterioration

The first signs of premature deterioration of concrete at the Leviathan Mine Pollution
Abatement Project were observed after the winter of 1983-84, with more significant
deterioration observed after the winter of 1984-85. The deterioration was, for the most
part, confined to the upper one to two feet of channel walls with no deterioration of
the lower channel walls or bottoms. The channels showing the most deterioration
were the tributary in the delta area below pond 2N and the Leviathan Creek channel.
The concrete failed because it did not meet the special design specifications developed
to produce "a workable, strong, dense, and impermeable concrete resistant to sulfate
attack from native soils." Technical specifications for the concrete included:
maximum water-cement ratio of 0.45, minimum cement content of 7.25 sacks per
cubic yard of concrete, pozzolan content of 18 to 20 percent by weight, and a
minimum 56 day compressive strength of 6000 pounds per square inch (psi). The
rationale behind these design specifications was that a dense concrete mix would
significantly limit infiltration of water into the concrete, thereby reducing the
opportunity for corrosion of the concrete matrix. By observation alone, Regional
Board staff could tell that the ready mixed concrete batches delivered to the project by
Bing Materials, from a batch plant in Gardnerville, Nevada were inconsistent in
quality. The delivered concrete was either too dry to pour, or too soupy, as supported
by slump measurements. Compressive strength tests on concrete samples, collected by
July 4, 1984, showed that the average strength was only 4733 psi after 56 days.

Brown and Caldwell contacted Kleinfelder and Associates, a materials testing firm, to
perform an evaluation of the concrete deterioration. Kleinfelder retained concrete
expert Robert Adams. Samples were taken from cement deliveries and core samples
from the channel walls and analyzed by Met-Chem Laboratories, Inc. The results of
petrographic examination of the concrete samples were: 1) the concrete does not
contain entrained air, 2) damage to the concrete is probably due to freezing and
thawing, 3) cement content is lower than specified, 4) water-cement ratio is higher
than specified, in some cases, much higher, and 5) pozzolan is in the concrete, but less
than the 15 percent reported. In a report submitted to Kleinfelder, Robert Adams
concluded that the primary cause of freezing and thawing damage to the concrete was
the lack of entrained air in the concrete, and a secondary cause may have been the
high water-cement ratio. There was no evidence that the aggregate was reacting with
the cement paste, even though the aggregate was found to be potentially reactive.
Additionally, there were no indications of other deleterious chemical reactions such as
sulfate attack or acid attack from water or soil. In the same report, Adams explained
that "concrete in the tops of walls is more vulnerable to freezing and thawing damage
because of bleeding of water into the top resulting in higher water-cement ratio and
consequently lower quality concrete." Leo R. Ferroni of the California Department of
Transportation concrete testing laboratory also investigated the deteriorating concrete
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for the Regional Board. Ferroni's results and conclusions supported Adams'. Both
agreed that the aggregate was potentially reactive but the presence of pozzolan in the
mix should prevent the reactions from taking place. Ferroni also believed that the
design mix, which was slow and difficult to place, was most likely watered to increase
the slump for placement in the reinforced channel walls which increased the water-
cement ratio to a level that compromised the concrete's strength and durability.

To prevent catastrophic failure of the deteriorating concrete structures, Mittry's crews
worked to repair the deteriorating concrete between June 11, 1985 and August 30,
1985. Repairs were made according to the following directions given by Adams: in
areas of extensive deterioration, make a one inch deep sawcut in the interior face of
the wall below all deterioration, remove all concrete above sawcut, expose and clean
rebar to make a secure concrete joint, reform and pour concrete that meets the original
specifications and has an air content of four to six percent by volume. Where freeze
thaw damage was not more that one to two inches deep, the deteriorated concrete was
removed and patched with Thoroseal Plaster Mix. Of the approximately 7000 linear
feet of concrete wall, nearly 1000 linear feet was partially reconstructed with concrete
and 640 linear feet was repaired with patches. Thoroseal Foundation Coating was
applied to the top two feet of all concrete structures.

During a Leviathan Mine inspection performed on December 6, 1985, the Thoroseal
Foundation Coating was observed to be peeling off all structures. In addition, one
small area of concrete covered by sealer on the south wall of the tributary channel in
the delta area below pond 2N was showing the same signs of deterioration that
occurred during the winter of 1984-85. Because the Thoroseal Foundation Coating did
not remain intact, it was expected that the concrete with a low air content would
continue to deteriorate.

The below standard concrete and cost of concrete repairs lead the State into litigation
with Mittry and negotiations with Brown and Caldwell. In 1986 the Regional Board
requested an additional $400,000 to fund concrete repairs while in litigation with
Mittry. This request was approved and a $400,000 Cleanup and Abatement Project
Account Number 26 was established. As a result of the negotiations, the State
received $110,000 from Brown and Caldwell in a December 1988 settlement
agreement, and a total of $70,000 from Mittry and their subcontractors in a July 1990
settlement agreement. Cleanup and Abatement Account Number 5 was established
with the $180,000 received from the concrete settlements.

From December 1, 1988 to June 30, 1990 the Regional Board retained Omni-Means,
Inc. to evaluate the state of the deteriorating concrete structures, to develop and
evaluate at least three repair alternatives, and to recommend an alternative for
implementation. Omni-Means submitted a letter report on November 17, 1989 to the
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Regional Board that briefly commented on the state of the concrete and presented four
repair alternatives. The report states that the absence of entrained air and lower than
specified compressive strength are likely to be found throughout the concrete, and that
these two problems "combined to create a product that has not weathered well." They
also observed that the repairs made to the concrete seem to have decreased the rate of
deterioration. Table IX. 1 presents the four concrete repair alternatives developed by
Omni-Means.

Table IX. 1: Concrete repair alternatives

ALTERNATIVE

1 . Reconstruct top of channel walls

2. Replace entire wall sections
3. Repairs as needed
4. Combine alternatives 1 and 3

PRESENT
WORTH*

$181,450
$611,600
$163,800
$285,200

ANNUAL
COST*

$15,820

$44,430

$11,900

$20,720

LIFE

20 yrs

30 yrs
30+ yrs
30+ yrs

*In 1990 dollars.

The cost comparison was based on a 6 percent interest rate and $400 per cubic yard
for removal and replacement of damaged concrete. The report recommended
alternative 4, even though it states that if properly maintained the "system could
continue to function adequately beyond the 30 year life." Omni-Means believed
alternative 4 was the most cost effective approach because it would repair existing
known damage and provide long term maintenance protection without causing a major
disruption to the project's operation. The results and recommendations of the Omni-
Mean report were presented to the Regional Board at the February 8 and 9, 1990
meeting in Truckee, California. The Regional Board was asked to select a repair
alternative or reject all alternatives. The Regional Board choose not to make a
decision about concrete repairs at that time, and directed staff to analyze and develop
options to address the remaining water quality problems at Leviathan, namely pond
overflows, the channel underdrain, and revegetation. The Regional Board did not want
to consider the concrete repair alternatives separate from solution alternatives for all
problems at Leviathan Mine.

X. Post-project water quality

Results from monitoring conducted before and after the construction of the Leviathan
Mine Pollution Abatement Project show that it has resulted in significant
improvements to water quality. Prior to project construction, the USGS conducted
extensive monitoring both up and downstream of the site. Forty-five monitoring sites
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were sampled at least once during the 1981-1982 monitoring period, and samples from
26 sites were analyzed for major cations, anions, and a wide range of minor
constituents. Following project construction, Regional Board staff continued sampling
from 8 of the USGS monitoring stations for pH, total dissolved solids (TDS), sulfate,
and total aluminum, arsenic, iron, and nickel. Most monitoring was conducted in
summer and fall because of site inaccessibility during winter months. Until recently,
no information was collected from spring snow melt periods, when the evaporation
ponds are known to overflow. For this reason, the post-project data best represents
baseline conditions for discharges from Leviathan Mine and depicts the impact of the
continuous underdrain discharge on Leviathan Creek. Average pH and constituent
concentrations from the USGS pre-project data, all post-project data, and Spring '93,
'94, and '95 pond discharges are compared in Table X.I. A marked improvement in
the water quality can be seen at both downstream monitoring points. Whereas the
USGS data are all dissolved constituent concentrations, the post project data are a
combination of dissolved and total constituent concentrations, therefore the actual
reductions would be greater than demonstrated by Table X.I.

Table X.I: Post-project versus pre-project water quality

Leviathan
Cr

Above
mine

Below all
mine
impacts
(Station
17)

Bryant
Cr

LM
Project

pre

post

pre

post

pre

post

Date

3/81 to 4/83

8/84 to 5/95

3/81 to 4/83

8/84 to 5/95
Spring 93, 94, and 95,
Pond 4 discharging

3/81 to 4/83

8/84 to 5/95
Spring 93, 94, and 95,
Pond 4 discharging

pH

7.4

7.4

3.3

5.7

4.6

4.6

6.6

5.1

Sulfate
(mg/I)

13.4

8

769.4

356

325

362

193

265

Iron
(mg/I)

0.5

0.8

81.9

30

24

19.5

17

40

Arsenic
(mg/1)

0.004

0.003

0.3

0.09

0.10

0.1

0.04

0.06

Aluminum
(mg/1)

0.3

0.39

29.8

9.5

14

9.9

6.8

5.1

Nickel
(mg/1)

0.01

0.03

0.7

0.26

0.22

0.3

0.19

0.11

As can be seen from Table X.1, even during periods when the ponds are
overflowing, the post-project conditions in downstream receiving waters are
significantly better than pre-project conditions.

An instream bioassay conducted prior to the project showed toxicity in Bryant Creek
all the way to its confluence with the East Fork Carson River, nine miles downstream
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of the Leviathan Mine. Monitoring conducted in the East Fork Carson River showed
impacts to benthic invertebrates for approximately two miles below Bryant Creek's
confluence with the East Fork Carson River. Following project construction, the U.S.
EPA, in conjunction with the Regional Board, conducted a toxicity study in Leviathan
and Bryant Creeks with samples collected on September 4, 1991. Pond 4 was not
overflowing into Leviathan Creek at the time of the sampling. Bryant Creek
demonstrated neither acute or chronic toxicity below the confluence of Leviathan and
Mountaineer Creeks, a point approximately two miles downstream from Leviathan
Mine. This study demonstrates that the pollution abatement project has
substantially reduced the length of downstream waters made toxic by Leviathan
Mine discharges during periods when pond overflows do not occur.

The improvements in downstream water quality can be attributed to components of the
Leviathan Mine Pollution Abatement Project. Prior to project construction, Leviathan
Creek flowed through mine waste, became acidified, and leached metals from the
waste rock. The project channelized Leviathan Creek, thus providing greater dilution
capacity by preventing creek contact the waste rock. Surface drainage to the creek
was also increased by regrading and compacting the pit, and installing 17,000 linear
feet of concrete v-ditches.

The evaporation ponds also provided significant immediate benefits to downstream
water quality. While the ponds do overflow during periods of high runoff (primarily
during spring thaw), for a majority of each year they contain all acid mine drainage
flows except those from the channelized underdrain and uncollected seeps. The
considerable reduction in pollutant discharges has resulted in improved post-project
water quality and some restoration of beneficial uses. When the ponds do overflow,
the downstream surface waters are at their annual peak flows, providing their
maximum assimilative capacity.

Regional Board staff shall continue to develop at water quality monitoring program at
Leviathan Mine to more fully characterize post-project conditions. However, the data
currently available is sufficient to conclude that while the mine site is still adversely
impacting downstream surface waters the project, as constructed, has resulted in the
elimination of a major source of acid mine drainage and significant improvements in
water quality.

XI. Water Quality Monitoring Program

Continued discharges of acid mine drainage from Leviathan Mine necessitate a water
quality monitoring program. Water quality monitoring is also required by the Toxic
Pit Cleanup Act exemption granted to the State Board by the Regional Board
(Resolution 6-89-204). The Regional Board has recently increased the frequency of
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sample collection from quarterly to monthly and, with the assistance of the Division of
Water Rights, supplemented water quality sampling with flow measurements to
determine contaminant loading rates. The goals of the water quality monitoring
program are: to measure the effectiveness of the Leviathan Mine Pollution Abatement
Project and future projects, to measure the impact of Leviathan Mine on downstream
waters, and to assess the feasibility of complying with all water quality standards at
Bryant Creek. Accurate flow measurements may indicate additional source controls or
project management alternatives to decrease water quality impacts from Leviathan
Mine.

A. Flow measurements, Division of Water Rights

The Division of Water Rights began a streamflow monitoring program at
Leviathan Mine in August 1993 under the direction of the State Board Division
of Water Quality, Nonpoint Source Staff. Water Rights staff set up 12 flow
control stations, six with continuous stage recorders, separated the adit flow
from the pit underdrain in the flow control structure, surveyed the evaporation
ponds, and began developing stage-flow curves. The original purpose of the
program was to determine if the source of the channel underdrain was
uncaptured subsurface creek flow, to determine pond volumes and detect leaks,
to identify the magnitude of acidic seep originating on and near the landslide,
and to assess the current impact to downstream water. Intensive monitoring of
the flow in Leviathan Creek as it enters the site has shown that no significant
loss is occurring except for a strong diurnal pattern during sunny periods that is
characteristic of evapotranspiration. No irregularities were found in the pond
bottoms that suggested significant leaks or damaged liners. The Division of
Water Rights has received a total of approximately $95,000 in funding for
personnel and supplies from Leviathan Mine Cleanup and Abatement Account
No. 5 for these efforts.

Currently, Mark Stretars of Water Rights is developing a workplan for a flow
monitoring program directed by the Regional Board staff to characterize the
evaporation ponds and the channel underdrain for treatment design purposes.
The new program will utilize most of the previous work and will provide
continuous flow measurement of the adit, pit underdrain, and channel
underdrain, with monthly measurements at points upstream and downstream of
the mine in Leviathan, Aspen, and Bryant Creeks. Water Rights will also
process the pond survey data to develop sight gages for each pond for quick
volume determinations.

B. Water quality monitoring
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Regional Board staff will continue to collect water samples on a monthly basis
at eight permanent stations and two intermittent stations. The samples will be
analyzed for dissolved metals (aluminum, arsenic, iron, and nickel), hardness,
total dissolved solids, sulfate, and any other analysis necessary to demonstrate
compliance with water quality standards. Additional monitoring needs may
arise as a result of treatment operations or operational failures. The water
quality monitoring program also includes macroinvertebrate collection and
identification. Pre-project macroinvertebrate study results will be compared
with current data to determine the extent of recovery achieved by the pollution
abatement project and the degree of impact that remains.

Regional Board staff has compiled all of the useful water quality data
contained in the Leviathan Mine files. New data will be added as collected.
The data will be interpreted on a continuing basis so as to detect any patterns
or changes in water quality.

The Regional Board has funding at the rate of $9,000 per year for water quality
analysis until June 30, 1996. Water quality monitoring must continue at
Leviathan Mine as long as the evaporation ponds are in operation, and as long
as there are discharges of acid mine drainage. The Regional Board will require
long term funding for water quality analysis at Leviathan Mine.

XII. Geophysical surveys at Leviathan Mine

Leviathan Mine has been the .subject of two geophysical studies since the completion
of the pollution abatement project. Both surveys attempted to locate seeps of acid
mine drainage by measuring terrain conductivity. Conductivity was measured with the
Geonics EM-34, an instrument made up of one sending and one receiving coil of
approximately one meter diameters and connected by a cable of 10, 20, or 40 meters
in length. The EM-34 measures the average conductivity of a three dimensional shape
that depends on the dipole alignment of the coils. Because the instrument averages
over the underground volume, the response is not sharp enough to pinpoint the exact
location of points of higher conductivity, but can only be used to give approximate
areas, or verify surface evidence of springs (willows). The depth of a reading depends
on the coil spacing and corrections must be made for changes in surface topography.

The first survey was performed by a Regional Board student assistant, Kevin Graves,
in August 1992 as a thesis project for a masters of science in civil engineering. The
thesis details the difficulty and limitations of obtaining electromagnetic terrain
conductivity measurements at a site like Leviathan Mine. All conductivities measured
were above the linear response range of the instruments used (0 to 40 mmhos/meter),
with background readings of 40 to 60 mmhos/meter. Properties that increase soil
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conductivity include: high clay/water content, highly conductive minerals, highly
magnetic minerals, small particle size, good physical contact between soil particles,
shallow ground water, and high total dissolved solids in groundwater. In addition,
buried metal objects and the evaporation ponds have the potential to interfere with
measurement of soil conductivity. The thesis reports uncorrected apparent
conductivities that do not take the nonlinearities of the instrument into account.
Isoconductivity contours were developed from the data collected. The thesis discusses
how high readings in the pit could be attributed to the close proximity to exposed ore,
pooled groundwater in the adit, or pooled water in the pit underdrain. The thesis
suggests soil borings to verify the occurrence of acid mind drainage in the areas of
high conductance readings in the pit. Other hot spots were interpreted as possible adit
locations, and groundwater springs. Graves admits that the data in this survey is
suspect and does not provide a sound basis for drawing conclusions.

The second survey was conducted by Kit Custis, and other staff from the California
Department of Conservation's Office of Mine Reclamation in November 1993. In
addition to the Geonics EM-34, they used a Geonics EM-31, a magnetometer, a self-
potential meter, and a Wenner resistivity meter to generate data. The magnetometer
was used to locate buried metal, and the self-potential survey was run to identify
groundwater seepage through the vadose zone. Custis is currently working with a
mathematical model to interpret the data. Because the conductivity and resistivity data
obtained are not mathematically unique, boundary conditions, such as the depth of the
waste material/bedrock contact, are necessary for a more accurate interpretation.
Information about the depth of waste materials, and pre- and post-project topography
has been sent to Custis by Regional Board staff. At this time the report is incomplete
and the Regional Board has only the preliminary results of this geophysical survey.

XIII. Site maintenance program

While efforts to improve water quality are being developed, Regional Board staff must
conduct ongoing maintenance to prevent damages to the improvements constructed as
part of the original pollution abatement project. The yearly site maintenance program
mainly addresses impacts from erosion, vandalism, and trespassing cattle. Erosion
causes sedimentation that blocks the surface runoff collection system and promotes
infiltration through mine wastes. Also, rill and gully erosion develops quickly on the
unstable slopes, often threatening the dirt access roads, the evaporation ponds, and the
flow control structures. Acts of vandalism have often resulted in substantial damage
which required costly repairs to maintain project operations. Cattle grazing on the
surrounding USFS land requires that a boundary fence be maintained to prevent cattle
from entering the site. The cattle pose a threat to the lined evaporation ponds, pilot
wetland treatment project, and site revegetation.
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Each year Regional Board staff inspects the site for erosion and sedimentation
problems when it is first clear of winter snow. Regional Board staff arranges for large
equipment and hand labor crews to clear sedimentation from the surface runoff
collection system. Large equipment crews are also directed to regrade rutted dirt
roads, and develop new, stable drainageways along the roads. Regional Board staff
work with Pat Murphy and Dr. Leiser to develop strategies for halting slope erosion in
areas that threaten site improvements. Hand crews, working under supervision,
implement bioengineering measures, such as willow wattles. Hand crews are also
needed to repair the barbed wire fence line that surrounds the mine site. At first
notice, Regional Board staff investigates vandalism which impacts the project's
operation, and develops plans for emergency repairs. Regional Board staff conducts
an ongoing site maintenance program which consists site inspections to identify
problems and contract development and management for services needed to maintain
the Leviathan Mine Pollution Abatement Project.

A. Yearly maintenance

The following is a break down of yearly maintenance needs at Leviathan Mine
with cost estimates based invoices from past years.

Yearly maintenance Per year

Heavy equipment to regrade and repair $12,000
roads, and clear sedimentation

Hand labor to clear sediment, repair fence $7,000
line, and install erosion control

Planting stock and fence materials $3,000

Total $22,000

B. Other maintenance needs

In addition to the regular maintenance the site has a conspicuous lack of
warning signs, the locking gates need realignment, and barbed wire and post
gates have proven to be ineffective at keeping cattle out. The cost of these
items including installation are estimated below.
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Individual
Present site needs: Qty Cost

replacement of warning signs on 2 $50
gates,

new warning signs for ponds and 7 $80
unposted gates,

repair of locking gates, and 2 $500

replacement of barbed wire and 3 $1000
post gates with self closing
swinging gates.

Total $4,660

As the project ages, the concrete structures and pond liners will need to be
inspected. The cost of these maintenance services have not been researched
and would be difficult to estimate.

XIV. Current efforts to address remaining sources of contamination at Leviathan Mine

Post-project water quality monitoring shows that discharges from Leviathan Mine
continue to impact Leviathan, Aspen, and Bryant Creeks. The Regional Board is
confident that addressing the channel underdrain, pond overflows, and eroding mine
site will vastly improve the quality of downstream waters. Descriptions of the three
major sources and the options being investigated and developed for treating them are
presented in the subsections that follow.

A. Channel underdrain

The discovery of the seeps below the twin 72-inch pipeline alignment was a
major setback during the construction of the Leviathan Mine Pollution
Abatement Project. These seeps were collected in a rock filled underdrain that
discharges directly to Leviathan Creek at the channel outfall. It was
immediately recognized that the channel underdrain would significantly
decrease the water quality benefits expected from the project. Underdrain
discharge flows were approximately 70 gallons per minute in September 1984
when the channel and underdrain were completed. Surface drainage, creek
channelization, and the collection of seeps around ponds 1 and 3 have changed
the groundwater hydrology of the site, and may have reduced the water source
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for the underdrain seeps. Underdrain flow rates typically range between 15 to
30 gallons per minute. A maximum flow rate of 134 gallons per minute was
observed during the Spring snow melt of 1995 following above average winter
precipitation.

Though the underdrain contaminant concentrations are much less than the pond
overflow concentrations, its impacts to Leviathan Creek are increased during
low streamflow periods. A toxicity study performed by U.S. EPA in 1991
determined that the underdrain had a LC50 (percent concentration fatal to half
of test population) of 8.8 percent for fiathead minnows, and 7.4 percent for
daphnia magna. Leviathan Creek is toxic to aquatic life when the underdrain
exceeds 7 percent of the combined creek and underdrain flow, which often
occurs in the fall. Therefore the underdrain alone creates excessively toxic
conditions in Leviathan Creek and ranks high among the remaining sources of
water contamination at Leviathan Mine. Until the sources of water feeding the
underdrain can be identified and eliminated, effort should be invested in
developing treatment options. Regional Board staff suspects that the
underdrain is fed by regional ground water and site infiltration.

The Regional Board retained the University of Nevada, Reno to conduct a pilot
scale constructed wetlands treatment feasibility study directed by Dr. Glen
Miller. Difficulties with metal precipitates clogging piping, and armoring
limestone plagued the study and resulted in two system modifications. Very
promising removal rates were achieved for arsenic and nickel (Table XIV.A.I).
Iron removal was initially very good, but as the system aged the iron and
sulfate concentrations approached untreated levels. Dr. Miller associates initial
iron and sulfate removal to adsorption and utilization of readily available food
source by sulfate reducing microbes., Substitution of arsenic and nickel for
adsorbed iron may be responsible for sustained arsenic and nickel removal
efficiencies. Other manure substrate treatment studies (Dr. Cohen, Colorado
School of Mines) have demonstrated that a system capable of treating 20
gallons per minute could be constructed in the limited space available down
gradient of the channel underdrain.
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Table XIV.A.I: Constructed wetland treatment of underdrain
Analysis
(mg/L
except pH)

pH
Aluminum
Arsenic
Iron
Nickel
Sulfate

Channel
Underdrain

min

4.4
37
0.2
290
1.5

1580

ave

4.7
44

0.29
350
1.9

1900

max

4.9
48

0.41
390
2.1

2160

Treated Wetland
effluent

min

5.72
O.02
0.01
O.02
O.01
1010

ave

6.8
0.24
0.03
150
0.03
1730

max

7.49
1.2

0.22
340
0.11
2090

U.S. EPA Safe
Drinking water
standards

6.5 to 8.5
0.05 to 0.2
0.05
0.3
0.1
400 to 500

The wetland pilot study produced the four reports which are on file at the
Regional Board office and list below.

Leviathan Mine Passive Treatment System As-built Letter Report,
Knight Piesold and Company, May 1993

The Use of Constructed Wetlands for Remediating Acid Mine Drainage
at the Leviathan Mine, Jim Schechtman, Summer 1993

Summary and Recommendations, Pilot Scale Treatment Facility for
Acid Mine Drainage at the Leviathan Mine, Glenn Miller, University of
Nevada, Reno, April 1995

Final Report, Field Performance and Monitoring Data for the Chemical
and Biological Treatment of Acid Mine Drainage At Leviathan Mine,
Hamilton Reed, University of Nevada, Reno, April 1995

Based upon the results of the wetland study, the Regional Board proposes the
development of two wetland projects. The first project is a scale-up of the
channel underdrain pilot project and it can be characterized as a limited space,
high contaminant concentrations bioreactor. The design flow will be increased
from 0.5 gallon per minute to approximately 8 gallons per minute. The
distribution system will be modified from pipe and valves to open channel with
weirs, and the treatment units containerized for easier replacement of spent
substrate. The scale-up study will address questions unanswered by the one
year pilot study concerning substrate sustainability, the maximum concentration
of contaminants in the substrate, and exhausted substrate disposal options. Dr.
Ronald Cohen, of the Colorado School of Mines, has demonstrated success
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with similar substrate bioreactors and has expressed an interest in assisting with
further investigations. Regional Board staff will need to develop and manage
contracts for the channel underdrain wetland design, construction, monitoring,
and concurrent study of spent substrate disposal options. It is estimated that
the scale-up wetland study will cost $250,000.

The second wetland project consists of designing and constructing a low
technology, no maintenance large surface area wetland to treat a recently
rediscovered acidic seep from the overburden pile. The overburden seep has
been observed to discharge approximately ten gallons per minute of pH 3.7
water that flows to Aspen Creek. The overburden seep contaminant
concentrations analyzed from one sample event closely resembles the
corresponding concentrations found in the channel underdrain (Table XIV.A.2)
except it has half the iron. The seep surfaces at the top of a large open area
that gently slopes to Aspen Creek and would allow for the construction of a
large shallow wetland. A preliminary conceptualization of the constructed
wetland consist of several treatment benches containing both sulfate reducing
substrate and plant materials. The seep constructed wetland will function more
like a natural wetland with its metal capturing capabilities. Regional Board
staff will need to develop and manage contracts for the overburden seep
wetland design, construction, and monitoring. It is estimated that the
overburden seep treatment wetland project will cost $150,000.

Table XIV.A.2: Comparison of overburden seep and channel underdrain

Analysis (mg/1 except pH)
Overburden Seep
(10/27/94)*
Channel Underdrain (5/92)*

pH
3.7

4.5

Aluminum
40

45

Arsenic
0.11

0.25

Copper
0.53

0.021

Iron
140

340

Nickel
0.48

1.8

Zinc
1.6

0.459

Sulfate
2000

1960
* Seep sample taken in fall after below average winter, underdrain sample taken in spring of
sixth consecutive drought year.

If amenable, constructed wetlands may be applied as a polishing step to
neutralization treatment of adit or evaporation pond waters.

B. Pond overflows

The evaporation ponds are a major component of the Leviathan Mine Pollution
Abatement Project. The pond system was designed to contain the acid mine
drainage generated at the site, and reduce the volume of acid mine drainage
discharged to surface waters. Brown and Caldwell's recommended design had
15.1 acres of ponds to evaporate 90 percent of the acid mine drainage
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discharged from the pit and the adit seep on a yearly basis. Due to slope
instability, only 11.4 acres of ponds could be constructed at the site. In
addition, as the mine cleanup project was being constructed, several seeps were
discovered. The largest of these seeps is collected and discharged by the
channel underdrain, but the remainder were directed to the ponds. Because of
both the reduced evaporation capacity and the increased inflows, the ponds
were expected to evaporate only 70 percent of the acid mine drainage and
discharge the rest. Based on estimated flow rates and average precipitation and
evaporation rates, Regional Board staff calculated that the ponds discharge an
average of three million gallons per year to Leviathan Creek. The Regional
Board anticipates that the Division of Water Rights' flow monitoring program
will pro vide-more definitive numbers for annual overflow volumes.

Although the ponds do not eliminate all discharges, the Regional Board
considers the system to be a significant improvement over the pre-project
conditions, and a very important first step in correcting the adverse
environmental impacts resulting from Leviathan Mine. Prior to the project,
acid mine drainage from the adit discharged to Leviathan Creek year-round.
The ponds contain all flows from the pit, adit, and seeps except during Spring
snow melt. The increased dilution capacity of spring peak streamflow partially
mitigates discharges from the pond system.

The Regional Board has been screening methods of reducing or treating and
discharging the evaporation pond water. The methods being considered include
enhanced evaporation, extraction of contaminant metals, continuous and batch
neutralization, and interception of direct precipitation to the ponds. The
Regional Board is searching for a method that will produce the following
results:

1. Reduce or eliminate acid mine drainage discharges from evaporation
ponds.

2. Reduce contaminant loads held in the ponds, to lessen impact if
overflow does occur.

3. Extend holding time and delay pond overflows until the site is
accessible to treatment equipment and personnel.

The Regional Board has been actively investigating the application of
neutralization treatment. In 1992, the Regional Board contracted with the
University of California, Davis (UCD), to study the feasibility of neutralization
treatment of acid mine drainage at Leviathan Mine. Dr. Richard Burau of
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UCD has determined that simple neutralization with an alkaline material such
as calcium carbonate or calcium hydroxide will result in the precipitation of
nearly all the metals contained in Leviathan Mine evaporation pond water.
Bench scale neutralization of pond waters has produced acceptable water
quality. Table XIV.B.I shows contaminant concentrations before and after
treatment by a simple neutralization process where pond water was raised to
the indicated pH's using calcium hydroxide, Ca(OH)2.

Table XIV.B.l: Neutralization treatment of pond 4 water
Pond 4
10/28/92
Untreated
Treated

pH
2.3
6.6
8.0

Al
(mg/1)
3300
2.7
10.0

As
(ng/D
65000

2
21

Cu
(mg/1)

27.6
<0.01
<0.03

Fe
(mg/1)
3660
<0.1
0.6

Ni
(mg/1)

48
0.3
0.3

S
(mg/1)
11700
910
1467

At the optimal pH of 6.6, contaminant concentrations are low enough that
treated pond water may be discharged to Leviathan Creek during seasonal high
flows and meet water quality objectives in the receiving waters. Dr. Burau has
indicated that practical application of the neutralization process in the field will
most likely result in a final pH around 8.0, which also achieves significant
reductions. Unfortunately, the sludge generated by the process qualifies as a
hazardous waste according to California total threshold limit concentration
(TTLC) standards for arsenic. The feasibility study determined that the cost of
sludge disposal will depend on moisture content. Sludge produced from
neutralizing one million gallons of pond water with 40 percent moisture content
will cost $165,800 to dispose of at a permitted site in California and $94,000 in
Nevada. The Regional Board has the final report for the UC Davis study on
file. The report is titled "Bench Scale Studies to Treat Acid Mine Drainage at
the Leviathan Mine, Alpine County, California" by Burau, Jacobson, Zasoski,
and Walker, May 1995.

A field study performed by Terry Ackman of the U.S. Bureau of Mines
(USBM) Pittsburgh Research Office confirmed that a simple neutralization
process with adequate mixing and settling times will produce water quality that
meets the U.S. EPA National Ambient Water Quality Criteria for the protection
of freshwater aquatic life. Ackman used the USBM's patented in-line system
(ILS) to mix acid mine drainage with lime slurry. The ILS is a low cost
mixing device with manageable operation and maintenance requirements. A
final report of the field study is expected shortly.
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Immediate Action to Prevent Pond Overflows

The Regional Board proposes to take immediate action to prevent pond
overflows. All involved with the design of the Leviathan Mine Pollution
Abatement Project conceded that the evaporation ponds would discharge to
surface waters on an annual basis due to site limitations. The Regional Board
has come to recognize during the project's eleven years of operation that pulse
releases of concentrated acid mine drainage to the Bryant Creek watershed are
not acceptable. Pond 4 overflows to Leviathan Creek each spring snow melt
with the possible exception of one or two years at the end of the recent six-
year drought (1986-1992). Approximately three million gallons of acid mine
drainage overflows from the pond system to Leviathan Creek in an average
year. Although direct precipitation allows for some dilution, the pond water
tends to have higher contaminant concentrations than its sources, the adit and
pit underdrain, due to evapoconcentration.

In an earlier attempt to prevent pond overflows, the Regional Board staff sent
out an invitation for bid on May 13, 1994 for neutralization treatment with
calcium hydroxide of three million gallons of evaporation pond water. The bid
package was based on preliminary UC Davis treatment study findings that
showed simple neutralization would produce acceptable water quality for
discharge. The contractor was to provide a complete service including
equipment, transportation, neutralizing agent, hazardous waste sludge disposal,
operation, and maintenance. The five bids received ranged from $350,000 to
$950,000. The contract award was protested and found invalid based on
evaluation procedures. In order to avoid further dispute, the neutralization
project contract process was terminated by the Regional Board Executive
Officer on October 12, 1994. With this contract experience and the final bench
scale study results, the Regional Board staff will develop a request for proposal
for the prevention of pond overflows. The proposal will have the same
volume, water quality, and sludge disposal specifications, but leave the process
unspecified. The new project contract process will likely generate bids that fall
within or possibly below the previous range as a result of the increased design
flexibility.

A low technology, manageable operation and maintenance neutralization
treatment system was field tested by Terry Ackman of the U.S. Bureau of
Mines (USBM). A pilot scale USBM's patented in-line system (ILS)
successfully treated Leviathan Mine pond and adit water at a rate of 10 gallons
per minute. The treatment related costs of the study was approximately
$50,000 for 60,000 gallons and two weeks of operation. A scaled-up ILS with
a 3-inch jet nozzle would cost approximately $20,000 to construct and would
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treat at a rate of 160 gallons per minute. A work schedule of 40 8-hour days
would be sufficient to treat three million gallons at this rate. The UC Davis
report estimates neutralizing agent material and transportation will cost $18,450
per million gallons of pond water. The estimated cost for sludge disposal in
Beatty, Nevada is $94,000 per million gallons treated if the sludge moisture
content is 40 percent. Combining cost estimates for equipment, materials, and
sludge disposal, the cost of treating three million gallons of evaporation pond
water with an ILS would be $360,000. This figure does not include the cost of
labor for ILS operation and onsite sludge handling. The disposal of
neutralization sludge, which is classified as a hazardous waste by California
standards for total arsenic content, is clearly the most expensive element of the
ILS option at approximately 70 percent of the total cost. This option would
also require multiple contracts and intensive management by Regional Board
staff.

In summary, the Regional Board is aware of two options for immediate action
to prevent pond overflows: proposal project or ILS project. Estimated costs
for the two options are presented in the table below.

Table XIV.B.2: Option Costs for immediate action to prevent pond overflows

Option

Proposal project

ILS project

Cost

$350,000 to $400,000

$360,000+

At this time, the Regional Board chooses to contract a proposal project because
the option costs are nearly equal but the management demands are higher for
the ILS project. This decision will allow staff to concentrate on developing
methods for reducing sludge volumes and enhancing sludge stability for on site
disposal.

Additional Neutralization Studies

Sludge disposal makes neutralization treatment extremely costly. Various
possibilities exist for reducing the volume of toxic sludge produced by
neutralization including high density sludge process and a two phase procedure.
The Regional Board proposes an additional neutralization treatment study to
investigate sludge reduction methods, the option of onsite disposal, and to
determine the level of moisture content attainable by conventional dewatering
methods. The sludge stability needs to be fully characterized before a case can
be made for onsite disposal. The principle investigators of the UC Davis study
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estimate that the additional neutralization treatment study would cost
approximately $40,000.

Regional Board staff will continue to explore new technology and management
alternatives in an attempt to find more efficient, cost-effective methods of acid
mine drainage treatment and reduction.

C. Unreclaimed site - Preliminary revegetation workplan for Leviathan Mine

Reclamation and revegetation are functionally defined as follows:

Reclamation (refers to) the construction of topographic, soil, and plant
conditions after disturbance, which may not be identical to the pre-
disturbed site, but which permits the degraded land mass to function
adequately in the ecosystem of which it was and is a part. ...The term
revegetation is restricted to the vegetative phase of reclamation. (Frank
E. Munshower. 1994. Practical handbook of disturbed land
revegetation.)

As such, revegetation is considered an integral part of the overall reclamation
process.

The "Leviathan Mine Pollution Abatement Project: Design Report and Draft
Environmental Impact Report" (Brown and Caldwell, 1983) emphasized
engineered approaches to Leviathan Mine site acid mine drainage remediation,
but included revegetation as a component of site reclamation. The resultant
project was implemented by the Regional Board beginning in 1983. It
involved relocating and regrading one million yards of tailings, constructing
11.4 acres of evaporation ponds, channelizing streams to prevent contact with
mine tailings, constructing 17,000 feet of drainage ditches to prevent
stormwater infiltration, and initial efforts at site revegetation. Although the
project met most of its intended goals in water quality improvement, problems
still remain. Erosion continues to result in the discharge of spoils and soils
into local waterways, particularly from steep bare slopes. Acid mine drainage
continues to enter Leviathan Creek via intermittent pond overflows when water
inputs are in excess of evaporative losses, and the underdrain of the engineered
concrete channel for Leviathan Creek as well as natural seeps. Establishment
of sustainable vegetation would minimize pollution of local waterways by:
minimizing soil erosion with physical soil stabilization, reducing acid mine
drainage and pond overflows by increasing losses of soil water by
evapotranspiration, and improving top soil and runoff water quality. An
overview of revegetation efforts at Leviathan Mine is given in Table D.I

53



Leviathan Mine 5-Year Workplan

(Attachment D).

1. Summary of Research Studies at Leviathan Mine to Guide Revegetation

Butterfield and Tueller (1980) studied volunteer vegetation, analyzed
soil chemical and physical properties, performed a greenhouse soil
fertility assay, and conducted field trials from fall of 1975 through
summer of 1979 at the Leviathan Mine in the area of the waste dump.

Volunteer vegetation was sparse. Little vegetation had been established
since cessation of mining activities in 1962. Average plant cover was
only 0.45%, and average density was only 0.65 plants per square meter.
Mine spoils were dominated by six perennial volunteer species. These
included, in order of descending percent cover: Jeffrey Pine (Pinus
jejfreyi); curl-leaf mountain mahogany (Cercocarpus ledifolius); white
fir {Abies concolor); nude erigonium (Erigonium nudum var,
deductum—a relative of buckwheat); western needlegrass (Achnatherum
occidentalis); and bottlebrush squirreltail (Elymus elymoides). Western
needlegrass and bottlebrush squirreltail apparently preferred dark
colored, weakly altered spoils.

Ten soil sites were analyzed for soil pH; exchangeable calcium,
magnesium, aluminum; available iron, manganese, zinc, copper; nitrate
(NO3), potassium, water soluble aluminum, texture, and seasonal soil
moisture (April-August). Soil pH ranged from 3.22 to 7.0 with a
median value of 4.2. Aluminum was the only metal found in clearly
phytotoxic concentrations. Calcium and nitrate nitrogen were
potentially deficient for plant growth. Soil textures were predominantly
fine clay, with a few coarser sandy clays to sandy loam. Soil moisture
at depths of zero to ten centimeters (cm) fell below the permanent
wilting point by late May and early June, whereas available moisture
was present at depths from 30 to 40 cm (approximate depth of tree and
shrub transplanting) throughout the growing season.

A factorial lime by nitrogen by phosphorus greenhouse soil fertility
assay was conducted for three spoil samples. Both nitrogen and
phosphorus were deficient. There was a significant lime and fertilizer
interaction, suggesting that metal biotoxicity or calcium deficiency may
have limited plant growth on unlimed soil. Plant growth was ten-fold
greater on limed spoils for comparable fertilizer treatments.
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In Fall of 1975, a mixture of six grass species and three legume species
were planted on seven sites. Two sites were limed to either a 10 or 15
cm depth. Treatments were straw mulch versus bare soil; nitrogen
fertilizer (67 kg/ha as (NH4)2SO4) versus no fertilizer; and drilled versus
broadcast seed. Fifteen species of containerized shrubs were also
planted on six sites, two of which were surface limed. In Spring of
1976, bare root Jeffrey pines and shrubs were planted on six additional
sites, one of which was limed. Grass and legume seedling emergence
and survival was increased by liming and by straw mulch, but decreased
by nitrogen fertilization. Surface liming had no consistent effect on tree
and shrub survival. Shrubs and Jeffrey pine showed good survival on
slopes as great as 60%. Shrubs showed greater survival overall on
southerly-facing slopes than on northerly-facing slopes, as did Jeffrey
pine, though to a lesser degree than shrubs. Survival of trees and
shrubs ranged from 25 to 89% after the first year to 0 to 71% after the
third year. Data suggest that soil pH was not a significant factor for
tree and shrub transplant establishment during the first year. However,
long term survival appears to have been directly correlated with soil pH
(Figures D.I and 2, Attachment D). For third-year data, soil pH
explains 72% of the variability in survival rates overall (Fig. D.I,
Attachment D), and 86% of the survival for trees and shrubs on
southerly aspects (Fig. D.2, Attachment D).

All species of shrubs had good survival except fourwing saltbrush
(Atriplex canescens). Jeffrey pine was prevalent in the surrounding
undisturbed areas and as volunteers on-site. It did well in field trials
and was considered a prime candidate for revegetation attempts.

In Spring of 1983 through Fall of 1984, a field revegetation trial was
conducted to determine feasibility of revegetation with various tree and
shrub species and to provide feedback in optimizing the revegetation
workplan of Leiser (1984). This workplan relied both on the expertise
of the author, and the previous study of revegetation on Leviathan Mine
spoils by Butterfield and Tueller (1980). Field trials included 12
angiosperms (broad leaf) and 5 gymnosperm (conifer) species. The
experiment was of a factorial of two planting seasons (spring versus
fall) times two fertilizers (no fertilizer versus one ounce of osmocote
fertilizer per plant). Plant survival was very good overall, averaging
76% for angiosperms and 95% for gymnosperms after the first summer
(Table D.2, Attachment D). There was no consistent difference between
spring and fall plantings (Table D.3, Attachment D). Fertilization was
highly beneficial (Table D.4, Attachment D). This was particularly
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pronounced in the example given for Wood's rose (Table D.5,
Attachment D). Though squaw carpet, a nitrogen fixer, performed
relatively poorly the first year, the long term vigor of the plant was
good (Table D.6, Attachment D).

2. Implementation and Results of Revegetation at Leviathan Mine

Starting in about 1980, the U.S. Forest Service (USFS) began
negotiating a memorandum of understanding (MOU) with the Regional
Board to define conditions under which they would assume title of the
Leviathan Mine site. A primary condition was the site be revegetated
according to the specifications of USFS experts. The USFS
revegetation plan (Attachment D) was developed by Farmer and
Richardson (1984) of the USFS Intermountain Station in Logan, Utah.
Their plan consists of surface liming and fertilization followed by
establishment of 15 grass and legume species with interplantings of 10
species of trees and shrubs. This workplan was implemented beginning
in Spring of 1985. The liming, fertilizing, and grass seeding was
carried out by a contractor, Selby's Soil Erosion Control Company.
Transplanting of 20 different species of trees and shrubs was carried out
by Dr. Leiser of University of California, Davis, and Pat Murphy of the
Nevada Division of Forestry. The first year, grass emergence and cover
was very good. However, by the Summer of 1987, the beginning of a
long drought in California, the grass had essentially failed, having a soil
coverage of only about 1 to 2%. Reasons for failure of long-term grass
establishment apparently include: (i) lack of adequate soil moisture for
shallow rooted grasses, (ii) too low a liming rate with too shallow a
depth of soil incorporation for adequate neutralization of soil acidity,
and (iii) poor adaptation of grass species to soil and climatic conditions
at the site.

In contrast, Dr. Leiser 's revegetation plantings were largely successful.
Utilizing knowledge acquired from the field study on successful plant
species and fertilizers, over 100,000 trees and shrubs were planted on
the site from 1985 through 1988 under the direction of Dr. Leiser and
Patrick Murphy.

Long-term visual follow-up of Dr. Leiser's plantings shows that plant
establishment was usually good, but that plant vigor was limited in
some locations (see Table D.7, Attachment D). The reasons for this
appear to be primarily related to poor soil conditions, such as excessive
soil acidity, and unstable steep slopes, which may either erode to expose

56



Leviathan Mine 5-Year Workplan

plant roots on the slope, or bury plants at the toe of the slope. To
address the latter problem, bioengineering approaches have been used
from 1992 to present, under the guidance of Dr. Leiser and Pat Murphy,
to stop erosion where acid mine drainage control structures are
threatened, or where siltation of ponds may occur. This approach
employs willow wattles buried along the contours of slopes. Though
not all wattles have sprouted new growth, they work as a mechanical
restraint. Bioengineering has shown a measure of success and continues
to be used on site as needed. The problem of poor soil conditions still
needs to be more thoroughly addressed.

3. Staff Evaluation of Revegetation at Leviathan Mine

Low pH creates aluminum toxicity, a major plant growth limiting factor.
Biotoxic concentrations of other metals is also a possibility. Although
Butterfield and Tueller (1980) found no other metal toxicity, their study
was nearly 20 years ago. The site has probably become more acidic.
Copper and nickel are likely candidates for toxicity screening, based on
site geochemistry and the relatively low concentrations of these heavy
metals required to inhibit plant growth. Calcium deficiency can occur
because of accelerated calcium leaching in excessively acid soils.
Phosphorus adsorption on acidic aluminum and iron oxides and
phosphorus coprecipitation with free aluminum ions is a recognized
mechanism for inducement of phosphorus deficiency. Liming should
help alleviate all of these problems. However, liming requirement is a
function of both soil buffering capacity and pH. Care must be taken to
use the right method for determination of lime requirement (McLean,
1982; Robson, 1989). Over the long-term, sulfur oxidation must also be
factored into a reasonable rate of lime application. For some sites, it
may be difficult to lime, so it may be necessary to utilize highly acid
tolerant species.

Soil nitrogen and phosphorus have been demonstrated to be deficient on
site. Fertilization with nitrogen and phosphorus is necessary and
beneficial for good plant survival and vigor. No testing has been done
to determine if any other plant nutrients are limiting plant growth.
Intermountain valleys of the Sierra Nevada are commonly deficient in
sulfur, boron, and molybdenum, though it is reasonable to assume that
sulfur is not deficient at this site. Soil moisture was a much more
critical factor for establishment of grass and legumes than for deeper-
rooted shrubs and trees. This is probably the primary factor why the
USFS grass revegetation attempt failed. Moisture is the critical factor
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in determining whether to attempt a fall or spring planting. Fall
plantings have the advantage of allowing for root system establishment
under low evapotranspiration conditions, but there must be adequate
summer rains or carryover from spring to give good plant survival.
Initial soil moisture is usually higher for spring plantings, but plant
water stress during summer is a potential problem that could reduce
plant survival. Establishment of vegetation should make use of excess
soil water which might otherwise feed acid seeps and springs passing
through mine spoils.

The negative relationship between volunteer vegetation and slope
steepness probably indicates seedbed instability because of erosion.
Observation indicates that plants at the toe of slopes can be buried by
processes of erosion. Plant species that can sprout and re-root from
their stems would be most successful in these locations. Plants on
slopes may have their roots exposed by erosion. Deep-rooted, drought
tolerant plant species might be more successful on unstable slopes.

Complete reclamation of the Leviathan Mine site has not yet been
realized because: difficult localized site conditions have partially
limited the success of revegetation efforts; more information needs to be
gathered about edaphic conditions, site characteristics, plant physiology,
and plant-soil management factors to maximize plant establishment and
growth; and funding has been too limited to complete necessary
revegetation efforts.

4. Proposed Workplan for Continuing Revegetation of Leviathan Mine:

The Leviathan Mine site revegetation plan is organized in two tiers:
initial implementation measures with data collection, and development
of a comprehensive site revegetation plan. The initial implementation
measures will also serve as trial beds for planting strategies including
densely planted islands or strips that are contiguous with undisturbed
areas, and cobbles to enhance soil moisture. The overall approach in
developing a comprehensive site revegetation plan will be to match
specific sub-sites with plant species and management factors to
maximize plant establishment and growth. This will be accomplished
using data already presented and data to be collected. The nature of the
information required is as follows:

a. Edaphic: Soil physical and chemical characterization-
compaction, texture, soil water relations, pH, lime requirement,
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available nutrients (e.g. nitrogen, phosphorus, boron,
molybdenum), toxic elements (e.g. aluminum, copper,
manganese, nickel).

b. Site Characteristics: Slope, aspect (exposure), position on slope
(e.g. top versus toe), degree of compaction, location of local
topsoil resources.

Once the site is characterized, plot trials will be developed using plant
species that are best adapted to local conditions. Following are
variables that will be tested:

a. Plant Physiology: Species - grasses, herbaceous perennials,
shrubs, woody trees (as appropriate to the sub-site). Seedling
versus seed; containerized versus bare root; dormant versus
actively growing; root-shoot ratios; thickness of stem caliber;
seedling size.

b. Planting Time: spring vs. fall - optimum planting window.

c. Management Factors: Irrigation; soil amendments; slope
stabilization (e.g. jute matting); exposure and plant protection;
inoculation with mycorrhizal fungi.

The work will be phased as follows:

Tier One - Implementation measures

a. Growth enhancement of existing plants on site

The 103,000 trees and shrubs planted during 1983-87 period
demonstrated high survival rates, but low vigor. Various studies
indicate the need for plant nutrients/soil amendments including
P, Ca, lime, N, K, and Mo. Tasks include: locating past
revegetation efforts, investigating critical growth-enhancing
factors, analyzing soil and plant tissue, amending/fertilizing
existing plantings, and monitoring of growth/treatment effects.

b. Seed and bud gathering

The plants with the greatest chance of survival are those grown
from seeds collected from plants adapted to the climate, soil,
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moisture, and acidity. Seed collection requires brief intense
efforts that could be achieved by volunteer community effort
with expert guidance. Tasks include: scoping seed sources on
and near site, analyzing seed viability, public outreach, training,
collecting, preserving and storing seeds.

c. Volunteer Islands

Healthy volunteer vegetation will be used as nuclei for
revegetation islands of higher density plantings. The organic
matter buildup around vigorous plants will be used to expand
vegetative cover. Diverse island planting stock will be selected
to minimize competition and enhance synergistic effects. Tasks
include: locating and selecting healthy volunteers for island
expansions, applying seeds, propagating of planting stock,
planting, and monitoring.

d. Amendment with organic materials

The Bureau of Land Management in Palomino, Nevada and
ranchers in the upper Carson River Watershed have an excess of
manure that would be highly beneficial as a soil amendment at
Leviathan Mine. Other sources of organic material may be
utilized or mixed with manure: wood chips, pine needles, grass
clippings, etc. Salvage logs may be anchored cross-slope for
soil stabilization and organic matter. The organic amendments
will be deposited on site to enhance the spreading of volunteers,
improve the growth of existing plants, and later used for planting
efforts. Tasks include: locating manure surpluses, improving
site access, coordinating manure delivery, local timber harvest,
wood chipping, optimizing organic amendment quality and
nutrient release characteristics (mixing different sources of
organic materials, adding amendments, or composting as
necessary), spreading, and monitoring.

Tier Two - Comprehensive revegetation plan

a. Phase I—Edaphic and Site Characterization

The objective is to classify sub-sites where specific plant species
and management factors may be applied. A site survey will
determine the spatial distribution of the above listed edaphic and
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site factors,

b. Phase II—Field Trials

The objective is to determine feasibility and optimize strategy
for reclamation of distinct sub-sites using appropriate treatments
based on plant physiological factors, planting time, and
management factors.

c. Phase III—Site Revegetation

Based on results of Phase II, implementation of full-scale site
revegetation using appropriate plant physiological factors,
planting time, and management factors, matched to identified
sub-sites.

d. Phase IV—Monitoring

The goal is to provide a quantitative measure of the success of
revegetation efforts. A comprehensive revegetation monitoring
plan will be developed. Components of the monitoring plan
include: (1) establishment of baseline conditions including (a)
characterization of comparable un-revegetated sub-sites, and (b)
estimation of growth rate of key species (e.g. Jeffrey pine) in
adjacent forest for comparative purposes; (2) a monitoring
schedule; (3) development of revegetation success criteria, such
as plant growth rate, cover, density, species-richness, etc., and
(4) determination of sampling scope—utilize a sampling size that
provides a minimum statistical confidence level of 80 percent for
treatment comparisons.

Site revegetation is presently the only feasible form of source control at
Leviathan Mine. The performance of Tier One tasks can be
accomplished in two to three years at a cost of $350,000. Tier Two
tasks will require five to ten years and cost an estimated $1,045,000.

Site maintenance and erosion control efforts will continue during the
development of a revegetation plan. The un-revegetated site is
extremely dynamic with new and old erosion problem areas evolving
each year. The highly eroding areas that threaten site improvements
and contribute excessive sediment loads to the surface waters will
continue to be identified and addressed with biomechanical methods.
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Experience gained with each erosion control effort will be used to
develop and refine erosion control methods and site management
practices.

XV. Overall objective of pollution abatement efforts at Leviathan Mine

The Regional Board sets the restoration of all beneficial uses to Bryant Creek, with
significant improvements to Leviathan and Aspen Creeks as the overall objective of
pollution abatement efforts at Leviathan Mine. The beneficial uses to be restored to
Bryant Creek include agricultural supply, cold freshwater habitat, wildlife habitat, and
contact and non-contact water recreation. Post-project toxicity studies show that water
quality is already approaching levels necessary for supporting cold freshwater habitat
in the headwaters of Bryant Creek. The Regional Board is committed to developing
the projects described within this workplan and confident that such efforts will
significantly contribute to achieving the stated objective.

XVI. Leviathan Mine project funds

The Leviathan Mine Pollution Abatement Project was constructed with a State
Assistance Program (SAP) Grant from the Clean Water Bond and the
Anaconda/ARCO settlement. Approximately $640,000 remains from the original SAP
grant. The Regional Board is currently drawing from the SAP funds to finance one
associate water resource control engineer position for the oversight and management of
Leviathan Mine due to the loss of Federal Old Bond money.

Cleanup and Abatement Project Account Number 26 of $400,000 was established for
concrete repairs. These funds have been used for various site maintenance and repair
projects leaving a current uncommitted balance of approximately $280,000. Several
other Cleanup and Abatement Project Accounts were established for the wetland and
UC Davis neutralization treatment studies, erosion control projects, and emergency
repairs. All of the funds for these projects will be exhausted once the final invoices
are approved for payment.

As a result of the negotiations relating to premature concrete degradation, the State
received $110,000 from Brown and Caldwell in a December 1988 settlement
agreement, and a net of $70,000 from Mittry and their subcontractors in a July 1990
settlement agreement. Cleanup and Abatement Account Number 5 was established
with the $180,000 received from concrete settlements. The Division of Water Rights
streamflow monitoring program and the U.S. Bureau of Mines field neutralization
study were funded from Account Number 5, leaving a balance of $50,000.
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XVII. U.S. EPA regulation

The Federal government recognized pollution was emanating from Leviathan Mine in
1958 when the "Summary Report on Quality of Interstate Water - Leviathan Creek
(California-Nevada)" was developed by the Water Supply and Water Pollution Control
Program of the U.S. Public Health Service. Initially, the location of Leviathan Mine
and its impact on interstate waters gained Federal attention but more recently the U.S.
Environmental Protection Agency (EPA) is concerned about the mine as a source of
toxic pollutants and stormwater pollution.

A. Clean Water Act Section 304(1)

Pursuant to the requirements of the Federal Clean Water Act Section 304(1), the
U.S. EPA, Region 9 issued lists of impacted water bodies. Leviathan Creek
was placed on the "short list", and Leviathan Mine was placed on the "source
list". The "short list" included waters which, due entirely or substantially to
discharges from point sources, do not meet numeric or narrative water quality
standards for the toxic pollutants listed under Section 307(a) of the Clean
Water Act. "Substantially" is defined by U.S. EPA to mean if the cumulative
contribution, of a Section 307(a) pollutant, from point sources is enough to
cause exceedance of California water quality standards, then the problem is due
"substantially" to point sources. The "source list" is a list of point sources
which are discharging the Section 307(a) pollutant into the waters on the "short
list". Leviathan Creek and Leviathan Mine were listed for discharges of
arsenic and nickel. The State must develop and submit an individual control
strategy (ICS) for each point source. The ICS must be a draft or final National
Pollutant Discharge Elimination System (NPDES) permit with documentation
to show that State water quality standards will be met. The ICS must be
designed to ensure that applicable water quality standards are achieved no later
than three years after the establishment of the ICS.

B. NPDES Storm Water Permit with discharge limits and compliance schedule

U.S.EPA and the State Board have been working to develop a general NPDES
permit for abandoned mines. This permit would require application of best
management practices and best available technology to reduce or eliminate
storm water pollution from these sites. The Regional Board hopes that a
permit with a similar format can be developed for Leviathan Mine. And, if
water quality standards must be applied, that the point of compliance be set at
the headwaters of Bryant Creek.
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XVIII. Water Quality Standards

Appropriate water quality standards need to be developed and approved by the
Regional Board, State Board and U.S. EPA for discharges from Leviathan Mine and
the surface waters of Bryant Creek watershed. Past practice in discussions of pre-
project water quality and in the design of the Leviathan Mine Pollution Abatement
Project has been to apply water quality criteria that protects beneficial uses. Recently,
U.S. EPA National Ambient Water Quality Criteria for the protection of freshwater
aquatic life and Safe Drinking Water Standards have been used to gage treatment
success in the neutralization and wetland studies.

The 1995 Water Quality Control Plan for the Lahontan Region contains specific
numerical water quality objectives (Tables XVIII. 1 and 2) and beneficial uses for the
Bryant Creek Basin (Table XVIII.3).

Table XVIII. 1: Numerical Water Quality Objectives for Bryant Creek Basin

Annual average
90th percentile value

Total filterable
residue (mg/1)

140
200

Chloride
(mg/1)

15
25

Sulfate
(mg/1)

35
50

Percent
Sodium

-----
50

Boron
(mg/1)

0.20
0.50

Total
nitrogen
(mg/1)

0.20
0.30

Total
phosphorus
(mg/1)

0.02
0.03

Table XVIII.2: Numerical Water Quality Objectives for Bryant Creek Basin, Maximum
values (mg/1, except as noted)
Turbidity
(JTU)

15

Total Alkalinity, as
CaC03

70 (minimum)

Total Acidity,
as CaCO3

10

Dissolved
Iron

0.5

Manganese

0.5

Color,
PCu

15

Aluminum

0.1

Copper

0.02

Arsenic

0.05

Table XVIII.3: Existing and potential beneficial uses of surface waters in Bryant Creek Basin
Feature

Leviathan Creek (above Leviathan Mine)
Leviathan Creek (below Leviathan Mine)
Aspen Creek
Bryant Creek
Minor Surface Waters

M
U
N

X
X
X
X
X

A
G
R

X
X
X
X
X

I
N
D

X

G
w
R

X
X
X
X
X

F
R
s
H

X

R
E
c
-1
X
X
X
X
X

R
E
c
-2

X
X
X
X
X

c
o
M
M

X

X

X

c
o
L
D

X

X
X
X
X

w
I
L
D

X
X
X
X
X

s
p
>\
N

s
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No distinction is made between existing and potential beneficial uses in the 1995
Water Quality Control Plan for the Lahontan Region. The beneficial uses recognized
as potential in the Water Quality Control Plan for the North Lahontan Basin as
amended in 1991 are indicated with bold X's in the table above. A waste load
allocation study would be useful to determine the total maximum daily loads (TMDLs)
that can be discharged from Leviathan Mine and remain in compliance with standards
set for Bryant Creek. If the TMDLs are unachievable, the Regional Board may want
to consider performing a use attainability analysis to determine which beneficial uses
can be fully restored.

XIX. Conclusions

Leviathan Mine is a multifaceted project with substantial funding needs. Regional
Board staff has identified three priority problems that must be addressed: pond
overflows, channel underdrain, and 265 acres of barren and eroding disturbance. The
Leviathan Mine 5-Year Workplan proposes application and continued investigation of
acid mine drainage treatment methods as the most direct strategy for achieving
improvements in water quality. The workplan also calls for the development and
implementation of a site revegetation plan as a method of long term source control.
Execution of the workplan will significantly contribute to the restoration of all
beneficial uses to Bryant Creek, with notable improvements to Leviathan and Aspen
Creeks.

In addition, considerable time and effort is needed to maintain the Leviathan Mine
Pollution Abatement Project and its improvements. The surface runoff structures,
roads, and boundary fence must be maintained to insure proper operation, site access,
and protection of delicate mine revegetation from cattle grazing. Problem erosion
areas are identified each year and addressed with bioengineering erosion control
measures. Emergency repairs are needed regularly due to vandalism of site
improvements.

Tables XIX .1 and 2 contain estimates of PY's and contract dollar requirements for
tasks discussed in this workplan. The Leviathan Mine 5-Year Workplan has a total
funding requirement of 14.75 PY's and $4,064,600.
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Table XIX . 1: Leviathan Mine 5-Year Workplan PY requirements

Task

'reject management

Site maintenance

Water quality monitoring

Wetland treatment projects

Pond overflow prevention
project

Neutralization treatment study

Site revegetation

Total

FY 95-96

0.2

0.5

0.1

0.5

0.4

0.2

1.3

3.2

FY 96-67

0.2

0.5

0.1

0.3

0.2

0.3

1.15

2.75

FY 97- 2000

0.6

1.5

0.3

0.5

0.6

0.5

4.8

8.8

Table XIX .2: Leviathan Mine 5-Year Workplan contract dollar requirements

Priority

1

2

3

Task

Site maintenance

Water quality monitoring

Flow monitoring (Division
of Water Rights)

Proposal project to prevent
pond overflows

Overburden seep wetland

Channel underdrain
wetland study

Neutralization treatment
study

Site revegetation

Total

FY 95-96

$26,660
—

$30,000

$400,000

$100,000

$150,000

$40,000

$150,000

896,600

FY 96-97

$22,000

$9,000

$10,000

$400,000

$25,000

$25,000

$590,000

1,081,000

FY 97 -2000

$100,000

$27,000

$10,000

$1,200,000

$20,000

$75,000

$655,000

2,087,000

The Regional Board is committed to improving water quality in the Bryant Creek basin by
executing the tasks discussed in this workplan. The work will require funding in the amounts
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indicated above. Without stable funding of the maintenance needs, the Leviathan Mine
Pollution Abatement Project will develop serious operational problems. Complete funding of
site revegetation and treatment proposals is necessary to address the remaining water quality
problems at Leviathan Mine.
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ATTACHMENT A
Early Data Collections and Studies of Water Pollution as a Result of Leviathan Mine

1. Table summarizing Anaconda Company monitoring reports

As reported in a 1975 Regional Board staff report, this table gives a summary of water quality
data collected from 1954 to 1962 by Anaconda. Samples were taken above the mine, below
the mine, from Bryant Creek below the confluence of Mountaineer and Leviathan Creeks
(approximately 2 miles below mine), and from Bryant Creek at the ranch diversion
(approximately 7 miles below mine). The samples were analyzed for pH, and concentrations
of sulfate, turbidity, and total iron. This data shows a decrease in pH, and increases of
sulfate, and turbidity as a result of Leviathan mine discharges. Data for some of the total iron
concentrations reported in this table were erroneously assigned units of mg/1 when they were
actually reported in grams per liter as verified by comparisons with data sheets from
Anaconda. No indication was given as to whether the metal concentrations were for total of
dissolved metals. The average pH and concentrations of sulfate, and turbidity at the ranch
diversion from Bryant Creek shows that impact from the mine discharge extended at least 7
miles downstream.

Table A.I Anaconda Data 1954-1962
(Unit assignment errors suspected for shaded values.)

pH

# of samples

Sulfate
mg/1

# of samples

Turbidity
Units

# of samples

Total Iron
mg/1

# of samples

max.
median
min.

max.
median
min.

max.
median
min.

max.
median
min.

Leviathan Cr.
Above Mine

8.2
7.7
7.2
12

13
8.4
3.3
13

16
6.5
3.4

4

2
0.3

0.08
7

Leviathan Cr.
Below Mine

Headwaters of
Bryant Cr.
(2 miles down-
stream from mine)

Bryant Cr. at
diversion to ranch
(7 miles down-
stream from mine)

6.8 8.8 9.1
3.4 5.7 6.9
2.2 3.4 3.2
73 90 13

4513 1331 732
2183 320 285
280 41 35
60 76 13

770 350 108
115 60 53
4.5 7 1.7
54 51 12

470 0.2 22.3
0.12 0.02 0.58
0.01 0.01 0.01

35 30 12
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2. Consolidated water quality data from the Regional Board's Anaconda files

These data sets contain monitoring results spanning from 1955 to 1974. The
consolidation efforts do not reference the data sources, but by observation contain
Anaconda data and Regional Board sampling results from 1968-69, and 1974. There
are substantial data sets for pH, total iron, ferric iron, apparent color, turbidity, and
sulfates, while only sparse data was collected for phenolphthalein and methyl orange
acidity, aluminum, arsenic, bicarbonates, boron, cadmium, calcium, carbonates,
chlorides, chromium, specific conductance, copper, cyanide, ferrous iron, fluoride, total
hardness, lead, manganese, magnesium, mercury, nickel, nitrate, potassium, dissolved
oxygen, selenium, silver, sodium, total dissolved solids, and zinc. There is no
indication whether the metal concentrations are for total metals of dissolved metals.
Table A. 2 contains the maximum concentrations, except were indicated, for monitoring
points above and below the mine from the consolidated data tables. It can be seen
from this data that degradation of water quality occurred prior to 1975 and that the
mine discharge affected many parameters.

Table A.2 Consolidated Water Quality Data 1955-1974
Constituent

Aluminum (mg/1)
Apparent Color
Arsenic (mg/1)
Bicarbonate (mg/1)
Boron (mg/1)
Cadmium (mg/1)
Calcium (mg/1)
Carbonates (mg/1)
Chlorides (mg/1)
Chromium (mg/1)
Copper (mg/1)
Cyanide (mg/1)
Dissolved Oxygen (mg/1), minimum

Ferric Iron (mg/1)
Fluoride (mg/1)
Lead (mg/1)
Magnesium (mg/1)
Manganese (mg/1)

Above
mine

0.7
40

0.01
59

<0.5
<0.01

0.3
0

1.4
O.025
0.288
<0.01

8.2
1.1

<0.1
<0.01

2.7
<0.05

Below
mine

38
960
1.7
0

3.5
<0.01

1.5
0

259
0.16
1.10

<0.01
<0.01
220
5.3
1.9
14
13

Constituent

Mercury (mg/1)
Methyl Orange Acidity (as CaCO3, mg/1)

Nickel (mg/1)
Nitrate (mg/1)
pH, minimum
Phenolphthalein Acidity (as CaCO3, mg/1)

Potassium (mg/1)
Selenium (mg/1)
Silver (mg/1)
Sodium (mg/1)
Specific Conductance (micromhos)

Sulfate (mg/1)
Total Hardness (as CaCO3, mg/1)

Total dissolved solids (mg/1)

Total Iron (mg/1)
Turbidity (Turbidity Units)
Zinc (mg/1)

Above
mine

0.0

0
0.03
0.9
6.9
25
3.1

<0.01
<0.05

9.2
68

20.51
59
125
9.0
1.3

<0.01

Below
mine

0.0
1600

16
5.2
2.2
492
5.8

<0.01
<0.05
17.3
1140
4513
135

1778
730
800
0.53
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3. Bioassay Investigations, Nevada State Fish Hatchery, Verdi, Nevada and Report on
Leviathan Creek Bioassay, by S. J. Coli, July 1958

Two bioassay studies were performed in January and July of 1958 to show the toxic
impacts of Leviathan mine discharges on Leviathan and Bryant Creeks. The first
study was performed at the Verdi Fish Hatchery in aquarium tanks, and the second on
site in live boxes constructed of wire mesh. Both studies showed toxicity in the head
waters of Bryant Creek (at the confluence of Mountaineer and Leviathan Creeks). The
in-stream study indicated that toxicity existed at the mouth of Bryant Creek before it
entered East Fork Carson River. The results of these studies confirm impairment of
cold fresh water habitat, a beneficial use designated for Leviathan and Bryant Creeks.
Tables A.3.1 and 2 summarize the bioassay results.

Table A.3.1 Verdi fishery Bioassay, January 1958, conducted according to bioassay method
recommended by T. J. Trelease, the Chief of Fisheries, Nevada Fish and Game Commission,
fishstock - cutthroat trout
Date

1/13

1/29

1/13

1/19

1/19

Sample location

Leviathan Cr. below mine

Leviathan Cr. halfway
between mine and
Mountaineer Cr.
Confluence of Mountaineer
and Leviathan Crs.
Bryant Cr. at East Fork
Carson River
East Fork Carson, 200 yards
downstream from Bryant

Concentration, %

100 to 25
4

2-1
100 (filtered)

50 (unfiltered)

100
100 (settled 2 days)

100

100

Time of death,
all fish (hours)

3 to 7
9

5
12

7
55.5

Percent survival,
72 hours

0
0

100
0
0

0
0

100

100
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Table A.3.2 Instream Bioassay, July 1958, fishstock - rainbow trout

Date
7/14
7/14
7/14

7/14
7/14
7/16

Location
Leviathan Cr. above Mountaineer Cr.
Mountaineer Cr.
Bryant Cr. between Mountaineer and
Doud Crs. (State line)
Doud Cr.
Bryant Cr. below Doud Cr.
Mouth of Bryant Cr.

Time of death, all
fish (minutes)

25
—

135

— —
160
170

Percent survival,
48 hours

0
100
0

100
0
0

Summary Report on Quality of Interstate Waters, Leviathan Creek, (California-
Nevada), U.S. Department of Health, Education, and Welfare, Public Health Service,
October 1961

In accordance with Federal Water Pollution Control Act, Public Law 660 as amended
by Public Law 87-88, the U. S. Public Health Service conducted on investigation of
Leviathan and Bryant Creeks. This brief report recognizes that Anaconda Copper
Company was responsible for pollution of this interstate watershed. It noted that
deterioration of water quality existed to the extent that it interfered with fish and
aquatic life, and had the potential to impact agricultural irrigation. The report also
discusses treatment efforts undertaken by Anaconda that never proved to be effective
or were discontinued (disposal acid mine drainage into recharge wells, collection and
treatment of acid mine drainage, and a bentonite lined diversion channel).

Water Quality Sampling and Stream Gaging by personnel from the Desert Research
Institute, University of Nevada System, from October 1968 and June 24-26, 1969,
submitted by John V. A. Sharp Ph.D., Associate Professor

This resource consists of flow rates, and concentrations and loading rates for dissolved
sulfate, and dissolved metals in October 1968 and June 24-26, 1969. Tables A.5.1, 2,
and 3 show sulfate, iron, and arsenic loading rates in Leviathan and Bryant Creeks as a
result of discharges from Leviathan mine.
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Table A.5.1 Sulfate Loading (Ibs/day)

Date

October 1968

June 1969

Leviathan Creek
Above mine

4

190

Leviathan Creek
Below mine

4927

6686

Bryant Creek
headwaters

3828

18952

Bryant Creek
mouth

3176

11676

Table A.5.2 Arsenic Loading (Ibs/day)

Date

October 1968

June 1969

Leviathan Creek
Above mine

0.005

0.038

Leviathan Creek
Below mine

9.0

28

Bryant Creek
headwaters

0.07

15

Bryant Creek
mouth

<0.102

3

Table A.5.3 Iron Loading (Ibs/day)

Date

October 1968

June 1969

Leviathan Creek
Above mine

0.114

O.05

Leviathan Creek
Below mine

1045

2242

Bryant Creek
headwaters

66

2088

Bryant Creek
mouth

<0.006

1102

6.

Judging from these two sampling periods, which were believed to represent low and
high flow conditions, the following conclusions were made: 1) contact of groundwater
and Leviathan Creek with pit and dump generates sulfuric acid which dissolves toxic
metals, 2) discharges of higher concentrations occur in spring, 3) water quality
problem are most acute in winter because there is less assimilative capacity during low
flow periods, 4) the concentration of deleterious dissolved material exceed USPHS
water quality standards for much of the length of Leviathan and Bryant Creek, 5) a
relationship most likely exists between suspended and deposited metal hydroxides and
the lack of aquatic organisms, and 6) discharges from Leviathan Mine are having a
deleterious impact on the East Fork Carson River in the form of increased total
dissolved solids and discoloration. The data and conclusions indicate impairment of
beneficial uses, municipal and domestic water supply, and cold and warm freshwater
habitat, as far downstream as the East Fork of the Carson River.

The Effect of Leviathan Mine Drainage on Leviathan and Bryant Creeks, Alpine
County, by William F. Jopling, Sanitary Engineering Associate, Bureau of Sanitary
Engineering, State of California, Department of Public Health
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This report gives the results of a December 5, 1968 sampling investigation of physical
and chemical changes in the receiving water as a result of the mine and mine drainage.
Field results show Leviathan Creek upstream of the mine was saturated with dissolved
oxygen (10 mg/1) and slightly basic (pH 7.7), and flow from the mine adit was
extremely acidic (pH 2.7), 26 degrees Fahrenheit warmer, and contained no dissolved
oxygen. A comparison of laboratory results showed that both the adit flow and tailing
springs in the delta area had high concentrations of iron, total dissolved solids, and
sulfate, while the springs from the tailings had lower concentrations of boron,
aluminum, copper, nickel, and arsenic (Table A.6.1). There is no indication whether
the metal concentrations are for total or dissolved metals.

Table A.6.1 (mg/L)

Adit

Delta springs

Iron

156

286

TDS

1525

4235

Sulfate
>610

2900

Boron

73

8.9

Aluminum
48

14.7

Copper

64

0.58

Nickel

2.8

0.2

Arsenic
70

' <0.02

Table A.6.2 compares the results of downstream sampling points with the background
values obtained above the mine.

Table A.6.2 (mg/1 except pH)
Analysis

Acidity (as CaCO3)
Methyl-orange
Phenolphthalein

Aluminum
Arsenic
Boron
Copper
Fluoride
Iron
Magnesium
Manganese
pH
Sulfate
TDS

Above
mine
0.0
5

0.01
<0.01

0.2
0.04

<0.01
0.20
0.50

<0.01
7.7
8.8
125

Leviathan above Mountaineer
(2 miles downstream from mine)

240
410

6.6

not analyzed
2.8
2.0
1.6
112
4.0
4.0
3.8

1010
1778

Bryant at ranch diversion
(7 miles downstream from mine)

0.0
10

0.38
0.09
2.4
0.11
0.8
92

0.50
0.1
7.0
8.1
404
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It was noted that both arsenic and iron exceeded USPHS 1962 Drinking Water
Standards at the ranch diversion. Two conclusions were presented: 1) receiving
waters were adversely affected, chemically and physically, by discharges from the
mine, and 2) chemical impacts extend at least 8 miles below the mine. This
investigation confirmed impairment of the municipal and domestic supply beneficial
use assigned to Leviathan Creek, Bryant Creek and all water bodies in the North
Lahontan Basin (except Alkali Lakes) by Regional Board Resolution No. 6-89-94.

7. Pollution of Leviathan and Bryant Creeks Caused by Leviathan Mine, Alpine County,
and Pollution of Leviathan and Bryant Creeks, and East Fork Carson River Caused by
Leviathan Mine, Alpine County, both by Sterling P. Davis, Associate Water Quality
Biologist, California Department of Fish and Game, January 1969 and December,
1969, respectively

These reports present survey results of the biological conditions of Leviathan,
Mountaineer, and Bryant Creeks, and East Fork Carson River. The first survey was
performed on December 5, 1969 and consisted of sampling stream bottom for
organisms, observing the stream conditions, and conducting a bioassay. The second
survey consisted of electroshocking sections of Leviathan, Mountaineer, and Bryant
Creek on July 9 and August 18, 1969, and sampling five square feet of stream bottom
for bottom organisms at the mouth of Bryant Creek and points in the East Fork Carson
River on November 14, 1969.

The December 1969 report concludes that pollution from Leviathan Mine completely
destroyed all fish and fish food organisms in Bryant Creek from the mouth of Bryant
Creek upstream to Leviathan Mine. Bioassay results showed that toxicity existed in
Leviathan Creek above Mountaineer Creek, and at the ranch diversion from Bryant
Creek. Both reports contain observations of yellowish water, orange slime, and stream
bottoms cemented with precipitated metals in Leviathan Creek below the mine, and
throughout the length of Bryant Creek, including a portion of East Fork Carson River
near the mouth of Bryant Creek. No fish or bottom organisms were found at any
point below Leviathan Mine in Leviathan and Bryant Creeks. Trout were found in
Leviathan Creek above the mine and in Mountaineer Creek, and an abundance of
aquatic life was found in Doud Creek. Based upon the number of bottom organisms
found in East Fork Carson River above and below the confluence with Bryant Creek it
was estimated that 100 percent recovery of aquatic insect population occurred two
miles down stream from the entrance of Bryant Creek. The results of the surveys are
summarized in Tables A.7.1 and 2. This data clearly demonstrates the cold freshwater
habitat was eliminated in Leviathan and Bryant Creek was and impaired in the East
Fork Carson River.
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Table A.7.1 December 5, 1969 Bottom organisms and bioassay results

Station
Number of

bottom
organisms

Undiluted Bioassay
time of death

all fish
Leviathan Cr. above mine 15 nontoxic to fish
Adit 30 minutes
Mountaineer Cr. 83 nontoxic to fish
Leviathan Cr. above Mountaineer Cr. (2.9 miles
below upper reaches of mine)

24 hours

Bryant Cr. at ranch diversion (7.8 miles below
upper reaches of mine)

90 % survived 96 hour
test

Bryant Cr. at mouth (9.3 miles below upper
reaches of mine)
East Fork Carson River, one half mile above
Bryant Cr.

249

East fork Carson, 100 yards below Bryant Cr.
East Fork Carson River, 0.9 mile below Bryant
Cr.

114

Table A.7.2 Electro shocking results (July and August 1969)

Station
Leviathan Cr. above mine
Leviathan Cr. above
Mountaineer Cr.
Mountaineer Cr.
Bryant Cr. below Leviathan
and Mountaineer Crs.
Bryant at ranch diversion

Length of creek
shocked (feet)
by observation

75

150
75

150

Number
of trout

3
0

9
0

0

8. Report on Hydrologic Study Leviathan Mine Area, Alpine County, State Water
Resources Control Board Division of Water Rights

The Division of Water Rights measured flow rates at water quality sampling points
from May 14 to September 26, 1969 on an average of two week intervals. The
sampling locations were comprised of points of discharge from the mine, and points

8
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along Leviathan and Bryant Creeks. The study determined that the water sources for
acid mine drainage were infiltrated precipitation, and Leviathan Creek seepage into the
spoil pile placed in the old creek channel. This determination was based on the
following observations: precipitation in the pit and the upper watershed created flows
from the pit and adit, Leviathan Creek and infiltrated precipitation created springs in
the spoil area, and flow in the delta area was from Leviathan Creek. The total flow
from mine discharges during this period was calculated to be 105 acre-feet, of which
62 acre-feet seeped through the spoil piles from Leviathan Creek, and the remaining
43 acre-feet was believed to have come from precipitation. Table A. 8 summarizes
average monthly flows of acid mine drainage from the pit, adit, and seeps.

Table A.8 Pit, adit, and seep flows

Month

May

June

July

August

September

Pit Flow
cfs (gpm)

0.045 (20)

0.017 (7.63)

0.004 (1.8)

0(0)

0(0)

Adit
cfs (gpm)

0.125 (56)

0.097 (43.5)

0.078 (35)

0.070 (31.4)

0.074 (33.2)

Delta spring
flows

cfs (gpm)

0.36 (162)

0.34 (153)

0.27 (121)

0.20 (90)

0.19 (85)

Total acid
mine drainage

cfs (gpm)

0.53 (238)

0.454 (204)

0.353 (158)

0.27 (121)

0.26 (118)

9. Investigation of Soil and Irrigation Water Conditions on the Brooks - River Ranch,
Nelson Laboratories, Agricultural Chemists and Consultants

This investigation compared analytical results of soil samples taken from adjacent
irrigated and unirrigated areas on November 11, 1969. The most significant impact
that occurred as a result of irrigation with Bryant Creek water was lowered soil pH.
Soil pH's as low as 4.9 and 5.1 were measured in the top three inches of soil in an
area irrigated by Bryant Creek water. The report suggests that soil pH's in this range
could cause loss of productivity and should be limed back to a pH of 6.0 to prevent
future crop losses. The general soil analysis showed that there was no chloride or total
salt problems present in any of the soil sampled. Analysis for soluble and available
levels of boron (max. soluble 0.39 ppm), iron (max. soluble 0.21 ppm, min. available
81.2 ppm) , manganese (max. soluble 2.67 ppm, min. available 15.0 ppm), zinc (max.
soluble 0.18 ppm, min. available 0.93 ppm), and copper (max. soluble 0.05 ppm, min.
available 2.04 ppm) showed that the acidic soil conditions had not caused any
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problems of deficiency or toxicity (Table A.9).

Table A.9 Soil analysis (parts per million)

Max. soluble

Min. available

Boron

0.39

Iron

0.21

81.2

Manganese

2.67

15.0

Zinc

0.18

0.93

Copper

0.05

2.04

10. An appraisal of the effects of contaminants in irrigation water derived from Bryant
Creek on the Agricultural potential of River Ranch, by Ralph A. Young, Ph.D.,
Agricultural consultant

This report is based on water, soil and plant samples obtained from River Ranch on
September 7, 1970. The soil and plant samples were taken from adjacent areas
irrigated with water from Bryant Creek and Cottonwood Creek. The soil irrigated
with Bryant Creek showed elevated total concentrations of iron (845 ppm), copper
(11.6 ppm), manganese (160 ppm), zinc (6.6 ppm), cobalt (14.5 ppm), and nickel (24
ppm). Though the plant analysis showed elevated levels of iron (315 ppm) and
manganese (135 ppm), it did not indicate toxic levels of any constituents. Water from
Bryant Creek was rated as having a medium salinity hazard and low sodium hazard.
Analysis of Bryant Creek water indicated that it contained contaminants considered
undesirable in irrigation water, but not whether the concentration of contaminants
exceeded levels that can be tolerated, which depends on the plants being grown, soil
properties, and the period of irrigation. All soils showed sub-optimal levels of
phosphorus. Bryant Creek irrigated soils exhibited an average pH decrease of 0.7
units. This study warns that with continued use of Bryant Creek water the soil pH
will continue to decrease, which will increase the solubility of contaminant metals to
the extent that one or more will become toxic to the plants and will decrease the
availability of major plant nutrients. The beneficial use of agricultural irrigation
supply was impaired because continued use had the potential to produce soil toxicity
and nutrient deficiency.

10
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Attachment B
Brown and Caldwell Recommended Project Design Development

Brown and Caldwell's first step in developing the project design was to screen potential
control methods. Methods were eliminated based on limiting factors such as the remoteness
of the site, limited amount of stable surface area, the impracticality of treating the entire
creek flow, limited funds, and the need to minimize operation and maintenance. Source,
discharge, and landslide control methods were considered for application to the adit seep,
mine pit, waste dump, spoil areas, and landslide. Table B.I lists the potential technologies,
areas of application, and brief rational for elimination or potential applicability.

Table B. 1 Potential control method screening

Source Control Methods:

Up
gradient
inter-
ception
of
ground-
water:

a. wells

b. groundwater
cutoff barriers
c. hydrauger
holes (horizontal
wells)

Interception of adit flow
before contamination
Sealing of stream beds,
rerouting of streams
Clay or soil cement seals,
synthetic membranes

Regrading, compaction

Revegetation

Drainage facilities

Deoxygenation of
upgradient groundwater

Adit
seep

J

J

J

J

J

J

J

J

J

Pit

J

J

J

J

J

J

J

J

Waste
dump

J

J

J

\

J

Spoil
Area
A

J

J

J

J

J

J

J

J

J

Spoil
Areas B
and C

J

J

J

J

Land-
slide

J

J

J

J

J

Rational for elimination or
applicability

pump power, operation, and
maintenance requirements too
high
groundwater too deep, bedrock
obstacle

topography prohibits effective use

no indication of uncontaminated
adit flow

most effective means of
preventing contact

Small-scale - prevents infiltration,
large-scale - too costly,
vegetation conflict
slope stabilization, improve
drainage
slope stabilization, water quality
improvement, aesthetic
restoration
improve runoff, reduce
infiltration
area too large, potentially high ,
operation and maintenance
requirements, sulfur oxidation
can occur in anoxic conditions
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Table B.I Continued

Discharge Control
Methods:
Adit seal
Containment of
contaminated flows
Chemical treatment on
site
Collection and export for
off-site disposal

Adit
seep

J

J
J

J

Pit

J
J

J

Waste
dump

J

J

Spoil
Area
A

Spoil
Areas B
and C

Land-
slide

Rational for elimination or
applicability

rock too fractured

evaporation, controlled releases
during high flow periods

high level of operation and
maintenance

larger pond areas available

In the first step, control method screening, the following methods were eliminated: up
gradient interception of groundwater by wells, groundwater cutoff barriers, or hydrauger
holes (horizontal wells), interception of adit flow before contamination, deoxygenation of
upgradient groundwater, adit seal, and chemical treatment on site.

Next, Brown and Caldwell analyzed applicable control methods based on cost effectiveness.
Two to four levels of treatment were proposed to treat the identified problem areas. The
problem areas were grouped into: 1) pit and adit, 2) waste dump, delta, and spoil areas B
and C, and 3) spoil area A and landslide, as identified in Figure C-l. Engineering estimates
were made for the cost of construction, and the amount of total dissolved solids (TDS)
removed from the mine discharges by each proposed level of treatment. Unit removal cost,
dollars per ton TDS removed per year, were calculated for each level of treatment and
compared. Table B.2, 3, and 4 list the control levels for each problem area with brief
descriptions, estimated costs, TDS load removed, and unit removal costs.
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Table B.2 Pit and adit control levels

Control
Level

1

2

3

4

Control Elements
A) Slopes, benches, and drainage,
B) Rock underdrain system to collect acid mine
drainage (AMD),
C) Underdrain control structure regulating acid mine
drainage flow to ponds and creek,
D) Evaporation storage ponds
a) pit regraded to provide drainage of 45 % of pit,
10.9 million gallons (mg) of surface runoff,
b) collects 9.5 mg of AMD,
c) to discharge 7.8 mg of AMD to creek,
d) 2 ponds with total of 3.3 acres of surface area to
evaporate 1.7 mg of AMD
a) fill pit to elevation of 7160 feet with 600,000
cubic yard excavated from waste dump, 37% of pit
resurfaced, 11.9 mg of surface runoff,
b) collects 8.5 mg of AMD,
c) discharges 3.2 mg of AMD to creek,
d) 3 ponds with total of 10.3 acres of surface area to
evaporate 5.3 mg of AMD
a) no pit work,
b) collects 20.4 mg of AMD,
c) 10 mile pipe line,
d) Ponds in Double Spring Flats area with 40 acres
of surface area
a) fill pit to an elevation of 7300 feet with 1.8
million cubic yards excavated from waste dump and
spoil area, 83 % of pit area resurfaced for drainage,
16.6 mg of runoff,
b) collects 3.8 mg of AMD,
c) not necessary,
d) 2 ponds with total of 8.5 acres of surface area to
evaporate 3.8 mg of AMD with 15 % additional
storage capacity

Cost

(million
dollars)

0.92

2.59

4.18

5.78

TDS
removed

(tons/
year)

325

487

600

563

Unit
removal

costs

($/ton
TDS/yr)

2830

5320

6970

10270
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Table B.3 Waste Dump, delta, and spoil areas B and C control levels

Control
Level

1

2

Control Elements
A) Leviathan Creek channelization and lining of
tributary creeks,
B) Regrading to reduce infiltration
a) relocation around western edge of waste dump,
soil cement and rip-rap channel
b) minimum to eliminate surface depressions
a) engineered concrete channel along present
alignment east of waste dump, engineered channel for
southwest tributary,
b) excavate 600,000 cubic yards from waste dump to
create 7 acres of ponds

Cost
(million
dollars)

0.68

2.42

TDS
removed

(tons/
year)

495

535

Unit
removal

costs
($/ton

TDS/yr)

1300

4520

Table B.4 Spoil area A and Landslide control levels

Control
Level

1

2

3

Control Elements
A) Regrading,
B) Slope stabilization
a) filling of depressions,
b) 4-inch-diameter rock on steeper channel sections
a) filling of depressions,
b) regrading slopes, install terraces to limit slope
length to 50 feet, revegetation of terraced slopes, rip-
rap and revegetation to stabilize channels
a) removal of approximately 1.2 million cubic yards
(mcy) for placement in pit

Cost
(million
dollars)

0.11

0.40

cost
included

in pit
and adit
Level 4

TDS
removed

(tons/
year)

197

216

238

Unit
removal

costs
($/ton

TDS/yr)

560

1850

cost
included

in pit
and adit
Level 4

Brown and Caldwell then combined the control methods into seven alternative projects and
evaluated them on the basis of cost, control effectiveness, and water quality benefits. Each
of the seven alternatives is presented in Table B.5 with the combination of problem area
control levels. These are the same control levels developed in the previous design step and
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described in Tables B.2, 3, and 4. The control level combinations indicate the control
methods employed in each alternative.

Table B.5
Alter-
native

A-l

A-2

B-l

B-2

C-l

C-2

D

Creek relocation and channelization
west of waste dump, minimum site
regrading, spoil pile A drainage
Creek relocation and channelization
west of waste dump, minimum site
regrading, spoil pile A regrading
Creek relocation and channelization
east of waste dump, 0.6 mcy
excavation/fill, spoil pile A
drainage
Creek relocation and channelization
east of waste dump, 0.6 mcy
excavation/fill, spoil pile A
regrading
Creek relocation and channelization
west of waste dump, minimum
waste dump regrading, export line,
spoil pile A drainage
Creek relocation and channelization
west of waste dump, minimum
waste dump regrading, export line,
spoil pile A regrading
Creek relocation and channelization
east of waste dump and 1.8 mcy
excavation/fill,

Adit and
Pit Control

Level

1

1

2

2

3

3

4

Waste dump, delta,
and spoil areas B

and C Control Level

1

1

2

2

1

1

2

Spoil area A
and Landslide
Control Level

1

2

1

2

1

2

3

Figures B.I, 2, 3, and 4 are schematic drawings of the seven alternatives.

Table B.6 contains the cost, percent reduction in TDS, and unit control cost estimated for
each alternative.
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Table. B.6
Alternative

A-l
A-2
B-l
B-2
C-l
C-2
D

Cost
(million dollars)

1.71
2.00
3.12
3.41
4.96
5.26
6.21

Percent reduction
inTDS

60
62
72
74
77
78
79

Unit control cost
(dollars/ton/year)

1680
1930
2560
2750
3840
4010
4660

Very little difference existed between the alternatives in terms of estimated TDS and metals
concentrations and beneficial uses returned to Leviathan and Bryant Creeks. Metal
concentrations in all alternatives were too high to allow a thriving trout population in either
creek. The estimated metal concentrations for Bryant Creek would cause chronic toxicity
problems in trout. Less sensitive fish would be able to inhabit Bryant Creek without any
adverse effects. Irrigation and stock watering criteria would be met by all alternatives, and
most of the groundwater recharge and domestic water supply criteria would also be met.

Alternative B-l was selected as apparent best project because it came closest to meeting the
objectives set out for this project, which were to restore the water quality of Leviathan Creek
to conditions as near as possible to those which existed prior to mining activity, within the
available financial resources ($2.5 million). The apparent best alternative needed further
analysis and refinement to reduce cost while maintaining effectiveness.

The recommended project was developed by making modifications to the apparent best
alternative that reduced cost and improved effectiveness. The major differences between the
recommended project and apparent best alternative include the following:

1. Addition of a 2.7 acre evaporation pond located west of the pit, and expansion of
pond on excavated waste dump from 7 acres to 9.3 acres.

2. Reduction in the quantity of material excavated from the waste dump to develop the
pond site, from 600,000 to 472,000 cubic feet.

3. Deep limestone underdrain system in the mine pit replaced with a shallower rock
underdrain at the mouth of the pit.

4. Open drainage channels on fill slopes and pit floor in lieu of pipeline transport.
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Figure B.I: Alternatives A-1 and A-2, Creek relocation and minimum site regrading.
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Figure B.3: Alternatives C-l and C-2, Creek relocated and minimum waste dump regrading,
and export line.
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Project changes during construction

I. Project changes during construction

A. Arco Settlement

The availability of additional funding provided by the Anaconda contribution
allowed the Regional Board to improve various project components. Among
the modifications made after award of the construction bid was changing
nearly 17,000 linear feet of the drainage ditches from soil-cement to concrete,
the addition of a fifth evaporation pond providing and additional acre of
evaporation pond area, the extension of subsurface drams into the pit floor to
collect infiltrating precipitation and springs creating needed stability for pit fill
operations, the collection of additional acid mine drainage seeps, and the
addition of various valves and structure changes to make site operation more
efficient.

B. Unanticipated acidic seeps and springs

Site conditions also caused some changes in the project components. During
the course of excavating for the twin 6-foot diameter reinforced concrete
pipeline, numerous springs were uncovered, and very muddy conditions
existed along the upper portions of the pipeline alignment. This required a
design modification to drain the spring area with construction drains and to
raise the pipeline 6 feet to get it out of the area where poor foundation
conditions existed.

The areas east of pond 1 and under the south levee of pond 3 also exhibited
acidic springs. Drains were constructed to collect these springs. Seeps below
the pit cutoff wall were collected by a drain along north side of the pit throat
(Weekly Progress Report No. 24, 30, 39) and connected to the drain for pond
1. And although it was decided that an acid seep near adit 5 need not be
developed because the flow rate was too low to justify the expense of draining
it ( WPR No. 37), Mittery constructed a drain that connected to the pond 1
drain to remove water from the flow control structure excavation (WPR No.
39). The drain near pond 1 was piped to pond 3 and the drain under the south
levee of pond 3 was piped to pond 4 (WPR No. 29). Acidic springs in slopes
east and south of pond four were also collected by drains and discharged
directly to pond 4. Figure C.I shows the locations of the captured seeps.
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C. Revegetation

Essentially all the property surrounding the Leviathan Mine is under the
stewardship of the U.S. Forest Service (USFS). In addition, all of the land
downstream of the mine to the California-Nevada boarder is also USFS land.
It was hoped that the USFS would agree to accept title to the site and provide
the necessary management and maintenance which would be required. The
USFS agreed to explore the possibility, and certain requirements for transfer
of title were established.

Among the main concerns of the USFS were that all possible overburden
materials be revegetated, and the site be fenced to restrict access of the public
and grazing cattle to the evaporation ponds and the revegetated areas.
Additionally, the Regional Board agreed to provide funding for site
maintenance for the initial five year period following transfer of title. The
USFS had tentatively agreed to the Regional Board's proposal, and it was
thought that the transfer would take place during the federal fiscal year 1986.

Providing revegetation for the mine presented many difficulties. As part of the
original design work for the site, a pilot-scale revegetation project was also
initiated in 1983. This project was designed and installed by Dr. Andrew
Leiser of the University of California, Davis, with valuable assistance of Mr.
Patrick Murphy of the Nevada Division of Forestry (NDF). More than 5,000
seedlings of many locally occurring varieties of trees and shrubs were planted
at trial locations throughout the mine site. Locations were chosen to give
different soil moisture conditions, slopes and aspects. Plantings were made in
both the spring and fall to demonstrate seasonal planting variations. Survival
data on the seedlings have been collected through 1985, and the survival of the
native species in the acid soil conditions of the overburden material was
beyond expectations, generally over 80 percent. Based upon these results, the
Regional Board entered into a contract with the NDF for their nurseries to
produce more than 120,000 seedlings for planting at Leviathan.

In addition to the shrubs and seedlings, the USFS required that grass
revegetation be attempted on as much of the exposed overburden materials as
possible. Expertise for this was provided by the USFS Range and Experiment
Station in Logan, Utah. The USFS provided recommendations for
amendments and seeds which would provide the highest likelihood of a
successful grass revegetation effort. Plans and specifications for the grass
revegetation of Leviathan Mine were prepared by the Regional Board based
upon the USFS recommendations.
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D. Contract Change Orders

The contract change orders (CCOs) detail the changes that were made to
Brown and Caldwell's final plans as a result of the additional funding and site
conditions. There were a total of 14 CCOs, some with more than one
component. The CCOs are listed below with brief descriptions.

1. Air vent lines on top of each 72-inch pipe line at Station 22+10.

2. Install approximately 1,920 linear feet of underdrain channels and
collector piping in the open pit, deleting 40-foot long T-section parallel
to cut-off wall. Drain dimensions: 12" perforated PVC pipe centered
in the bottom of 3' by 3' cross section of drain rock rapped in
geotextile drainage fabric.

3. Install nearly 1,100 linear feet of rock-filled underdrain channels with
perforated collection piping under the twin 72-inch pipeline from inlet
structure to outlet structure. The underdrain consists of a 12-inch
perforated PVC pipe bedded in a 2-feet by 2-feet cross section channel
of drain rock rapped in geotextile fabric, with up to six laterals to
collect springs of ground water entering the pipe trench.

4. Changes to the twin pipe inlet structure including increased wall and
slab thickness, 12 inches of drain rock under inlet structure and
adjacent 50 feet of Leviathan Creek concrete channel to tie in with
underdrain of CCO No. 3, and 3-inch diameter weep holes with 1 cubic
foot of drain rock at 5-feet spacing in the walls of the channel and
lower walls of the inlet.

5. Placement of approximately 12 feet of additional fill on the floor of the
pit and related changes to fillslope channels, pit access road and
gate/cutoff wall locations.

6. Extension of rock/pipe underdrain installed under CCO No. 3 westerly
around outlet structure and parallel to the lower Leviathan Creek open
channel, removal and replacement of saturated unstable soils with drain
rock along pipe alignment between stations 18+00 and 20+50 to be
covered with filter fabric and tied into the existing rock/pipe drain with
a cutoff collector trench and pipe line, elevation of the twin 72-inch
pipeline approximately 6 feet along most of the alignment and 15 feet at
the outlet in the delta area, filling and grading the delta area to
accommodate raising the outlet structure, constructing an additional
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rock-filled drain under the elevated pipeline starting at station 18+00
and terminating with 40 feet of perforated pipe that penetrates the outlet
structure wall, and 8 inches of drain rock under the outlet structure and
lower Leviathan Creek open channel.

7. Deletes bid item number 16 and changes regrading areas of spoil pile A
to a cost-plus basis at the direction of the engineer.

8. Placement of galvanized steel grating over the inlet structure, and
manholes located on 48-inch pipeline from flow control structure to
inlet structure (containing collected pit surface runoff).

9. Changes grading on north face of waste dump, adds a junction box
over 72-inch pipeline, reduces depth of drop-inlets for slope drainage of
waste dump, and provides a connection for waste dump surface
drainage to 72-inch pipeline junction box.

10. Substitutes soil-cement drainage channels with reinforced, concrete-
lined drainage channels throughout the project, specifies a 4-inch
reinforced concrete liner for the entire alignment of tributary channel B
(tributary to Leviathan Creek that flows immediately south of waste
pile) with a cutoff wall extending to bedrock at the invert, and adds
bench drainage collector flumes to the west edge of the north face of
the waste dump to transport surface runoff into tributary channel A.

11. Construction of pond 4 in delta area adjacent to the outlet and piping
modifications.

12. Lists the following items to be completed under specific direction of the
project engineer: additional drainage control work, connection of drains
in pit throat to Pond 3, road construction to restrict access to ponds,
construction of pond 3 underdrains, addition of valve and manhole for
pond 1, construction of safety fencing around Leviathan Creek
channels, and other miscellaneous work items required by the project
manager.

13. Amending change order number 7 to increase the funds available for
change order number 6.

14. Revegetation of the north and east slopes of the waste dump and the
slopes of the open pit with lime, seed mix, fertilizer, and wood/straw
mulch.
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Figure D-l: Overall effect of soil pH on third-year survival of shrubs and
conifers.
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Table D.I: History of Leviathan mine revegetation efforts

Dates
1975-'79
(pre-project)

Workers Nature of Work
Butterfield and Tueller Study

Masters thesis, UNR

1983-'84 Leiser (UC Davis) and
Murphy (Nevada DF)

Spring, 1985 to USFS via private
Summer 1987 contractor

Spring, 1985 to Leiser (UC Davis) and
Spring 1988 Murphy (Nevada DF)

1992-present Leiser (UC Davis) and
Murphy (Nevada DF)

Study
Contract work with UC
Davis and the Nevada
Division of Forestry
Implementation
Contracted with Selby's
Soil Erosion Control
Company
Implementation
Contract work with UC
Davis and the Nevada
Division of Forestry
Implementation
Bioengineering

Parameters Assessed /
Project Components
°0n-site volunteer plant
species
0 Soil physical and chemical
characteristics
0 Greenhouse soil fertility
assay
0 Field trials
0 plant survival
0 plant vigor

° plant survival
0 post-treatment soil pH

0 plant survival

0 plant survival
0 soil erosion control

Main Treatments/
Addition
0 Lime
0 Fertilizer
0 Mulch
0 Seeding method
0 Tree, shrub, and grass
species

0 2 Fertilizer (0 or 1 oz
osmocote / plant) x 2
Planting time (Spring vs.
Fall) factorial
0 Lime
0 Fertilizer
0 Mixed grasses/legumes

0 Tree and shrub species

0 Willow Wattles
0 Brush boxes



Table D.2: Leviathan Mine Demonstration Plantings: Survival Data of June, 1983, planting in Fall, 1983, Plantings.
Alpine Co., CA., 7500' elevation.

Site Weighted
Species name

Angiosperms
Acerglabrum
Artemisia tridentata
Atriplex canescens
Ceanothus prostratus
Chrysothamnus na.
Cornus Stolonifera
Cowania mexicana
Physiocarpus malvaceus
Prunus virginiana
Rhus glabra
Rlbes aureum
Rosa Woodsii
Quercus gambelii
Subtotal, Mean

Gymnosperms
Cuppressus arizonica
Juniperus scopulorum
Pinus Jeffrey!
Pinus murrayana
Pinus Ponderosa
Subtotal , Mean

Common name

Mountain maple
Sagebrush
Four-wing saltbrush
Squaw carpet
Rabbitbrush
Creek dogwood
Cliff rose
Ninebark
Chokecherry
Smooth Sumac
Golden currant
Wood's rose
Gambel Oak

Arizona Cypress
Rocky Mountain juniper
Jeffrey pine
Lodgepole pine
Ponderosa Pine

-

1

100
61
99
71
93

100
100
72
98
94
97

100
100
91

99
100
99
96
99
99

2

0
71
99
4

60
50
63
44
42
42
75
86
63
54

97
51
97
79
97
84

3
% survival

71
61
97
50
72
75
92
58
93
83
94
99
92
80

100
96
99
96

100
98

4 Averagef

88
65
99
79
86
83

100
0

90
92
96

100
100

69
65
98
41
66
79
88
55
80
77
90
97
88

83 76

100
99
99

100
100
100

99
87
98
93
99
95

Std. Dev.

45
5
1

34
15
21
18
31
26
24
10
7

18
16

1
24
1
9
1
7

t Because of limited availability of some species, the number of plants at each site was not always equal.



Table D.3: Comparison of Spring and Fall plantings, 1983-1984:
Leviathan Mine

Growth period
Planted

Sub-totals:
6/83 (Spring)
6/83 (Spring)
6/83 (Spring)
9/83 (Fall)

Sub-totals:
6/83 (Spring)
6/83 (Spring)
6/83 (Spring)
9/83 (Fall)

Assessed

Broad Leaved
6/83 - 9/83
6/83 - 9/84
9/83 - 9/84
9/83 - 7/84

Conifers
6/83 - 9/83
6/83 - 9/84
9/83 - 7/84
9/83 - 7/84

Plotl

Species
95.2
85.6
89.9
77.1

98.3
90.5

92
60

Plot 2

53.3
53.3
100
91.7

84.2
68.6
81.5
90.8

PlotS

85.8
79.2
92.2
96.8

98.1
93.9
95.8
81.7

Plot 4 Total

90.5
84.4
93.2
89.5

Std. Dev.

81.1
75.5
93.1
88.7

99.4
95.8
96.3
79.4

95
87.2
91.8

78

19.0
15.1
4.3
8.4

7.2
12.6
6.9

13.0

Grand Totals
6/83 (Spring)
6/83 (Spring)
6/83 (Spring)
9/83 (Fall)

6/83 - 9/83
6/83 - 9/84
9/83 - 7/84
9/83 - 7/84

97.1
88.6
91.2
67.6

71.8
62.5
87.0
91.2

93.2
88.0
94.5
88.4

95.8
91.2
95.1
84.0

89.4
81.8
92.3
82.8

11.9
13.5
3.7

10.6



Table D.4: Leviathan Mine: Effects of Fertilizer on Three Year Survival and Growth of Selected Species.
October-November, 1985. Planted 1983.

Species Treatmentt #
Pinus Jeffrey!

Pinus murrayana

Pinus Ponderosa

Rosa Woodsii

Prunus virginiana

Aibes aureum

Chrysothamnus spp.

Atriplex canescens

NF
F

NF
F

NF
F

NF
F

NF
F

NF
F

NF
F

NF
F

Planted
36
36
36
36
36
36

36
36
27
27
36
34
36
36
34
34

# Alive Diameter, mm R2, mm
35
35
36
33
34
36

Height, cm
36
36
25
23
17
33
5

22
5

23

10.1
15.7
8.5

13.1
10.8
18.3

Spread
10.8
49.4
6.6

29.8
4.2

15.9
2.7
20
1

10.8

26.6
64.0
18.9
44.4
31.9
86.1

7.6
53
1

18.9
1

32.2
2

23.9
1

10.1

Height, cm New Growth, cm
20.5
28.4
19.9
28.2
25.6
36.9

Spread R2 R2h , cm3
17.00

722.50
0.25

102.20
0.25

55.20
2.00

67.80
0.25

27.60

6.2
12.4
6.8

12.2
6.7

12.8

8.80
39,959.00

1.70
3,427.00

1.04
888.50
11.20

1,533.80
0.25

301.20

t NF = not fertilized; F = fertilized (1 oz. osmocote/plant)



Table D.5: Leviathan Mine Rosa Woodsii with and without fertilizer.
Planted 1983, Measured 1985.

Means - cm
Replicate Treatmentf #

subtotal

Subtotal

1
2
3
4

1
2
3
4

NF
NF
NF
NF

F
F
F
F

of plants
9
9
9
9

36

9
9
9
9

36

Height Spread (d)
10

9.8
10.9
12.4
10.8

47.4
52.2
49.7
50.3
49.4

6.1
8.4

7
8.9
7.6

50.3
52.8
52.9

56
53

Spread r2
10.1
20.1

17
20.9
17.2

658
703
715
814

722.5

r2xHt.
104.00
208.00
258.00
262.00
208.00

33,266.00
36,450.00
47,829.00
42,291.00
38,959.00

Total 72

t NF = not fertilized; F = fertilized (1 oz. osmocote/plant)



Table D.6: Leviathan Mine—1983 to 1984 test revegetation plotsf

Rating of plant establishment/vigor
Poor Moderate Good

Redoser Dogwood

Staghorn Sumac

Nine Bark

Rabbit brush

Big Sage

Rocky Mountain Maple

Woods Rose

Chokecherry

Jeffrey Pine

Golden Currant

Rocky Mountain Juniper Ponderosa Pine

Arizona Cyprus Lodgepole Pine

4 Wing Saltbrush

2 Wing Saltbrush

Willows (unrooted cuttings)

Squaw Carpet (bare root)

t source: Patrick M. Murphy, State of Nevada, Division of Forestry

Treatment Results:

Plant Vigor

Spring Plant
Fall Plant

No fertilizer 1 oz Osmocote*
Poor
Poor

Good
Good

* Osmocote is an 18-6-12 slow release (~8-9 mo.) fertilizer material.

Other Results:

• Containerized plants performed better than bare root stock.
• Up to 300% difference in fertilized vs. non-fertilized treatments.
• No difference between spring and fall plantings, probably because of good moisture in '83-'84.
• Drought was not a factor.
• All plants had high (about 70-90%) survival the first year.



Table D.7: Leviathan Mine—1985 to 1988 revegetation planting resultsf

________________Rating of plant establishment/vigor
Time/Site Poor Fair Moderate Good
Spring '85
Site 'B1 Willow Buffaloberry Rose

Caragana

Currant

Russian Olive

Gambel Oak

Skunk Brush Jeffrey Pine

Fall '85
Site 'A'

Site 'B1

Mixed grasses

Bitterbrush

Jeffrey Pine

Elderberry

Mountain Mohogany

Serviceberrry

Spring '86
Overburden-
NE side-
high drainage
area

Native Willow

Currant

Wild Rose

Spring '88
Site 'B1 White Fir

Washoe Pine

t source: Patrick M. Murphy, State of Nevada, Division of Forestry

Observations:
• Two main sites were used: 'A1 and 'B1, corresponding roughly to waste areas A and B (Taxer et al., 1991, Fig. 2)

Site A was intended primarily for grasses. But an accidental plant of Jeffrey Pines in Fall '85 had 85% survival,
whereas grass didnt survive because of drought in spring of '86. Deep rooted plant do better once established.

• Planting density was approximately 8' x 8' (about 64 sq. ft/plant)
• no Fall planting in 1987 because of drought.
• Results of plantings in Fall '86 and Spring '87 not reported because they were the same as other years.
• Success in Spring '86 was primarily because of location—good soil and moisture conditions for establishment.
• All plants received fertilizer (1 oz. osmocote).
• White Fir survival was < 50% because of drought, but may have potential with a good planting window.
• During drought, Spring is the only time to plant.
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'd- I AUG.1 3 1334
Mr. Gerard J. Thibeault
California Water Quality Control Board
Lahontan Region.
2092 Lake Tahoe Boulvard
South Lake Tahoe, California 95731-2428

Dear Gerry:

This letter is in response to your request for recommendations for
revegetating approximately 23 acres at the Leviathan Mine. These
recommendations apply to the waste dump slopes below the evaporation ponds in
the southwest corner of the property and to the pit fill. The methods vary
somewhat between these areas and we will try to make that clear in the
following narrative. All of the recommendations are given on a per acre
basis.

WASTE DUMP SLOPE

Except for the benches this slope is too steep for the safe, effective, use of
standard revegetation equipment. Therefore, we suggest the use of a
hydromulcher to apply lime, fertilizer, part of the seed, and wood-fiber
mulch. The sequence of events is as follows: (1) Apply lime as a slurry from
the hydromulcher, (2) Wait 7 days, (3) Use a blanket harrow to roughen the
surface and work in the lime,(4) Hand broadcast 70 percent of the seed mix
using a cyclone type spreader, (5) Use a hydromulcher to spread the remaining
seed mix, fertilizer, and wood-fiber with tacking agent, all in one
application, (6) Blow on straw mulch and tacking agent, and (7) Apply
protective netting if you deem it necessary; we make no recommendation.

Supplies

Lime as calcium oxide, 5.6 tons/ac, hydromulcher slurry.
Fertilizer, 400 Ibs/ac, 16-16-16, Chevron UNIPEL
Wood-fiber mulch, 1 ton/ac with tacking agent
Straw mulch, 1 ton/ac with tacking agent (asphalt emulsion)

Safety precautions are required in making the calcium oxide slurry in the
hydromulcher; heat is released. Respirators and protective clothing should be
worn.

We also recommend that the seeding operation be followed by the planting of
containerized stock from the Nevada Division of Forestry. This may be done
most effectively in the spring of 1985 but for other considerations you may
choose to accomplish this job right after the seeding operation. We would
like to see the containerized stock planted on a 4 ft X 4 ft spacing.

FS-6200-M (8-80)
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Plant Materials

Seeded Species

tufted hairgrass (Deschampsia caespitosa) 1 Ib/ac
hard fescue (Festuca ovina d u r i u s c u l a ) 2 Ib/ac
Alta tall fescue(F. a r u n d i n a c e a ) 1 Ib/ac
western needlegrass (Stipa occidentalis) 3 Ib/ac
slender wheatgrass (Agropyron trachycalum) 3 Ib/ac
bluebunch wheatgrass (A. spicatum) 3 Ib/ac
intermediate wheatgrass (A. intermedium) 3 Ib/ac
timothy (Phleum pratense) 2 Ib/ac
orchardgrass (Dactylis glomerata) 2 Ib/ac
Garrison creeping meadow foxtail (Alopecurus arundinaceus) 2 Ib/ac
western yarrow (Achillea millefolium lanulosa")————— 2 Ib/ac
Pacific aster (Aster chilensis a d s c e n d e n s ) 3 Ib/ac
cicer milkvetch (Astragalus c i c e r ) 3 Ib/ac
r e d clover (Trifolium p r e t e n s e " ) 1 . 5 Ib/ac
alsike clover ( T . h y b r i d i u m ) 1 . 5 Ib/ac

Containerized Species

woods rose (Rosa woodsii)
western chokecherry (PHmus yirgim'ar.a)
bitter cherry (£. emarginata"}
Siberian pea (Caragana arborescens)
buffaloberry (Shepherd! argentea)
smooth sumac (Rhus trilobata)
curly leaf mountain mahogany (Cercocarpus ledifolius)
alder (Alnus tenuifolia)
golden current (Ribes~aurium)
Jeffrey pine (Pinus jeffreyi)

PIT FILL AREA

The pit area operations are similar except that the hydromulcher will not be
needed. The seeded species will be planted with a Brill ion Grass Seeder or
equivalent. The sequence of events is as follows: (1) Apply agricultural
lime as calcium carbonate, (2) Rip on the contour to 18 inches depth, (3)
Apply granular fertilizer, (4) Spring-tooth harrow on the contour, (5)
broadcast 25 percent of the seed mix with a hand cyclone type seeder, (6) Sow
remaining seed with Brillion Grass Seeder, (7) Blow on straw mulch, and (8)
Use straw crimper on the area. Asphalt tacking could be used in place of step
#8 but we like the crimper better.
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Supplies
Lime as calcium carbonate, 10 tons/ac, apply in granular form.
Fertilizer, 400 Ibs/ac 16-16-16, Chevron UNIPEL
Straw Mulch, 2 tons/ac, blown on.

Recommendations concerning plant materials are the same as for the waste dump
slope, except that containerized stock can be on 6 ft X 6 ft centers.

If you make the decision to proceed on this basis we suggest that you take
immediate steps to procure the necessary seed. It is already late to be
procuring seed for a fall 1984 planting. There are probably native seed
collectors in the Renq-Lake Tahoe area. Other sources would include Native
Plants, Inc., Salt Lake City, Utah; Environmental Seed Producers, El Monte,
California; and Mountain Wildland Seed Company, Logan, Utah. I would caution
against using seed collected from elevations lower than the Leviathan Mine
site. It is more acceptable to use seed collected at higher elevations.

I would also caution against trying to short-cut the steps outlined.
Short-cuts will invariably result in reduced plant establishment and ground
cover.

j

Timing of the seeding job is going to difficult. You want to seed early
enough to accomplish the job but late enough to severly restrict the amount of
precocious seed germination. Plants germinating this fall will be subject to
serious losses through frost heaving. But, you also want the site dry enough
to be worked effectively. In that clay you will experience great difficulties
if the site is too wet.

We have some soil samples that are still being analyzed. We want to get some
better numbers on the fertilizer and lime requirements. If the analyses
indicate that changes are necessary, we will contact you or Gary Litton by
phone. We should know within 10 days.

Finally, we have the greatest desire that you succeed with this project. Feel
free to contact either of us. The phone number is 801-752-1311.

Sincerely yours,

'EUGEfiFE. FARMER BLAND Z.HRICHARDSON
Project Leader Research Forester

cc: Jim Nelson
Mike King
Ben Albrechtsen
Duane Lloyd



2024037

LEVIATHAN MINE SITE Ii

PHASE 1 i

REMEDIAL INVESTIGATION/ FEASIBILITY STUDY,
i i

WORK PLAN i

DRAFT

April 2002

Prepared For:

ATLANTIC RICHFIELD COMPANY
307 East Park Street, Suite 400

Anaconda, Montana 59711

Prepared By:

MWH
MONTGOMERY WATSON HARZA
1475 Pine Grove Road
PO Box 774018
Steamboat Springs, Colorado 80477

JAME COV Rl FS WP 4 02 dwg



LEVIATHAN MINE SITE
PHASE 1 REMEDIAL INVESTIGATION/FEASIBILITY STUDY

WORK PLAN

Draft

April2002

Prepared for.

ATLANTIC RICHFIELD COMPANY
307 East Park Avenue, Suite 400

Anaconda, Montana 59711

Prepared by:

MWH
1475 Pine Grove Road
P.O. Box 774018

Steamboat Springs, Colorado 80477
(970) 879-6260



April2002 Ijmathan Mine Site * Draft Phase 1 RI/FS Work Plan + TOC-i

TABLE OF CONTENTS
Section No. Page No.

1.0 INTRODUCTION 1-1

1.1 GENERAL 1-1
1.2 PHASE 1 WORK PLAN SCOPE 1-1
1.3 PHASE 1 WORK PLAN ORGANIZATION 1-3

2.0 SITE BACKGROUND AND SETTING 2-1

2.1 GENERAL 2-1
2.2 BACKGROUND 2-1

2.2.1 General Site History 2-1
2.2.2 Site Listing 2-3
2.2.3 Previous Corrective Actions 2-3
2.2.4 2001 Early Response Actions and Other Site Activities 2-4
2.2.5 Proposed 2002 Early Response Actions 2-5

2.3 PROJECT SETTING 2-5
2.3.1 Topography 2-5
2.3.2 Geology 2-6
2.3.3 Landslide Activity 2-6
2.3.4 Climate 2-7
2.3.5 Land Use 2-7

3.0 INITIAL EVALUATION 3-1

3.1 GENERAL 3-1
3.2 PREVIOUSLY IDENTIFIED SOURCES OF WATER CONTAMINATION 3-1
3.3 SURFACE WATER HYDROLOGY 3-3

3.3.1 Upper Leviathan Creek 3-8
3.3.2 Aspen Creek 3-11
3.3.3 Lower Leviathan Creek 3-13

3.4 SURFACE WATER QUALITY 3-14
3.4.1 General Surface Water Quality 3-14
3.4.2 Dissolved Metals and Sulfate Loading Analysis 3-22

3.5 GROUNDWATER 3-25
3.6 SOILS 3-26
3.7 CONCEPTUAL SITE MODEL 3-26

4.0 WORK PLAN RATIONALE 4-1

4.1 GENERAL WORK PLAN APPROACH 4-1
4.2 DATA QUALITY OBJECTIVES 4-1

5.0 PHASE 1 RI/FS TASKS 5-1

5.1 GENERAL 5-1
5.1.1 Phased RI/FS Approach 5-1
5.1.2 Phase 1 RI/FS Tasks 5-1

5.2 ASSESSMENT AND MANAGEMENT OF EXISTING DATA 5-3
5.2.1 General 5-3
5.2.2 Historic Data Inventory 5-3
5.2.3 Data Usability 5-6
5.2.4 Data Management 5-6

5.3 SITE CHARACTERIZATION 5-8
5.4 EAST FORK CARSON RIVER RISK ASSESSMENT 5-8
5.5 STREAMLINED RISK EVALUATION 5-9

5.5.1 Streamlined Human Health Risk Assessment 5-10
5.5.2 Streamlined Ecological Risk Assessment 5-11

* 1475 Ptne Grove Read, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
a RutftU/Pluy 1 YPDnfSEn

41X102 sit



April2002 Levialban Mine Site * Draft Phase 1 RI/FS Work flan + TOC-ii

TABLE OF CONTENTS
(Continued)

Section No. Page No.

5.6 QA/QC PLAN, SAMPLING AND ANALYSIS PLAN 5-12
5.6.1 General 5-12
5.6.2 Site-wide SAP 5-13
5.6.3 Site-wide QAPP 5-13

6.0 SCHEDULE 6-1

7.0 PROJECT MANAGEMENT 7-1

7.1 GENERAL PROJECT ACTIVITIES 7-1
7.2 PROJECT COORDINATION 7-2

8.0 REFERENCES 8-1

LIST OF TABLES

Table No. Description Page No.

3.1 Summary of Flow Data at Frequently Monitored Stations 3-6
3.2 Mean Monthly Flow Summary for Upper Leviathan Creek 3-8
3.3 Mean Monthly Flow Summary for Lower Leviathan Creek 3-13
3.4 Current Surface Water Quality Monitoring Stations 3-15
3.5 Data for Indicator Parameters during Spring and Fall (2000 and 2001) 3-19
3.6 Loading Comparison for Upper Leviathan Creek 3-23
3.7 Loading Comparison for Lower Leviathan Creek 3-23
3.8 Relative Contributions of Known Sources 3-25
5.1 Database Index 5-4

LIST OF FIGURES

Figure No. Description Page No.

1-1 General Site Location Map 1-2
2-1 Site Layout 2-2
3-1 Leviathan Site Water Monitoring Locations 3-2
3-2 Leviathan Watershed Water Monitoring Locations 3-4
3-3 Surface Water Flow Schematic 3-5
3-4 Average Daily Flow Hydrograph 3-10
3-5 Comparison of Average Monthly Flow at Stations 23 and 15 3-12
3-6 Aluminum and Iron Surface Water Data (1998 - 2001) 3-16
3-7 Arsenic and Nickel Surface Water Data (1998 - 2001) 3-17
3-8 Concentrations of Indicator Parameters at Surface Water Stations,

Spring and Fall 2000 3-21
3-9 Groundwater Quality Data, Fall 1998 3-27
3-10 November 1998 Potentiometric Surface Map 3-28
3-11 Conceptual Site Model Exposure Schematic 3-29
5-1 Project Tasks 5-2
5-2 Historical Data Usability 5-7
6-1 Task Schedule 6-2
7-1 Leviathan Project Team Organization/Coordination 7-3

~V"F?/AOaait RutfiU/Pktx IWT DnfXEVl
4/M/WllH

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260



April2002 leviathan Mine Site * Draft Phase 1 RI/FS Work Plan + TOC-iii

LIST OF APPENDICES AND ATTACHMENT

Appendix Description

A Leviathan Mine Site Surface Water Data
B Summary of 1998 Groundwater Chemical Data
C List of Documents to be Reviewed
D EPA Site File Index
E Database Meeting Minutes

Attachment Description

1 Leviathan Mine Site Site-wide Sampling and Analysis Plan

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260



April2002 Leviathan Mine Site * Draft Phase 1 RI/FS Work Plan + TOC-iv

LIST OF ACRONYMS

Administrative Order

AERL
ARD
Atlantic Richfield
bgs
CERCLA
cfs
coc
COPC
COPEC
CSM
CTE
CUD
DQO
DS
EFCR
EPA
ERA
FS
FSP
ft/ft
GENSCN
CIS
HHRA
IRIS
gpm
Ibs/day
mg/1
NDEP
NPL
ODBC
ORD
OS
POF
PRG
PUD
QA/QC
QAPP
RI/FS
RME
ROD
RPM
RWQCB
SAP
SERA
Site
SMP
SOW
State

Administrative Order for Early Response Actions and Remedial
Investigation and Feasibility Study
ARCO Environmental Remediation, LLC
Acid Rock Drainage
Atlantic Richfield Company
below ground surface
Comprehensive Environmental Response, Compensation and Liability Act
cubic feet per second
Contaminants of Concern
Contaminants of Potential Concern
Contaminants of Potential Ecological Concern
Conceptual Site Model
Central Tendency Estimates
Channel Underdrain
Data Quality Objectives
Delta Seep
East Fork Carson River
U.S. Environmental Protection Agency
Early Response Actions
Feasibility Study
Field Sampling Plan
feet per foot
Generation and Analysis of Model Simulation Scenarios for Watersheds
Geographic Information System
Human Health Risk Assessment
Integrated Risk Information System
gallons per minute
pounds per day
milligrams/liter
Nevada Department of Environmental Protection
National Priority List
Open Database Connectivity
Office of Research and Development
Overburden (Aspen) Seep
Pond Overflow
Preliminary Remediation Goals
Pit Underdrain
Quality Assurance/Quality Control
Quality Assurance Project Plan
Remedial Investigation/Feasibility Study
Reasonable Maximum Estimates
Record of Decision
Remedial Project Manager
Lahontan Regional Water Quality Control Board
Sampling and Analysis Plan
Streamlined Ecological Risk Assessment
Leviathan Mine Site
Draft Leviathan Mine Site 2002 Site Management Plan
Statement of Work
State of California

- VWPIAlbuit SiitftUlPlat 1 Vf D«fXEV2
4/30/02 sto

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260



April2002 Leviathan Mine Site * Draft Phase 1 RI/FS Work Plan + TOC-v

LIST OF ACRONYMS
(Continued)

TAG Technical Advisory Committee
UNR University of Nevada, Reno
USFS United States Forest Service
USGS United States Geological Survey

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
- ffFP/AOaaicSitbfiU/Plastl \fTDnf.KEV2

41'30/02 sir



April 2002 Leviathan Mine Site * Draft Phase 1 RI/FS Work Plan + Page 1-1

1.0 INTRODUCTION

1.1 GENERAL

Atlantic Richfield Company (Atlantic Richfield) is conducting a phased Remedial
Investigation/Feasibility Study (RI/FS), including Early Response Actions (ERAs), at the Leviathan
Mine Site (Site) in Alpine County, California. This Draft Leviathan Mine Site Phase 1 RI/FS Work Plan
(Phase 1 Work Plan) describes work elements to be conducted during the Phase 1 RI/FS.

The Leviathan Mine Site is a former sulfur mine located on the eastern slope of the Sierra Nevada at
an elevation of 7,000 feet. The Site is located about 25 miles southeast of Lake Tahoe and six miles
east of Markleeville, as shown in Figure 1-1, General Site Location Map.

Ongoing Site activities being performed by Atlantic Richfield, including ERAs and the Phase 1 RI/FS,
are in response to the U. S. Environmental Protection Agency (EPA) Administrative Order For ~Early
Response Actions and Remedial Investigation and Feasibility Study (Administrative Order) (EPA, 2000a). The
Draft Leviathan Mine Site 2002 Site Management Plan (SMP) (MWH, 2001) describes the phased RI/FS
approach to Site remediation, consistent with the Administrative Order Statement of Work (SOW).

The Phase 1 RI/FS, described herein, is being conducted concurrently with ERAs, which are
addressed in separate work plans (MW, 2001; MWH, 2002). As outlined in the Administrative Order
SOW, ERAs are integral to the overall evaluation and alternative selection process. By isolating and
treating known sources at the Site, ERAs provide for the identification of other potential Site sources,
while evaluating treatment alternatives on known sources and improving overall surface water quality.
The RI/FS process proceeds concurrently with the ERAs and data collected for ERA evaluation can
be used in the RI/FS process to aid in selection of proven, effective, and comprehensive remedies for
the Site.

1.2 PHASE 1 WORK PLAN SCOPE

In accordance with the Administrative Order SOW, and as outlined in the SMP, the Phase 1 Work
Plan describes the following primary work elements to be conducted under the Phase 1 RI/FS:

• Assessment and Management of Existing Data: Atlantic Richfield will compile and assess
existing data, along with other monitoring data collected during implementation of the Early
Response Actions. The data will be compiled into a central document and electronic data
management system compatible with EPA data systems and Geographic Information System
(GIS). The information will be assessed for data quality, potential data gaps, and
improvements to the conceptual site model (CSM) presented in the SMP.

• Site Characterization: Under the Phase 1 RI/FS, Atlantic Richfield will characterize the Site,
summarizing available data on the physical, demographic, and other characteristics of the Site
and surrounding areas, including background engineering information for analysis of Early
Response Action alternatives. Site characterization will include a Site description and
background discussion; a description of previous response actions at the Site; information
characterizing the source, nature, and extent of contamination at the Site; and protocols for
collection of groundwater and surface water data consistent with EPA protocols.

• East Fork Carson River Risk Assessment: Atlantic Richfield will submit a Risk
Assessment (human health and ecological) for the East Fork of the Carson River as an early
phase of the RI/FS to be implemented in parallel with Early Response Actions.
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• Streamlined Risk Evaluation: Atlantic Richfield will submit a streamlined risk evaluation
for the Site upstream of the East Fork Carson River, intermediate in scope between the
limited risk evaluation undertaken for emergency removal actions and the conventional
baseline assessment normally conducted for remedial action. Site sampling data for various
media will be reviewed to identify contaminants of concern (COCs), and provide an estimate
of how, and to what extent, people or ecological receptors may be exposed to these COCs.
The risk evaluation may also be utilized as a tool to define appropriate interim treatment
levels.

• QA/QC Plan, Sampling and Analysis Plan: The Phase I Work Plan will include a Site-
wide Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan (QAPP) for EPA
approval. The Site-wide SAP and QAPP will set forth the minimum requirements that must
be followed in the project-specific (Work Plan-specific) QAPPs and SAPs included within
future work plans being prepared by Atlantic Richfield, the Lahontan Regional Water Quality
Control Board (RWQCB), and any other parties collecting data at the Site. Site investigations
specified in the SAPs and QAPPs of future work plans (including ERA Work Plans, the
Long-term Response RI/FS Work Plan, and RWQCB Work Plans) must be consistent with
the Site-wide SAP and QAPP. The Site-wide SAP and QAPP will ensure that future data
collected at the Site are of sufficient technical quality to support the Human Health and
Ecological Risk Assessments and/or the development and evaluation of the response action
during the Feasibility Study.

The Phase 1 Work Plan also includes a schedule for work performed under the Phase 1 RI/FS. As
specified in the SOW, work performed under this plan will be incorporated into the final Long-term
Response RI/FS following implementation and assessment of the ERAs.

1.3 PHASE 1 WORK PLAN ORGANIZATION

The purpose of the Phase 1 Work Plan is to outline tasks to be completed during the Phase 1 RI/FS,
as specified in the SOW. The Phase 1 Work Plan is structured in accordance with guidelines included
in EPA's Guidance for Conducting "Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988),
as specified in the SMP. It is organized into eight sections, as follows.

• Section 1.0 - Introduction: Section 1.0 presents a general introduction to the Phase 1
RI/FS, describes the scope-of-work, and outlines the remaining Phase 1 Work Plan sections.

• Section 2.0 — Site Background and Setting: This section provides an overview of the Site
history and describes general Site characteristics.

• Section 3.0 — Initial Evaluation: Section 3.0 summarizes available data and previous
analyses. This section also provides an overview of contaminant sources and evaluates water
quality during spring and fall flow scenarios. A CSM schematic is presented.

• Section 4.0 - Work Plan Rationale: Section 4.0 describes the general development of Data
Quality Objectives (DQOs) for the Site and presents the work plan approach.

• Section 5.0 - Phase 1 RI/FS Tasks: This section briefly outlines the phased approach
being conducted at the Site, entailing both ERAs and long-term RI/FS responses. Tasks to
be implemented under the Phase 1 Work Plan are described in detail.

• Section 6.0 - Schedule: Section 6.0 presents a schedule for work to be performed under the
Phase 1 RI/FS.
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• Section 7.0 - Project Management: This section describes general staffing and
coordination of Site activities associated the Phase 1 RI/FS.

• Section 8.0 - References: Section 8.0 presents a list of references cited within the Phase 1
Work Plan.

Supporting documentation is contained within the appendices. In addition, the Site-wide SAP, which
includes the Site-wide QAPP, is included as Attachment 1, Leviathan Mine Site Site-wide Sampling and
Analysis Plan.
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2.0 SITE BACKGROUND AND SETTING

2.1 GENERAL

Section 2.0 provides a brief history of, and introduction to, the Leviathan Mine Site including general
history and Site characteristics. Further detail pertaining to die initial evaluation of Site data is
presented in Section 3.0, Initial Evaluation.

2.2 BACKGROUND

2.2.1 General Site History

The Leviathan Mine Site is located in a remote mountain area on the eastern slope of the Sierra
Nevada range in Alpine County, California at an elevation of 7,000 feet. The Site is located about 25
miles southeast of Lake Tahoe, six miles east of Markleeville, and three miles west of the California-
Nevada border. The Site is accessed by a single unpaved road (USFS Road 52) that connects
Highway 395 in Nevada with Highway 89 in California. Figure 1-1 shows the approximate location of
the Site. Figure 2-1, Site Layout, presents the location of Site features.

Mining began at the Site in 1863 and continued on a sporadic basis for nearly 100 years. The Site was
initially developed as a source of copper sulfate, copper, and gold in the 1860s. Copper sulfate was
used for processing silver ore in the Comstock mining region of Nevada. Underground mining and
copper production (including smelting) continued until approximately 1873 (Mining and Scientific
Press, 1869 and 1870). Mining operations ceased due to the high sulfur'and low copper content of
the ore. During this period, two tunnels connected by a 200-foot vertical shaft were opened. The
lengths of these tunnels were reported to range from 250 to 400 feet long for one and 400 to 700 feet
long for the other (Skelly and Loy, 1979).

After 1873, there was sporadic mining activity at the Site until 1933, when a private party acquired the
mine and started to develop it for sulfur production. Between 1933 and 1951, several companies
reportedly explored and mined the Site for sulfur, developing a sulfur mill (California Journal of
Mines and Geology, 1939) and an extensive system of tunnels, drifts, and rises. Tunnel No. 3, the
mine's main adit, was extended to 3,000 feet in length with several rises and slopes. One published
report describes Leviathan Mine during this period as "one of the largest sulfur producers in the
West"

In 1951, the Anaconda Copper Mining Company acquired an interest in the mine and, in 1954 began
open pit mining to extract sulfur ore. Mining was accomplished by drilling and blasting to remove the
overburden rock and reach the sulfur ore below. The recovered sulfur was loaded onto trucks using
power shovels and subsequently used in the extraction of copper at Anaconda's Yerington, Nevada
mine.

Approximately 22 million tons of overburden and waste rock were removed to access the ore (EPA,
2000b) and were placed to the north and west of the open pit. The overburden and waste rock
contained small amounts of sulfur, in comparison to the average 28 percent sulfur being mined for
commercial extraction. Portions of the old Tunnel No. 3 were removed during this period, and the
bottom of the pit was within a few feet of portions of Tunnel No. 5 and the adjacent workings when
mine operations ceased (Skelly and Loy, 1979).

In 1962, the Anaconda Company sold the mine to Chris and Zella Mann, who formed Alpine Mining
Enterprises and transferred the mine to Alpine. The mine has not operated since that time. In 1984,
the State of California (State) purchased the Site from Alpine Mining Enterprises and transferred
jurisdiction of the Site to the State Water Resources Control Board. The State Water Resources
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Control Board delegated authority to the RWQCB to implement and oversee cleanup work at the Site.

2.2.2 Site Listing

EPA added the Leviathan Mine Site to the National Priority List (NPL) on May 11, 2000 (EPA,
2000a). According to EPA, four major contaminant sources pose a potential risk to human health or
the environment at the Site through releases of untreated acid rock drainage (ARD) to Leviathan and
Aspen Creeks, (EPA, 2000a). These source areas include:

• Adit and pit underdrain discharges, currently contained in evaporation ponds on the Site;
• Channel underdrain;
• Delta Seep; and
• Aspen Seep.

Descriptions of these sources are presented in Section 3.2. Based upon available data, these four
generalized sources contribute the majority of contaminant loading to surface water at the Site.
Interception and treatment of these releases through ERAs is expected to improve surface water
quality. In addition, removing known sources of contamination will facilitate evaluation of other
sources, if any, during the RI/FS. EPA will determine the scope of subsequent phases of the PJ/FS
following implementation of ERAs and assessment of monitoring data (EPA, 2000a).

2.2.3 Previous Corrective Actions

Over the history of the Site, different parties have taken various actions to control the release of ARD
into Leviathan and Aspen Creeks. A list of these actions is included below.

• Anaconda constructed retention ponds and a diversion channel for Leviathan Creek around
the waste piles (Brown & Caldwell, 1983).

• Alpine Mining Enterprises constructed a dam above the mine on Leviathan Creek, diverted
the creek through the Site, and diverted adit drainage away from the creek (Brown &
Caldwell, 1983).

• Mr. Brooks Park, a local Nevada rancher, attempted to reroute drainage from the pit and adit
to prevent flow into Leviathan Creek (Brown & Caldwell, 1983).

• The RWQCB acquired funding for a Feasibility Study (FS) and pollution abatement project,
as described further below.

Between 1983 and 1985, the State of California implemented a pollution abatement project at the Site,
which included the following components:

• Channelization of Leviathan Creek through the Site;
• Construction of five lined evaporation ponds;
• Regrading, compacting, and improvement of drainage of the open pit;
• Diversion of drainage from a Site adit into the evaporation ponds; and
• Regrading of the overburden piles to the north of the pit (Brown and Caldwell, 1983).

The effectiveness of these actions has been affected by other potential sources of ARD at the Site.
Also, during periods of high flow, the evaporation ponds have overflowed into Leviathan Cteek
(Taxer et al, 1991). Pond overflow no longer occurs, as described below.
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Since the implementation of the pollution abatement project described above, the RWQCB has
operated and maintained the project and conducted revegetation work. In addition, several projects
have been undertaken in an attempt to improve the quality of Leviathan and Aspen Creeks, including:

• Use of a bioreactor to treat the flow from the Aspen Seep by the University of Nevada, Reno
(UNR) (conducted by UNR under contract to RWQCB and Atlantic Richfield, 1999-present);

• Inline treatment of a portion of the flow from the channel underdrain (CUD);

• Treatment of water in the evaporation ponds using lime neutralization to reduce the overflow
during the peak flow season (conducted by EPA in 1997);

• Enhanced evaporation of the pond water (conducted by ARCO Environmental Remediation,
LLC [AERL] in 1998);

• Bi-phasic treatment of water in the evaporation ponds during the summer months, through a
two-stepped, lime treatment process to neutralize and remove dissolved metals from the
pond water and prevent pond overflow (conducted by RWQCB, 1999-present);

• Revegetation of the Site pursuant to the leviathan Mine 5-Year Work Plan (RWQCB, 1995)
conducted by the RWQCB (1995-present). These efforts are intended to reduce erosion of
the waste and spoil piles, and reduce the quantity of water infiltrating through these piles; and

• Implementation of ERAs by AERL in 2001, including construction and operation of a lime
treatment lagoon to treat flow from the CUD, as discussed further in Section 2.2.4.

In addition, the RWQCB has been conducting water quality sampling since approximately 1985.
Water samples are tested for pH, heavy metals, major ions, turbidity, and total dissolved solids. The
United States Geological Survey (USGS) has been conducting continuous surface water flow
measurements since October 1998. In 1998 and 1999, Atlantic Richfield conducted site
characterization activities, including surface water and groundwater monitoring; a controlled survey of
the Site including placement of monuments in the landslide area; a geotechnical investigation; and a
geochemical investigation (SRK, 1999).

Atlantic Richfield and the RWQCB are continuing corrective actions at the Site, as directed by EPA.
Currently, equipment remains on Site to continue to conduct bi-phasic treatment of adit water in the
evaporation ponds and lime treatment of the CUD during the summer months. Additionally, the
bioreactor at the Aspen Seep continues to treat Aspen Seep water year-round.

2.2.4 2001 Early Response Actions and Other Site Activities

ERAs completed during the 2001 field season include lime lagoon treatment of the CUD and
continued bioreactor treatment of the Aspen Seep (by UNR). In addition, the RWQCB continued bi-
phasic treatment of pond water from the adit.

CUD Lime Lagoon Treatment System

A treatability study of the CUD flow was performed by Atlantic Richfield in the summer of 2001.
The study was conducted in accordance with the Early Response Action Work Plan (MW, 2001)
submitted to the EPA in June 2001.

The primary purpose of the ERA was to achieve short-term water quality improvement in Leviathan
Creek. Another purpose was to demonstrate the effectiveness of continuous lime treatment of ARD
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from the CUD source, using an applied technology that could be expanded to other sources and
extended to year-round operations. Treatment system operational parameters were evaluated
including lime dosage rate, lime application method, water movement through the system, solids
movement through the system, solids composition and density, effectiveness of oxidation, power
requirements, system operation/maintenance requirements, and solids management procedures. In
addition, chemical and physical properties of solids produced during the test were analyzed to
provide data regarding management of solids generated by CUD treatment.

For the CUD treatability study, raw CUD water was collected in a temporary storage tank, then
pumped to reaction tanks where it was mixed with lime using an inline lime slurry supply system, and
aerated using an ambient air supply and diffusers. From the reaction/aeration tanks, the water was
gravity-fed to filter bags for solids filtration, prior to the entering Pond #4. Any generated solids
remaining in the water after passing through the filter bag were settled out in Pond #4. This particle
settling was facilitated by the routing of the treated water through three cells, defined by the
placement of silt screens in the lined pond. Treated effluent was then returned to Leviathan Creek
through the existing pond overflow/discharge structure.

Aspen Seep Bioreactor

UNR continued to operate the bioreactor at the Aspen Seep during 2001. UNR installed solar panels
to drive the peristaltic pumps, which fed sodium hydroxide solution to the reactors, and continued to
analyze the sludge to determine appropriate sludge management. UNR treated the entire seep during
this period. Treatment resulted in elevating the pH to 6.0-7.4. Sulfate concentrations were decreased
to 300-550 milligrams per liter (mg/1) and TDS decreased to 200-400 mg/1. Metals were removed in
excess of 95% following filtration. Plans for 2002 are to scale up the reactors and replace the wood
chip substrate with rocks, install flushing zones at the front of the reactors, and install
settling/filtration ponds to remove particulate iron sulfide and evaluate elimination of, or substitution
for, sodium hydroxide addition.

Pond Water Bi-phasic Treatment

The RWQCB continued bi-phasic treatment of pond water from the adit. The RWQCB summary
report further describes 2001 operations and results (RWQCB, 2002a).

2.2.5 Proposed 2002 Early Response Actions

EPA is currently reviewing the Draft Leviathan Mine Site 2002 Early Response Action Work Plan (MWH,
2002). The scope of year 2002 ERAs includes continued operation and optimization of the treatment
lagoon system, addition of the Delta Seep flow to the treatment lagoon system, and enhancement and
operational evaluation of the Aspen Seep bioreactor. Two potential additional components of the
2002 ERAs include a winter trial for the treatment lagoon system and/or addition of the adit flow to
the treatment lagoon system.

2.3 PROJECT SETTING

This section provides general information regarding the project setting, including topography,
geology, landslide activity, climate, and meteorology. Further detail pertaining to the initial evaluation
of Site data is presented in Section 3.0, Initial Evaluation.

2.3.1 Topography

The terrain in the Leviathan Creek basin includes rugged mountains and high meadowlands. The
immediate vicinity of the Site is steep and rugged, particularly to the south and west of the mine
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(Skelly & Loy, 1979). The topography of the Site has been altered by the removal of overburden and
waste rock from the open pit. This overburden and waste rock was placed to the north and west of
the open pit, as shown in Figure 2-1, Site Layout. Anaconda reported that some overburden was
originally placed on the pit slopes, but over time it has eroded into its current location. The
overburden piles have now altered the courses of Aspen and Leviathan Creeks. Spoil Area A was
regraded and compacted during the pollution abatement project to prevent water from pooling on, or
leaching through, the rock. The waste pile to the west of the pit was also regraded and compacted to
support the evaporation ponds and to reduce infiltration of surface water (Taxer et al., 1991). Since
the original construction of the pollution abatement project, areas of the overburden have eroded
resulting in gullies. The pit itself was partially filled using spoils from the overburden piles and
regraded to divert surface water into Leviathan Creek. Groundwater infiltrating through the pit was
directed to the evaporation ponds (Taxer et al., 1991).

2.3.2 Geology

The California State Water Resources Control Board, Division of Technical Services conducted
detailed field mapping at the Leviathan Mine during the summer of 1982 (CSWRCB, 1982). The
geologic units mapped include volcanic, sedimentary, and shallow intrusive igneous rocks. Generally,
the sedimentary rocks consist of volcanoclastic sandstone, conglomerate, siltstone, and lahar. The
volcanics and shallow intrusives are principally andesites, with some basalt These flows and
intrusions are complexly interbedded and intrude the sedimentary units. Because of the geologic
history and due to the variable, but intense amount of alteration (which makes positive rock
identification difficult) correlation between rock units over long distances was not generally feasible.
This difficulty of determining the stratigraphic sequence at the mine and correlating data from one
drill hole to another was also noted in work conducted by Wilson and Wells (1951).

Natural mineralization within the volcanic rock contributes to the background metal and sulfate loads
in local water bodies. According to Wilson and Wells (1951), andesite and tuff have served as the
host rocks for the deposition of elemental sulfur, although die two rock types respond differently to
mineralization and accompanying alteration, thereby producing distinctive ore types. The principal
ore body at Leviathan is a flat, northwest trending elliptical lens approximately 90 feet in maximum
thickness and 2,400 feet in maximum length (Clark, 1977). Pyrite and marcasite occur throughout the
ore body and also along the upper and lower contacts of the mineralized zone (Brown & Caldwell,
1983). Additionally, several secondary sulfate minerals occur within the host rock.

Local faults tend to strike northerly to northwesterly in conformance with regional structural fractures
on the east flank of the Sierra Nevada and have variable dips to the east or west Much of the faulting
at the mine appears to predate the mineralization, and thus, controls the distribution of ore to some
degree. The amount of displacement on most of these faults and their relative degree of activity are
not known (Brown & Caldwell, 1983).

According to Brown & Caldwell (1983), four earthquakes of Richter magnitude 4.0 to 4.9 have
occurred with epicenters within five miles of the mine between 1900 and 1974. During this same
period, earthquakes of magnitude 5.0 to 5.9 occurred at distances between 11 and 17 miles. In the
mid-1990s, an earthquake of approximate Richter magnitude 6.5 occurred (RWQCB, 2002b).

2.3.3 Landslide Activity

A landslide exists to the north of the pit, as shown in Figure 2-1. This historic landslide existed prior
to mining activities on the property (Brown & Caldwell, 1983).

Mining activities removed a portion of the headwall scarp (by excavation of the open pit) and added
weight to some of the remaining portion of the landslide (by placing fill on Spoil Area A) and the
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failure continues to move northerly down slope. Brown & Caldwell (1983) presented three reasons
for the continued movement of this landslide:

• The geologic structure of the area provides a weak layer that serves as the failure plane;

• Water infiltration from precipitation and Aspen Creek provide lubrication to the failure plane;
and

• Debris at the toe of the slide is eroded away by Leviathan Creek.

Another, smaller landslide exists immediately south of the Delta Seep as shown in Figure 2-1. This
failure is significantly smaller than the historic landslide, but could form a new source of
contamination to Leviathan Creek should it contact the creek. The soils along this failure appear to
be saturated. The RWQCB is currently conducting a geotechnical evaluation for this area and a draft
report is anticipated in second quarter 2002.

2.3.4 Climate

The mean annual temperature at Markleeville (about 2,000 feet lower in elevation than the mine) is
approximately 50 degrees F. The average growing season for the area is about 100 days. Large-scale
airflow is from the southwest, with a secondary flow from the northwest in winter. Wind speeds
increase with elevation. Dispersion of air is generally good in the project area due to active wind flow
and high elevation (Brown & Caldwell, 1983).

Precipitation in the area around Leviathan Mine varies with elevation and distance from the crest of
the Sierra Nevada. Annual precipitation on die eastern slope of the Sierra Nevada is less than that on
the western slope and is less dependent on elevation. There is little precipitation data for the
Leviathan Mine Site, and therefore, annual precipitation information was estimated at approximately
15 inches per year using local weather monitoring stations (Brown & Caldwell, 1983). SNOTEL data
from Monitor Pass (refer to Figure 1.1) indicate that the precipitation for water year 2000 was 16.5
inches. This station is located approximately 2.5 miles southeast of the Site. Most of the precipitation
is in the form of winter snowfalls, which typically result in the Site being inaccessible to vehicles
between December and April. The RWQCB has recently installed a weather station on Site that is
expected to be operational by field season 2002. ,

2.3.5 Land Use

Of the 656-acre Leviathan Mine property, approximately 253 acres were disturbed by the mining
operations (EPA, 2000a). The disturbed area, with the exception of about 21 acres, is located on State
of California land. The majority of the surrounding land is owned by the U.S. Forest Service (USFS).
The Site is currently fenced to control access. Limited vegetation occurs on the Site and revegetation
activities are ongoing.
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3.0 INITIAL EVALUATION

3.1 GENERAL

This section includes an initial summary and evaluation of analytical data from prior and on-going
investigations. In general, the focus of previous investigations and data collection activities
concerning potential Site contamination has been on the impact to on-Site surface waters and
groundwater, and on the subsequent transport of potential contamination off-Site via the surface
water pathway. Accordingly, the focus of this initial evaluation is on surface water contamination at
the Site.

Data and information presented include the following:

• Section 3.2: Previously Identified Sources of Water Contamination
• Section 3.3: Surface Water Hydrology
• Section 3.4: Surface Water Quality
• Section 3.5: Groundwater
• Section 3.6: Soils
• Section 3.7: Conceptual Site Model

3.2 PREVIOUSLY IDENTIFIED SOURCES OF WATER CONTAMINATION

Based on prior investigations and analyses, and as outlined in the Administrative Order, there are
four, identified sources of untreated ARD discharging into Leviathan and Aspen Creeks. The
locations of these sources are shown in Figure 3-1, Leviathan Site Water Monitoring Locations, and are
described below:

• CUD: The CUD was installed during the RWQCB pollution abatement project to collect
water from seeps that emerged below the Leviathan channel diversion. CUD flow rates
typically range from 15 to 30 gallons per minute (gpm) (RWQCB, 1995; EPA, 2000a). While
the water from the CUD is not as acidic or as heavily contaminated with metals as the water
from the adit or the pit underdrain, during periods of low flow it represents a primary source
of contamination into Leviathan Creek.

• Pond Overflow (POF): Four retention/evaporation ponds are designed to contain acidic
water collected from the Site (particularly the adit and pit underdrain flow) and to promote
evaporation. Historically, during periods of high flow (primarily during the spring snowmelt),
the evaporation ponds have periodically reached their maximum capacity and overflowed into
Leviathan Creek. According to the RWQCB (1995), during these overflow events, overflow
volumes have been on the order of 2.6 to 3.0 million gallons per year and have released
evapo-concentrated acidic water into Leviathan Creek. High flow in Leviathan Creek during
these periods, however, helped to dilute this discharge (RWQCB, 1995). Since 1997, the
EPA and the RWQCB, and since 1998, AERL, have tried various active treatment systems
during the summer and fall months in an effort to reduce or eliminate the pond overflow in
the spring. No flow has been recorded from the pond overflow since October 2000, with
only negligible flow since September 1999.

• Delta Seep: The Delta Seep is located at the lowest portion of the mine waste rock by
Leviathan Creek. This seep flows at approximately 10 gpm into Leviathan Creek (EPA,
2000a) and contains sulfate concentrations approximately two times those observed in the
creek above the mine. (Flow estimates from Delta Seep are variable; an instantaneous flow
measurement of approximately 40 gpm has been reported [Tetra Tech, 2002].)
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• Aspen Seep: The Aspen Seep (designated as OS on Figure 3-1) flows into Aspen Creek from
the spoils located north of the open pit at a rate of approximately 10 gpm (EPA, 2000a).
Currently, a portion to all of the drainage from the seep is treated with an experimental
bioreactor treatment system operated by UNR.

These known sources of ARD are the focus of the CSM, described herein, as well as the ERAs
currently being conducted at the Site.

3.3 SURFACE WATER HYDROLOGY

Surface water from the Leviathan Mine Site drains west to Leviathan Creek and east to Aspen Creek
(Figure 3-1, Leviathan Site Water Monitoring Location?). The confluence of these creeks is located less
than Vz mile north of the Site, just north of the landslide on die mine property (Brown & Caldwell,
1983). From its headwaters, Leviathan Creek flows northward for approximately two miles before
crossing through the Site along the western boundary. Aspen Creek, a key tributary of Leviathan
Creek within the study area, flows northwesterly from its headwaters and along the eastern boundary
of the mine property, for a distance of approximately 0.75-miles to its confluence with Leviathan
Creek. Leviathan Creek joins Mountaineer Creek approximately 2'/z miles downstream to form
Bryant Creek (31.5 square mile watershed), which then flows four miles downstream to the California-
Nevada border and another 3'/2 miles to its confluence with the East Fork Carson River (Figure 3-2,
Leviathan Watershed Water Monitoring Locations).

As shown on Figure 3-1, several unnamed creeks and streams drain the project area. Only one of the
unnamed tributaries to Leviathan Creek within the study area flows perennially and is commonly
known as 4L Creek. This creek flows eastward into Leviathan Creek below the Delta Seep and above
the confluence with Aspen Creek. The major sources of flow to Bryant Creek are shown
schematically in Figure 3-3, Surface Water Flow Schematic.

The 10.5 square mile Leviathan Creek watershed ranges in elevation from 6,400 feet at the confluence
of the Leviathan and Mountaineer Creeks to 8,963 feet at Leviathan Peak. This elevation range, in
conjunction with the Site's location on the eastern slope of the Sierra Nevada Mountains, results in a
wide variation of climatic conditions over the watershed area (Brown & Caldwell, 1983). Seasonal
flow patterns of the creeks and streams in the project area are typical of Sierra streams with low flows
in the summer and fall and high flows during the spring runoff and more intense winter storm events
(Brown & Caldwell, 1983).

Flow data have been collected at the Site sporadically since 1989. In 1998, the USGS initiated 15-
minute flow data collection at selected stations. The availability of flow data at frequently monitored
stations, historically, is summarized in Figure 3-3 and Table 3.1, Summary of Flow Data at Frequently
Monitored Stations, with brief location descriptions of these surface water monitoring locations.
Selected locations within the Site boundaries (i.e. those representative of major components of the
water balance and/or those with 15-minute flow data collection) are highlighted in Table 3.1, and are
shown in Figures 3-1 and 3-2. These selected locations have been used for the surface water
hydrologic analyses discussed in this section.
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•̂4.,- ^tltx, "<• "4 4 ̂  * f.,f ^V,N ' s <, TABLE 3.1 - -v. „ * •» < ' ^4vî  i£ y>, *&f!$*'f<%*J*-
. ^ . SUMMARY OF FLOW DATA AT FREQUENTLY MONITORED STATIONS

Station 3 Location Start End Frequency

Leviathan Creek Upper Drainage

Station 1

Upper Tributary
Lower Tributary
Channel Underdrain (CUD)

Adit

Station 2
Pit Underdrain (PUD)

Pond 1

Pond Overflow (POF)

Delta Seep (DS)
Station 8
Station 15

Upper Leviathan Creek above the mine Site

Located to North of Pond 2 upstream of confluence with Leviathan Creek Diversion
Located to North of Pond 2 upstream of confluence with Leviathan Creek Diversion
Seepage from under Leviathan Channel, mixes with unimpacted flows above POF

Flow from mine adit, currently flows into evaporation ponds

Historically - Flow from adit; Currently - combined flow from adit and PUD
Subsurface flows from open pit, currently flows into evaporation ponds

Upper pond southwest of pit

Overflow from evaporation ponds as measured from Pond 4

ARD seep located at base of the delta spoils flows into Leviathan Creek
Leviathan Creek at north end of delta (USGS pre-1 985)
Leviathan Creek just upstream of Aspen Creek

October-98
September-90
September 98

October-98
October-99

September-89
October-99

Apnl-94
December-89
October-99
February-95
October-99
February-00
October-98

Apnl-91
September-98

August-91
October-98
February-91

Present
September-01
November-98
November-98

Present
November-99

Present
September-00

October-98
Present

February-00
Present

September-00
Present

September-99
October-00
October-95

Present
March-01

15-minute1

periodic 2

periodic
periodic

1 5-minute
periodic

1 5-minute
periodic
periodic

1 5-minute
periodic

1 5-minute
periodic

1 5-minute
periodic
periodic
periodic

15-minute
periodic

Aspen Creek Drainage

Station 22
Overburden (Aspen) Seep (OS)

Station 16

Aspen Creek upstream of the mine Site
Seep from waste rock pile, treated in UNR bioreactor.

Aspen Creek just upstream of Leviathan Creek

October-95
October-98
August-95
October-98

May-93

November-98
Present

September-99
Present

March-01

periodic
1 5-minute
periodic
monthly
periodic

Lower Leviathan and Bryant Creek Drainage

Station 1 7
Station 23

Station 24

Station 25

Station 26

Leviathan Creek below confluence with Aspen Creek
Leviathan Creek just upstream of Mountaineer Creek

Mountaineer Creek just upstream of Leviathan Creek

Bryant Creek just downstream of Mountaineer Creek

Bryant Creek above Doud Springs Creek

April-93
November-99
October-96
October-98
October-96
October-98

Apnl-93
August-01
Apnl-94

Apnl-94
Present

March-01
Present

November-98
Present

September-01
present
June-98

periodic
1 5-minute
periodic
monthly
periodic

1 5-minute
periodic

1 5-minute
periodic

Notes:
1 . Source is USGS 1 5-mmute flow data
2. Periodic flow data obtained from one or more of the following sources: Regional Water Quality Control Board (RWQCB).

USGS periodic data, USGS flow calibrations, and SRK Consultants
3. Highlighted data have been used for the flow contribution analyses.
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Site-wide surface water flow data are currently being assessed, under this Phase 1 Work Plan, for
quality, usability, and completeness. Data are being compiled into a central database, as discussed
further in Section 5.2. Based on a review of the current database and a preliminary data assessment,
several data gaps have been identified resulting from either the sporadic nature of historic flow data
collection or the fact that some data were not available in the database at the time of this evaluation.
These data gaps can complicate associated data analyses and potentially limit the ability to draw
specific conclusions regarding the CSM. The database will continue to be updated with historic and
current data throughout the Phase 1 RI/FS, as described in Section 5.2. As the database continues to
be updated and data are further evaluated, the CSM will be reviewed and refined. Data gaps will be
identified, and supplemental data collection will be recommended for inclusion in the Long-term
Response RI/FS Work Plan, as appropriate, as discussed further in Section 5.3.

As presented in Figure 3-3, the primary components of the surface water flow balance for upper
Leviathan Creek are listed below.

• Upper Leviathan Creek (Station 1)- (USGS Station 10308783,15 minute flow data)

• Upper Tributary (limited flow data)

• Lower Tributary (limited flow data)

• CUD (USGS Station 103087885,15 minute flow data)

• POF (USGS Station 103087887, no flow recorded from this station September 22, 2000 to
present)

• Delta Seep (limited flow data)

• 4L Creek (no flow data)

• Various unnamed tributaries (no flow data)

These flow components contribute to flow at Leviathan Creek above Aspen Creek (Station 15)
(USGS Station 10308789,15 minute flow data).

The primary components of the surface water flow balance for Aspen Creek are listed below.

• Upper Aspen Creek at the road crossing (Station 22) (limited flow data);
• An unnamed Tributary (no flow data); and
• Aspen Seep (OS) (USGS Station 103087892,15 minute flow data).

These flows contribute to flow at Aspen Creek above Leviathan Creek (Station 16) (USGS Station
103087898, monthly flow data). Flow recorded at the Aspen Seep is measured as the seep emerges
from the waste rock pile. The seep water is then treated in a bioreactor and discharged to the ground
surface near Aspen Creek.

Below the confluence of Leviathan Creek with Aspen Creek, the following components contribute
surface water flow to Bryant Creek.

• Leviathan Creek above Bryant Creek (Station 23) (USGS 10308792,15 minute flow data);
• An unnamed Tributary (no flow data); and
• Mountaineer Creek (Station 24) (USGS monthly flow data).

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
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These flows contribute to flow at Bryant Creek above the confluence of Leviathan and Mountaineer
Creeks (Station 25) (USGS Station 10308794,15 minute flow data).

3.3.1 Upper Leviathan Creek

Surface water flow data were analyzed at selected stations in Upper Leviathan Creek to develop a
preliminary analysis of seasonal flow patterns at the Site. This analysis was conducted using stations
with more than one year of available USGS 15-minute flow data (period of record, 1998 to present).

Figure 3-4, Average Daily Flow Ilydrograph, presents the average daily discharge volumes in Leviathan
Creek at Station 1 (upstream of the Site) and Station 15 (downstream of the Site). Data for the water
year beginning in September 2000 and continuing through September 2001 are provisional USGS
data. This chart indicates that peak daily flows occurred in the spring when flow volumes reached
over 15 cubic feet per second (cfs) and 17 cfs at Stations 1 and 15, respectively. The high winter
flows, depicted in Figure 3-4, were not included in the evaluation due to the likelihood that ice build-
up may have affected gage readings at this time. Relatively low flows occurred throughout the
summer and fall, with minimum discharge rates of approximately 0.03 and 0.11 cfs at Stations 1 and
15, respectively.

Average monthly flow values were calculated using the published USGS data for Stations 1 and 15,
the CUD, and the POF using the data referenced above. The period of record used to calculate these
average flows is noted for each station. The results of this analysis are presented in Table 3.2, Mean
Monthly Flow Summary for Upper Leviathan Creek.

>?x/^4v?BS^~'̂ *~ A?^>î Ir-"̂  fifes- TABLE 3.2 ^^g^* * ̂ ^/-^^M^Kgwî  >|
i feilt <%% hr. X.JVIEAN MONTHLY FlOW SUMMARY FOR UPPEFfLEVIATHAN £BEHC£~Z££± %' $• K^ "IrSl. >,. s sAa, '>-**•/ * ,—- . "?.- jF^^a * /.^ '"*•" ^ '• 'iS;!"'f*>~f'tf '-'-*. &**.'• » *̂feV'»«wASJS*S f̂e^^^sl-ly«ir
""" * %.""<<? fl-'f'i^ «*•//%« (Period of record as shown at each station) { ' * / f "$:>

Station

Station 1
(10/98 - 09/00)2

Channel Underdrain
(1 1/99- 09/00) 2

Month

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December

Mean Monthly Flow1

(cfs}
0.220
0.233
0.604
1.826
3.228
0.474
0.128
0.073
0.085
0.127
0.155
0.200
0.062
0.075
0.074
0.081
0.080
0.078
0.067
0.055
0.034
0.040
0.062
0.060

Relative Percentage of
Flow at Station 15

58.9%
30.5%
41.7%
49.6%
62.8%
37.9%
32.9%
25.9%
27.4%
37.7%
56.1%
68.2%
16.7%
9.9%
5.1%
2.2%
1.6%
6.2%
17.2%
19.5%
11.0%
1 1 .9%
22.5%
20.5%

4130/02 sb
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,-f- ^ ?> % «" •>• I* >.,£.'« *,> TABLE 3.2 _ _ _ , .,
**" /U "̂  * '' f ,MEAN MONTHLY FLOW StJMJWARY, FOR UPPER i LEV1ATHAIV
î̂ "V *?.<£? *~f£ *&}.£&<,• 1 V- ^ l»* » ™» ^ *^" ^ " .>£$!. -V- ^i^ -^ ^ ,-^Vts i^^">J!- *" f^

* » • > » < ! > ^ 4 7 > <• (Period of record as snown at each station]

Station

Pond Overflow
(10/98 - 09/00) 2

Station 15
( 1 0/98- 9/00) 2

Month

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December

Mean Monthly Flow1

(cfs)
0.023
0.064
0.044
0.066
0.025
0.007
0.000
0.000
0.000
0.000
0.000
0.000
0.374
0.763
1.451
3.678
5.140
1.251
0.388
0.283
0.310
0.338
0.276
0.293

?
-^ !V -fey ̂ , ̂  ~ ̂  r ̂  S1S~f& ̂ f ̂ v

Relative Percentage of
Flow at Station 1 5

6.1%
8.4%
3.0%
1.8%
0.5%
0.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Notes: ' Source of data is published USGS daily average flow data
2 Indicates period of record

Based on the average monthly flow data presented in Table 3.2, some observations may be made
concerning the seasonal variability of the sources of flow within the Upper Leviathan Creek drainage.
In general, higher average flows in this area occurred during the spring months (April and May), while
low average flows occurred in the fall (August, September, and October). This general seasonal
pattern is present at the upstream Leviathan Creek station (Station 1). At this station, over the period
of record, the mean monthly high flow of 3.228 cfs occurred in May, and the mean monthly low flow
of 0.073 cfs occurred in August.

A series of evaporation ponds have been constructed at the Site, as discussed in Section 2.0, for
storage and treatment of impacted water from the adit and PUD. Following initial construction, and
prior to active pond water treatment, these ponds were subject to overflow when inputs exceeded
storage capacity. This intermittent, overflow of pond water has been monitored at the POF station.
As such, the POF does not necessarily directly correspond to high and low flow periods in the
drainage system. However, prior to active pond water treatment and discharge (within the period of
record beginning in October 1998), the average flow at the POF station peaked at 0.066 cfs (30 gpm)
in April (high flow period) and was negligible in July through December, due to containment in the
ponds. In general, the flow data indicate that the POF had an appreciable discharge overlapping the
relatively high flow period between January and June, and negligible discharge at low flow periods
during the rest of the year. A bi-phasic treatment system for pond water has been in operation during
the summer months since 1999, which has essentially eliminated pond overflow, replacing it with
controlled discharge of treated water during the summer and fall.

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260



AVERAGE DAILY FLOW AT STATIONS 1 AND 15
OCTOBER 1998 - SEPTEMBER 2001

(1)

4000

100

3000

5.00

2000

15.00

10.00

Station 1

Station 15

(2)

(2)

000

a>
.Q
CD

O>cr> cp
C
=J
"

o^a>

Date

NOTES:
1. Data after September 2000 are provisional.
2. Provisional data contains peaks that may be the

result of ice dams.
Issuea For Review Draft

MWH
MONTGOMERY WATSON HARZA

JRay

PROJECT NO 5030047

AutoCAD FILE Mvertge tftXy (low * 03

ATLANTIC RICHFIELD COMPANY
Leviathan Mine Site - Phase 1 RI/FS Work Plan

A VERA GE DAIL Y
FLOW HYDROGRAPH



__ April 2002 Leviathan Mine Site * Draft Phase 1 RI/FS Work Plan + Pa& 3-11

Seasonal flow at the CUD station (CUD) and at the downstream, Leviathan Creek station (Station 15),
— appears to follow the seasonal flow pattern present in the drainage area. At the CUD station, the

mean monthly peak flow of 0.081 cfs occurred in April (spring), and decreased to 0.034 cfs during low
flow in September (fall). At Station 15, the highest, mean monthly flow rate occurred during May
(5.140 cfs), and the lowest, mean monthly flow rates occurred in August through December (0.276 —
0.338 cfs).

Currently, there are no USGS 15-minute flow data for Delta Seep. However, based on periodic data
collected between September 1998 and October 2000, the flow rate from the Delta Seep ranges from

-- 0.019 to 0.026 cfs, and does not appear to have a strong seasonal pattern.

The upstream sources of flow in this area (Station 1, CUD, POF, and DS) were analyzed with regard
to their relative contributions to downstream, Leviathan Creek flow (Station 15). Figure 3-5,

- • Comparison of Average Monthly Flow at Stations 23 and 15, presents pie charts depicting the relative
— contribution of these sources to flow at Station 15 during the high- and low-flow periods. March and

August data were used for this analysis based on the best available data sets. Flow from the Delta
\_ 4 Seep was estimated in Figure 3-5 using flow data from February and September, respectively.
LJ

The flow at Station 1 represents the greatest percentage of the flow at Station 15 throughout the year
(42% in March and 26% in August). The largest contribution of flow from Station 1 coincides with

"^ the mean peak flow months in the spring. Similarly, the highest period of contribution for the POF
was in February, which correlated with its mean peak flow period. (The flow data for the POF was

— collected prior to pond water treatment. In the future, contributions from the POF should be
11 negligible.) Conversely, unless intercepted and treated, as was the case during the summer 2001 CUD
" ERA, the relative contribution of the CUD is highest during the low-flow period and decreases during

peak flow. Based on the available information, the Delta Seep appears to provide a larger contribution
= j of flow during the fall.

Nearly half of the flow at Station 15 is unaccounted for in these charts. Potential sources of the
unaccounted component of flow include unmonitored tributaries entering the stream, groundwater
discharge, and flow unaccounted for due to measurement accuracy limitations. Some of the major,
unmonitored flow components to Station 15 (shown on Figure 3-1) include:

• The Upper Tributary;
• The Lower Tributary;

— • 4L Creek; and
^ • An unnamed tributary (downstream of 4L Creek).

— While these tributaries contribute to the unaccounted flow at Station 15, they emanate from off-Site,
unimpacted areas and are not likely to contribute significant additional contaminant load to the creek.

— 3.3.2 Aspen Creek

— Of the three surface water monitoring stations within the Aspen Creek drainage, USGS 15-minute
flow data are only available for the Aspen Seep (OS). Data obtained from the USGS for the upstream
Aspen Creek station (Station 22) are sporadic and are insufficient to calculate monthly averages for

— use in comparison to other monitoring stations. Monthly flow data are available for the downstream
Aspen Creek station (Station 16) from October 1998 to present; however, these data were not

"~ available at the time this analysis was performed and, therefore, flow from Aspen Creek is only
_ considered qualitatively in this analysis. Future hydrologic analyses will incorporate quantitative data

from Aspen Creek Station 16.
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Based on the data used at the time the analysis was performed (which only included flow data from
Station 15, but not from Station 16), approximately 38% of the flow at downstream Leviathan Creek
Station 23, which is below the confluence of Leviathan Creek with Aspen Creek, is unaccounted for
in Figure 3-5. Aspen Creek, monitored at Station 16, is the major tributary along this reach and is
assumed to make up the majority of the unaccounted flow estimate. Future analyses will include data
from Aspen Creek (Station 16). In addition to Aspen Creek, for which data exist (but were not
included in the current evaluation), other unaccounted flow components could include an unnamed
tributary and potentially groundwater discharge from unimpacted areas downgradient of the Site.
These last two sources are not likely to contribute significant additional contaminant load to the creek.

Currently, the Aspen Seep is treated in a bioreactor system, which prevents untreated flow from
directly entering into Aspen Creek. The contribution of Aspen Seep flow to Aspen Creek is
presumed to be relatively small.

3.3.3 Lower Leviathan Creek

The calculated average, monthly flow rates for lower Leviathan Creek stations (see Figure 3-2 for
locations) are shown below in Table 3.3, Mean Monthly Flow Summary for Lower 'Leviathan Creek. Note
the period of record at Station 23 (lower Leviathan Creek) used in this evaluation was limited to data
collected between December 1999 and September 2000. In addition, recent monthly flow data (1998
through present) from Mountaineer Creek (Station 24) were not available for this analysis. Future
hydrologic analyses at the Site will incorporate these data.

-^ **£&*"•-;, ' "J^:,'' TABLE 3.3 „ ' " ,~'-
x- '|- >*f «r , MEAN MONTHLY FLOW SUMMARY FOR LOWER LEVIATHAN "CREEK
i J i, »'t y ̂ .' *_ (Period of record as shown at each station)

Station

Station 23
(12/99 - 09/00)2

Station 25
(11/98-09/00)

Month

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December

Mean Monthly Flow1 (cfs)

1.085
1.401
2.535
2.973
0.929
0.417
0.394
0.458
0.288
0.287
0.542
0.707
3.085
4.163
6.013
10.455
11.081
3.920
1.960
1.953
2.207
2.468
2.759
2.437

Relative Percentage of
Flow at Station 25

35.2%
33.6%
42.2%
28.4%
8.4%
10.6%
20.1%
23.5%
13.1%
11.6%
19.6%
29.0%
100%
1 00%
100%
1 00%
100%
100%
100%
100%
1 00%
1 00%
100%
100%

Notes: ' Source of data is published USGS daily average flow data
2 Indicates period of record

Seasonal fluctuations in flow within lower Leviathan Creek are apparent in the data shown in Table
3.3. Station 23 is located on Leviathan Creek above the confluence with Mountaineer Creek, while
Station 25 is located on Bryant Creek below this confluence (Figure 3-2). The high-flow period
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occurs between March and April at Station 23, and between April and May at Station 25. The low-
flow period occurs between September and October at Station 23, and between July and August at
Station 25. Mean peak flow at Station 23 is 2.973 cfs (1334 gpm) in April and mean low flow is 0.287
cfs (129 gpm) in July. Mean peak flow at Station 25 is 11.80 cfs (5296 gpm) in May and mean low
flow is 1.953 cfs (877 gpm) in August.

The relative contribution of the flow from Leviathan Creek (Station 23) to the flow at Bryant Creek
(Station 25) is greatest during the spring (42%), and relatively lower during the fall (12 - 13%) when
water quality in Leviathan Creek is most impacted.

Analysis of additional flow data at Leviathan Creek (Stations 23 and 25) with data from Mountaineer
Creek (Station 24), primarily during water quality sampling, will provide further site characterization.

3.4 SURFACE WATER QUALITY

'Anaconda began monitoring water quality in Leviathan Creek in 1954, concurrent with the initiation
of open pit mining operations. The RWQCB published a summary of monitoring results from 1954
to 1962 in their 1975 report (RWQCB, 1975). Following the sale of the mine to Alpine in 1962, only
sporadic water quality data were collected until 1982.

The RWQCB and the USGS have been monitoring surface water quality in Leviathan and Aspen
Creeks since 1982. In 1982, the USGS began a hydrologic survey of the Leviathan Mine, which
included monitoring surface water flow and water quality in Leviathan and Aspen Creeks. Following
the USGS survey, a water quality monitoring program was initiated by the RWQCB. In 1998, the
monitoring program was expanded with additional monitoring stations and the installation of
continuous flow meters by the USGS. The locations of current surface water monitoring stations and
water quality/flow monitoring schedules are described in Table 3.4, Current Surface Water Quality
Monitoring Stations. Stations with USGS station identification numbers have continuous flow
monitoring equipment Station locations are shown on Figures 3-1 and 3-2.

3.4.1 General Surface Water Quality

Water samples are collected at the stations listed in Table 3.4 by the RWQCB and analyzed for total
and dissolved metals (including aluminum, arsenic, copper, iron and nickel), major ions (including
sulfate and calcium), and general parameters (including pH, conductivity, and total dissolved solids).
Analytical surface water quality data collected from these stations during 1998 to 2001 are presented
in Appendix A, Leviathan Mine Site Surface Water Data, for selected indicator parameters (Al, As, Fe, Ni,
pH, SC>4, TDS). These indicator parameters are generally one to several orders of magnitude higher
in the primary sources (i.e., adit, PUD, CUD, OS, DS) than in the background surface waters of
Leviathan (Station 1) and Aspen (Station 22) Creeks (with the exception of pH, which is generally
several orders of magnitude lower in the sources). Concentration trends of dissolved aluminum and
iron at Station 15 (Leviathan Creek above Aspen Creek), Station 16 (Aspen Creek above Leviathan
Creek), and Station 23 (Leviathan Creek below the confluence of Leviathan and Aspen Creeks) are
presented in Figure 3-6, Aluminum andiron Surface Water Data (1998 - 2001).

Similarly, dissolved arsenic and nickel concentrations at these stations are shown in Figure 3-7, Arsenic
and Nickel Surface Water Data (1998 - 2001). Due to limitations of the current data set, specifically with
regard to the relatively short period of record and lack of corresponding flow data at several stations
at the time of this evaluation, any general interpretation of the time trends at these stations must be
qualified. Additionally, water quality data are currently being assessed to determine its quality and
usability. However, based on the available data as presented, it appears that water quality is improving
over time at these stations, likely as a result of the response actions that have been implemented at the
Site to date.

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
- FXTP/AtbaitRiirftU/Plai, I BT> DnjfJiEK?

4/10/02 sir



c : : p ]
April2002

i f i i i i : i r « ' r 'i
Leviathan Mine Site * Draft Phase 1 Rl/FS Work Plan + Page 3-15

"' ' ; • ' . * > • • „-» , - * i - 'TABLE 3.4 - ' - ' * ' ' ' * , ' * *
CURRENT SURFACE WATER QUALITY MONITORING, STATIONS '

RWQCB Station ID RWQCB
Water Quality

Sampling

USGS
Flow Data

USGS
Station

Site Description

Leviathan Creek Upper Drainage
Station 1
Channel Underdrain (CUD)

Adit
Pit Underdrain (PUD)
Pond 1
Pond Overflow (POF)
Delta Seep

Station 1 5

Monthly
Monthly

Monthly
Monthly

Intermittent
Monthly

Intermittent

Monthly

1 5-minute
1 5-minute

1 5-minute
1 5-minute
1 5-minute
1 5-minute

Intermittent

1 5-minute

10308783
103087885

10308784
10308785

103087853
103087887

na

10308789

Upstream of the mine Site
Groundwater from under the concrete diversion channel, which flows
into Leviathan Creek
Drainage from Tunnel Number 5, diverted into evaporation ponds
Drainage from Pit collection system, diverted into evaporation ponds
Upper Pond, southwest of pit. Stage height recorded only.
Discharge from Pond 4 into Leviathan Creek
ARD Seep which flows into Leviathan Creek approximately 400 meters
downstream of the CUD and upstream of the confluence with 4L Creek
Leviathan Creek upstream of the confluence with Aspen Creek

Aspen Creek Drainage
Station 22
Aspen/Overburden Seep (OS)

Station 16

Monthly
Monthly

Monthly

none
1 5-minute

monthly

na
103087892

103087898

Aspen Creek upstream of the mine, just below road crossing
ARD Seep, which flows into Aspen Creek (currently being treated by
bioreactors)
Aspen Creek upstream of the confluence with Leviathan Creek

Lower Leviathan and Bryant" Creek Drainage
Station 1 7
Station 23
Station 24
Station 25

Station 26

Monthly
Monthly
Monthly
Monthly

Semi-annual

none
1 5-minute
monthly

1 5-minute

1 5-minute

na
10308792

na
10308794

10308800

Leviathan Creek downstream of the confluence with Aspen Creek
Leviathan Creek upstream of the confluence with Mountaineer Creek
Mountaineer Creek upstream of the confluence with Leviathan Creek
Bryant Creek downstream of the confluence with Leviathan and
Mountaineer Creeks
Bryant Creek upstream of the confluence with Doud Springs

na - not applicable
tbd - to be determined
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Table 3.5, Data for Indicator Parameters During Spring and Fall (2000 and 2001), presents the flow and
indicator parameter concentration data for stations with available data during spring and fall of 2000
and 2001. Spring water quality data (April) correspond with the sampling date with the highest flow
at Station 1 (Leviathan Creek above the mine Site). Fall data (August/September) correspond to the
last sampling date before fall precipitation resulted in increased stream flow. Figure 3-8, Concentrations
of Indicator Parameters at Surface Water Stations, Spring and Fall 2000, presents the water quality at selected
water quality monitoring locations. The following discussion is based on these spring and fall 2000
and 2001 data.

Station 1, located on Leviathan Creek upstream of the mine workings, is representative of the
background surface water quality for Leviathan Creek. Dissolved metals concentrations of aluminum,
arsenic, iron, and nickel were relatively low to non-detectable, and the pH values were indicative of
neutral to slightly alkaline waters. Water quality emanating from the adit and Pit Underdrain (PUD)
exhibited low pH values and elevated dissolved metals concentrations that were from two to four
orders of magnitude higher than the concentrations at Station 1. However, discharge from the adit
and the PUD was, and currently is, being contained in a series of four settling and evaporation ponds
(labeled Ponds 1 through 4, Figure 3-8) and treated. The discharge from Pond 4 (recorded at Station
POF) has been negligible to non-existent since September 1999 due to bi-phasic treatment of the
pond water. During 2000 and 2001, the CUD discharge contained concentrations of aluminum
(ranging from 38 to 45 mg/1), arsenic (0.26 to 0.52 mg/1), iron (300 to 380 mg/1), and nickel (1.6 to
1.9 mg/1), and acidic pH values (4.55 to 4.68 s.u.). The data for the Delta Seep indicated slightly
lower dissolved metals concentrations and slightly higher pH values than the CUD.

These sources, particularly the CUD and Delta Seep, appear to affect the water quality of Leviathan
Creek (as measured at Station 15). The dissolved metals and sulfate concentrations increase from one
to several orders of magnitude in Leviathan Creek between Stations 1 and 15, and pH values
decreased at Station 15 to approximately 6.5 and 3.5 in the spring and fall, respectively. In addition,
the data indicate seasonal fluctuations in the water quality at Station 15. In general, water quality at
this location appears to be more highly impacted during the fall months, as opposed to the spring.
Aluminum concentrations increased from non-detectable in the spring, to 12 and 21 mg/1 in the 2000
and 2001 fall seasons, respectively. pH values exhibited a similar pattern, with pH decreasing from
6.86 and 6.71 during the fall events, to 3.20 and 3.63 during the spring events of 2000 and 2001,
respectively. Sulfate and iron concentrations exhibited similar seasonal trends. As indicated in Table
3.2, the relative contribution by the CUD discharge to the flow at Station 15 is relatively high during
July and August (approximately 20%). These data indicate that water quality at Station 15 is most
affected by the CUD during the low-flow season, while during peak flow, dilution Likely occurs from
Leviathan Creek above Station 1 and the 4L Creek tributary. However, water quality and flow data
are not available for the 4L Creek tributary to confirm this interpretation.

Water quality in Aspen Creek, upstream of the mine workings, (Station 22) is similar to the upstream
Leviathan Creek station (Station 1, also upstream of the mine). Dissolved metals concentrations for
aluminum, arsenic, iron, and nickel are low to non-detect, and the pH values are indicative of slightly
alkaline water. During 2000 and 2001, water quality at the Aspen Seep (OS) exhibited high
concentrations of dissolved aluminum (34 to 47 mg/1), iron (110 to 140 mg/1), and nickel (0.44 to
0.70 mg/1) relative to upstream Aspen Creek (Station 22). Acidic pH values, ranging from 3.07 to
3.27, were also recorded at the Aspen Seep. The discharge from this seep was, and currently is, being
partially to entirely treated at the Aspen bioreactor. Water quality in Aspen Creek, downstream of the
Aspen Seep, (Station 16) appears to be slightly impacted in comparison to water quality at the
upstream Aspen Creek station (Station 22).
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~s » <; / v, 1 C- < ^» v x < TABLE 3.5 ,
£/* ;" * *»- *>C 1 DATA FOR INDICATOR PARAWIETERS^DuMfWRI^AtfpTAlT "*"—*- d~*'"w" ||>

*»'«-X4^<i»C, , -*>-** : , * . (2000°and 200ir ~ "" 1 " . " " '*
Station

Adit

CUD

Delta
Seep

OS

PUD

Sta 1

Sta 15

Parameter

Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
pH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
pH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
pH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel

Units

cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l

4/28/00
Value
0.044
2.57
3600
330
13

770
5.7

0.084
4.65
1800
45

0.39
360
1.8

0.03
5.45
1300
4.7

0.07
33

0.54
0.03
3.18
1700
46

-0.1
140
0.7

0.003
2.84
2800
170
1.4
470
1.8

0.583
8.26
6.4

0.13
0.01
0.24

-0.005
1.011
6.86
220

-0.05
0.02

13
0.12

9/27/00
Value
0.035
2.61
4800
290
11

670
4.8

0.040
4.68
2600
42

0.52
380
1.9

0.02
5.71
1400
1.3

-0.1
21

0.46
0.021

3.27
1400
47

-0.1
140
0.54

0.001
3.05
8100
280
0.3

1200
3.5

0.072
8.21
9.5

-0.05
-0.005

-0.1
-0.001
0.116

3.2
1500

12
0.0097

37
0.6

4/25/01
Value
0.032
2.54
4200
260
10

600
4.4

0.074
4.55
1900
40

0.26
300
1.6
-
-
-
-
-

-
-

0.032
3.07
1800
34

-0.1
110
0.44
0.002
1.54
6800
400
5.7

1100
2.3

1.490
7.76
8.1

0.69
-0.005
0.61

0.015
3.308
6.71
140

-0.05
-0.005
0.91
0.06

8/25/01
Value
0.031
2.71
3300
280
10

620
4.6

-

4.63
2700

38
0.46
370
1.8
-
-
-
-
-
-
-
-

3.21
2100
38

-0.1
120

0.47
0.001
2.82
6500
350
0.14
1300
4.1

-
7.82
8.8

0.11
-0.001
0.19

0.0013
-

3.63
2800

21
0.0044

1.8
0.53
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- V '% jf „ DATA FOR INDICATOR PARAMETERS DURING SPRING AND
*•...,**, st* ,„,- 5 * (2000 and 2001)'" *"' "̂

Station

Sta 16

Sta 17

Sta 22

Sta 23

Sta 25

Parameter

Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
pH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel
Flow
PH

Sulfate
Aluminum

Arsenic
Iron

Nickel

Units

cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l
cfs
s.u.
mg/l
mg/l
mg/l
mg/l
mg/l

4/28/00
Value

-

7.88
240
0.08
0.01
-0.1

-0.005
-

7.15
210
3.2

0.01
17

0.12
-

8.29
1.2

-0.05
0.02
-0.1

-0.005
1.719
7.05
200

-0.05
0.01
-0.1
0.08
3.760
8.05
89

-0.05
0.01
-0.1
0.02

9/27/00
Value

-

8.26
84
0.6
-0.1
0.24
-0.04

-
6.16
370
0.21

-0.005
6.1

0.16
-

8.48
1.3

-0.05
-

-0.1
-0.04
0.284
6.68
420

0.061
-0.005

1.3
0.14

L_ 1-515
8.26
67

-0.05
-0.005

-0.1
-0.001

4/25/01
Value

-

8.25
170

-0.05
0.012
-0.1

-0.005
-

7.34
150

-0.05
-0.005
0.28
0.06

-
8.46
2.3

0.14
-0.005

0.4
-0.005
3.955
7.46
150

-0.05
-0.005

-0.1
0.04
6.383
8.16
94

0.11
-0.005

-0.1
0.0024

8/25/01
Value

-

8.38
60

0.099
0.0096

0.19
0.002

-
7.5
180
0.18

0.0058
0.23

0.031
-

8.44
1.1

0.07
-0.001

-0.1
-0.001

-
7.41
680
0.42

-0.001
0.5

0.089
-

8.21
98

0.073
-0.001
0.11

0.013
Notes: 1 Flow at OS estimated using value for 9/28/00

General: Negative values represent concentrations below the detection limit.
Half the detection limit was used to determine the load.
"-" represents that no data available
Concentrations reflect dissolved fraction
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This indicates that the Aspen Seep and/or other potential sources (including groundwater discharge)
are affecting the water quality of Aspen Creek. However, based on the dissolved metals concentration
trends at Station 16 from January 1998 to present (Figures 3-6 and 3-7), it appears that water quality in
Aspen Creek may be improving, possibly due to treatment of the Aspen Seep during this period. In
addition, an alkaline seep reportedly enters Aspen Creek just above Station 16 may be helping to
improve water quality in the creek (RWQCB, 2002b).

Station 17 is located on Leviathan Creek just below the confluence with Aspen Creek. The seasonal
change in water quality between high- and low-flow periods observed at Station 15 is not apparent at
Station 17. Additionally, reductions in the aluminum, iron, and nickel concentrations and an overall
increase in the pH during both the peak flow and low-flow periods indicate that the water quality
improves between these two monitoring locations. These data suggest that the higher quality Aspen
Creek is improving the overall water quality in Leviathan below its confluence via dilution during both
the peak-flow and low-flow periods and/or that precipitation of metals out of solution may be
occurring in response to the increase in pH. Dissolved metals concentrations and pH values are
similar between Station 17 and Station 23, located along Leviathan Creek just above the confluence
with Mountaineer Creek. At Station 25, located along Bryant Creek below the confluence of
Leviathan Creek and Mountaineer Creek, dissolved metals concentrations and pH values indicate a
return to water quality similar to that observed upstream of the mine during this period (based on
2000 and 2001 data).

3.4.2 Dissolved Metals and Sulfate Loading Analysis

Dissolved metals and sulfate loads were calculated for each of the stations in Table 3.5 where both
water quality and flow data were available during the spring and fall 2000. Table 3.6, Loading
Comparison for Upper Leviathan Creek, presents the results of the loading analysis for stations in the
upper Leviathan Creek drainage area (Station 15 and above), and Table 3.7, Loading Comparison for
Loafer Leviathan Creek, presents the results for stations downstream.

Conclusions based on this analysis should be qualified due to several factors related to the limitations
of the data set currently available in the database. First, this analysis was run on data from two,
specific sampling events in 2000. Any interpretations based on these data must therefore be
understood as reflecting conditions at the Site during two, synoptic events. In addition, because
several water quality stations did not include the associated flow data, loading calculations could not
be made at several stations. Inclusion of this information in the future will significantly improve the
current understanding of source loading at the Site.

Upper Leviathan Creek

Table 3.6 compares the dissolved metals and sulfate loads from Station 1, the CUD, and the Delta
Seep (i.e. monitoring stations upstream of Station 15) to the loads at Station 15. At each station, flow
values and analytical results obtained during the 2000 high- and low-flow sampling events were used
to calculate loads (Ibs/day) and reduction percentages for each parameter. Flow and water quality
data are insufficient to determine the potential loads from other inputs in this drainage, including but
not limited to the upper and lower tributaries, 4L tributary, and groundwater. These "unknown"
sources limit the interpretations that may be made regarding the potential impacts of the "known"
sources in this area.
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&-,. - >%»* J* *\ -W.V TABLE 3.6* . * v *** ""
V* Is yf* £f M /i' •fe* Cv -̂ " ^ * a^1^ §• ^> *̂ ^<^̂ ^̂ ^̂ S|lî S; S^^DvivS /̂̂ ^y i*""

-V f "̂  l|̂ ,,> ^t? LOADING COMPARISON FOR UPPER LEVIATHAN CREEK ^ ^ ^ ;
>• y^f* T ^ "S^ * ^ ̂  *•" v^ (2000 Highland Low Flow) y " * '* **" ***"*"" '/v "* *"

Date

4/28/00

9/27/00

Parameter

Aluminum

Arsenic
Iron

Nickel
Sulfate
Aluminum

Arsenic
Iron

Nickel
Sulfate

Station 1
(Ibs/day)

04
003

1
003
20
0.0
000

0
000

4

X

CUD
(Ibs/day)

20.4
0.18
163
0.82
815
9.1

0.11
82

0.41
561

Delta
Seep

(Ibs/day)

0.8
001

5
0.09
208
0.1
0.01

2
005
141

Station 1
+ CUD +
Delta Seep
(Ibs/day)

21 5
0.22
169
0.93
1043
9.2

0.12
84

0.46
706

Station 15
(Ibs/day)

0.3
0.11
71

065
1200
7.5

0.01
23

0.38
939

Change in Mass
between Station 1

and Station 151

(Ibs/day)
-21.3
-0.11
-98

-0.28
mm 157™

-1.7
-0.12
-61

-0.08
*.*& ^233 *"*

%
Reduction2

98.7%
50.2%
58.1%
29.8%
-15.0% >
18.5%
95.1%
72.5%
17.8%
-33.0% >::

Note: ' Negative values indicate net reduction in stream load, while positive values indicate net increase.
2 Positive values represent a reduction in stream load and negative values represent a gain.
General:

Parameters which increase are highlighted
Loads determined using dissolved fraction of parameters

<• /• / >• , 'v' <•• *.-** / *<• x •&? ^%f $t TABLE 3.7 ' " '
i'H-jV-j: 1 A\>\€* LOADING COMPARISON FOR LOWER LEVIATHAN CREEK" ""f^f, *t 5* ̂ ^"
^ :/ /fi ̂  *$ " " *** ,^ <2000 Higlî nd Low lW* * '* * ***«*•* '^" ~* ' < '

Date

4/28/00

9/27/00

Parameter

Aluminum

Arsenic

Iron

Nickel

Sulfate

Aluminum

Arsenic

Iron

Nickel

Sulfate

Station 15
(Ibs/day)

03

0.11

71

065

1200

7 5

001

23

038

939

Station 23
[Ibs/day)

0.5

009

1

074

1854

0.1

001

2

0 21

643

Station
25

(Ibs/day)

1.0

020

2

041

1805

0.4

004

1

001

547

Change In
Mass

Between
Stations 15

and 231

(Ibs/day)

<* °-a^
-002

-70

iji,* 00$!^
S ,654 ,

-74

000

-21

-0 16

-296

%
Reduction

-700%

15.0%

98 7%

-133%f

-54,5%jg;

98 8%

000%

91 4%

43.0%

31.6%

^

Change in Mass
Between

Stations 23 and
251

(Ibs/day)

06

aa,- ATI ***"*" "
**" f W»S!**iS»

*** ^Cw^*wl

-0.34

-49

iii??pfî - jf*%f*f w^^j^
-1

-0.21

-95

% Reduction

-1188% |

-118.8% j

„ -1188% |

453%

2.6%

-337.8% _|

-434.1% 2

58.9%

962%

14.8%

Note: ' Negative values indicate net reduction in stream load, while positive values indicate net increase.
General

Parameters which increase are highlighted
Loads determined using dissolved fraction of parameters

The data indicate a net reduction in metal loads, but a net increase in the sulfate load, between the

upstream sources and Station 15. Maximum reduction in the metal loads occurs during peak flow,

while the increase in the sulfate load is highest during the low-flow period. In addition, the

comparison of the percent reduction (or increase) between the high- and low-flow events indicates

significant seasonal fluctuation for certain parameters Aluminum load decreases by 98.7% and 18.5%

during the high- and low-flow events, respectively Iron load decreases by 58.1% and 72.5% over the

4130/iasb
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same period. As sulfate is the most conservative parameter in the loading analysis, the sulfate data
may be interpreted to indicate that there are additional, "unknown" sources (i.e., unmonitored
tributaries and/or groundwater) of loading to Station 15 other than those quantified (i.e., Station 1,
CUD, Delta Seep). The reduction in metals loads at Station 15 (compared to the combined loads from
Station 1, the CUD and Delta Seep) is likely due to mineral precipitation/adsorption reactions
occurring in the stream, as higher quality water enters Leviathan Creek. Seasonal variations in flow
may, therefore, have a significant effect on the metals loads at Station 15.

Lower Leviathan/Bryant Creeks

Table 3.7 compares the metals and sulfate loads between Stations 15, 23, and 25. Consistent with
Table 3.6, flow values and analytical results obtained during the 2000 high- and low-flow sampling
events were used to calculate loads (Ibs/day) and reduction percentages for each parameter. The
major tributary between Leviathan Creek Stations 15 and 23 is Aspen Creek (Station 16). Flow data
were not available for Aspen Creek at the time this analysis was performed and, therefore, loads were
not calculated for this source. In addition, an unmonitored tributary enters Leviathan Creek below
the Aspen Creek confluence and Station 23. Leviathan Creek Station 17 is located above this
tributary and just below the confluence with Aspen Creek; however, flow data are not collected at this
station and therefore loads at this location could not be determined. Further downstream,
Mountaineer Creek joins Leviathan Creek (Station 23) to form Bryant Creek (Station 25). Flow data
were not available for Mountaineer Creek (Station 24) at the time this analysis was performed, and
therefore the loads were not calculated. However, water quality data from this location in 2000
indicate metals concentrations were near non-detectable and sulfate concentrations were two orders
of magnitude less than Leviathan Creek at the confluence. Therefore, the loading from Mountaineer
Creek may be assumed to be relatively small.

Between Leviathan Creek Stations 15 and 23, during peak flow, iron and arsenic loads decreased,
while aluminum, nickel, and sulfate loads increased. During low flow, the loads for all parameters
decreased, with the exception of arsenic (unchanged). Iron loads decreased significantly during both
high and low flow, with reduction percentages of 98.7% and 91.4%, respectively.

Between Stations 23 and 25 during peak flow, nickel and sulfate loads decreased, while aluminum,
arsenic, and iron loads increased. During low flow, iron, nickel, and sulfate loads decreased, while
aluminum and arsenic concentrations increased. Iron load increased by approximately 120% during
peak flow, but decreased by 60% during low flow. Aluminum and arsenic loads both increased by
approximately 120% during peak flow, and increased by 338% and 434%, respectively, during low
flow. Nickel load decreased by 45% and 96% during peak and low flows, respectively.

Table 3.8, Relative Contributions of Known Sources, shows the relative loads from each of the known
sources (CUD, Delta Seep, and Aspen Seep) to Leviathan Creek. Dissolved metals loads at each
source were calculated using water quality and flow data during spring and fall 2000 flow periods.
Spring flow data are from April 28, 2000, which is the closest sampling event to the recorded
maximum flow at Station 1 in 2000. The fall flow data used in the analysis are from September 27,
2000, which is approximately 10 days after the RWQCB stopped discharging water from their
treatment system and before flows increased again due to fall weather events. The data indicate that
the CUD is the major contributing source, providing between 63 and 91% of the metals load, relative
to the other sources. Aspen Seep makes up between 5 and 36% of the relative load, and Delta Seep
contributes less than 10% of the relative load.

I ; MWH * 1475 Pine Grove "Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
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fej

^€•4 •>.: ^:-, - * i»* •%>>,• ~ v \^ TABLE;
•"* 4,,v€|tSi|f ̂  <- RELATIVE CONTRIBUTIONS

Date

Sep 27, 00

Apr 28, 00

Parameter

Aluminum
Arsenic

Iron
Nickel

Aluminum
Arsenic

Iron
Nickel

CUD
Load

(Ibs/day)
9.06
0.11

81.98
0.41

20.38
0.18

163.02
0.82

%

63%
91%
82%
79%
71%
87%
85%
80%

f.8 * ""
OF KNOWN SOURCES

Delta Seep
Load

(Ibs/day)
0.13

0.01 1

2.12
0.05
0.75
0.01
5.27
0.09

%

1%
4%
2%
9%
3%
5%
3%
9%

'̂"̂ ŝfetsji*-™-,,,.

Aspen Seep
Load

(Ibs/day)
5.24

0.01 1

15.61
0.06
7.42
0.02
22.57
0.11

%

36%
5%
16%
12%
26%
8%
12%
11%

Note: ' Parameter concentration was below detection limit. Half detection limit was used to
calculate load
Loads determined using dissolved fraction of parameters.

3.5 GROUNDWATER

In 1982, Brown and Caldwell prepared an initial evaluation of groundwater conditions at the Site
based on data collected during a piezometer installation and groundwater sampling program (Brown
and Caldwell, 1983). The piezometers were installed by the USGS in 1982 in the area upgradient of
the mine area, within the mine area, and to the north of the mine in the area of the landslide. As a
result of the 1984 abatement projects and continued movement of the landslide, most of the
piezometers no longer exist or are currently inaccessible. Groundwater samples were collected from
36 piezometers and were analyzed for dissolved metals concentrations and major ion chemistry.
These data are currently being evaluated for quality and usability under this Phase 1 Work Plan.

According to the analysis by Brown and Caldwell, groundwater is first encountered from just below
the ground surface (bgs) (within the pit) to over 300 feet bgs at the topographically higher areas of the
Site (just northeast of the pit). Groundwater immediately upgradient (south) of the Site occurs within
the volcanic bedrock and generally flows in a northwesterly direction toward the Site. Groundwater
flow directions within the mine Site are affected by the presence of the open pit (i.e., the pit acts as a
groundwater sink). Consequently, groundwater near the pit generally flows toward the middle of the
pit. Northwest of the pit, within the spoils piles and the landslide, groundwater flows northwesterly
toward Leviathan Creek. Groundwater gradients within the mine Site vary according to which mine
feature the groundwater is flowing through and range from 0.06 feet per foot (ft/ft) to 0.6 ft/ft
(Brown and Caldwell, 1983).

Groundwater conditions were reevaluated subsequent to implementation of the pollution abatement
project (SRK Consulting, 1999). SRK installed 15 new monitoring wells in the area of the mine, and
utilized two of the existing, USGS piezometers for their analysis. Locations of these wells and
piezometers are shown on Figure 3-1. These new wells were screened across first-encountered
groundwater, with the exception of the "deep" wells. Each of the deep wells was paired with one of
the other wells and was installed to evaluate deeper groundwater, apparently without regard to the
presence of aquitards or hydraulically separate groundwater zones. The paired wells are labeled with
an "s" (shallow) or "d" (deep) on the figures and tables.

Two rounds of groundwater samples were collected from these wells and piezometers in October and
November 1998, respectively. Field parameters were measured on the groundwater samples, and the
samples were analyzed for metals concentrations and major ion chemistry. A summary of selected,
indicator parameter data is included in Appendix B, Summary of 1998 Groundwater Chemical Data.
Groundwater data are also presented on Figure 3-9, Groundwater Quality Data, Fall 1998. In general,
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shallow groundwater quality data indicate similar concentrations and patterns to the nearby surface
water stations in the upper Leviathan Creek drainage. With regard to the paired wells, groundwater
quality in Wells 2s and 2d is similar, while groundwater quality in Well lOd is of notably higher quality
than the more shallow Well 10s. A slightly downward flow gradient is observed at both of the paired
well locations.

A potentiometric surface map was constructed using the November 1998 field data. This map is
presented in Figure 3-10, November 1998 Potentiometric Surface Map. Based on the available data, shallow
groundwater flow in the area of these wells mimics the surface water drainage pattern of Leviathan
Creek, flowing generally north-northwest with Leviathan Creek.

3.6 SOILS

The RWQCB has collected data pertaining to the physical and chemical properties of the soils at the
Site, as part of their ongoing revegetation efforts. These data are available from the RWQCB.

3.7 CONCEPTUAL SITE MODEL

The CSM presented in this section is general in nature and is based upon current data, as outlined
above in Sections 3.2 through 3.6 of this Phase 1 Work Plan. It should be noted that the CSM is a
work-in-progress and will continue to be reviewed and updated as the database and GIS are populated
with historic data, and as new data continue to be evaluated for the Site. The complete list of
available Site information has recently been received by EPA and is currently under review by Atlantic
Richfield, as discussed further in Section 5.2. Database update with historic information is anticipated
to be completed under the Phase 1 RI/FS. New data will continuously be reviewed, evaluated, and
entered into the database as it is collected. As data are evaluated and as the ERA and RI/FS activities
proceed, the preliminary CSM will be further defined and updated, as appropriate.

Based on the data presented in Sections 3.2 through 3.6, a general CSM for the Leviathan Mine has
been developed, as shown schematically in Figure 3-11, Conceptual Site Model Exposure Schematic. As
indicated in the schematic, potential sources, release mechanisms, pathways, and receptors have been
identified.

Mineralized material (e.g., waste rock and open pit material) presents the source of elevated metals
and sulfate concentrations at the Site, as shown in the schematic. (The mine adit system is another
potential source of ARD drainage, though most of the mine workings were eliminated during open pit
mining, and the only expression of surface flow is from the adit. Flow from the adit is currently
collected in the evaporation ponds and treated by the RWQCB.)

The mineralized material may exist and/or be transported on Site directly via the direct contact or
wind erosion release mechanisms. This material may also produce ARD (elevated metals and sulfate
concentrations and low pH) in the presence of water, oxygen and biological activity through a series
of geochemical reactions that is subject to transport via runoff, erosion and infiltration/percolation.
The primary release mechanisms at the Site have been identified as runoff/erosion (to surface water)
and infiltration/percolation (to groundwater), especially during the snowmelt period. Other release
mechanisms (direct contact and wind erosion), affecting solid phase material, are not expected to be
significant at this Site.

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 879-6260
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The potentially-affected mediums (or pathways) are identified as soil, air, sediment, groundwater, and
surface water. Groundwater and surface water, and their associated interactions with sediments, have
been identified as potentially complete pathways (i.e., affected mediums). Groundwater will not be
included as a potential human health exposure pathway in the streamlined risk evaluation because of
the lack of current or anticipated future uses, as discussed further in Section 5.5.1.

As discussed previously in Section 3.2, identified areas of untreated ARD at the Site include the CUD,
pond overflow, Delta Seep, and Aspen Seep. Flow from these areas can subsequently result in ARD
to Leviathan and Aspen Creeks. As mentioned, these known areas of ARD have been, and will likely
continue to be, the focus of ERAs at the Site.

Potential receptors include workers, trespassers, aquatic and terrestrial biota, recreational users and
other downstream users. No residents live in the area. Site workers and visitors are covered under
the Site-specific Health and Safety Plan and will not be addressed within the streamlined risk
evaluation, as discussed further in Section 5.5.

As the database is updated, as new information becomes available, and as the Technical Advisory
Committee (TAC) begins to view information from differing perspectives, the CSM may be modified.

LJ
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4.0 WORK PLAN RATIONALE

4.1 GENERAL WORK PLAN APPROACH

As discussed in Section 1.0, the purpose of this Phase 1 Work Plan is to outline the tasks to be
completed during the Phase 1 RI/FS, as specified in the SOW. These tasks, described in Section 5.0,
Phase 1 RI/FS Tasks, include the following:

• Assessment and Management of Existing Data;
• Site Characterization;
• East Fork Carson River Risk Assessment;
• Streamlined Risk Evaluation; and
• QA/QC Plan, Sampling and Analysis Plan.

As discussed previously, this work plan is structured in accordance with guidelines included in EPA's
Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988).

The focus of the Phase 1 RI/FS is to review existing Site data, complete the database, reevaluate data
based upon a more complete database, refine the CSM, and proceed with streamlined risk
assessment/risk evaluation. Additional field data will not be collected under this work plan.
However, this work plan outlines an approach for establishing DQOs and presents Site-wide SAP and
QAPP requirements for additional data collected at the Site under future work plans (e.g. - ERA
Work Plans, Long-term Response RI/FS Work Plan, RWQCB Work Plans).

4.2 DATA QUALITY OBJECTIVES

Field investigation and monitoring activities will be conducted in support of the ERAs and RI/FS
investigations. The primary purposes of these activities are to characterize the Site, determine the
effectiveness of passive and active treatment technologies in removing contaminants from the source
water, and determine the effect of removal of contaminant load on the water quality in Leviathan
Creek and Aspen Creek.

DQOs consistent with the CSM and EPA guidance are required to focus Site activities such as ERAs
and investigation methods. DQOs are statements that identify the objectives of the proposed work.
They specify the quality, quantity, and analytical level of data required to make decisions relative to
these objectives.

DQOs for proposed field investigation and monitoring activities will be established in the work plans
prepared by Atlantic Richfield, RWQCB, and other parties collecting data at the Site. The DQOs will
assure that the data collected under the specified work plans are of sufficient quantity and quality for
the "intended use" of the data. In general, data collected will be used to:

• Characterize the Site;
• Conduct the Risk Assessment;
• Evaluate ERAs and treatment alternatives; and
• Assess the water quality of Aspen Creek and Leviathan Creek.

Data Quality Objectives Process

Any work plan specifying data collection at the Leviathan Site must develop DQOs using the EPA 7-
step DQO process (EPA, 2000c) for establishing data quality and developing data collection designs.
This includes Atlantic Richfield ERA Work Plans and the Long-term Response RI/FS Work Plan, as
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well as the RWQCB Work Plans prepared annually. The work plans must be reviewed and approved
by EPA.

The 7-step process will follow the protocol outlined in Data Quality Objectives Process for Hazardous Waste
Site Investigations - EPAQA/G-4HW (EPA, 2000c). The use of this process will assure that the type,
quantity, and quality of data collected will provide the information needed to make decisions
regarding treatment effectiveness and optimization in treating source water, and for improving water
quality in Leviathan Creek and Aspen Creek.

In general, the 7-step process includes the following tasks:

• Step 1 - State the problem: Summarize the contamination problem that will require new
environmental data, and identify the resources available to resolve the problem; develop
CSM.

• Step 2 — Identify the decision: Identify the decision that requires new environmental data
to address the contamination problem.

• Step 3 - Identify inputs to the decision: Identify the information needed to support the
decision and specify which inputs require new environmental measurements.

• Step 4 - Define the study boundaries: Specify the spatial and temporal aspects of the
environmental media that the data must represent to support the decision.

• Step 5 - Develop a decision rule: Develop a logical "if.. .then..." statement that defines the
conditions that would cause the decision-maker to choose among alternative actions.

• Step 6 — Specify limits on decision errors: Specify the decision-makers acceptable limits on
decision errors, which are used to establish performance goals for limiting uncertainty in the
data

• Step 7 - Optimize the design for obtaining data: Identify the most resource-effective
sampling and analysis design for generating data that are expected to satisfy DQOs.

Further details can be found in the aforementioned EPA guidance document (EPA, 2000c).

Atlantic Richfield used the 7-step process to develop the 2001 and 2002 ERA field programs.
Attachment 1, leviathan Mine Site - Site-wide Sampling and Analysis Plan, presents the DQO process used
for the Leviathan Site 2002 ERA Work Plan. DQOs were developed for use in evaluating a treatment
system designed to treat source water and reduce contaminant load to Site surface water, thus
improving water quality. Data collected during ERA field investigations will be used to assess the
effectiveness of potential ERAs in reducing contaminant load to Leviathan Creek and Aspen Creek.

The RWQCB also used the 7-step process to develop DQOs for ongoing water monitoring being
conducted at the Site, also included in Attachment 1.

As shown in these two examples, there are two general categories of data being collected at the Site:
process-related data and ongoing site characterization data. Process-related data will be used to
evaluate and optimize various treatment systems at the Site. While this data is important for
evaluation/optimization of alternative treatment processes, it is screening-level data and will not be
used for EPA decision-making at the Site. Site characterization data, however, will be used in the
CSM and Site risk assessments and will be used in the evaluation and selection of alternatives in the
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FS. These data, therefore, must meet the most stringent EPA quality assurance/quality control
(QA/QC) standards, as outlined in the QAPP, discussed in the following section.
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5.0 PHASE 1 RI/FS TASKS

5.1 GENERAL

5.1.1 Phased RI/FS Approach

As specified in the SOW and described in the SMP (Section 3.0), a phased approach will be followed
in conducting the ERAs and the RI/FS at the Site. The two project phases include:

• ERAs and Phase 1 RI/FS
• Long-term Response RI/FS

The initial phase entails the development and implementation of ERAs and the Phase 1 RI/FS. After
implementation and assessment of the ERAs and completion of the Phase 1 RI/FS, the Long-term
Response RI/FS, will be conducted. Using this approach, ERAs will be conducted concurrently with
the Phase 1 RI/FS and data collected for ERA evaluation can be used in the RI/FS process to aid in
selection of proven, effective and comprehensive remedies for the Site. Figure 5-1, Project Tasks,
outlines the general tasks associated with this phased approach.

5.1.2 Phase 1 RI/FS Tasks

The specific tasks to be addressed in the Phase 1 RI/FS, as outlined in the SOW and updated per
subsequent TAG meetings and conference calls, include the following:

• Assessment and Management of Existing Data: Atlantic Richfield will compile and assess
existing data, along with other monitoring data collected during implementation of the ERAs..
The data will be compiled into a central document and electronic data management system
compatible with EPA data systems and GIS. The information will be assessed for data
quality, potential data gaps, and improvements to the CSM presented in the SMP.

• Site Characterization: Under the Phase 1 RI/FS, Atlantic Richfield will characterize the Site,
summarizing available data on the physical, demographic, and other characteristics of the Site
and surrounding areas, including background engineering information for analysis of ERA
alternatives. Site characterization will include a Site description and background, a description
of previous response actions at the Site, information characterizing the source, nature, and
extent of contamination at the Site, and protocols for collection of groundwater and surface
water data consistent with EPA protocols.

• East Fork Carson River Risk Assessment: Atlantic Richfield will submit a Risk
Assessment (human health and ecological) for the East Fork of the Carson River as an early
phase of the RI/FS to be implemented in parallel with ERAs.

• Streamlined Risk Evaluation: Atlantic Richfield will submit a streamlined risk evaluation
for the Site upstream of the East Fork Carson River, intermediate in scope between the
limited risk evaluation undertaken for emergency removal actions and the conventional
baseline assessment normally conducted for remedial action. Site sampling data for various
media will be reviewed to identify COCs, and provide an estimate of how and to what extent
people or ecological receptors may be exposed to these COCs. The risk evaluation may also
be used as a tool to define appropriate interim treatment levels.
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• QA/QC Plan, Sampling and Analysis Plan: The Phase I Work Plan will include a Site-
wide SAP and QAPP for EPA approval. The Site-wide SAP and QAPP will set forth the
minimum requirements that must be followed in the project-specific QAPPs and SAPs
included within future work plans being prepared by Atlantic Richfield, RWQCB, and any
other parties collecting data at the Site. Site investigations specified in the SAPs and QAPPs
of future work plans (including ERA Work Plans, the Long-term Response RI/FS Work
Plan, and RWQCB Work Plans) must be consistent with the Site-wide SAP and QAPP. The
Site-wide SAP and QAPP will ensure that future data collected at the Site are of sufficient
technical quality to support the Human Health and Ecological Risk Assessments and/or the
development and evaluation of the response action during the FS.

These tasks are further defined in the following subsections.

5.2 ASSESSMENT AND MANAGEMENT OF EXISTING DATA

5.2.1 General

In accordance with the SOW, assessment and management of existing data will be conducted during
the Phase 1 RI/FS. This task entails the following general activities:

• Compile and assess available historic data, along with other monitoring data collected during
implementation of the ERAs;

• Compile data into a central document and electronic data management system compatible
with EPA data systems and GIS; and

• Assess information for data usability, potential data gaps, and improvements to the CSM
presented in the SMP. Potential data gaps will be addressed under the Long-term Response
RI/FS.

Atlantic Richfield is in the process of compiling and evaluating available historic Site data, along with
other monitoring data collected during implementation of the ERAs. Data are being compiled into a
central electronic data management system (database) using Access software. The purpose of the
database is to provide the efficient management of, and access to, normalized Leviathan Mine Site-
related environmental data. The database is structured to be compatible with EPA data systems and
GIS. Database information is being assessed for data quality, data gaps, and potential improvements
to the CSM presented in Section 2.0 of the SMP, and updated in Section 3.0 of this Phase 1 Work
Plan.

Data assessment and management activities, further discussed in the following subsections, will
continue throughout the Phase 1 RI/FS.

5.2.2 Historic Data Inventory

Data currently within the database include surface water quality, surface water flow, groundwater
quality, well construction details, soils pH, and climate. These data are currently organized by general
source (e.g., USGS, RWQCB, SRK, etc.) to facilitate management of historical data entry. In addition,
the database contains administrative tables, which include information such as the database index,
parameter and quality control code definitions, usability code descriptions, data source references, and
sampling station descriptions and identification aliases. Tables are linked based on common fields,
such as location identification, sample identification, date, and source code. These relationships allow
for custon data queries. Data currently contained within the database are listed in Table 5.1, Database
Index.
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Index No.

1

2

3
4

5

6

7

8

9
10

11

12

13

14

15

16

17

18

19

20

21

Data Type

Surface water quality

Surface water quality

Surface water quality
Surface water quality

Surface water flow

Surface water flow

Surface water flow

Surface water flow

Surface water flow
Surface water flow

Surface water flow

Soils

Soils

Soils

Groundwater quality

Groundwater levels

Groundwater levels

Groundwater

Groundwater

Construction

Climate data '

Description

Surface water quality & flow

Surface water quality

Surface water quality & flow

Surface water sampling
events

Surface water flow

1 5' flow & pond stage
heights
Daily average of 1 5 min flow

Monthly average of 1 5 minute
flow

Periodic flow calibrations
Periodic surface water flow
measurements
Published USGS flow and
stage data
Test pit coordinate data

Field paste pH and
conductivity data

Geotechnical data

Groundwater quality
(piezometers)
Groundwater elevations

Groundwater elevations

Monitor well construction
details & coordinate data

Groundwater quality
(monitoring wells)

Piezometer construction
details & coordinate data
Climate data

Date Range
I

3/19/81 to 8/1/84

9/23/98 to 11/5/98

8/1/84 to 10/29/01
1/7/98 to 10/29/01

9/23/98 to 11/5/98

11/1/98 to 10/31/01

10/1 6/98 to
10/31/01
10/1 6/98 to
10/31/01
10/1 5/98 to 9/28/01
9/11/89 to 12/4/98

10/1 7/98 to 9/30/00

1998

1998

1998

11/1 6/82 to 4/8/83

11/1 2/82 to 4/8/83

8/29/98 to 9/9/99

1998

10/1 3/98 to 11/6/98

1982

11/4/98 to 9/9/99

EPA List Ref
Code

45889

45889

45889

45889

Reference Date

1/1/85

1/1/99

1/1/99

1/1/99

1/1/99

1/1/99

1/1/85

1/1/85

1/1/99

1/1/99

1/1/99

1/1/85

1/1/99

Author

D.P. Hammermeister, S.J.
Walmsley, USGS

SRK Consulting

RWQCB
RWQCB

SRK Consulting

USGS

USGS

USGS

USGS
USGS

USGS

SRK Consulting

SRK Consulting

SRK Consulting

D.P. Hammermeister, S.J.
Walmsley, USGS
D.P. Hammermeister, S.J.
Walmsley, USGS
SRK Consulting

SRK Consulting

SRK Consulting

D.P. Hammermeister, S.J.
Walmsley, USGS
SRK Consulting

Data Source Reference 1

Hydrologic Data for Leviathan Mine and Vicinity, Alpine County, CA, 1981-
1983
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
Surface Water Sampling Results - electronic data deliverables
Surface Water Sampling Results - electronic data deliverables

1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
USGS provisional 15' flow data - internet download

USGS provisional 1 5' flow data - internet download

USGS provisional 1 5' flow data - internet download

USGS provisional 15' flow data - internet download
USGS provisional 1 5' flow data - internet download

USGS published flow data - internet download

1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA

1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA

Hydrologic Data for Leviathan Mine and Vicinity, Alpine County, CA, 1981-
1983
Hydrologic Data for Leviathan Mine and Vicinity, Alpine County, CA, 1981-
1983
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA
Hydrologic Data for Leviathan Mine and Vicinity, Alpine County, CA, 1981-
1983
1998-1999 Data Summary Report, Administrative Order on Consent,
Leviathan Mine, Alpine County, CA

^ ,, , SAP REFERENCE

None - methods summarized in data
source report.

Draft Leviathan Mine 1 998 Work Plan

Leviathan Mine 5-Year Work Plan
Same as #3.

Same as #2.

None.

None.

None.

None.
None.

None.

Same as #2.

Same as #2.

Same as #2.

Same as #1.

Same as #1.

Same as #2.

Same as #2.

Same as #2.

Same as #1 .

Same as #2.

Note: 1. For example: final data summary report, investigation report, internet URL, etc.
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- • Additional Site information, not yet contained within the database, but under review is listed in
~ Appendix C, List of Documents to be l&vkwed. This list is a subset of EPA's document inventory

inlcuded in Appendix D, EPA Site File Index. Both the List of Documents to be Reviewed and the
= Site File Index are currently being reviewed by EPA and project stakeholders. The purpose of the
U review is to give project stakeholders the opportunity to submit documents/data not currently

included within EPA's Site File Index to EPA for inclusion. In addition, this review provides
stakeholders with the opportunity to indicate whether any additional documents in EPA's Site File
Index should be added to the List of Documents to be Reviewed. Through this review process,
additional data to be included within the database will be identified by the stakeholders and provided

— to EPA.

A meeting to discuss the status of the database was held in Reno, Nevada on February 27, 2002.
— Meeting minutes are included in Appendix E, Database Meeting Minutes. During the meeting, the

following information was noted as missing from the database:

• EPA and the USFS noted that biological (macroinvertebrate) data are available for inclusion
I " in the database (Herbst collected data from 1995 - 2000);
=- •

• RWQCB further noted that sediment data were collected in conjunction with the Herbst
study;

• Nevada Department of Environmental Protection (NDEP) noted that they had collected
data on Bryant Creek and the Carson River, which was not included in the database;

• USFS indicated that they had geotechnical data from the 1970s;

i i
LJ • RWQCB indicated that they did an exhaustive research review when they acquired the Site in

1983, and they do not recall data from the early 1960s and 1970s;

^ • RWQCB noted that SRK did a file review in 1998, and they were not certain whether the file
review information was in the Site File Index or database;

I • EPA stated that they would double check with their Office of Research and Development
(ORD) and Las Vegas files for data that might be missing from the Site File Index; and

• UNR stated that Aspen Seep data are not currently included in the database. For Aspen Seep
and other treatment data, it was agreed that only influent and effluent data would be included
within the Site-wide database; process data would be kept separate from the Site-wide
database, since DQOs on process management are different than DQOs on stream data.

Stakeholders agreed to provide this, as well as any additional information not included within the Site
~~ File Index, to EPA in March 2002. EPA will then update the Site File Index and provide Atlantic
„ Richfield with any additional information to be added to the List of Documents to be Reviewed (see

Appendix C). Atlantic Richfield will subsequently, under the Phase 1 RI/FS, update the database with
— input from project stakeholders. The database will continue to be updated throughout the RI/FS

process, as additional data are provided. At the time of submittal of this Phase 1 Work Plan, EPA had
not yet provided the updated List of Documents to be Reviewed or Site File Index to Atlantic
Richfield.
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5.2.3 Data Usability

Existing data will be screened and classified based upon its general usefulness in making decisions at
the Site, as indicated in Figure 5-2, Historical Data Usability. Where applicable, the database will include
the input of a data qualifier field that indicates what level of review the data has undergone.
Screening-level data will be used primarily to identify the presence or absence of a chemical or
compound, while more definitive data will be used to support site characterization, risk assessment
and engineering design. Continued data evaluation will provide an indication of how the data can be
used for decision-making at the Site.

Data usability was a topic of discussion during the February 27, 2002 database meeting. It was
determined that the following three general categories of data usability would be applied to existing
Site data:

• High documentation;
• Low documentation; or
• Rejected.

To be classified as either high or low documentation, data must, at a minimum, include the matrix
sampled, analytes, sample location, sample date, results, and units. Data that do not include this
minimum information set will be classified as rejected. Rejected data will then be placed in a separate
"graveyard" database.

For data to be considered high documentation, it must also include the following additional
information:

• Documented source;
• SAP documented and on file;
• Accurate x, y and z coordinates and time, if applicable; and
• Documented laboratory analytical method.

While it is preferable that the high documentation data be final data, data from some draft data
summary reports may still be considered high documentation provided that the data have met
specified quality assurance protocol and are not provisional in nature. Provisional USGS data,
however, will not be classified as high documentation data until finalized.

In addition, if SAPs and QAPPs are not available on some historic data, but both the sampling and
laboratory methods are known and documented (i.e., in the data summary report or in the laboratory
reports), these data may also be considered as high documentation data.

Both high and low documentation data will be maintained in the central database and may be used, as
appropriate, in site characterization, discussed further in Section 5.3.

5.2.4 Data Management

Historic data will continue to be reviewed and entered into the Access database, and data usability will
be determined, as specified above. Additional data collected at the Site will be in accordance with the
Site-wide SAP and QAPP described herein. As such, all new data will be considered high
documentation and receive data qualifiers described in the QAPP, as necessary.

The database is currently being updated on a monthly basis, primarily with USGS flow data and water
quality data provided by the RWQCB. Monthly data updates will continue throughout the RI/FS
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process. The database will be placed on the Atlantic Richfield FTP site quarterly. Given the size of
the database, downloading from the FTP site has been an issue for some users. As an interim
measure, Atlantic Richfield will also provide a CD version of the database biannually to EPA for use
and distribution.

As specified previously, future data collected at the Site must be in accordance with the Site-wide SAP
and QAPP, from sample collection in the field to data quality evaluation to data entry. Each entity
collecting data under their EPA-approved Work Plans is responsible for their own data quality
evaluation and data entry. Data must be formatted in accordance with the electronic template
provided by Atlantic Richfield (a hard copy is included in Attachment 1 for reference). It is the
responsibility of the entity collecting data to acquire a copy of the electronic template from Atlantic
Richfield. After the responsible entity has performed the appropriate data quality evaluation and data
entry, it will then forward the data to Atlantic Richfield electronically (via email or CD). Atlantic
Richfield will then incorporate the new data into the central database.

5.3 SITE CHARACTERIZATION

Initial Site characterization has been performed and a CSM prepared, as described previously in
Section 3.0 of this Phase 1 Work Plan.

The Site will be further characterized during the Phase 1 RI/FS, as the database is made current with
the addition of documented historical data and new data collected under EPA-approved Work Plans.
Available data on the physical, demographic, and other characteristics of the Site and surrounding
areas will be summarized. Site characterization will include the following:

• Site description and background;
• Discussion of previous response actions at the Site; and
• Evaluation of the source, nature, and extent of contamination at the Site.

As the database continues to be updated and data are further evaluated, the CSM will be reviewed and
refined. Data gaps will be identified, and supplemental data collection will be recommended for
inclusion in the Long-term Response RI/FS Work Plan, as appropriate.

It is not anticipated that additional data will be collected under this Phase 1 Work Plan. During 2002,
routine data collection currently being performed at the Site by the RWQCB and USGS will continue
and supplemental data will be collected under the EPA-approved ERA and RWQCB 2002 Work
Plans. Any additional data gaps identified during the data management (Section 5.2) and site
characterization (Section 5.3) tasks described in this Phase 1 Work Plan will be addressed in the Long-
term Response Work Plan currently scheduled to be submitted to EPA in April 2003. A major
objective of the Phase 1 RI/FS, therefore, is to complete the database and data evaluation, such that
the Site can be adequately characterized, an accurate CSM can be prepared, and appropriate
technologies can be identified for consideration in the Long-term Response RI/FS.

5.4 EAST FORK CARSON RIVER RISK ASSESSMENT

Under the Phase 1 RI/FS, a Risk Assessment for the East Fork of the Carson River (EFCR) will be
conducted. The EFCR Risk Assessment will encompass human health, as well as ecological risk, as
described in the following paragraphs.

The EFCR Risk Assessment will be conducted along the EFCR in the vicinity of Bryant Creek near
Dresslerville, Nevada. Available data will be reviewed and screening mechanisms will be proposed to
identify contaminants of potential concern (COPCs) to be included in the Long-term Response
RI/FS and the baseline human health risk assessment.
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c , The evaluation will focus on surface water, sediments, and biota in the EFCR and selected lower
•—' Bryant Creek stations. Screening level evaluations will be conducted using a combination of

conventional risk assessment benchmarks (i.e., water quality criteria/standards) and Site-specific
'". analyses (e.g., sediment quality triad) when possible. Relevant exposure scenarios will be identified
LJ and draft CSMs will be developed to identify major and minor exposure pathways for each scenario.

r~" The human health risk evaluation will include the following:

LJ
• Exposure Assessment

; , - CSM for human health risks
Statistical evaluation of sampling data
Sediment screening criteria

• Effects Assessment

Sediment screening criteria
Surface water screening concentrations
Fish tissue screening concentrations

Risk Characterization

Sediment concentrations
Water concentrations
Fish tissue concentrations

The ecological risk evaluation will include the following:

• Problem Formulation
• Exposure Assessment
• Effects Assessment
• Risk Characterization

Predictive Risk Characterization for Aquatic Biota
Predictive Risk Characterization for Wildlife
Site-Specific Risk Characterization for Aquatic Biota

To the extent practicable, evaluation methodologies for the EFCR human health risk evaluation and
ecological risk evaluation will be consistent with those described below in Section 5.5.

5.5 STREAMLINED RISK EVALUATION

Under the Phase 1 RI/FS, a streamlined risk evaluation for the Site will be conducted. The
streamlined risk evaluation for the Site will encompass the area upstream of the area covered by the
EFCR Risk Assessment. The streamlined evaluation will be intermediate in scope between the limited
risk evaluation undertaken for emergency removal actions and the conventional baseline risk
assessment normally conducted for remedial action. Site sampling data for various media will be
reviewed to identify COCs, and provide an estimate of how, and to what extent, people or ecological
receptors may be exposed to these COCs. The risk evaluation may also be utilized as a tool to define
appropriate interim treatment levels.
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These streamlined risk assessments will help to scope and focus final baseline human health and
_ ecological risk assessments to be completed as part of the Long-term Response RI/FS. The next two

sections describe the proposed approach for the human health and ecological streamlined risk
;~~ assessments.
I ;
«LJ

5.5.1 Streamlined Human Health Risk Assessment

| j The streamlined human health risk assessment (HHRA) will focus on potential exposures to the area
surrounding the mine Site, including surface water and sediments in Bryant Creek and the irrigation
diversion from Bryant Creek. Potential exposure pathways evaluated will include surface waters,
sediment, and soils in terrestrial areas potentially impacted by runoff or sediment transport from

— Leviathan Mine. Groundwater will not be included as a potential exposure pathway because of the
lack of current or anticipated future uses. Exposure scenarios will be based on the identification of
sensitive receptors, primarily limited to recreational users in the areas below the mine Site and

— trespassers on the secured mine Site. While the Washoe Tribe's cultural use of the resources in the
area will be incorporated into the final baseline risk assessment, as appropriate, little data on cultural
uses is expected to be available on a schedule that will allow it to be incorporated into the streamlined
HHRA. Site workers and visitors at the secured mine Site are covered under the Site-specific Health
and Safety Plan, and therefore, will not be addressed within the streamlined HHRA.

; The streamlined HHRA will generally be conducted in accordance with EPA's Risk Assessment
Guidance for Superfund (RAGS), Human Health Evaluation Manual (Interim Final, December 1989, EPA

_ 540-1-89-002). EPA's RAGS Part D: Standard Planning Reporting and Review of Superfund Risk Assessments
will be used as the guide for table format and other reporting elements to the extent that these

~-- formats are adaptable to a streamlined risk assessment.

The primary elements of the streamlined HHRA are anticipated to include:

• The CSM, with identification of exposure pathways and exposed populations. As described
" above and presented in the CSM included as Figure 3.11 of this Phase 1 Work Plan, exposed

populations are expected to be Limited to recreational users and trespassers. Building upon
the existing CSM, exposure pathways will be identified as major or minor, with only major
exposure pathways being quantified. Major pathways and routes of exposure are expected to
include contact with soil, sediment, and surface water, primarily via incidental ingestion.

~ Dermal contact exposures will be quantified only for selected metals (e.g., arsenic) for
sediment and soil, and metals expected to contribute more than 10% of exposures for surface
water. The COPCs are assumed to be limited to metals, therefore, inhalation exposures will

— not be quantified. Exposure via fish consumption will be quantified. Exposures via
consumption of terrestrial plants or animals are assumed to be minor pathways, and will be
discussed qualitatively. The discussion will address identification of species harvested and
their abundance at the Site.

~ • A description of the data to be used in the risk assessment, and a description of the process
^J followed to select the data.

— • A list of COPCs for each exposure medium and route quantified, expected to include soil,
\" sediment, surface water, and fish. For this assessment, the COPC list will begin with those

associated with acid mine drainage from the Site as listed in the Administrative Order, namely
arsenic, iron, aluminum, chromium, cobalt, copper, nickel, zinc, and pH. pH is not typically
considered to be a COPC for HHRA. Only metals with site concentrations in excess of

~~~ regional background values will be considered as COPCs. EPA Region 9 PRGs will be used
to further screen the list of Likely COPCs and COPCs not of concern for human health will
be excluded.
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• Exposure units: The Site will be subdivided into exposure units based on consideration of the
nature and extent of likely exposures. Four units are currently envisioned, including the mine
Site, Leviathan and Aspen Creeks below the mine boundary, Bryant Creek, and the Bryant
Creek Irrigation Diversion.

• Exposure algorithms and exposure parameters for each exposure pathway in each scenario.

• Exposure point concentrations: To streamline the HHRA, maximum sediment and soil
concentrations in each exposure unit will be selected for initial screening. For surface water,
recent monthly concentrations during the warmer half of the year will be averaged for each
station, and the highest average in each exposure unit will be selected for initial screening.

• Toxicity values for each COPC. EPA's Integrated Risk Information System (IRIS) will be the
primary source of these values.

• Risk algorithms for use in characterizing cancer risks and non-cancer hazard quotients, and
the approach to be used in assessing uncertainty. Uncertainty will be addressed in a
qualitative or semiquantitative manner if risks are within or below EPA's acceptable risk
range. A more detailed, quantitative uncertainty assessment may be proposed if any risks
exceed the acceptable risk range.

The streamlined HHRA report will also include identification of any data gaps that need to be
addressed prior to completion of the baseline HHRA.

5.5.2 Streamlined Ecological Risk Assessment

The streamlined ecological risk assessment (SERA) will be focused on quantifying risks from those
potential exposure pathways uninfluenced by ERAs, while identifying appropriate risk-based interim
treatment levels, and facilitating development of the final baseline risk assessment to be conducted
following the ERAs.

ERAs at the Site are in response to known risks to aquatic receptors so the SERA will not quantify
risks driving ERAs but will help define risk-based interim treatment levels and help establish Site
ecological risk assessment methods. For example, available biomonitoring data collected by Herbst
may be used to establish site-specific risk-based criteria to document the relative success of interim
treatment levels and the recovery of downstream water quality to conditions biologically similar to
reference sites. Risks to the terrestrial ecosystem components of the mine Site including revegetated
areas, the areas that have historically received irrigation diversion water from Bryant Creek, and
riparian areas potentially impacted by historic runoff or sediment transport from Leviathan Mine, will
also be evaluated in the SERA to the extent possible with available data.

The SERA will be conducted in accordance with U.S. EPA's 1992 Framework for Ecological Risk
Assessment. EPA/630/R-92/001, Risk Assessment Forum, U.S. Environmental Protection Agency,
Washington, D.C. and EPA's 1997 Ecological Risk Assessment Guidance for Superfund: Process for Designing
and Conducting Ecological Risk Assessments. Interim Final. U.S. Environmental Protection Agency,
Environmental Response Team (Edison, NJ).

Following the EPA risk assessment framework, the SERA will be conduced in three phases: problem
formulation, analysis, and risk characterization. During problem formulation, existing data will be
used to define the source and characteristics of the stressors such that a CSM relevant to the
ecosystems at risk will be further refined and developed. The ecological exposure CSM will build
upon the existing CSM (refer to Figure 3.11) and will be used to:
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• Identify potential sources of contamination;

• Identify the release pathways from the contaminant sources to affected environmental media
(e.g., soil, surface water, sediment and prey or forage tissues);

• Identify potential routes of ecological exposure (e.g., immersion in water, ingestion of water,
prey, and forage and incidental ingestion of sediment and soil); and

• Identify potential receptors (i.e., selected surrogates for the ecological receptors likely to be
exposed and any special species of concern).

For each exposure media, contaminants of potential ecological concern (COPECs) will be
preliminarily identified though evaluation of existing data that includes comparison to background,
evaluation of contaminant bioavailability and comparison of media concentrations with appropriate
screening ecological effects thresholds. The SERA will likely focus on the COPECs associated with
acid mine drainage from the Site as listed in the Administrative Order, namely arsenic, iron,
aluminum, chromium, cobalt, copper, nickel, zinc, and pH. The CSM linking the stressors to specific
endpoints representing receptors of concern will be defined and utilized as a depiction of the working
hypothesis to be evaluated in the risk assessment. For the SERA, the CSM will illustrate the role of
ERAs in interrupting exposure pathways and altering COPEC bioavailability between stressor sources
and receptors. Those complete exposure pathways not affected by the ERAs will be identified and
risks from these pathways will be characterized in the SERA to the extent possible with the available
data.

Assessment and measurement endpoints used to evaluate the management goals will be defined for
each significant exposure pathway identified in the CSM. A small subset of ecological receptors will
be selected to represent the assessment and measurement endpoints. Critical Site habitats, (i.e.
wetlands) and resident species deemed as threatened or endangered by Federal or State agencies will
be identified.

The final stage of problem formulation is the analysis plan where risk hypotheses are evaluated to
determine how they will be assessed using available and any new data. The plan will include the
assessment design, data selection criteria, data needs, and measures of exposure and effects to be used
to conduct the analysis and risk characterization phases of the assessment.

The SERA will include identification of any data gaps that need to be addressed prior to completion
of the baseline ecological risk assessment. In this way, the SERA can complete as much assessment as
practical while assessment gaps can be filled in time for inclusion in the final baseline risk assessment
after ERAs are completed and any identified data gaps are filled.

5.6 QA/QC PLAN, SAMPLING AND ANALYSIS PLAN

5.6.1 General

This section describes and outlines the Site-wide QAPP and SAP, to be used throughout the project.
The Site-wide SAP and QAPP set forth the minimum requirements that must be followed in the
project-specific QAPPs and SAPs included within future work plans being prepared by Atlantic
Richfield, RWQCB, and any other parties collecting data at the Site. Site investigations specified in
future work plans (including ERA Work Plans, the Long-term Response RI/FS Work Plan, and
RWQCB Work Plans) must be consistent with the Site-wide SAP and QAPP described herein.
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5.6.2 Site-wide SAP

The purpose of the Site-wide SAP is to ensure that sampling and analysis are conducted in a
consistent and appropriate manner and that, as specified in the SOW, sampling locations are
documented in a log and the locations are identified on detailed maps of appropriate scale. The SAP
is presented in Attachment 1, Leviathan Mine Site — Site-wide Sampling and Analysis Plan. All Site work
plans must include a SAP that meets the niinimum requirements set forth in the Site-wide SAP.

A SAP typically includes the following two major components:

• A Field Sampling Plan (FSP); and
• A Quality Assurance Proj ect Plan (QAPP).

Future work plans prepared for the Site will include SAPs, consistent with the requirements of the
Site-wide SAP in Attachment 1. The FSP will be project-specific in nature and outline the specific
sampling being conducted under the work plan and the data being collected.

5.6.3 Site-wide QAPP

The purpose of the Site-wide QAPP is to ensure that future data collected at the Site are of sufficient
technical quality to support the Human Health and Ecological Risk Assessments and/or the
development and evaluation of the response action during the Feasibility Study. The QAPP is
presented in Attachment 1, Leviathan Mine Site — Site-wide Sampling and Analysis Plan. All Site work
plans must include a QAPP that meets the minimum requirements set forth in the Site-wide QAPP.
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6.0 SCHEDULE

EPA and Atlantic Richfield have developed a schedule for the implementation of ERAs and RI/FS
activities, as discussed in Sections 3.3 and 4.3 of the SMP. As indicated in the SMP, this Phase 1
Work Plan is being submitted to EPA for approval in April 2002. Figure 6-1, Task Schedule, provides
further detail pertaining to the tasks outlined in this Phase 1 Work Plan.

As illustrated in the figure, ongoing data review and evaluation and database updates will continue
throughout the RI/FS process. It is anticipated that the review of historic data will be completed by
the end of 2002, providing a more complete data set for Site characterization and CSM refinement.
Updated Site evaluation discussions will be presented in the 2003 SMP, scheduled to be submitted to
EPA in December 2002. At that time, data gaps will be identified for inclusion in the Long-term
Response RI/FS Work Plan, scheduled to be submitted to the EPA for approval in April 2003. In
addition, modifications to the Site-wide SAP and QAPP (included within this Phase 1 Work Plan as
Attachment 1) will also be included in the 2003 SMP, if required.

The EFCR Risk Assessment will continue through early 2002 and be submitted to EPA in July 2002.
The Streamlined Risk Evaluation will be initiated upon approval of the work scope, provided herein.
It is anticipated to be submitted to EPA in September 2002, assuming timely approval of the scope.

Upon completion of the Phase 1 RI/FS, data gaps will be identified for inclusion in the Long-term
Response RI/FS Work Plan, scheduled to be submitted to the EPA for approval in April 2003.
Subsequent years focus on filling in data gaps, completing the risk assessment, identifying remedial
action alternatives, and completing the Long-term Response RI/FS. A Record of Decision (ROD) is
anticipated from EPA in approximately 2005.
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7.0 PROJECT MANAGEMENT

7.1 GENERAL PROJECT ACTIVITIES

Phase 1 RI/FS activities will be conducted concurrently with ongoing ERAs and Site remediation.
The primary entities with defined Site activities and tasks include Atlantic Richfield, RWQCB, and
EPA.

Atlantic Richfield's primary 2002 activities include the following:

• Conduct the Phase 1 RI/FS (including data management, site characterization, EFCR risk
assessment, and streamlined risk evaluation of areas above the EFCR); and

• Conduct 2002 ERAs (as defined in the 2002 ERA Work Plan).

Atlantic Richfield's Project Manager and Project Coordinator is:

• Mr. Steve M. Ferry
Atlantic Richfield Company
307 East Park Street, Suite 400
Anaconda, Montana 59711
TL: 406-563-5211, ext. 453
FX: 406-563-8269
E-mail: ferrysml@bp.com

Mr. Ferry will manage all phases of the project and oversee project schedule and deliverables.

RWQCB activities, to be coordinated with Phase 1 RI/FS and other Site activities include the
following:

• Continue monthly stream water quality monitoring;
• Continue evaporation pond water treatment; and
• Continue Site maintenance, revegetation, and erosion control activities.

The RWQCB coordinator is:

• Mr. Christopher Stetler
California Regional Water Quality Control Board
Lahontan Region
2501 Lake Tahoe Boulevard
South Lake Tahoe, CA 96150
TL: 530-542-5461

EPA activities, to be coordinated with Phase 1 RI/FS and other Site activities include the following:

• Provide Site oversight; and
• Continue compilation of existing Site reports, evaluations, and data.
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EPA's Remedial Project Manager (RPM) and Alternate RPM include:

*

• Kevin Mayer, RPM
75 Hawthorne Street SFD 7-2
San Francisco, CA 94105
TL: 415-744-2448
E-mail: mayer.kevin@epa.gov

• Kathi Moore, Alternate RPM
75 Hawthorne Street SFD 7-2
San Francisco, CA 94105
TL: 415-744-2221
E-mail: moore.kathi@epa.gov

7.2 PROJECT COORDINATION

Given the number of entities involved at the Site, success of the project is dependent on successful
coordination. Coordination activities are briefly summarized below, by entity, and avenues of
communication are shown schematically in Figure 7-1, Ltviathan Project learn Organisation I Coordination.
This summary will continue to be revised and updated, based upon input from the RWQCB and
EPA.

Atlantic Richfield

Atlantic Richfield will perform the following:

• Distribute monthly progress reports;

• Distribute database/GIS updates (with information from RWQCB, USGS, and others, as
appropriate);

• Distribute RI/FS and ERA work plans, data and summary reports;

• Conduct 2002 ERAs and Phase 1 RI/FS activities;

• Participate in stakeholder, agency, and TAG meetings, as requested by EPA;

• Coordinate planning meetings/teleconferences during ERA design/construction/operation
and other on-Site activities, as appropriate, with participants dependent on the topic and
activities at the Site. Coordination issues will be defined and action items established for
involved entities. An assigned individual will be responsible for preparing summary notes and
an updated schedule after each meeting/call (notes will be distributed to the larger group by
email). Planning meetings/teleconferences will be scheduled to provide verbal notification to
EPA at least 15 days prior to conducting significant field events; and

• Coordinate on-Site kick-off meetings prior to initiating new on-Site activities.
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EPA

EPA will perform the following:

• Schedule and coordinate stakeholder, agency, and TAG meetings, and distribute meeting
minutes.

RWQCB

The RWQCB will perform the following:

• Coordinate on-Site maintenance, construction, operation, and monitoring activities (by any
party) to minimize safety concerns;

• Schedule and coordinate USGS monitoring with other field activities;

• Continue bi-phasic treatment system operation, stream monitoring, Site maintenance,
revegetation, and erosion control activities; and

• Distribute work plans and data/summary reports for evaporation pond/adit bi-phasic water
treatment, Site maintenance, revegetation, and erosion control activities.
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LEVIATHAN MINE SITE SURFACE WATER DATA



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Adit
1/7/1998
2/13/1998
3/18/1998
4/20/1998
7/31/1998
11/3/1998
12/4/1998
1/13/1999
1/21/1999
2/3/1999
3/12/1999
4/20/1 999
5/19/1999
6/16/1999
7/29/1999
9/9/1999

10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/5/2000
5/30/2000
6/16/2000
7/31/2000
8/28/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/27/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

260
270
260

-
-

280
250
290
300
310
300
340
370
310
290
280
270
280
270
270
300
290
330

-
280
270
280
270
290
290
300
270
260
260
240
260
260
250
270
280
290
240

35
240
370
283
280
26
0

0%

14
16
13
-
-

15
13
12
13
12
13
13
16
15
18
15
15
11
13
13
14
12
13
-

11
11
14
11
11
12
11
11
11
11
10
10
10
9.6
9.6
10
11
9.2

35
9.6
18
12
12
2
0

0%

670
690
660
-
-

770
660
680
690
710
680
730
890
750
770
720
630
620
650
650
690
660
770

-
640
640
650
180
670
700
780
670
582
630
610
600
630
600
600
620
640
560

36
180
890
664
665
103
0

0%

4.9
5

4.9
-
.
6

5.1
5.6
5.8
5.9
5.4
5.8
8

6.1
6.6
5.9
5.5
5.1
5.3
5.1
5.5
5.1
5.7
-

4.9
5.1
5

4.8
4.8
5-
5

4.9
4.8
4.7
4.5
4.4
4.6
4.3
4.3
4.6
4.7
4.2

35
4.3
8.0
5.3
5.1
0.7
0

0%

-
-

2.55
-

2.27
2.56
2.73
2.39

-
-

2.73
-
-
-

2.22
2.42
2.53
2.73
2.57
2.64
2.54

-
2.57
2.6
2.67
2.57

-

2.61
2.61
2.54
2.65
2.78
2.66
2.69
2.67
2.54
2.44
2.46
2.56
2.71
2.67
2.87

29
2.22
2.78
2.57
2.57
0.13

0
0%

2.65
2.64
2.66
2.31

-
2.65
2.65
2.67
2.7
2.64
2.64

-
2.21
.
.
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-

11
2.21
2.70
2.58
2.65
0.15

0
0%

3300
3500
4600
5400

-
3500
3300
3600
3800
3900
3100
4300
4800
4400
3500
3600
3100
1600
3600
7000
4200
3300
3600

-
3500
5000
5900
4300
4800
3000
9300
3500
3100
6500
3400
4200
4000
3600
3200
3300
3000
3200

36
1600
9300
4039
3600
1317

0
0%

5000
5100
5300
6700

-
4820

-
4670
5200
5080
5200
5820
6910
5300
5300
5250
4700
4840
4800
4930
4970
4800
5400

-
4900
5000
5200
5200
10000
65000
4800
4700
4700
4500
4900
4600
300
4300
4300
4400
4700
4700

35
300

65000
6757
4930
10070

0
0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values

A - 1



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(11/1999-10/2001)

Station Date
Aluminum

mg/i
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Pit Underdrain
11/28/1999
2/11/2000
3/2/2000

4/28/2000
5/30/2000
6/16/2000
7/31/2000
8/28/2000
9/27/2000
10/30/2000
11/30/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/27/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-
300
210
170
200
200
230
250
280
280
300
270
270
260
210
400
330
340
320
350
330
310

19
170
400
272
270
59
0

0%

-
0.73
-0.1
1.4
1.4

0.82
-0.1
0.83
0.3
0.4
0.35
0.46
0.58
-0.1
1.6
5.7
1.5
1

0.35
0.14
-0.5
-0.1

19
-0.10
5.70
0.93
0.58
1.23

3
16%

-
790
610
470
520
600
950
1100
1200
1200
1400
1200
1300
1200
420
1100
1200
1200
1300
1300
1300
1500

19
420
1400
1003
1200
316
0

0%

-
3.6
2.8
1.8
2

2.3
2.9
3.1
3.5
3.6
4.1
4.2
4.4
4.1
1.8
2.3
3.4
3.6
3.7
4.1
4.5
4.8

19
1.8
4.4
3.2
3.5
0.8
0

0%

2.98
2.75

-
2.84
2.99
2.81

-

3.03
3.05

3
-

2.9
2.73
2.72
2.78
1.54
2.28
2.47
2.68
2.82
2.86
3.24

17
1.54
3.05
2.73
2.81
0.36

0
0%

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0
0
0

N/A
N/A
N/A
0

N/A

-
6300
3800
2800
3200
5700
7900
6300
8100
4700
7000
6400
5700
9700
6300
6800
5600
8200
5900
6500
6300
6500

19
2800
9700
6153
6300
1676

0
0%

-
7080
5100
4100
4500
4900
6700
7500
7700
8000
7800
8400
8000
8100
4800
7900
4300
8700
9400
8700
9600
10000

19
4100
9400
6931
7700
1681

0
0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
N/A = Not Applicable

A - 2



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Plron

mg/l
Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Channel Underdrain
1/7/1998

2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/16/1999
7/29/1999
9/4/1999
9/9/1999

10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000

4/28/2000
5/5/2000
5/30/2000
6/16/2000
7/31/2000
8/28/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/27/2001
10/29/2001

10/29/01 (dup)

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

41
39
43
-

63
55
56
54
50
47
42
42
41
47
51
68
61
54
54
50
45
42
43
40
45
43
45
-

42
-

36
35
42
41

-0.05
40
39
37
43
40
38
37
36
38
39
35
34

38
0

68
45
45
11
1

3%

0.49
0.37
0.2
-

0.48
0.8

0.34
0.55
0.57
0.6

0.49
0.51
0.44
0.5
0.5
0.53
0.72
0.63
0.68
0.56
0.66
0.53
0.75
0.69
0.66
0.5

0.39
-

0.46
0.54
0.5

0.47
0.52
0.62
0.54
0.6

0.66
0.3
0.52
0.26
0.47
0.56
0.46
0.46
0.53
0.41
0.39

39
0.20
0.80
0.53
0.53
0.13

0
0%

360
340
290

-
420
400
440
430
420
430
330
370
360
340
330
450
430
450
420
380
380
370
380
370
380
360
360

-
340
360
330
340
380
370
370
360
360
360
320
300
330
350
360
370
390
350
350

39
290
450
373
370
39
0

0%

1.8
1.8
1.6
-

2.2
2.1
2.3
2.3
2.2
2.3
1.8
2.2
2

1.9
1.9
2.5
2.5
2.5
2.3
2.1
2.1
1.8
2.1
1.9
2
2

1.8
-

1.8
2

1.7
1.7
1.9
1.9
1.8
1.9
1.9
1.7
1.7
1.6
1.7
1.7
1.7
1.8
1.9
1.7
1.7

39
1.6
2.5
2.0
2.0
0.2
0

0%

-
-

4.7
-

4.44
-

4.57
4.63
4.65
4.41

-
5.17

-
4.71

-
4.33

-
4.45
4.63
4.67
4.68
4.8
4.72
4.72
4.73

-
4.65
4.69
4.78
4.75

-

4.71
4.68
4.61
4.68
4.8

4.63
4.7

4.65
4.55
4.5

4.56
4.62
4.63
4.62
4.47
4.47

32
4.33
5.17
4.65
4.68
0.14

0
0%

4.5
4.65
4.76
4.35
4.35

-
4.51
4.29
4.54
4.66
4.66
4.88
4.57
4.57

-
4.32

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

14
4.29
4.88
4.54
4.56
0.17

0
0%

2200
2200
2500
2100
3400
4000
2200
2300
2200
2100
1900
1900
2100
1800
1800
2500
23,00
2000
2100
2300
1800
2500
2300
2300
2200
1900
1800

-
1900
3000
3000
2300
2600
1800
2500
2300
2000
2900
5200
1900
2100
2300
2600
2700
2600
3000
2800

40
1800
5200
2348
2200
636
0

0% j

3200
3300
3000
4600
3500
3700
3200
3250
3200
3000

-
2810
3120
2760
2730
3370
3120
3400
3080
3160
3300
3330
3100
3000
3110
2985
2900

-
2900
2800
3000
3100
3100
3200
3200
3000
3100
3000
2800
2100
1900
2900
2900
2900
3100
3100
2800

39
1900
4600
3075
3120
403
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values

A - 3



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(2/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Pond Over Flow

Delta See

2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
1/21/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/16/1999
7/29/1999
9/4/1999
9/9/1999

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

960
650

-
320
520
990
1200
1200
840
560
220
320
480
980
1600

-

14
220
1600
774
745
388
0

0%

43
18
-

9.3
16
26
35
18
18
18
5.8
6.9
11
20
38
-

14
5.8

43.0
20.2
18.0
11.1

0
0%

1700
1200

-
600
950
1400
1800
1300
1200
1000
380
530
710
1300
1700

-

14
380
1800
1126
1200
437
0

0%

17
12
-

5.3
8.3
17
22
20
15
9.3
3.8
5.2
7.9
17
26
-

14
3.8
26.0
13.3
13.5
6.6
0

0%

-
2.5
-

2.69
-

2.24
2.18

-
-

2.61
-

2.58
-

2.21
2.19
2.21

9
2.18
2.69
2.38
2.24
0.20

0
0%

2.36
2.49
2.61
2.69

-
2.32
2.3
2.6

2.43
2.48

-
2.7
-
-
-
-

10
2.30
2.70
2.50
2.49
0.14

0
0%

12000
10000
3100
5800

-
12000
15000
12000
10000
6000
3000
4600
5300
10000
16000

-

14
3000
16000
8914
10000
4123

0
0%

18000
1100
4100
5700

-
16600
21000
16100
12000
9050
3660
5770
7120
15000
19500

-

14
1100

21000
11050
10525
6377

0
0%

p
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/30/2000
6/1 6/2000
7/31/2000
8/28/2000
9/27/2000
10/30/2000
9/27/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

2
1.4
2.4
1.9
1.5
4.7
1.8
-

1.2
1.2
1.3
1.6
1.1
0.98

7
1.4
4.7
2.2
1.9
1.0
0

0%

0.059
0.094
0.056
-0.1
-0.1

0.069
0.064
0.066
0.086
0.079
-0.1
0.07
0.063
0.052

9
-0.10
0.094
0.062
0.059
0.013

3
33%

20
21
20
21
20
33
20
21
21
19
21
21
22
18

8
20
33
22
21
4
0

0%

0.51
0.52
0.55
0.56
0.52
0.54
0.5
-

0.51
0.44
0.46
0.48
0.49 j
0.41

11
0.4
0.6
0.5
0.5
0.0
0

0%

5.66
5.67
5.62
5.62

-
5.45
5.68
5.6
-

5.65
5.71
5.7

5.82
5.7

7
5.45
5.68
5.61
5.62
0.07

0
0%

-
-
-
-
-
-
-
-
-
-
-
-

0
0
0

N/A
N/A
N/A
0

N/A

850
1100
3100
1100
1000
1300
1500
1700
1200
1100
1400
1300
1200
1100

8
850
3100
1456
1200
672
0

0%

1620
1600
1560
157
1500
1600
1600
1600
1600
1600
1500
1600
1500
1600

8
157
1620
1405
1600
473
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
N/A = Not Applicable

A - 4



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(4/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Overburden Seep
4/20/1998
6/19/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
7/28/1999
9/9/1999

10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
4/28/2000
5/30/2000
6/16/2000
7/31/2000
8/29/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/27/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-
46
64
60
57
53
51
51
50
54
55
52
50
45

0.073
56
46
47
-

42
42
47
41
39
39
37
37
36
34
36
38
36
38
42
34

27
L 0.073

64
45
46
12
0

0%

-
-0.005
-0.1
-0.05
-0.1

-0.0005
-0.0005
-0.005
-0.005
-0.1
-0.1
-0.1

0.0089
0.064
-0.005
-0.005
-0.1
-0.1
-0.1

-0.005
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1

32
-0.10
0.06
0.04
-0.10
0.02
30

94%

-
80
120
110
130
120
110
100
100
170
160
150
130
140
0.11
150
140
140
140
130
130
140
130
120
130
110
120
110
110
120
130
120
120
140
110

28
0.11
170
121
120
30
0

0%

-
0.46
0.69
0.67
0.65
0.6
0.55
0.61
0.65
0.71
0.62
0.64
0.52
0.58
-0.04
0.66
0.7
0.57
0.59
0.54
0.53
0.54
0.51
0.49
0.51
0.48
0.47
0.46
0.44
0.48
0.5
0.47
0.47
0.53
0.44

28
-0.04
0.71
0.55
0.56
0.13

1
4%

-
-

2.85
2.73
3.18
2.96
3.56
3.27

-
3.22
3.36
3.31
3.28
3.3

3.21
3.18
3.18
3.3
3.32

-
3.42
3.27
3.26
3.32
3.39
3.27
3.28
3.17
3.07
2.98
3.06
3.11
3.21
3.4
3.26

26 _j
2.73
3.56
3.20
3.22
0.17

0
0%

2.91
3

2.97
2.79
3.18
3.21
3.21
3.17
3.02

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

9
2.79
3.21
3.05
3.02
0.14

0
0%

4000
3300
2100
2400
1900
1800
1900
1800
1800
1800
1900
1600
2700
1800
1800
1900
1700
2200
2900
2900
1900
1400
1400
4300
1600
1700
2600
2400
1800
1800
2200
2000
2100
2100
1900

29
1600
4300
2200
1900
663
0

0%

2500
3100
2880
2880
2740
2920

-
2620
2360
2600
2810
2300
2670
2400
2430
2390
2500
2500
2500
2400
2600
2300
2300
3300
2200
2100
2100
2100
2100
1400
2200
2300
2100
2300
2200

28
1400
3300
2464
2465
376
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values

A - 5



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(6/1998-6/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Pondl
6/18/1998
7/31/1998
3/20/2000
4/18/2001
6/7/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

340
630
10

230
450

5
10

630
332
340
208
0

0%

11
17

0.087
3.5
2.2

5
0.087
17.00
6.76
3.50
6.31

0
0%

780
1300

16
370
500

5
16

1300
593
500
430
0

0%

5.4
11

0.18
4.1
9

5
0.18
11.0
5.9
5.4
3.8
0

0%

-
2.32

-
2.74
2.54

3
2.32
2.74
2.53
2.54
0.17

0
0%

-
2.48

-
-
-

1
2.48
2.48
2.48
2.48

0
0

0%

-
-

160
3200
5100

3
160

5100
2820
3200
2035

0
0%

7500
11400
160

3000
-

4
160

11400
5515
5250
4289

0
0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
N/A = Not Applicable

A - 6



LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Stationj Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 1
1/7/1998
4/20/1998
6/19/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/15/1999
7/28/1999
8/16/1999
8/18/1999
8/19/1999
8/20/1999
9/4/1999
9/8/1999

9/15/1999
9/25/1999
9/29/1999
10/9/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/30/2000
6/16/2000
7/31/2000
8/28/2000
9/7/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/8/2001
8/16/2001
8/22/2001
8/25/2001
8/29/2001
9/6/2001
9/12/2001
9/27/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-0.2
-

-0.2
-0.05
0.14
0.032
0.19

-0.025
-0.05
-0.05
0.062
2.1

-0.05
0.13
-0.05

-
-
-

-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
0.27
-0.05
-0.05
0.13
0.08

-
-0.05
-0.05

-
-0.05
-0.05
0.13
-0.05
0.19
0.26
0.46
0.69
-0.05
0.098
-0.05
-0.05

-
-

0.11
-0.05
-0.05
-0.05
-0.05
-0.05

47
-0.20
2.10
0.13
-0.05
0.32
31

66%

0.0076
-

-0.005
-0.1
-0.05

-0.0165
-0.0005
-0.0005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-
-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.013
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.001
-0.005
-0.005
-0.005
-0.005
-0.005

49
-0.100
0.013
0.004
-0.005
0.008

47
96%

0.25
-

-0.1
0.16
0.25
-0.1
0.76
-0.05
-0.1
-0.1
0.11
1.1

0.48
0.16
0.1
-
-
-

-0.1
0.24
-0.1
-0.1
0.11
-0.1
-0.1
-0.1
-0.1
-0.1
0.29
-0.1
-0.1
0.24
-0.1
-0.1
-0.1
0.15

-
-0.1
0.16
-0.1
-0.1
-ai_,
-0.1
0.58j
0.61
0.14
0.16
0.2
-0.1

-
-

0.19
-0.1
-0.1
-0.1
-0.1
-0.1
46

-0.10
1.10
0.16
-0.10
0.21
27

59%

-0.02
-

-0.02
-0.04
-0.04
-0.04
-0.02
-0.02
-0.005
-0.04
-0.005

-
-

-0.005
-0.005

-
-
-

-0.005
-0.005
-0.005
-0.005
-0.001
0.26

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.001
-0.005
-0.005
-0.005
-0.005
-0.005
-O.OOSj
0.015
-0.005
-0.005
-0.005
-0.005

-
-0.005
0.0013
0.0075
-0.005
-0.005
-0.005
-0.005

47
-0.040
0.260
0.010
-0.005
0.037

43
91%

-
-
-

8.33
7.33
8.02
7.36

-
8.32

-
7.49

-
-

8.03
8.06
8.1
8.18
8.19
7.88
7.89

8
7.95
7.94
8.02
7.95
7.88
7.95
7.65
7.39
7.59

-
8.26
7.67
8.1
-

8.2
8.15
8.21
8.13
7.89
7.7
7.68
7.4
7.45
7.76
7.84
7.75
7.9
-
-
-

7.82
-
-
-

7.93
7.63
36

7.33
8.33
7.85
7.89
0.27

0
0%

7.63
6.33
7.11
7.4
7.57
7.45
7.51
7.51
7.34
7.71
7.57

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

11
6.33
7.71
7.38
7.51
0.36
0

0%

9.2
14
3.4
6
7
7

6.4
8

7.9
9.2
9.2
4.6
2.9
4

6.5
-
-
-

6.6
6.7
7.5
7.6
6.6
6.4
6.3
7.1
6.3
10
9.4
10
11
6.4
7.6
8
10
8
-

9.5
9.3
8.5
8.7
8.6
9.2
8.6
8.1
8.7
8.6
7.9
8.9
8.2
7.7
8.8
9.7
8.2
7.4
4

7.7
47
2.9
14.0
7.8
7.9
1.9
0

0%

130
140
140
68
129
116
116

-
48
114
106
119
104
120
140

-
-
-

130
126
126
110
220
130
89
130
116
190
118
100
100
110
110
120
170
150
-

140
110
87
130
120
140
130
77
100
150
130
160
140
140
170
140
140
130
120
130
46
48
220
124
126
28
0

0%
Notes: "-" denotes no data available

All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

F 'i

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 15
1/7/1998

2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
1/21/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/15/1999
7/28/1999
8/12/1999
8/16/1999
8/18/1999
9/3/1999
9/8/1999
9/15/1999
9/25/1999
9/28/1999
10/9/1999
10/15/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000

4/28/2000
5/30/2000
6/15/2000
7/31/2000
8/29/2000
9/7/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

3
270
38
-

-0.2
-0.2
2.4
'16
2.7
069
4.9

0084
310
88
47

0063
0.15
-0.05

13
-
.

14
9.9
9.2
9.2
10
9.4
9.7
13
11
4.1
5.5
11
2.4
0.79
-0.05
1.5
.

12
8.2
-

12
9.6
6.3
3.7
3

2.1
0.18

-0.05
2.2
12
14
21
8.1

-0.05

44
-0.2

310.0
22.3
52
60.5
5

11%

0.21
7.1

0.16
•

00064
-0.005

-0.1
-0.05
-0.1

-0.0005
0.051
0.035
4.4
0.58
0.13

-0.005
-0.005
0.0058
0.019

-
.

0.0068
0.024
0.014
0.012
0023
0.025
0.027
0.04

0.056
0.026
0.045
0.048
0.12
0.023
0.016
0.026
0.016
0.013
0.023

-

0.0097
0.015
0.015
0.024
0.019
0.019
-0.005
-0.005
0.017
0.012
0.0054
0.0044
-0.005
-0.005

45
-0.10
7.10
0.30
0.02
1.21
9

20%

35
490
44
-

4.6
8.6
30
53
71
56
47
41
330
120
60
2.1
1.2
18
48
-
.

39
26
17
23
19
20
28
63
51
46
48
35
34
31
13
30
30
11
22
.

37
37
19
28
21
24
12

0.91
34
34
37
1.8
2

-0.1

45
1

490
49
31
82
0

0%

0.35
4.9
0.67

-
0.089
0.11
0.3

0.73
0.55
0.44
0.42
0.35
5.8
1.9

0.93
0.077
0.058
0.22
0.64

-
.

0.71
0.42
0.36
0.93
0.47
0.44
0.43
0.56
0.58
0.44
0.52
0.38
0.38
0.32
0.12
0.33
0.51
0.5
0.36

-

0.6
0.48

0.35
0.39

0.31
0.32

0.17

0.06
0.36
0.62

0.78

0.53
0.3

0.075

45
0.06
5.80
0.67
0.42
1 06
0

0%

-
-

3.14
-

6.14
6.65
5.42
3.17
4.8

5.78
5.48
6.65

-
-

3.52
-
-

6.5
3.46
3.24
3.21
3.19
3.75
3.56
3.61
4.6
4

3.89
4.13
4.29
5.04
4.71
5.17
5.24

-
6.86
4.92
3.72

-

3.7
4.31

3.2
4.1
4.06
4.44

4.43

4.8
6.2

6.71

4.89
2.92

2.85

3.63
4.44

292

40
2.85
6.86
4.57
4.44
1.17
0

0%

4.87
2.85
3.27
4.56
5.81

-

5.35
3.32
5.08
4.87
4.87
6.61
2.9
3.01
3.14

-
L 6.56

-
.
-
-
-
.
-
-
.
-
.
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-

15
2.85
6.61
4.47
4.87
1.27
0

0%

560
3000
880
170
200
230
390
800
670
610
630
470
3400
1300
860
100
69
220
630
.
-

780
1900
2300
2200
2000
1900
2100
1200
690
710
720
600
570
470
220
450
720

2500
1900

-

1500

680
630
580
520
680
390
140
520
990
1300

2800
1400

340

46
69

3400
941
650
802
0

0%

700
4500
1100
300
210
300
627
1090
944
815
.

667
4680
1770
1030
186
77
388
990
-
.

1030
2670
3480
3200
3200
3200
3100
1800

, 1000
906
950
737
746
650
330
660
880
2700
2500

-

1200

1100

840
870
800
750
460
230
710
1200

1600
3000
1700

560

45
77

4680
1319
880
1160

0
0%

Notes: "-' denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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fLl

LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 16
1/7/1998
2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/15/1999
7/28/1999
8/16/1999
8/19/1999
9/3/1999
9/9/1999
9/29/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/30/2000
6/15/2000
7/31/2000
8/29/2000
9/7/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
3/1/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-0.2
0.43
-0.2

-
-0.2
-0.2
0.64
2.1
0.34
0.27
0.34
0.099
-0.05
0.15
0.13
-0.05
0.097
-0.05

-
0.061
0.078
0.073
0.054
0.2

0.056
-0.05

2
0.056
-0.05
0.076
0.1
-

-0.05
-0.05

-

0.6
-0.05
-0.05
0.089

1.2
-0.05
-0.05
-0.05
-0.05
0.11
0.065
0.099
-0.05
-0.05

42
-0.20
2.10
0.23
0.06
0.46
17

40%

-0.005
0.018
0.01

-

-0.005
0.0091

-0.1
-0.05
-0.1

-0.0005
-0.0005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
0.0066
-0.005
-0.005
-0.005
-0.005
0.013
0.026
-0.005
0.01

-0.005
0.006

0.0075
0.008

-

-0.1
0.0079
0.0086
0.0086
0.0062
0.008
-0.005
0.012
0.0098
0.0089
0.0087
0.0096
0.011
-0.005

41
-0.100
0.026
0.010
-0.005
0.013

24
59%

-0.1
0.96
-0.1

-
-0.2
-0.1
0.36
0.32
-0.1
0.24
0.23
0.1
-0.1
0.19
-0.1
-0.1
-0.1
-0.1
-

-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
1.3
-0.1
-0.1
-0.1
-0.1
0.14
-0.1
-0.1

-
0.24
-0.1
-0.1
-0.1
-0.1
0.21
-0.1
-0.1
-0.1
-0.1
-0.1
0.19
-0.1
-0.1 J

44
-0.2
1.3
0.1
-0.1
0.2
32

73%

-0.02
0.022
-0.02

-

0.062
0.043
0.067
0.072
0.053
0.044
0.031
0.038
-0.04
0.028
0.033
0.041
0.03

0.025
-

0.026
0.037
0.026
-0.04
-0.04
-0.04
0.011
0.028
0.024
0.023
-0.005
0.016
0.012
-0.005
0.0091
.

-0.04
-0.005
-0.005
-0.005
0.016
0.035
-0.005
-0.005
-0.005
-0.005
0.012
0.002
-0.005
-0.005

44
-0.04
0.07
0.02
0.02
0.02
16

36%

-
-

7.11
-

6.13
6.53
4.86
4.82
6.25
6.48
7.11
6.65

-
7.03

-
-

7.3
7.77
7.65
7.87
7.86
7.96
7.95
7.74
7.69
7.33
7.68
7.7

- ,
7.88
8.01
7.91

-

7.73
8.27
8.26
8.04
8.06
7.9
7.87
7.08
8.15
8.25
8.07
8.26
8.2
8.38
8.2

7.56

35
4.82
8.38
7.41
7.74
0.86

0
0%

7.07
5.79
6.38
6.14
5.99

-

5.66
4.71
5.73
6.43
6.43
6.65

7
6.58

-
6.86

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
.
-
-

14
4.71
7.07
6.24
6.41
0.61

0
0%

230
230
230
250
590
630
300
300
260
250
220
230
180
210
260
250
210
200
-

190
190
180
170
170
190
130
190
170
200
240
200
130
130
130

-

84
120
140
100
150
210
230
170
48
68
57
60
73
1.2

41
48
630
210
200^
109
0

0%

360
410
420
430
520
500
481
464
429
368

-
356
225
331
428
412
366
360

-
327
330
334
310
340
331
260
345
325
400
310
310
250
210
270
-

220
270
210
240
320
400
410
310
150
180
170
200
210
120

40
150
520
341
337
89
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l •
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 17
1/7/1998

2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
7/28/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/30/2000
6/15/2000
7/31/2000
8/29/2000
9/7/2000
9/27/2000
10/30/2000
1 1/28/2000
12/28/2000
1/26/2001
3/1/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

0.36
120
27
-

-0.2
-0.2
2.2
7.5

-0.05
0.47
3.2
0.11
47
5.2
1.2

0.36
0.55
6.5
0.39
-0.05
3.2
0.1
-

1.1
0.3
-

0.21
0.52
0.35
0.41
0.56
0.48
-0.05
-0.05
-0.05
0.11
0.073
0.18
0.11
-0.05

31
-0.2

120.0
7.3
0.4

22.6
7

23%

0.013
3.8

0.059
-

-0.005
0.0058

-0.1
-0.05
-0.1

-0.0005
-0.0005
0.014
0.18

0.0069
0.013
0.011

0.0095
0.019
0.012
0.012
0.0055
0.013
0.0059
-0.005
0.01

-
-0.005
0.007
0.058
0.09

0.0077
0.0098
-0.005
-0.005
0.0086
-0.005
-0.005
0.0058
-0.005
-0.005

34
-0.1

3.800
0.132
0.007
0.639

12
35%

14
210
26
-

3.8
5.5
51
20
33
26
28
18
51
19
19
17
15
19
15
15
17
16
11
1.3
7.9
-

6.1
14
5.9
10
8.3

0.66
7.6
0.28
7.6
4.8
2

0.23
0.2
-0.1

34
0

210
21
15
35
0

0%

0.15
2.1
0.48

-
0.088
0.084
0.45
0.33
0.29
0.24
0.28
0.19

1
0.28
0.25
0.18
0.19
0.23
0.18
0.18
0.12
0.19
0.21
0.18
0.17

-
0.16
0.2
0.14
0.16
0.14
0.13
0.12
0.06
0.087
0.14
0.098
0.031
0.045
-0.04

32
0.03
2.10
0.27
0.18
0.37

0
0%

-
-

3.32
-

6.13
6.58
4.55
3.37
5.5
6.12
5.4
6.75

-
4.5
5.67
6.48
6.34
6.1
6.59

-
7.15
6.55
5.76

-
5.72
7.12
6.16
6.04
6.53
6.57
6.37
6.62
7.07
7.34
6.6
6.59
6.93
7.5
7.28
6.24

28
3.32
7.50
6.11
6.51
1.04

0
0%

5.85
2.98
3.41
5.02
5.62

-
5.09
3.63
5.08
5.24
5.24
6.45
3.21

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

12
2.98
6.45
4.74
5.09
1.09

0
0%

360
1800
660
180
250
250
470
560
530
440
480
350
830
390
380
390
370
420
400
-

210
370
400
1100
920

-
370
370
400
300
320
360
310
150
300
260
200
180
240
68

32
150
1800
415
370
285
0

0%

540
L2700

890
290
250
340
752
735
672
560

-
514
1070
600
630
582
520
570
549
560
320
490
500
1000
1200

-
490
570
490
500
510
570
480
280
440
390
360
360
410
210

32
250
2700
594
517
415

0
0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(4/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Station 22
4/20/1998
6/19/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
6/15/1999
7/28/1999
9/9/1999

10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
4/28/2000
5/30/2000
6/16/2000
7/31/2000
8/29/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
2/28/2001
3/27/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-
-0.2

0.059
-0.025
0.025
-0.025
-0.025
-0.05
-0.05 .
-0.05
-0.05
-0.05
0.13
0.064
-0.05
0.25
-0.05
-0.05
0.077

-
0.055
-0.05
-0.05
-0.05
-0.05
0.14
-0.05
-0.05
-0.05
0.14
-0.05
-0.05
-0.05
0.07
-0.05
-0.05

31
-0.20
0.25
0.05
-0.05
0.05
22

71%

-
-0.005
-0.1
-0.05

-0.0165
-0.0005
-0.0005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005
0.016
-0.005
-0.005
-0.005
-0.005

-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.001
-0.005
-0.005

31
-0.1

0.016
0.0052
-0.0050
0.0095

30
97%

-
-0.1
0.16
-0.1
-0.1

6.097
0.073
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
0.4
-0.1
-0.1
0.14
-0.1
0.11
-0.1
-0.1
-0.1
-0.1
0.12
-0.1
-0.1
0.11
0.4
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1

32
-0.10
0.40
0.08
-0.10
0.09
24

75%

-
-0.02
-0.04
-0.04
-0.04
-0.02
-0.02
-0.005
-0.04
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.04
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.014
-0.001
-0.005
-0.005

32
-0.04
0.014
0.006
-0.005
0.007

31
97%

-
-

8.8
7.71
7.99
7.52
7.81
8.79

-
8.07
8.01
8.36
8.18
8.29
8.13
8.16
8.36
8.29
8.27
8.24

-

8.2
8.48
8.31
8.3
8.44
8.06
8.28
8.33
8.46
8.74
8.82
8.32
8.47

8
8.08

27
7.52
8.82
8.27
8.29
0.31

0
0%

6.6
7.56
7.67
7.64
7.67
7.46
7.46
7.87
7.82

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

9
6.60
7.87
7.53
7.64
0.35

0
0%

11
0.91
1.1
-2
1.2
1.1
1.2
1.2
1.4
-1
3.1
1.2
1.4
1.3
1.6
1.3
1.3
1.2
1.1

0.99
47
1.2
1.3
1.2
1.3
1.5
1.6
1.6
2.6
2.3
1.2
1.4
1.4
1.1
1.2
1.2

30
-2.0
11.0
1.7
1.3
1.8
2

7%

170
150
82
124
128
123
-

123
131
118
150
76
130
107
130
135
118
120
130
110
120
120
130
110
51
120
120
140
120
96
75
130
110
140
120
120

29
51
170
119
123
24
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 23
1/7/1998

2/13/1998
3/18/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
5/19/1999
6/15/1999
7/28/1999
8/12/1999
8/16/1999
8/19/1999
9/3/1999
9/8/1999
9/15/1999
9/25/1999
9/28/1999
10/9/1999

10/15/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000

4/28/2000
5/5/2000
5/30/2000
6/15/2000
7/31/2000
8/29/2000
9/7/2000

9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
3/1/2001

3/27/2001
4/24/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001

9/28/01 (dup)
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

0.35
100
17

-0.2
-0.2
2.8
7.4
5.3
1.7
1.2

0.31
43

-0.05
0.062
5.2
-
-

5.1
8.4
6.4
8.5
5.3
5.5
3.9
5.4
0.92
0.054
0.092
3.3

0.14
-0.05
-0.05

-
0.62

-
2.3
1.8
-

0.061
-0.05
0.12
0.11
0.22
0.24
0.071
-0.05
-0.05
-0.05
0.14
0.16
0.42
0.13
0.14
7.9

43
-0.2

100.0
5.6
0.4
16.2
9

21%

-0.005
2.5

-0.005
-0.005
0.0095
-0.1

-0.05
-0.1

-0.0005
-0.0005
0.0069
0.14

-0.005
-0.005
-0.005

-
-

-0.005
-0.005
-0.005
-0.005
-0.001
-0.005
-0.005
0.0051
-0.005
-0.005
-0.005
0.0066
-0.005
-0.005
0.0086

-
-0.005
-0.005
-0.005
-0.005

-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.012
-0.001
-0.005
-0.005
-0.005

47
-0.100
2.500
0.062
-0.005
0.360

39
83%

8.1
150
8.4
1.9
3
16
8.5
13
17
8
10
38

0.11
3.6
8.6
-
-

4.7
14
3.5
23
1.8
10
7
25
10
6

7.1
6.8
5.4
4.3
-0.1
-

2.3
6.4
0.1
2.1
-

1.3
1.9
1.6
3.9
1.5
-0.1
2.5
-0.1
-0.1
1.6
1.8
-0.1
0.5
-0.1
-0.1
9.8

43
-0.1

150.0
10.4
5.4

22.8
5

12%

0.16
1.8

0.32
0.077
0.079
0.25
0.33
0.27
0.24
0.18
0.19
0.95
0.048
0.15
0.25

-
-

0.26
0.38
0.27
0.41
0.33
0.35
0.24
0.35
0.22
0.15
0.19
0.18
0.16
0.14
0.08

-
0.17
0.21
0.2
0.19
.

0.14
0.13
0.11
0.15
0.12
-0.04
0.096
0.048
0.04
0.15
0.18
0.073
0.089
0.042
0.043
0.4

43
-0.04
1.80
0.24
0.18
0.28

1
2%

-
-

3.42
6.12
6.6

7.68
3.36
4.28
4.63
5.23
6.11

-
-

6.8
3.87
4.18
3.86
3.41
4.01
3.91

4
4.72
4.66
4.61
4.6
5.28
6.91
6.68
6.13
6.47

-
7.05
6.86
5.76
5.13

-

1.7
6.58
6.68
7.01
6.96
6.82
6.5
6.54
6.96
7.89
7.46
6.49
6.19
7.32
7.41
7.43
7.43
7.15

41
3.36
7.89
5.68
6.12
1.35

0
0%

5.6
2.99
3.57
6.16

-
5.01
3.43
4.56
5.06
5.06
6.39
3.24
6.83

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

12
2.99
6.83
4.83
5.04
1.24

0
0%

360
1700
400
180
200
380
580
470
440
400
360
520
88
90

390
-
-

430
510
760
610
1300
960
760
600
400
370
390
350
390
420
200

-
320
420
1100
910
-

420
320
420
330
310
330
250
150
150
310
390
250
680
340
340
960

43
88

1700
449
390
295
0

0%

500
2400
570
240
320
553
717
632
582

-
576
1130
132
152
620

-
-

602
746
1120
860
2000
1400
1200
880
630
545
550
547
496
480
320

-
480
520
1100
1200

-

520
420
430
540
500
520
390
280
280
410
520
410
900
520
520
1300

42
132

2400
659
546
437
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

IDS
mg/l

Station 24
1/7/1998

2/13/1998
3/18/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/15/1999
7/28/1999
8/12/1999
8/16/1999
9/9/1999

10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
4/28/2000
5/5/2000
5/30/2000
6/15/2000 -
7/31/2000
8/29/2000
9/7/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
3/1/2001
3/27/2001
4/24/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/25/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-0.2
0.25
-0.2
-0.2
-0.2
-0.05
-0.025
-0.0165
-0.025
-0.025
-0.05
0.38
-0.05
0.65
-0.05
-0.05
-0.05

-
-

-0.05
-0.05
-0.05
-0.05
0.097
-0.05
-0.05
-0.05

-
-0.05

-

-0.05
-0.05

-
-0.05
-0.05
-0.05
-0.05
0.052
-0.05
-0.05
0.061
-0.05
-0.05
-0.05
0.071
-0.05
-0.05
-0.05

41
-0.20
0.65
0.06
-0.05
0.11
34

83%

-0.005
0.0096
0.0052
-0.005
0.0086

-0.1
-0.05

-0.01 65
-0.0005
-0.0005
-0.005
0.0099
-0.005
0.012
-0.005
-0.005
-0.005

-
-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.014

-
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.001
-0.005
0.0071

42
-0.100
0.014
0.005
-0.005
0.008

36
86%

-0.1
0.42
0.21
-0.2
0.16
-0.1
-0.1
-0.1
-0.05
-0.05
-0.1
0.56
-0.1
0.41
-0.1
-0.1
-0.1

-
-

0.22
-0.1
-0.1
-0.1
0.13
-0.1
-0.1
-0.1
-

0.14
-0.1
-0.1
-0.1

-
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
0.11
-0.1
-0.1

42
-0.2
0.6
0.1
-0.1
0.1
33

79%

-0.02
-0.02
-0.02
-0.02
-0.02
-0.04
-0.04
-0.04
-0.02
-0.02
-0.005
-0.04
-0.005

-
-

-0.005
-0.005

-
-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005
-0.005

-
-0.001
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.011
0.0047
-0.005
-0.005

40
-0.040
0.011
0.006
-0.005
0.006

38
95%

-
-

8.39
7.44
8.26

-
7.56
7.85
7.99
7.73
8.08

-
-
-
-

8.4
8.53
8.02
8.25
8.37
8.22
8.34
7.99
8.21
8.36

-
8.32
8.3
8.33
8.44

-

8.2
8.35
8.42
8.43
8.24
8.08
8.05
8.12
8.27
7.52
8.55
8.49
8.44
8.49
8.44
8.14
7.84

34
7.44
8.55
8.19
8.27
0.29

0
0%

7.84
6.85
6.97

7
-

7.97
7.76
7.86
7.7
7.7

7.93
7.74
7.31

-
7.78

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

13
6.85
7.97
7.57
7.74
0.38

0
0%

1.2
1.5
7

1.6
5.6
1
-2
1.4
1.1
1.4
1.3
1.4
1.9
2.2
1.4
1.4
-0.1

-
-
1

1.5
1.1
1.4
1.6
1.4
2

1.5
-

2.4
1.1
2.3
1
-

0.95
1.3
1.4
1.7
1.6
1.9
2.5
2.5
2.5
1.4
1.1

0.98
0.98

1
90

38
-2
7

1.7
1.4
1.2
2

5%

100
160
140
110
210
95
118
123
123

-
73
105
123
124
63
143
120
-
-

106
130
125
130
123
97
130
100
-

100
110
120
130
-

98
32
53
120
110
130
120
110
110
72
110
110
130
120
240

37
53
210
115
118
27
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using hall of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(1/1998-10/2001)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
S.U.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 25
1/7/1998

2/13/1998
3/18/1998
4/20/1998
5/20/1998
6/18/1998
7/31/1998
8/27/1998
10/2/1998
11/3/1998
12/4/1998
1/13/1999
1/21/1999
2/3/1999
3/12/1999
4/20/1999
5/19/1999
6/15/1999
7/28/1999
8/12/1999
8/16/1999
8/19/1999
9/3/1999
9/8/1999
9/15/1999
9/25/1999
9/28/1999
10/9/1999
10/15/1999
10/21/1999
11/28/1999
12/21/1999
1/28/2000
2/11/2000
3/2/2000
3/16/2000
3/23/2000
3/31/2000
4/6/2000
4/14/2000
4/17/2000
4/28/2000
5/5/2000

5/12/2000
5/30/2000
6/15/2000
7/31/2000
8/29/2000
9/7/2000
9/27/2000
10/30/2000
11/28/2000
12/28/2000
1/26/2001
3/1/2001
3/27/2001
4/24/2001
4/25/2001
5/29/2001
6/27/2001
7/26/2001
8/8/2001
8/16/2001
8/22/2001
8/25/2001
8/29/2001
9/6/2001
9/12/2001
9/28/2001
10/29/2001

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

-0.2
40
4
-

-0.2
-0.2
-0.05
0.82
0.071
0.1

0.037
-0.05

66
8.3
0.77
0.42
-0.05
-0.05
-0.05

-
.

0.058
0.19
0.063
-0.05
0.098
0.13
0.066
0.083
0.17
-0.05
-0.05
0.91
-0.05
-0.05
-0.05
-0.05
0.099
0.092
0.061
-0.05
-0.05
0.054
0.12
0.21

-
0.15

0.072
-

-0.05
-0.05
0.075
-0.05
0.34
0.26
-0.05
-0.05
0.11
-0.05
0.39
0.057
0.059

-
-

0.073
-0.05
-0.05
-0.05
•0.05
-0.05

59
-0.20
66.00
2.12
0.06
9.90
26

44%

-0.005
0.14

-0.005
.

-0.005
-0.005
-0.1
-0.05
-0.1

-0.0005
-0.0005
-0.005
0.18

-0.005
-0.005
0.012
-0.005
-0.005
-0.005

-
.

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.01

-0.005
-0.005
•0.005
-0.005
-0.005
.
-

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.001
-0.005
-0.005
-0.005
•0.005
-0.005

62
-0.100
0.180
0.010
-0.005
0.029

58
94%

0.69
29
2.3
-

-0.2
-0.1
0.57

1
0.21
0.5
0.8
0.85
14
5

2.3
1.4
-0.1
0.82
0.8
-
.

0.24
2.4
0.7
5.9
0.25
2.2
1.2
4

1.4
1.2
0.71
1.7
0.84
0.91
0.17
0.23
0.53
0.52
-0.1
0.23
-0.1
0.42
1.2
0.3
0.14
-0.1
-0.1
-

-0.1
0.27
0.2
0.47
0.59
-0.1
0.75
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-
-

0.11
-0.1
-0.1
-0.1
-0.1
1.4

61
-0.20
29.00
1.49
0.50
4.09
18

30%

0.041
0.73
0.16

-
0.044
0.033
0.082
0.083
0.076
0.059
0.063
0.05
1.3

0.33
0.19
0.041
0.032
0.064
0.064

.
0.053
0.11

0.075
0.13
0.1
0.1

0.072
-0.04
0.055
0.05
-0.04
0.054
0.043
0.049
0.05
0.044
0.04
0.035
0.031
0.035
0.023
0.047
0.053
0.042
0.038
0.031
0.046_

-
-0.001
0.032
0.033
0.032
0.033
0.03
0.045
0.022
0.0024
0.012
0.024
0.016
-0.005

-
0.008
0.013
0.016
0.0063
0.026
0.0058

0.1

60
-0.040
1.300
0.086
0.044
0.187

4
7%

-
.

4.98
-

6.86
7.23
6.23
6.83
7.38

7
7.2
7.49
.
.

5.58
.
.

7.34
7.44
7.61
7.53
7.64
7.3
7.43
6.98
7.39
7.22
7.44
7.28
7.58
7.83
7.84
7.54
7.58
.
-
.
-
-
-
-

8.05
7.88
7.61
7.97
7.94

-

7.71
8.11
6.26
8.1
8.05
7.99
7.81

8
7.31
8.35
8.16
8.17
8.15
8.26

-
-
-

8.21
-
-
.

na
7.64

43
4.98
8.35
7.48
7.54
0.66

0
0%

7.3
3.22
4.97
6.07
6.93

-
6.76
6.88
7.32
7.3
7.3
7.42
3.3
4.7
5.74
7.7
6.65
.
-
-
.
.
-
-
.
.
-
-
-
-
-
-
-
-
-
-
.
-

7.5
7.4
7.7
.
-
-
-
-
.
-
.
-
.
-
.
.
.
.
-
-
-
-
-
.
.
-
-
.
.
-

19
3.22
7.70
6.43
6.93
1.37

0
0%

95
610
180
93
110
97
130
130
110
110
120
96
800
240
170
69
59
200
110
.
-

480
150
180
200
390
300
210
160
94
120
63
97
90
110
130
-

94
680
74
82
89
84
99
96
100
170
230
-

67
91
100
79
82
84
120
92
94
85
72
31
21
19
55
98
110
140
280
59
330

60
19

800
154
100
148
0

0%

210
910
320
200
190
230
255
275
256
228
-

237
1000
296
278
178
124
337
250
.
-

221
275
337
400
690
550
380
280
250
255
200
253
216
230
240

-
180
210
170
230
210
230
240
240
220
330
430
.

180
210
190
230
210
230
240
210
190
170
200
160
130
130
190
260
240
290
480
190
470

59
124
1000
275
230
158
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
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LEVIATHAN MINE SITE
Concentrations of Parameters of Interest

(2/1998-6/2000)

Station Date
Aluminum

mg/l
Arsenic

mg/l
Iron
mg/l

Nickel
mg/l

Field pH
s.u.

LabpH
s.u.

Sulfate
mg/l

TDS
mg/l

Station 26
2/13/1998
3/19/1998
2/3/1999
6/14/1999
8/17/1999
9/29/1999
10/21/1999
6/15/2000

No. of Samples
Minimum
Maximum

Mean
Median

Standard Deviation
No. of non-detects

% non-detect

25
-0.2
-0.05
0.14

-
0.088
0.051

-

6
-0.20
25.00
4.23
0.07
9.29

2
33%

-0.005
-0.005
-0.005
-0.005

-
-0.005
-0.005
-0.005

7
-0.005
-0.005
0.003
-0.005

0
7

100%

2.8
0.28
0.59
-0.1

-
0.19
0.15
-0.1

7
-0.1
2.8

0.59
0.19
0.92

2
29%

0.48
0.1
0.2

0.025
-

0.028
0.016
0.0067

7
0.01
0.48
0.12
0.03
0.16

0
0%

-
-
-
-

8.16
8.17
8.2
8.21

4
8.16
8.21
8.19
8.19
0.02

0
0%

3.77
5.93
6.47

-
-
-
-
-

3
3.77
6.47
5.39
5.93
1.17
0

0%

430
65
150
70
-

160
73
56

7
56
430
143
73
123
0

0%

620
300
305
192

-
360
250
190

7
190
620
317
300
136
0

0%

Notes: "-" denotes no data available
All values represent dissolved concentration
Negative values represent concentrations below the detection limit with the detection limit reported
Mean and Standard Deviation calculated using half of the detection limit for non-detect values
N/A = Not Applicable

A-15



APPENDIX B

SUMMARY OF 1998 GROUNDWATER CHEMICAL DATA



APPENDIX B
SUMMARY OF 1998 GROUNDWATER CHEMICAL DATA

Well Name

MW-1

MW-1

MW-2s
MW-2s
MW-2d
MW-2d
MW-3

MW-3

MW-3
MW-4

MW-4

MW-5d
MW-6
MW-6

MW-7

MW-7

MW-8
MW-8

MW-1 Os

MW-1 Os
MW-10d
MW-10d
MW-11

MW-11

MW-12
MW-1 2
MW-12
USGS-33
USGS-25

Sample Date

10/13/98

11/3/98
10/19/98
11/5/98
10/19/98
11/5/98
10/19/98

10/1 6/98 Dup.

11/3/98
10/16/98
11/3/98

10/19/98
10/20/98
11/6/98
10/20/98
11/6/98

10/20/98
11/6/98

10/16/98
11/5/98

10/14/98
11/5/98

10/14/98
11/5/98
10/13/98
11/3/98

11/3/98 Dup.
1 1/2/98
11/2/98

Field pH
(SU)

7

nm
4
3
4
4

nm
nm
2

nm
4
4
4
4
5
6
3
4
4
4
6
6
7
7
6
6
6
6
4

IDS
(mg/l)
1820
1580
6180
5890
7510
7560
6340
6520
6440
3100
3000
5770
3470
3330
217

246

1820
1860

3830
3930
1250
1700
314

329

2340
1930
1960
326
107

Sulfate
(mg/l)
846

873

8400
6820
8860
9900
9370
7760
6260
2560
3380
6670
2390
3230
63.7
90.1
1120
1550
2440
2320
617
771
24.8
25.0
1140
1310
1010
155
22.3

Aluminum
(mg/l)
0.06

-0.0135
294
319

283
310

280

306
299

112

99.8
128
18.7
20.6

0.0289
0.103
29.6
29.2

22
23.4

0.0279
0.0172
0.0182

-0.0135
0.174
0.184
0.203

-0.0135
0.408

Arsenic
(mg/l)
-0.002
0.0012

-0.001
0.017
0.0165
-0.005

6.6

6.68
6.52

0.0115
0.0072
0.0088
0.305
0.306
0.0612
0.0264
0.375
0.336

0.69
0.42

0.0282
0.123
-0.001
0.0011
0.044
0.0608
0.0568
0.0018
0.0045

Iron
(mg/l)
0.122
0.0819

823
904

863
889
788

818

936
0.531
0.643
297
347
340

4.24
4.12
228
227

463
573
7.22
37

0.0628
0.0436

102

108
117

0.0255 _,
0.152

Nickel
(mg/l)

-0.0151
-0.0151

5.7

6.23
9.62
10.5
2.5

2.66
2.55
0.792
0.701
1.41
1.28
1.35

0.0199
0.0232
0.313
0.313

1.65
1.66

-0.0151
-0.0151
-0.0151
-0.0151
0.0899
0.0702
0.081

-0.0151
-0.0151

STATISTICAL SUMMARY

Shallow Wells
Min 2.2

Max 7.3

Avg 4.9

107.0
6,520.0
2,786.6

22.3
9,370.0
2,631.7

-0.014
319

77.27

-0.002
6.68
0.94

0.026
936

282.67

-0.015
6.23
1.16

Deep Wells
Min 3.1
Max 6.9
Avg 4.7

1,250.0
7,560.0
4,758.0

617.0
9,900.0
5,363.6

0.02
310

144.21

-0.005
0.123
0.034

7.22
889

418.64

-0.015
10.5
4.30

Notes: NS = not sampled
nm = not measured
SU= standard unit
Negative values represent concentrations below the detection limit.
Paired wells are designated with an "s" suffix for shallow well and a "d" suffix for deep well.
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Doc Date Dooid , Title/Subject
01/01/0001 43962 Carson River chronology-chron. hist, of Carson River & related water issues

01/01/0001 43967 Table 1 - length of stream polluted, pounds of trout eradicated by mine

pollution & future potential fishing use of downstream waters if mine pollution

abated (Leviathan & Bryant Creeks)

01/01/0001 45212 Plans & rpts produced in NRDA-performed according to 43 CFR part 2

01/01/0001 45823 Addendum to site 5-year workplan

12/01/0001 77100 Memo: Transmits USGS data fr sampling of Leviathan providing an idea of

water quality at points throughout site, w/ attachment

7/9/52 76148 Ltr: Results of tests on water samples taken from Aspen Cr. & Leviathan Cr.

9/24/52 75535 Memo:Decision not to stock fish in Poison Creek, w/stocking record for

Mountaineer Creek, 9/24/52

2/1/53 45833 Supplementary report on Leviathan Sulphur Mine

8/27/54 76149 Ltr: Complaints of dead fish in Leviathan Creek have been received

6/30/55 76153 Ltr: Money requested in 1955-56 budget to investigate reported pollution

problem occurring in Leviathan Creek

9/19/55 76132 Nevada Division of Wildlife-Stream Survey, Bryant Creek

6/25/57 45224 Fish population inventory-Leviathan Creek

6/26/57 43989 Rpt on investigation of interstate pollution-Leviathan Creek & E. Carson River

(CA & NV) with special reference to biological findings (6/24-6/26/57) w/TL

to J Leggett fr R Poston 8/21/57

2/18/58 76151 Ltr: Transmits laboratory results obtained fr Leviathan Creek samples

collected 9/27/57, w/ enclosure

4/25/58 76152 Summary rpt on quality of interstate waters, Leviathan Creek w/ TL to M

Merrill for R Foster

7/1/58 45223 Bioassay rpt (to determine toxicity to fish)-Leviathan Creek

7/1/58 76134 Stream & lake survey, biological & physical data work sheet-Bryant Creek,

w/rpt, Leviathan Creek bioassay by SJ Coli

1/1/59 43992 Report of Leivathan Creek Pollution-1959

"<;Dr:""' i'":: t"::i c r r r r '
Author SAP Avail. DSR Avail.

NV Dept of Conserv. & Nat. Res.-Div. of Water Planning

Environmental Protection Agency- Region 9

CA Regional Water Quality Control Board-Lahontan Reg.

Gerard Thibeault-CA Regional Water Quality Control

Board-Lahontan Region

W White-NV Dept. of Health

George Coyan

James Wilson-Anaconda Minerals Co.

R Paul-Ca Dept. of Fish & Game

John Leggett-CA Regional Water Quality Control Board

Lahontan Region

NV Dept of Conservation & Nat. Res.-Division of Wildlife

John Wilson-US Public Health Service

E Reinke-CA Dept of Public Health

US Public Health Service

SColi

NV Dept of Conservation & Natural Resources

Division of Wildlife

Thomas Trelease-NV Fish & Game Commission
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8/13/59 76246 Report of mineral examination-Anaconda unpatented claims, w/o claim map

9/21/65 45834 Ltr: CRWQB actions with Anaconda Copper Co & C Mann & Assoc

re Leviathan sulphur mine drainage & sources of contamination, w/o attchs

G Plumb
i: '

John Leggett-CA Regional Water Quality Board

Lahontan Region

John Leggett-CA Regional Water Quality Board

Lahontan Region

John Leggett-CA Regional Water Quality Board

Lahontan Region

2/3/69 76289 Ltr: Resolution 69-9 ordering Alpine Mining enterprises to cease & desist

violation of waste discharge requirements adopted by Board & transmits

Resolution 69-9, w/attch

2/24/69 76290 Ltr. Transmits portion of Lahontan Regional Water Quality Board meeting

minutes, CA Department of Fish & Game rpt & water quality data, w/attchs

7/24/69 45861 Geological rpt on source of mineral water for tunneling-site (draft)

w/ marginalia

4/19/80 77098 Leviathan Mine surface rights drawing, w/BLM geographic index of claims &

claimants & Leviathan Mineral survey #6365 A & B parcel location maps

8/13/80 76199 Memo: Leviathan Mine assessors data, w/attch

6/1/82 77096 USGS hydrogeotechnical program, w/lab analytical sheets, USGS 6/82 survey

test drilling rpt, attchs & marginalia

5/24/83 45808 Ltr: Comments re draft environmental impact report (EIR)-site pollution

abatement project

7/27/83 45236 Memo: Transmits 7/22/83 Itr re status of water quality cleanup, w/attchs

8/23/83 76236 Aerial Photo: Site before Regional Water Quality Control Board Project, b&w

1:12000

10/25/84 76237 Aerial Photo: Site during Regional Water Quality Control Board project, b&w

1:12000

7/1/86 76242 Excerpt fr Fishery management plan for Lahontan cutthroat trout

(salmo clarki henshaw) in California & western Nevada waters (p 41-Carson

River sub-basin)

5/1/87 44391 Chapter: Mining (100 years of history, recreation lore in Alpine County, CA

1864-1964, p43, Centenniel Book Committee)

7/1/88 75472 Mining waste study, final rpt (section 5.6-Leviathan Mine p 221-228) Univ of California-Berkeley

1/1/89 45942 Final revised analyses of major & trace elements fr acid mine waters in Leviathan James Ball/D Nordstrom-US Dept of Interior Geological Survey

US Dept of the Interior-Bureau of Land Management

Julie Vankleeck-CA Regional Water Quality Board-Lahontan

US Dept of the Interior-Geological Survey

Richard Krablin

Anaconda Minerals Co.

Kathleen Gnekow, CA Dept of Justice-Office of Atty. Gen.

Cartwright Aerial Surveys, Inc.

Cartwright Aerial Surveys, Inc.

Eric Gerstung-CA Dept of Fish & Game
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10/1/90 75526 Ltr: Decision re listing of impaired water & point sources for California-

Leviathan Mine listed as point source, w/o encls

1/1/91 75475 Preliminary assessment, final report

1/4/91 45241 ROC: Site activity information sought for purpose of site screening

5/1/91 45232 Preliminary assessment (PA) site-final rpt, w/ appendices A-D, w/o oversize

map

1/1/92 45941 Thesis - ground conductivity study of Leviathan sulphur mine (draft)

w/marginalia

6/4/93 45939 Article: Transport & natural attenuation of Cu, Zn, As & Fe in acid mine

drainage of Leviathan & Bryant Creeks w/ marginalia

4/5/95 45234 Maps: Assessors - Alpine Co (1951-1995)

8/25/95 45231 Aquatic invertebrate bioassessment monitoring of acid mine drainage

impacts in Leviathan Creek watershed-technical rpt

5/20/97 76240 Ltr: Pond 4 discharge identified as hazardous waste under RCRA &

transmits scientific & regulatory analysis of Pond 4 discharge, w/ enclosures

5/27/97 45233 Ltr: petition & supporting data for issuanceof administrative order re site

pollution abatement project, w/encls

8/15/97 73836 Lahontan CRWQCB water sample sites & list of sampling sites & list for data

summary sheets, w/maps, chain of custody forms & analytical rpts, (12-95-

8/97)

10/11/97 47737 Pollution report (POLREP) 2

10/25/97 47739 Pollution report (POLREP) #4

10/25/97 47740 Pollution report (POLREP) #5

1/1/98 44348 Trace-element enrichment in streambed sediment & crayfish, Carson &

Truckee Rivers, NV & CA (9/92), w/ draft-occurrence of trace elements

in Bryant Creek drainage basin

r :i r
Doug Eberhardt-Environmental Protection Agency-Region 8

Greystone Development Consultants, Inc.

Angela Harris-CA Dept of Health Services-Hazardous

Waste Management Services

Greystone Development Consultants, Inc.

Kevin Graves-California State Univ-Sacramento

D Nordstrom/Kathleen Smith-US Geological Survey

Jenny Webster-Institute of Environmental Health &

Forensic Science

Alpine County - Assessors Office

David Herbst-Univ of California-Sierra Nevada Aquatic

Research Laboratory

J Akenhead-Akenhead Compliance & Environmental Services

John Martin

Beavers & Young

California Laboratory Services

Dan Suter-EPA Region 9

Dan Suter-EPA Region 9

Dan Suter-EPA - Region #5

Stephen Lawrence-US Dept of the Interior-Geological Survey

1/1/98 45282 Water quality in Las Vegas valley area & Carson & Truckee River basins, NV Hugh Sevens/Stephen Lawrence/Michael Lico
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4/5/98 45164 Map: Proposed data sites-1998 (Doud Creek, Bryant Creek, Barney Riley

Creek, Mountaineer Creek, Leviathan Creek)

5/4/98 44409 Memo: Site water sampling program w/ ends

5/6/98 75529 Contact rpt re Lahontan cutthroat trout in Carson River basin

6/2/98 76260 Ltr. Water filled pit discovered in upper reaches of Aspen Creek during

site visit & transmits map showing CA Water Quality Control Board

water sampling locations, w/ ends

7/6/98 45955 Ltr: Transmits 2 Excel 5.0 files-flowsheetels & ndep.xls & 3.5 in computer

disc w/attch

8/25/98 45167 Memo: Transmits sediment pore water sampling-rationale & technique, w/

acute toxicity of site water to rainbow trout under static-renewal test

conditions & pollution incident daily resource rpt (govt personnel travel

expenses) & TLs

9/11/98 45149 Ltr: Transmits & discusses initial study & notice of preparation of draft

environmental document for proposed amendments to water quality control

plan for Lahontan Basin w/encls

9/29/98 47741 Pollution report (POLREP) #6 (FINAL)

10/1/98 45616 Site stream monitoring program-spring 1998

10/28/98 44542 Ltr: Suggests sharing Bryant Creek total maximum daily loads (TMDLs) with

Leviathan Mine Coundl re proposed basin plan amendments, w/ marginalia

11/12/98 45946 Computer Disc: Site Water quality data (5/29/98-11/12/98), 3.5 inces

11/19/98 45144 Ltr: Transmits site water quality tables & surface water sampling plan for

Leviathan Mine, water year 1998, w/attchs

3/8/99 75516 Ltr: Fish captured in upper Leviathan Creek Derived fr cutthroat trout &

transmits results of genetic analysis, w/ end

3/17/99 76263 Ltr: DMA results from fish captured in upper Leviathan Creek confirmed

that it was derived from Lahontan cutthroat trout evolutionary lineage

Mary Marks-US Forest Service

Karen Johnson-Ecology & Environment, Inc.

Mary Marks-US Forest Service-Humboldt-Toiyabe National

Forest

Carol Yeatman-Washoe Tribe of Nevada & California

Gene Mandni-Atlantic Richfield Co

Robert Dodds-CA Regional Water Quality Control Board-

Lahontan Region

Dan Suter-EPA - Region 9

SRK Consulting

Jacques Landy-EPA - Region 9

Kevin Mayer-EPA - Region 9

Chris Stetler-CA Regional Water Quality Control Board-

Lahontan Region

Jonathan Clark-CA Dept of Fish & Game-Office of Spill

Prevention & Response

Stafford Lehr-CA Dept of Fish & Game

2/18/00 90771 Monthly work assignment rpts, 11/30/99-2/18/2000 Science Applications International Corp.
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Today is: 2/25/2002
# of documents: 460

LEVIATHAN MINE%

Site File Index In Chronological Order

c : : / " ' r
Page 1 of 48

Doc
Date Docid Title/Subject Author

01/01/0001 44578 List of Leviathan mill site & US Dept of the Interior-
lodes Bureau of Land

Management

Doc
Addressee Ace TYPe OU Phase Tracknbr

UNC SER/014A

PRP

01/01/0001 45540 Newsclipping: Wallace wins Geoff Doman
his 3rd term Record-Courier, The

REL 006 SER/014A

01/01/0001 44539 Mtg overheads - RI/FS Kevin Mayer
Environmental Protection
Agency - Region 9

REL 067 000022 SER/014A

01/01/0001 10110 Ltr: Transmits modification Keith Takata Harold Singer
to administrative abatement Environmental Protection CA Regional Water
action of 7/19/2000, docket Agency - Region 9 Quality Control Board •
#00-16(a), w/o ends Lahontan Region

REL 001 000028 SER/014A

01/01/0001 76227 Newsdip: Carson Valley
agricultural news - Bryant
Creek is polluted

Leonard Anker
US Dept of Agriculture -
Soil Conservation Service

UNC 006 000021 SER/014A

01/01/0001 76147 Map: Approximate location
of private property at
Leviathan Mine site -
showing parcels owned by
Alpine Mining Enterprises &
other parties

01/01/0001 45212 Plans & rpts produced in Environmental Protection
NRDA - performed Agency - Region 9
according to 43 CFR part 2

01/01/0001 44541 Statement of work (SOW)
for RI/FS

Kevin Mayer
Environmental Protection
Agency - Region 9

01/01/0001 44366 Pamphlet: Mining claims & US Dept of the Interior-
sites on federal lands Bureau of Land

Management

01/01/0001 43938 Site response enforcement Environmental Protection
strategy for removal action Agency - Region 9

01/01/0001 44382 Pamphlet: Alpine County Historical Society of Alpine
hi<sfnriral mmnlAY _ fnttnhthistorical complex -
museum, old Webster
School, old log jail - state
point of historic interest

01/01/0001 44359 Mogul mining index - books
c&d (1875-1891)re
Leviathan #2 & Leviathan
Copper Mine

01/01/0001 45222 Map: Pine nut allottments

County

UNC 004

DAC
DAW
DDP
REL 094

UNC 081

DAC 064
DAW
DDP
UNC 081

UNC

UNC 004

000021 SER/014A

000022 SER/014A
000031

000022 SER/014A
000029

000021 SER/014A

000021 SER/014A
000028

000021 SER/014A

000021 SER/014A

000020 SER/014A
000021



Today is: 2/25/2002

# of documents: 460

LEVIATHAN MINE%

Site File Index In Chronological Order
Page 2 of 48

Doc
Date Docid Title/Subject Author Addressee

01/01/0001 43962 Carson River chronology - NV Dept of Conservation &
chronological history of Natural Resources - Div of
Carson River & related Water Planning
water issues

01/01/0001 76031 Ltr: Notice of intent to Robert Hunter
perform natural resource US Dept of the Interior -
damage assessment (draft) Bureau of Indian Affairs

Doc
Ace

REL

Atlantic Richfield Co UNC 001

State of California

OU Phase Tracknbr

000021 SER/014A
000022

000021 SER/014A

PRP

Environmental Protection
Agency - Region 9

01/01/0001 44396 Monitor mining index -
books b& c(1863-1879)

01/01/0001 75545 Leviathan mill site survey
information

01/01/0001 43967 Table 1 - length of stream
polluted, pounds of trout
eradicated by mine pollution
& future potential fishing use
of downstream waters if
mine pollution abated
(Leviathan & Bryant
Creeks)

01/01/0001 45211 Areas of high, medium &
low overlap between EPA
site remediation process &
trustee NRDA process

01/01/0001 44106 Grant deed (partial) - Siskon Siskon Mining Corp
Mining Corp grants
Leviathan Mine property to
Calsul Mining Corp

01/01/0001 45823 Addendum to site 5-year CA Regional Water Quality
workplan Control Board - Lahontan

Region

12/10/0001 77100 Merr|o: Transmits USGS Gerard Thibeauit Carol Aiello
data fr sampling of CA Regional Water Quality
Leviathan providing an idea Control Board - Lahontan
of water quality at points Region
throughout site, w/attch

04/15/1870 44096 Deed - Leviathan Mine Aseneth Jones
property transfer fr A Jones
to E Dorsett

T Jones

UNC

UNC

REL

UNC

UNC 083

REL 010

REL 001
003
.013

UNC 083

000021 SER/014A

000021 SER/014A

000021 SER/014A
000022

000021 SER/014A
000022

000021 SER/014A

000022 SER/014A
000031

000021 SER/014A

000021 SER/014A

06/13/1870 44097 Deed - Leviathan Mine Aseneth Jones
property transfer fr A Jones
to F Morse

T Jones

UNC 083 000021 SER/014A

07/02/1870 44400 Newsdip: Success -
Leviathan

Alpine Chronicle REL 006 000021 SER/014A
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Today is: 2/25/2002
# of documents: 460 Site File Index In Chronological Order

Doc
°-3l§ Docid Title/Subject Author Addressee

08/13/1870 44402 Newsclip: Leviathan Alpine Chronicle

06/15/1871 44098 Deed - Leviathan Mine Freeman Morse
property transfer fr F Morse
to G Sharpe

06/15/1871 44099 Deed - Leviathan Mine George Sharpe
property transfer fr G
Sharpe to E Dorset

11/17/1871 44100 Deed - Leviathan Mine Edward Dorset
property transfer fr E Dorset
to G Sharpe

12/21/1871 44102 Deed (partial) - Leviathan
Mine property transfer fr A &
T Jones to G Sharpe

01/01/1872 44355 Excerpts fr Statistics of Rossiter Raymond
mines & mining in states & US Commission of Mining
territories west of Rocky Statistics
Mountains - 4th annual rpt
(1871), w/marginalia

03/09/1872 44403 Newsclip: Local intelligence Alpine Chronicle
- Leviathan

06/29/1872 44405 Newsclip: Local mining - Alpine Chronicle
Leviathan Mine

07/20/1872 44407 Newsdip: Local mining - Alpine Chronicle
Leviathan

05/02/1876 44103 Notice - Leviathan #2 mining B Kincaid
claim

01/22/1880 44104 Notice -Leviathan Copper J Mayo
Mine #29 claim

01/01/1888 44356 Excerpts fr 8th annual rpt of William Irelan
state mineralogist for year CA State Mining Bureau
ending 10/1/88

01/03/1888 44105 Notice of location - PCurtz
Leviathan Copper Mine
claim

12/01/1898 90718 Ar*icle: One page only re Engineering & Mining
formation of Leviathan Journal
Mining Co (Engineering &
Mining Journal, v66,
July-Dec 1 898, p405)

07/06/1907 90719 Article: Alternating current in George Wood
coal-mining operations Engineering & Mining

c; i

Ace

REL

UNC

UNC

UNC

UNC

UNC

REL

REL

REL

UNC

UNC

UNC

UNC

REL

REL

t ' C

Doc
Type ojj

006

083

083

083

083

008

006

006

006

083

083

008

083

073

005
073

' f :

Phase

000021

000021

000021

000021

000021

000021

000021

000021

000021

000021

000021

000021

000021

i;: : i

Tracknbr

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

SER/014A

Page 3 of 48

PRP

(Engineering & Mining Journal
Journal, v84, #1,1907)



Today is: 2/25/2002

# of documents: 460

LEVIATHAN MINE%

Site File Index In Chronological Order
Page 4 of 48

Doc
Date

Doc
Docid Title/Subject

12/24/1919 76037 Notice of desire to hold
mining claim by Leviathan
Copper System Trustees &
Jack Tehen

Author

Jack Tehen

Addressee

10/01/1931 44357 Excerpts fr chapter of Rpt Walter Bradley
27 of state mineralogist CA Dept of Natural
covering activities of division Resources - Div of Mines
of mines including geologic
branch (California Journal of
Mines & Geology, v27, #4,
490-491)

06/17/1932 76058 Notice of location of quartz Western Clay & Metals Co
or other rock in place claim,
Leviathan #19-22, by
Western Clay & Metals
Company
Notices of location & notices
of location of quartz or other
rock in place claim,
Leviathan #68-86, by
Leviathan Sulphur Co

06/26/1933 76064 Proof of labor upon mining Leviathan Sulphur Co
claim by Leviathan Sulphur
Company & Western Clay & Western Clay & Metals Co
Metals Company

Ace

UNC

UNC 008

OU Phase Tracknbr

000021 SER/014A

000021 SER/014A

PRP

05/18/1933 76062 Leviathan Sulphur Co

10/19/1933 76066

05/14/1935 76069

05/16/1935 44107

05/20/1935 76071

06/30/1936 76072

10/01/1939 44358

Notice of location of quartz
or other rock in place claim,
Leviathan #88, by Leviathan
Sulphur Company
Proof of labor on mining
claim by Leviathan Sulphur
Company

Agreement - Leviathan
Sulphur Co leases lode
mining claims to Calpine
Corp for 27 years
Notices of location,
Leviathan #19-22, 36, 55,
65 & 75, by Leviathan
Sulphur Company
Notice of work & jabor
completed in Leviathan
Mining District fr (7/1/35 to
6/30/36) by Calpine Corp
under lease fr Leviathan
Sulphur Company
Article: Sulphate minerals at
Leviathan Sulpur Mine,
Alpine Co, CA (California
Journal of Mines & Geology,
v35, #4, 488-489)

Howard Pyle
Leviathan Sulphur Co

E Bierce
Leviathan Sulphur Co

E Bierce
Leviathan Sulphur Co

Calpine Corp, The

George Gary
CA Dept of Natural
Resources - Div of Mines

UNC

UNC

UNC

UNC

UNC

UNC 083

UNC

UNC

UNC 073

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 ' SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A
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Doc
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Doc
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07/08/1941 76073 Notice of work & labor
completed in Leviathan
Mining District fr (7/1/40 to
6/30/41) by Calpine Corp
under lease fr Leviathan
Sulphur Company

12/10/1941 76074 Affidavit re assessment
work performed, (7/1/41 to
12/2/41), by Calpine
Corporation under lease fr
Leviathan Sulphur Company

12/10/1941 44108 Quit claim deed - Calpine
Corp surrenders to
Leviathan Sulphur Co lode
mining leases & rights of
way

Author

Calpine Corp, The

Hugh Wright
Calpine Corp, The

L Wickes
Calpine Corp, The

06/21/1943 76075 Notice of desire to hold
lode/placer mining claims by
Leviathan Sulphur Company

06/19/1945 76076 Notice of desire to hold lode
mining claims by Siskon
Mining Corporation

08/30/1945 76077 Notice of location of lode
mining claim by Siskon
Mining Corporation for
Leviathan #23

08/31/1945 44575 Certificate of location •
Siskon Mining Corp re
Leviathan mill site

09/01/1945 44576 Amended certificate of
location - Siskon Mining
Corp re Leviathan mill site

06/21/1946 76078 Notice of desire to hold lode
mining claims by Siskon
Mining Corporation

E Bierce
Leviathan Sulphur Co

Melyin McKinnon
Leviathan Sulphur Co

Alleene Schwartz
Siskon Mining Corp

L Wickes
Siskon Mining Corp

Hugh Wright
Siskon Mining Corp

06/25/1946 76079 Notice of desire to hold lode
mining claim by Siskon
Mining Corporation for
Leviathan #33

09/30/1946 76080 Notice of location of quartz
or other rock in place claim
& statement of markings of
boundaries & performance
of required discovery work
by Siskon Mining
Corporation

Hugh Wright
Siskon Mining Corp

Hugh Wright
Siskon Mining Corp

L Wickes
Siskon Mining Corp

L Wickes
Siskon Mining Corp

Alleene Schwartz
Siskon Mining Corp

Hugh Wright
Siskon Mining Corp

Addressee Ace y-E6- OU Phase Tracknbr

UNC 000021 SER/014A

PRP

UNC

UNC 083

UNC

UNC

UNC

UNC

UNC

UNC

UNC

UNC

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A
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Date

Doc
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04/18/1947 44579 Certificate of approval of
field notes & survey of
mining claim - Siskon
Mining Corp re Leviathan
mill site & lodes

04/18/1947 69708 Oversize Drawings (5):
• Mineral survey #6365 A &
B, 12"x17"

05/13/1947 44577 Survey (partial) - Siskon
Mining Corp re Leviathan
mill site & lodes

06/20/1949 76081 Proof of labor for mining
year ending 7/1/49 by
Siskon Mining Corporation

Author

US Dept of the Interior-
Bureau of Land
Management

US Dept of Interior -
Bureau of Land
Management

L Wickes
Siskon Mining Corp

Addressee

01/13/1950 44109 Land patent - Leviathan lode James Homer
mining & mill site claims by US Dept of the Interior -
Siskon Mining Corp Bureau of Land

Management

01/30/1950 44369

02/21/1950 44571

Grants Leviathan lode
mining & mill site claims to
Siskon Mining Corp

Mineral application for
sulphur, gold & copper by
Siskon Mining Corp re
Leviathan mill site & lodes

07/01/1950 76082 Notice of desire to hold
mining claim for year ending
7/1/50 by Siskon Mining
Corporation

11/30/1951 44110 Grant deed - Calsul Mining
Corp grants Anaconda
Copper Mining Co patented
lode mining claims, patented
mill site claim & property
Ltr: Results of tests on
water samples taken fr
Aspen Creek & Leviathan
Creek

09/24/1952 75535 Memo: Decision not to stock George Coyan
fish in Poison Creek,
w/stocking record for
Mountaineer Creek, 9/24/52 William White

07/09/1952 76148

US Dept of the Interior -
Bureau of Land
Management

Siskon Mining Corp

Mclntyre Faries
Calsul Mining Corp

W White
NV Dept of Health

A Millar
Anaconda Copper
Mining Co

Ace

UNC

CBR 003

UNC

UNC

UNC 083

UNC 083

UNC

UNC

UNC 083

REL 001

REL 001

Phase Tracknbr

000021 SER/014A

000022 SER/014A

SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000021 SER/014A

000020 SER/014A
000021

PRP

02/01/1953 45833 Supplementary rpt on
Leviathan Sulphur Mine

James Wilson
Anaconda Minerals Co

REL 013 000020 SER/014A
000021
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Doc
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08/27/1954 76149 Ltr: Complaints of dead fish
in Leviathan Creek have
been received

Author

RPaul
CA Dept of Fish & Game

06/30/1955 76153 Ltr: Money requested in
1955-56 budget to
investigate reported
pollution problem occurring
in Leviathan Creek

09/19/1955 76132 Nevada Division of Wildlife
stream survey - Bryant
Creek

Addressee

John Leggett
CA Regional Water
Quality Control Board •
Lahontan Region

John Leggett Thomas Trelease
CA Regional Water Quality NV Fish & Game
Control Board - Lahontan Commission
Region

NV Dept of Conservation &
Natural Resources - Div of
Wildlife

Ace

REL 001

REL 001

REL 003

OU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

PRP

12/01/1955 45851 Article: Mining with Lewis Nordyke
Anaconda in NV (Explosives Explosives Engineer, The
Engineer, 167-182)

06/25/1957 45224 Fish population inventory -
Leviathan Creek

John Wilson
US Public Health Service

06/26/1957 43989 Rpt on investigation of
interstate pollution -
Leviathan Creek & E Carson
River (CA & NV) with
special reference to
biological findings
(6/24-6/26/57), w/TL to J
Leggett fr R Poston 8/21/57

07/10/1957 76455 Ltr: Complaints received at Robert Montgomery
annual fish planting
allotment meeting re
Leviathan Creek pollution,
w/testimonials fr fisherman
12/68

07/10/1957 43991 Ltr: Annual fish planting
allottment meeting
complaints re Leviathan
Creek pollution

Robert Montgomery

02/18/1958

04/25/1958

76151 Ltr: Transmits laboratory EReinke
results obtained fr Leviathan CA Dept of Public Health
Creek samples collected
9/27/57, w/encl

76152 Summary rpt on quality of
interstate waters, Leviathan
Creek, w/TL to M Merrill fr R
Foster

US Public Health Service

07/01/1958 76134 Stream & lake survey,
biological & physical data
work sheet - Bryant Creek,
w/rpt, Leviathan Creek
bioassay by S J Coli

REL 005
073

REL

REL 001

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

John Leggett
CA Regional Water
Quality Control Board •
Lahontan Region

John Leggett
CA Regional Water
Quality Control Board •
Lahontan Region

NV Dept of Conservation &
Natural Resources - Div of
Wildlife

UNC 001

UNC 001

REL 001

REL 001
003

REL 003

000021 SER/014A

000021 SER/014A
000022

000021 SER/014A

000021 SER/OHA

000021 SER/014A

000021 SER/014A

000021 SER/OHA

000021 SER/OHA
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07/01/1958 45223 Bioassay rpt (to determine
toxicity to fish) - Leviathan
Creek

01/01/1959 43992 Rpt of Leviathan Creek
pollution-1959

Author

SColi

Thomas Trelease
NV Fish & Game
Commission

Doc
Addressee Ace

REL 004

REL

OU Phase Tracknbr

000021 SER/OHA
000022

000021 SER/OHA

PRP

08/13/1959 76246 Rpt of mineral examination - G Plumb
Anaconda unpatented
claims, w/o claim map

10/07/1959 76248 Ltr: Transmits signed
stipulation form indicating
that Forest Service
recognizes Anaconda's
surface rights on claims,
w/attchs

03/07/1962 45940 Shallow groundwater flow in
vicinity of open pit at site
(draft) w/marginalia

Floyd Iverson
US Forest Service -
Intermountain Region

11/19/1962 76154 Sale of Leviathan mining
claims - Indenture between
Anaconda Company &
William Chris Mann & Zella
N Mann

05/15/1963 44112 Deed - Property exchange
between Grant & Angle
Merrill & Alpine Mining
Enterprises

Dale Hammermeister
US Geological Survey

David Prudic
US Geological Survey

Anaconda Co

Grant Merrill

Angie Merrill

J Forman
Anaconda Co

REL

UNC 001

CA Regional Water REL
Quality Control Board -
Lahontan Region

UNC

UNC 083

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA

000021 SER/OHA

07/09/1963 76159 Ltr: Compliant fr Brooks
Park re drainage fr
Leviathan Mine tailings
seeping to Bonnie O'Riley
Creek & into his irrigation
system

01/01/1964 44397 Excerpt fr Rpt on history of
Grover Hot Springs State
Park area & surrounding
region of Alpine County

W White
NV Dept of Health

Turrentine Jackson
CA Dept of Parks &
Recreation - Div of
Beaches & Parks

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

UNC 001

UNC 008

000021 SER/OHA

000021 SER/OHA
000022

Chris Mann
Alpine Mining Enterprises,
Inc

02/04/1964 44118 Deed - patented &
unpatented Leviathan
mining claims & mill site
granted fr Alpine Mining
Enterprises to Lloyd E Neel Zella Mann

Alpine Mining Enterprises,
Inc

UNC 083 000021 SER/OHA
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Doc
Date

Doc
Docid Title/Subject Author

Margaret Neel
Alpine Mining Enterprises,
Inc

Addressee

02/13/1964 44115 Certificate - Alpine Mining
Enterprises authorizes
transfer of corporate assets
(patented & unpatented
Leviathan mining claims &
mill site) to L Neel

02/18/1964 43986 Ltr: Requests status of
Anaconda Mining properties
compliance with 12/20/62
Water Pollution Control
Board standards

09/30/1964 44119 Quitclaim deed - patented
Leviathan lode mining
claims #16 & #30
transferred fr Lloyd Neel to
Robert Parker, w/exhibits A
&B

10/30/1964 44120 Quitclaim deed - Leviathan Lloyd Neel
lode mining claims #14 & Alpine Mining Enterprises,
#15 transferred fr Lloyd Neel |nc
to Eva Wasson, w/exhibits A
&B

Ace ^E®- OU Phase Tracknbr

UNC 083 000021 SER/OHA

PRP

Thomas Trelease
NV Fish & Game Dept

Lloyd Neel
Alpine Mining Enterprises,
Inc

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

10/30/1964 44122 Quitclaim deed - Leviathan Lloyd Neel
lode mining claims #19 & Alpine Mining Enterprises,
#20 transferred fr Lloyd Neel inc
to Geodesic Structures,
w/exhibits A & B

04/10/1965 44123 Quitclaim deed - unpatented Lloyd Neel
Leviathan lode mining Alpine Mining Enterprises,
claims transferred fr Alpine inc
Mining Enterprises to Robert
Parker Margaret Neel

Alpine Mining Enterprises,
Inc

UNC 001

UNC 083

UNC 083

UNC 083

UNC 083

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

09/21/1965 45834 Ltr: CRWQB actions with
Anaconda Copper Co & C
Mann & Assoc re Leviathan
sulphur mine drainage &
sources of contamination,
w/o attch

03/25/1966 44125 Indenture - portion of
Leviathan #16 lode mining
claim sold to Eva Wasson
by Robert & Catherine
Parker

John Leggett CA Regional Water REL 001
CA Regional Water Quality Quality Control Board -
Control Board - Lahontan Lahontan Region
Region

Robert Parker UNC 083

Catherine Parker

000021 SER/OHA
000022

000021 SER/OHA

12/07/1966 44126 Grant deed - Leviathan #21 Grant Merrill
& #22 patented mine lode
claims sold to Anne Palmer
by Grant & Angie Merrill Angie Merrill

UNC 083 000021 SER/OHA
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08/18/1967 44135

03/06/1968 44136

11/12/1968 43964

Purchase agreement -
Alpine Mining Enterprises
grants right to US Borax &
Chemical Co to prospect &
evaluate mineral deposits,
w/patented & unpatented
Leviathan claim maps
Amendment of purchase
agreement (8/18/67)-
Alpme Mining Enterprises
extends date for US Borax
& Chemical Co to prospect
& evaluate mineral deposits,
w/patented & unpatented
Leviathan claim maps
Ltr: Requests history of
Leviathan Creek fish &
wildlife habitat

Author

Lloyd Neel
Alpine Mining Enterprises,
Inc

Doc
Addressee

Lloyd Neel
Alpine Mining Enterprises,
Inc

Fred McLaren
CA Regional Water Quality
Control Board - Lahontan
Region

Ace

UNC 004
083

OU Phase Tracknbr

000021 SER/OHA

PRP

UNC 083 000021 SER/OHA

Arthur Brown
CA Dept of Fish & Gam

UNC 001 000021 SER/OHA
000022

11 /24/1968 44340 Ltr: Responds to request for
information re Leviathan
Creek prior to mine pollution
w/TL to D Walsh fr P Tuttle
1/30/98

11/24/1968 75530 Ltr: Response to request for
information re Leviathan
Creek prior to pollution by
mine - historic facts of
Leviathan Creek

Arthur Brown
CA Dept of Fish & Game

Arthur Brown
CA Dept of Fish & Game

Fred McLaren
CA Regional Water
Quality Control Board •
Lahontan Region

Fred McLaren
CA Regional Water
Quality Control Board •
Lahontan Region

11/25/1968 76163 Rpt on pollution of Leviathan CA Regional Water Quality
Creek caused by Leviathan Control Board - Lahontan
Mine Region

12/06/1968 76164 Ltr: Relationship between John Leggett J Cook
US Borax & Chemical Corp CA Regional Water Quality Alpine County - Office
& Alpine Mining Enterprises, Control Board - Lahontan of District Attorney
Inc re ownership of Region
Leviathan Mine

12/20/1968 43968 Ltr: Arrangements for acid
mine specialist to provide
technical assistance

Richard O'Connell
US Dept of the Interior -
Federal Water Pollution
Control Administration

Kerry Mulligan
CA Water Resources
Control Board

UNC 001

UNC 001

UNC 008

UNC 001

UNC 001

000022 SER/OHA

000020 SER/OHA
000021

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

12/21/1968 44558 Testimonials of fishermen re
Leviathan Creek pollution
(12/6/68-12/21/68)

02/03/1969 76289 Ltr: Resolution 69-9 ordering John Leggett
Alpine Mining enterprises to CA Regional Water Quality
cease & desist violation of
waste discharge
requirements adopted by
Board & transmits
Resolution 69-9, w/attch

Control Board - Lahontan
Region

UNC 001
051

JCook
Alpine County - Office
of District Attorney

REL 001

000021 SER/OHA
000031

000021 SER/OHA

1 I I
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Doc
Date

Doc
Docid Title/Subject Author Addressee

02/24/1969 76290 Ltr: Transmits portion of
Lahontan Regional Water
Quality Control Board
meeting minutes, CA
Department of Fish & Game
rpt & water quality data,
w/attchs

04/18/1969 76166 Ltr: Transmits 11/13/68 Itr to
Brooks Park re forage
production on his ranch,
w/encl

John Leggett J Cook
CA Regional Water Quality Alpine County - Office
Control Board - Lahontan of District Attorney
Region

Ace

REL 001
003
067

OU Phase Tracknbr

000021 SER/OHA

PRP

Gail Munk
Douglas County, NV -
Extension Service

06/12/1969 43980 Ltr: Requests information for John Leggett

Fred McLaren
CA Regional Water
Quality Control Board -
Lahontan Region

Raymond Arnett

UNC 001

use in legal action against CA Regional Water Quality CA Dept of Fish & Gam
Control Board - Lahontan

UNC 001

Alpine Mining Enterprises re
fishery resource of
Leviathan & Bryant Creeks
& E Fork Carson River

06/27/1969 75778 Memo: Leviathan Mine
pollution - response to
request for information re
fishery resource of
Leviathan Creek, Bryant
Creek & East Fork Carson
River, w/ltr to R Arnett fr J
Leggett 6/12/69 & Itr to K
Mulligan fr R O'Connell
12/20/68

06/27/1969 76173 Ltr: Responds to request for
information re effect of
Leviathan Mine wastes on
fish, aquatic life & wildlife
(Leviathan & Bryant Creeks
& E Fork Carson River),
w/ltr to R Arnett fr J Leggett
6/12/69 & Itr S Davis frT
Trelease 6/18/69

Region

James Leiby
CA Dept of Fish & Game

James Leiby
CA Dept of Fish & Game

06/27/1969 43973

06/27/1969 43970

07/24/1969

07/30/1969

Ltr: Responds to request for
information re effect of
Leviathan Mine wastes on
fish, aquatic life, & wildlife
(Leviathan & Bryant Creeks
& E Fork Carson River)
Ltr: Confirms Nevada Fish &
Game cooperation re
Leviathan Mine pollution
abatement proceedings, w/o
end

45861 Geological rpt on source of
mineral water fr tunneling -
site (draft) w/marginalia

43982 Ltr: Responds to request for
information re fishery
resource of Leviathan &
Bryant Creeks & E Fork
Carson River

James Leiby
CA Dept of Fish & Game

James Leiby
CA Dept of Fish & Game

Raymond Amett
CA Dept of Fish & Game

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

UNC 001

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

Frank Groves
NV Fish & Game
Commission

John Leggett
CA Regional Water
Quality Control Board -
Lahontan Region

UNC 001 000021 SER/OHA

UNC 001

UNC 001

REL

UNC 001

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA
000022

000021 SER/OHA
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07/30/1969

Doc
Docid Title/Subject

76176 Ltr: Responds to request for
information re fishery
resource of Leviathan &
Bryant Creeks & E Fork
Carson River, w/attchs

09/19/1969 76136 Memo: Pollution in
Leviathan Creek &
conversation with Emmet
Matthews, w/statements of
2 fishermen

Author

Raymond Arnett
CA Dept of Fish & Game

Thomas Trelease
NV Fish & Game Dept

09/26/1969 45856 Rpt on site hydrologic study RArt
(5/14/69-9/26/69) CA Water Resources

Control Board - Div of
Water Rights

Addressee Ace

John Leggett UNC
CA Regional Water
Quality Control Board -
Lahontan Region

NV Fish & Game Dept UNC

REL

001
003

001
013
051

003
004

10/17/1969 45886 Geological rpt on source of
mineral water fr Leviathan
Mine

09/01/1970 76097

10/07/1971 76179

01/01/1973 90723

09/11/1973 44137

Statement of proof of labor
for assessment year
beginning 9/1/70 & ending
9/1/71 for Alpine Mining
Enterprises, Inc
Ltr: Request for clarification
re EPA demonstration grant
& mining operations for
period of correction
activities
Personal property
ownership records,
w/marginalia
Corporation grant deed -
Alpine Mining Enterprises
grants Copper Bar Quartz
Mine to Ernest & Eva
Wasson

A Franks REL 008

Alpine Mining Enterprises, UNC
Inc

James Neel Bertram Buzzini UNC 001
Alpine Mining Enterprises, CA Dept of Justice
Inc

US Forest Service REL

Margaret Neel UNC 083
Alpine Mining Enterprises,
Inc

James Neel
Alpine Mining Enterprises,
Inc

OU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA

SER/OHA

000021 SER/OHA

PRP

10/05/1973 76226

03/18/1974

List of Leviathan Mine
parcel numbers & owners,
(12/19/60-10/5/73),
w/handwritten notes re
owners & parcel numbers

76286 History of mining operations,
w/TL to P Jones fr R
Hampson 3/18/74, ends &
marginalia

01/01/1975 76674
& Bryant Creeks & East
Fork Carson River caused
by Leviathan Sulphur Mine
(oversize drawings only)

egional Water Quality
Control Board - Lahontan
Region

UNC 013

UNC 001
003
004
008

UNC 003
004

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA
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01/01/1975

Doc
Docid Title/Subject

76278 RP'on pollution of Leviathan
& Bryant Creeks & East
Fork Carson River caused
by Leviathan Sulphur Mine,
w/o oversize drawings

Author

CA Regional Water Quality
Control Board - Lahontan
Region

Addressee

01/01/1975 45829 Rpt on pollution - Leviathan
& Bryant Creeks & East
Fork Carson River caused
by Leviathan sulphur mine,
w/marginalia

01/20/1975 76146 Statement by Nevada
Department of Fish & Game
relative to Leviathan Mine
pollution problem

01/23/1975 76186 Public hearing re condition
of pollution or nuisance in
matter of Anaconda
Leviathan Sulphur Mine,
1/23/75

CA Regional Water Quality
Control Board - Lahontan
Region

NV Fish & Game Dept

CA Regional Water Quality
Control Board - Lahontan
Region

03/03/1975 76190 Ltr: Anaconda's mining
operation at Leviathan

03/27/1975 76195 CRWQCB Lahontan Region
resolution #75-3 - referring
matter of Anaconda
Leviathan Sulfur Mine to
State Water Resources
Control Board, w/note re
persons to contact &
directions 8/12/75

06/01/1977 44352 Excerpts fr County rpt 8-
mines & mineral resources
of Alpine Co, CA

Hubert Bruns
Alpine County - Board of
Supervisors

CA Regional Water Quality
Control Board - Lahontan
Region

Michael O'Callaghan
NV Office of the
Governor

CA Dept of Conservation •
Div of Mines & Geology

06/01/1979 45221 Excerpts fr Feasibility study Skelly & Loy
for abatement of pollution fr
site - final rpt

04/19/1980 77098

08/13/1980 76199

08/26/1980 76245

Leviathan Mine surface
rights drawing, w/BLM
geographic index of claims
& claimants & Leviathan
mineral survey #6365 A & B
parcel location maps
Memo: Leviathan Mine
assessors data, w/attch

Ltr: Transmits orthoquad
with flight lines & model
'control target locations &
California grid coordinates
for targets, w/encls &
marginalia

US Dept of the Interior -
Bureau of Land
Management

Julie Vankleeck
CA Regional Water Quality
Control Board - Lahontan
Region

Ace

UNC 003
004
008

REL 003
004
008

UNC

UNC 067

UNC 001

UNC 001

OU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

PRP

CA Regional Water
Quality Control Board •
Lahontan Region

Chuck White
CA Regional Water
Quality Control Board -
Lahontan Region

Max Montgomery Charles White
US Forest Service - CA Regional Water
Humboldt-Toiyabe National Quality Control Board •
Forest Lahontan Region

UNC 003
073

REL 099

REL 003
004

REL 001
013

UNC 001
004

000021 SER/OHA

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA
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Doc
Date

09/11/1980

Doc

10/01/1980

Docid Title/Subject

76205 CRWQCB Lahontan Region
resolution 80-6, authorizing
executive officer to
negotiate & execute
contracts for site closure,
cleanup & abatement &
maintenance of Leviathan
Mine

45943 Ltr: Preliminary results of
geophysical surveys at site
w/attchs

Author Addressee

CA Regional Water Quality
Control Board - Lahontan
Region

Ace

UNC

OU Phase Tracknbr

000021 SER/OHA

PRP

10/21/1980 76255 Leviathan Mine, rpt of
survey, w/Department of
Water Resources survey
note forms (9/15/80-
10/21/80) & marginalia

11/18/1980 44138 Individual quitclaim deed - Angie Merrill
Angie Merrill releases to
Angie T Merrill Revocable
Intervivos Trust claim to
property (south of west fork
of Carson River), w/exhibit A

Kit Custis Catherine Schoen
CA Dept of Conservation - CA Regional Water
Office of Mine Reclamation Quality Control Board •

Lahontan Region

US Forest Service

11/18/1980 44139

03/12/1981 76208

04/29/1981 77097

09/17/1981 76213

01/01/1982

03/15/1982

46121

45893

Individual quitclaim deed -
Angie Merrill releases to
Angie T Merrill Revocable
Intervivos Trust claim to
Leviathan #22 Quartz Mine
situate, w/exhibit A
CRWQCB Lahontan Region
meeting of 3/12/81,
Tahoe-Truckee Sanitation
Agency - status rpt on
Leviathan Mine pollution
abatement project, w/attch
Leviathan Mine rpt of survey
made during 9/80,
w/Proposal for collection of
basic records &
geochemical aspects,
Leviathan Mine, 4/29/81
CRWQCB Lahontan Region
meeting of 9/17/81, Bishop -
Leviathan Mine pollution
abatement project - notes of
discussion
Description of construction
work alternatives - pit, waste
dump & spoil area
USGS hydrogeotechnical
program w/marginalia

Angie Merrill

CA Regional Water Quality
Control Board - Lahontan
Region

US Dept of the Interior -
Geological Survey

CA Regional Water Quality
Control Board - Lahontan
Region

US Dept of the Interior-
Geological Survey

REL 001
003

UNC 003
004
008

UNC 083

UNC 083

UNC 067

UNC 003
008

UNC 067

REL 003
004

REL

000022 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000022

000022

SER/OHA

SER/OHA
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Doc
Date

Doc
Docid Title/Subject

06/01/1982 77096 USGS hydrogeotechnical
program, w/lab analytical
sheets. USGS 6/82 survey
test drilling rpt, attchs &
marginalia

08/17/1982 44385 Memo: Site visit with F
Keith, Leviathan Mine
manager fr 1953-1957 re
site conditions prior to pit
opening

Author

US Geological Survey

12/23/1982 44140

01/01/1983 45944

04/01/1983 44389

04/01/1983 75543

04/01/1983 76235

04/14/1983 76221

05/01/1983 45807

Addressee

Individual quitclaim deed -
Angie T Merrill Revocable
Intervivos Trust releases to
Austin, Robert & Stuart
Merrill claim to Leviathan
#22 Quartz Mine, w/exhibit
A
Thesis - historical &
environmental geologic
study of Leviathan Creek
basin landslide
Site pollution abatement
project - design rpt & draft
environmental impact rpt
(EIR)

Excerpt fr Leviathan Mine
pollution abatement project,
design rpt & draft
environmental impact rpt
(chapter 2, p 2-1 - 2-6)
Excerpts fr Leviathan Mine
pollution abatement project,
design rpt & draft
environmental impact rpt (p
2-5-2-7, 2-15-2-20 &
maps/drawings)
CRWQCB Lahontan Region
meeting of 4/14/83, Bishop -
Leviathan Mine pollution
abatement project - notes of
discussion, w/resolution
#83-3 requesting CA
Attorney General to initiate
appropriate legal
proceedings against
Anaconda Minerals
Site pollution abatement
project - final environmental
impact rpt (EIR)
(supplement) w/appendices
A-C

Gerard Thibeault Roy Hampson
CA Regional Water Quality CA Regional Water
Control Board - Lahontan Quality Control Board
Region

Angie Merrill

Ace

REL 001
003
004
013

UNC 001

UNC 083

OU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

PRP

John Sciacca
Univ of California, Davis

Brown & Caldwell
Consultants

Brown & Caldwell

Brown & Caldwell

CA Regional Water
Quality Control Board •
Lahontan Region

CA Regional Water
Quality Control Board •
Lahontan Region

CA Regional Water
Quality Control Board •
Lahontan Region

CA Regional Water Quality
Control Board - Lahontan
Region

Brown & Caldwell
Consultants

REL 003

REL 057

UNC 057

UNC 003
004
008

UNC 067

000022 SER/OHA

000022 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

CA Regional Water
Quality Control Board •
Lahontan Region

REL 001
045
057

000022 SER/OHA
000031
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Doc
Date Docid Title/Subject

05/24/1983 45808 Ltr: Comments re draft
environmental impact rpt
(EIR) - site pollution
abatement project

Author

Richard Krablin
Anaconda Minerals Co

Doc
Addressee

Gerard Thibeault
CA Regional Water
Quality Control Board •
Lahontan Region

Ace

REL 001
045

OU Phase Tracknbr

000021 SER/OHA
000022

PRP

07/26/1983 44639 Settlement & release of
liability agreement, w/copy
of check & TL fr J Landy to
J Martin 7/11/97

Kathleen Gnekow
CA Dept of Justice - Office
of the Attorney General

Paul Christensen
CA Regional Water Quality
Control Board - Lahontan
Region

James Marvin
Atlantic Richfield Co

UNC 001 000021 SER/OHA

07/27/1983 45236 Memo: Transmits 7/22/83 Itr Kathleen Gnekow Gerard Thibeault
re status of water quality CA Dept of Justice - Office CA Regional Water
cleanup, w/attchs of the Attorney General Quality Control Board •

Lahontan Region

08/23/1983 76236

12/19/1983 76223

12/19/1983 44141

Aerial Photo: Site before
Regional Water Quality
Control Board project, b&w,
1:12000
Corporation grant deed -
Alpine Mining Enterprises
transfers ownership of
Leviathan Mine to State of
California, w/exhibit A &
attchs re conveyance of
property to CWQCB
Corporation grant deed -
Alpine Mining Enterprises
grants Leviathan patented
lode claims & Leviathan Mill
site claims to State of CA,
w/exhibit A

Cartwright Aerial Surveys,
Inc

James Neel
Alpine Mining Enterprises,
Inc

James Neel
Alpine Mining Enterprises,
Inc

Marshall Neel
Alpine Mining Enterprises,
Inc

REL 001

REL 007

UNC 083

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA

UNC 083 000021 SER/OHA

06/29/1984 45802 Ltr: Transmits draft rpt -
hydrologic & water-quality
data fr Leviathan Mine &
vicinity (1981-1983) w/encl

Terry Katzer
US Geological Survey

Gerard Thibeault
CA Regional Water
Quality Control Board •
Lahontan Region

REL 001
003

000022 SER/OHA

10/25/1984 76237 Aerial Photo: Site during
Regional Water Quality
Control Board project, b&w,
1:12000

01/01/1985 45889 Hydrologic data for
Leviathan Mine & vicinity
(1981-1983)

Cartwright Aerial Surveys,
Inc

Dale Hammermeister
US Dept of the Interior -
Geological Survey

Stephen Walmsley
US Dept of the Interior -
Geological Survey

REL 007

REL 004

000021 SER/OHA

000022 SER/OHA

I I
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Doc
Date

01/01/1985

01/01/1986

Docid Title/Subject

43993 Data fr solute transport
experiment in site drainage,
10/82 (partial rpt),
w/marginalia

45242 Article: Sierra watch -
Leviathan means huge

Author Addressee

US Dept of the Interior -
Geological Survey

06/26/1986 45237 Memo: Identifies repair work
conducted on site concrete
structures fr 6/11/85 -
8/30/85 (concurrence copy),
w/o attchs

07/01/1986 76242

08/22/1986 45238

10/17/1986

11/21/1986 45827 Draft operation &
maintenance plan - site
pollution abatement project

01/01/1987 90720 Location, recordation &
assessment work for mining
claims & sites in California,
w/addressee lists

02/19/1987 45240

05/01/1987 44391

05/01/1987 45831

Resolution #87-5 requesting
assistance for damaged
concrete repair re site
pollution abatement project,
w/TL fr O Butterfield to W
Ryan, Jr 3/3/87
Chapter: Mining (100 years
of history, recreation, lore in
Alpine County, CA,
1864-1964, p43, Centenniel
Book Committee)
Leviathan - state of mine,
spring of 1987

Doc
Ace Iyfi§ OU Phase Tracknbr

UNC SER/OHA

PRP

Leo Poppoff, resident
City of Carnelian Bay

Craig Morgan James Kuykendall
CA Regional Water Quality CA Regional Water
Control Board Quality Control Board

Excerpt fr Fishery
management plan for
Lahontan cutthroat trout
(salmo clarkl henshawi) in
California & western Nevada
waters (p 41 - Carson River
sub-basin)
Memo: Discusses Mittry v
CA Regional Water Quality
Control Board &
recommends completion of
concrete repair work
(concurrence copy)

45239 Memo: Discusses concrete
structure repairs
(concurrence copy)
w/marginalia

Eric Gerstung
CA Dept of Fish & Game

Carol Hunter
CA Dept of Justice - Office
of the Attorney General

REL 073

REL 001

REL

000021 SER/OHA
000022

000021 SER/OHA
000022

000021 SER/OHA

William Attwater
CA Water Resources
Control Board - Office
of Chief Counsel

Ossian Butterfield William Attwater
CA Regional Water Quality CA Water Resources
Control Board - Lahontan Control Board - Office
Region of Chief Counsel

CA Regional Water Quality
Control Board - Lahontan
Region

US Dept of the Interior -
Bureau of Land
Management

Ossian Butterfield
CA Regional Water Quality
Control Board - Lahontan
Region

CA Dept of Health
Services

Tom Kukol
CA Regional Water Quality
Control Board - Lahontan
Region

UNC 001

UNC 001

REL

REL

REL 001

REL 073

REL 003
004
008

000021 SER/OHA
000022

000021 SER/OHA
000022

000021 SER/OHA
000022

SER/OHA

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA
000022
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Doc
Date

Doc
Docid Title/Subject

01/01/1988 76239 Article: Status, life history &
management of Lahontan
cutthroat trout (American
Fisheries Society
Symposium, v4, p93-106)

04/01/1988 43946 Silver Bow - Butte mining
claim - title search
supplement - summary of
ARCO - Anaconda me'rger,
w/exhibits A-P & TL fr C
Elsen 10/1/97

07/01/1988 75472 Mining waste study, final rpt
(section 5.6 - Leviathan
Mine, p 221-228)

01/01/1989 45942 Final revised analyses of
major & trace elements fr
acid mine waters in
Leviathan Mine drainage
basin, CA & NV
(10/81-10/82)

01/11/1990 76228 CA Water Quality Control
Board Lahontan Region,
board order #6-90-12,
rescinding resolutions #64-3
& 69-9 for Leviathan
Sulphur Mine, w/resolution
#64-3 & 69-9

Author

Eric Gerstung
CA Dept of Fish & Game

03/03/1990 45243 Screening site inspection
(SSI) reassessment,
w/marginalia

10/01/1990 75526 Ltr: Decision re listing of
impaired water & point
sources for California -
Leviathan Mine listed as
point source, w/o ends

10/01/1990 77061 Ltr: Decision re listing of
impaired water & point
sources for California -
Leviathan Mine listed as
point source, w/final
decision & response to
comments

01/01/1991 75475 Preliminary assessment,
final rpt

01/04/1991 45241 ROC: Site activity
information sought for
purpose of site screening

Addressee

Jacobs Engineering Group, Environmental
Inc Protection Agency -

Region 8

Univ of California, Berkeley

James Ball
US Dept of the Interior -
Geological Survey

D Nordstrom
US Dept of the Interior -
Geological Survey

CA Regional Water Quality
Control Board - Lahontan
Region

Ace

UNC 004
073

DAC 091
DAW 097
DDP

REL 003

REL

OU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

PRP

UNC 000021 SER/OHA

Su-san Wen
Ecology & Environment, In

Doug Eberhardt
Environmental Protection
Agency - Region 9

Ginny Cummings
Environmental
Protection Agency -
Region 9

Jane Schmidt
US Forest Service

Doug Eberhardt
Environmental Protection
Agency - Region 9

Greystone Development
Consultants, Inc

Jane Schmidt
US Forest Service

US Forest Service -
Carson Ranger District

REL 004
034

REL 001

UNC 001
045

000020 SER/OHA
000021

000020 SER/OHA
000021

000021 SER/OHA

Angela Harris Jason Churchill
CA Dept of Health CA Regional Water
Services - Hazardous Quality Control Board -
Waste Management Sectio Lahontan Region

REL

REL

003
033

002
013

000020 AR#/RV1-00-0001
000021 SER/OHA

000021 SER/OHA
000022
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Doc
Date

01/15/1991

Doc
Docid Title/Subject Author

77094 Memo: Lahontan Regional Guy Pence
water Quality Board meeting US Forest Service -
- notes re how to proceed Carson Ranger District
now that Leviathan has
been added to EPA's short
list under Clean Water Act
section 304 1 legislation,
w/attchs

Addressee Ace

Forest Supervisor UNC
US Forest Service -
Toiyabe National Forest

04/01/1991 45229

05/01/1991 45232

05/01/1991 74087

06/26/1991 45230

01/01/1992 45157

01/01/1992 45941

History of Leviathan Mine
pollution abatement project

Preliminary assessment
(PA) - site - final rpt,
w/appendices A-D, w/o
oversize map
Preliminary assessment
(PA) - site - final rpt,
w/appendices A-D (oversize
map only)
Ltr: Accepts
recommendation of no
further action & transmits
preliminary assessment
(PA) - mining waste study
final rpt
Map: Washoe lands -
present & pre-European
contact lands of Washoe
Indian Tribe of NV & CA,
w/marginalia by K Mayer
Thesis - ground conductivity
study of Leviathan sulphur
mine (draft) w/marginalia

Jason Churchill
CA Regional Water Quality
Control Board - Lahontan
Region

Ranjit Gill
CA Regional Water Quality
Control Board - Lahontan
Region

Eric Taxer
CA Regional Water Quality
Control Board - Lahontan
Region

Greystone Development
Consultants, Inc

REL

001
003
067

004
008

QU Phase Tracknbr

000021 SER/OHA
000022

PRP

000021 SER/OHA
000022

US Forest Service

Greystone Development
Consultants, Inc

John Lupis
US Forest Service -
Intermountain Region

Kenneth Miller

Kevin Graves
California State Univ,
Sacramento

US Forest Service

Carolyn Douglas
Environmental
Protection Agency -
Region 9

REL

REL

REL

004
005
033

004
005
033

001
004
033

000020 SER/OHA

000020 SER/OHA

000020
000021

04/10/1992 45235 Ltr: Notifies & requests US Eric Taxer Guy Pence
Forest Service participation CA Regional Water Quality US Forest Service
re proposed site remediation Control Board - Lahontan
strategies & time schedules Region

REL 004

REL

REL 001

000021
000022

000021
000022

SER/OHA

SER/OHA

SER/OHA

SER/OHA
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Doc
Date Docid Title/Subject

Doc

06/04/1993 45939 Article: Transport & natural
attenuation of Cu, Zn, As &
Fe in acid mine drainage of
Leviathan & Bryant creeks
w/marginalia

Author

D Nordstrom
US Geological Survey

Kathleen Smith
US Geological Survey

Jenny Webster
Institute of Environmental
Health & Forensic Science

Addressee Ace

REL

OU Phase Tracknbr

000022 SER/OHA

PRP

10/01/1993 45169 Pamphlet: Lahontan US Dept of the Interior -
national fish hatchery pish & Wildlife Service
(Gardnerville, NV)

01/01/1994 75492 Excerpts fr Financial Stock Financial Information, Inc
Guide Service, Directory of
obsolete securities, 1994
edition

09/16/1994 76288 Newsclip: Water cleaning Mike Sion
project full of manure, straw Reno Gazette-Journal

REL 081

UNC 008

UNC 006

SER/OHA

000021 SER/OHA

000021 SER/OHA

01/30/1995 76238 Lahontan cutthroat trout
(oncorhynchus clarki
henshawi) recovery plan

US Dept of the Interior -
Fish & Wildlife Service,
Region 1

Patrick Coffin

UNC 004
005
008

000021 SER/OHA
000022

William Cowan

04/05/1995 45234 Maps: Assessors - Alpine
Co (1951-1995)

Alpine County
Office

- Assessors REL 004 000020 SER/OHA
000021

07/01/1995 44002 Leviathan Mine workplan
(draft) w/attchs A-D

07/01/1995 75537 Leviathan Mine 5-year
workplan

Diana Henrioulle-Henry
CA Regional Water Quality
Control Board - Lahontan
Region

Catherine Schoen
CA Regional Water Quality
Control Board - Lahontan
Region

Bruce Warden
CA Regional Water Quality
Control Board - Lahontan
Region

Catherine Schoen
CA Regional Water Quality
Control Board - Lahontan
Region

UNC 004
010

000023 SER/OHA

REL 003
004
010

000021 AR#/RV1-00-0002
000028 SER/OHA
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Doc
Date

Doc
Docid Title/Subject

Aquatic invertebrate
bioassessment monitoring
of acid mine drainage
impacts in Leviathan Creek
watershed - technical rpt

Memo: Investigation based
on review of Washoe Tribe
documents & site visit,
w/marginalia

01/01/1996 45228 Feasibility of lime treatment
at site using in-line system
w/appendices A-H

08/25/1995 45231

12/07/1995 45213

Author Addressee

David Herbst
Univ of California - Sierra
Nevada Aquatic Research
Laboratory

Carol Yeatrnan Thomas Burton
Nevada Indian Rural Legal National Indian
Services, Inc Environmental Council

Ace

REL 004
005
008

Terry Ackman
US Dept of Energy -
Pittsburgh Research Cente

Ann Kim
US Dept of Energy -
Pittsburgh Research Cente

CA Regional Water
Quality Control Board -
Lahontan Region

UNC 001

REL 099

Phase Tracknbr

000021 SER/OHA
000022

000021 SER/OHA
000022

000022 SER/OHA

PRP

01/01/1996 45158 Map: Earthquake activity
1960-1i 996 (by site latitude
& longitude) w/marginalia by
K Mayer

01/01/1996 77058 Ta Gum Osh (Pine Nut
Mountains) - Investigation of
conditions impacting
Washoe allotted lands, pine
nut allotments

01/01/1996 75473 Excerpts fr Feasibility of
lime treatment at Leviathan
Mine using in-line system,
(p 5-10, background &
environmental remediation)

04/01/1997 45812

04/01/1997 75490

Carson River chronology -
chronological history of
Carson River & related
water issues (1st update)
Page 1-14 fr Carson River
Chronology

05/01/1997 44006

05/01/1997

Leviathan Mine Council
communication lists -
trustee, EPA, technical staff
& PRP, w/marginalia

45887 History & current status of
site oversight & activities by
CRWQB-Lahontan Region

Washoe Tribe of Nevada &
California - Washoe Tribal
Council

REL 004

UNC 008

Terry Ackman CA Regional Water
US Dept of Energy - Quality Control Board -
Pittsburgh Research Cente Lahontan Region

Ann Kim
US Dept of Energy -
Pittsburgh Research Cente

Gary Horton
NV Div of Water Planning

Gary Horton
NV Dept of Conservation &
Natural Resources - Div of
Water Planning

Environmental Protection
Agency - Region 9

UNC 003
008

SER/OHA

000021 SER/OHA

000021 SER/OHA

REL 004

UNC 008

UNC

REL

000021 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA
000022



Today is: 2/25/2002
# of documents: 460

LEVIATHAN MINE%

Site File Index In Chronological Order
Page 22 of 48

Doc
Docid Title/Subject

05/20/1997 76240

05/27/1997 45233

06/08/1997 75476

Ltr: Pond 4 discharge
identified as hazardous
waste under RCRA &
transmits scientific &
regulatory analysis of Pond
4 discharge, w/encls
Ltr: Petition & supporting
data for issuance of
administrative order re site
pollution abatement project,
w/encls

Ltr: EPA will reevaluate
Leviathan no further action
status based on new
information & transmits
3/3/90 screening site
inspection reassessment,
w/encl
Ltr: Response to concerns
raised in Washoe Tribe's
5/2/97 Itr & at 4/29 meeting
re Leviathan Mine & its
impact on Tribe

06/26/1997 45153 Aquatic invertebrate
bioassessment monitoring
of acid mine drainage
impacts in Leviathan Creek
watershed (revised)

08/15/1997 73836 Lahontan CRWQCB water
sample sites & list of
sampling sites for data
summary sheets, w/maps,
chain of custody forms &
analytical result rpts (12/95 -
8/97)

09/01/1997 45254 Site treatibility summary

06/13/1997 75477

09/16/1997 76287

09/17/1997 45257

Leviathan Mine field review
notes fr 9/12/97 site visit,
w/TL to M Marks fr K Pitt
9/25/97
Memo: Site visit (9/12/97)
observations

09/19/1997 44041 Corp & limited partnership
search - Atlantic Richfield

09/19/1997 44036 Co history & mergers re
Anaconda Copper Mining
Co, Anaconda Co, ARCO &
Atlantic Richfield Co
(Appendix C), w/marginalia

Author

J Akenhead
Akenhead Compliance &
Environmental Services

John Martin
Beavers & Young

Matthew Mitguard
Environmental Protection
Agency - Region 9

Alexis Strauss
Environmental Protection
Agency - Region 9

David Herbst
Univ of California - Sierra
Nevada Aquatic Research
Laboratory

California Laboratory
Services

Ken Pitt
US Forest Service

Rick Sugarek
Environmental Protection
Agency - Region 9

Science Applications
International Corp

Addressee

Brian Wallace
Washoe Tribe of
Nevada & California

Ron Brown
Environmental
Protection Agency -
Region 9

John Martin
Beavers & Young

Brian Wallace
Washoe Tribe of
Nevada & California

CA Regional Water
Quality Control Board -
Lahontan Region

Keith Takata
Environmental
Protection Agency •
Region 9

Ace

REL 001

REL 001

UNC 001
003

UNC 001

REL 008

REL 001
004

REL 068

UNC 001

REL 001

UNC 097

UNC 097

oy Phase Tracknbr

000021 SER/OHA

000021 SER/OHA
000022

000020 SER/OHA
000021

000020 SER/OHA
000021
000031

000022 SER/OHA

000022 SER/OHA

PRP

000022 SER/OHA

000021 SER/OHA

000020 SER/OHA

000021 SER/OHA

000021 SER/OHA

I
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Doc
Date

09/19/1997

09/24/1997

Doc
Docid Title/Subject Author

75538 Anaconda & Atlantic
Richfield corporate
documents - Anaconda
relationship to ARCO &
Atlantic Richfield partnership
search results

75508 Action Memo: Request for
approval of removal action,
w/enforcement strategy &
attchs

Addressee

Dan Suter
Environmental Protection
Agency - Region 9

09/25/1997 45270 Ltr: Supports EPA's
proposed emergency
response activities re acid
mine drainage (AMD)

Ranjit Gill
CA Regional Water Quality
Control Board - Lahontan
Region

09/25/1997 45269 Ltr: General notice of federal Keith Takata
interest re Atlantic Richfield Environmental Protection
Co (ARCO), w/o certified Agency - Region 9
mail receipt #274-217-263 &
#274-218-030

Keith Takata
Environmental
Protection Agency -
Region 9

Dan Suter
Environmental
Protection Agency -
Region 9

C Knowles
ARCO Environmental
Remediation L L C

09/29/1997 47736

09/30/1997 75466

Pollution report (POLREP)
#1

Ltr: Notification of natural
resource trustees re time
critical removal action at
site, w/o addressee list

10/01/1997 45542 Ltr: Answers invitation to
participate in response
actions

10/08/1997 45271

10/10/1997 45272

10/11/1997 47737

Ltr: Notifies CA of removal
action commencement &
encourages CA to join
Atlantic Richfield Co to
implement permanent site
measures
Ltr: Responds to Washoe
Tribe of NV & CA's offer to
enter into agreement re
implementation of site
projects
Pollution report (POLREP) 2

Daniel Suter
Environmental Protection
Agency - Region 9

Dan Suter
Environmental Protection
Agency - Region 9

C Knowles
Atlantic Richfield Co
Environmental
Remediation, L L C

Keith Takata
Environmental Protection
Agency - Region 9

Addressees

Keith Takata
Environmental
Protection Agency -
Region 9

Harold Singer
CA Regional Water
Quality Control Board

Harold Singer John Martin
CA Regional Water Quality Beavers & Young
Control Board

10/25/1997 47739 Pollution report (POLREP)
#4

Dan Suter
Environmental Protection
Agency - Region 9

Dan Suter
Environmental Protection
Agency - Region 9

Ace

UNC 097

UNC 001
003
093

UNC 001

REL 001
059

REL 001
084
094

UNC 001

REL 001

UNC 001

UNC 001

REL 001
008
084
094

REL 001
008
084
094

QU Phase Tracknbr

000021 SER/OHA

000021 SER/OHA
000028

000021 SER/OHA
000028

000021 SER/OHA

PRP

000021 SER/OHA
000028

000021 SER/OHA

000021 SER/OHA
000028

000021 SER/OHA
000022
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10/25/1997

12/31/1997

Doc
Docid Title/Subject

47740 Pollution report (POLREP)
#5

77067 Ltr: Forest Service would
like to become member of
Leviathan Mine Natural
Resource Damages Trustee
Discussion Group & lists
key project contacts, w/FS
meeting minutes

Author

Dan Suter
Environmental Protection
Agency - Region 9

Jack Blackwell
US Forest Service

01/01/1998 44348 Trace-element enrichment
in streambed sediment &
crayfish, Carson & Truckee
Rivers, NV & CA (9/92),
w/draft - occurrence of trace
elements in Bryant Creek
drainage basin
Sport fish restoration - east
& main Carson River region
- federal aid job progress rpt
(1/1/97-12/31/97)

01/01/1998 45282 Water quality in Las Vegas
valley area & Carson &
Truckee River basins, NV &
CA, 1992-1996

01/01/1998 44641

01/05/1998 43937 Site history, hazardous
substance releases, liability,
potentially affected natural
resources

Addressee

Dan Suter
Environmental
Protection Agency •
Region 9

Ace

REL

UNC

001
008
084
094

001
067

OU Phase Tracknbr

000021 SER/OHA

PRP

Stephen Lawrence
US Geological Survey

REL

NV Dept of Conservation &
Natural Resources - Div of
Wildlife

Hugh Bevans
US Geological Survey

Stephen Lawrence
US Geological Survey

Michael Lico
US Geological Survey

Brian Wallace US Dept of the Interior
Washoe Tribe of Nevada &
California

Wayne Nordwall
US Dept of the Interior -
Bureau of Indian Affairs

US Forest Service

UNC 008

REL 004
005

000021 SER/OHA
000031

000021 SER/OHA

000022 SER/OHA

DAC
DAW
DDP

064 000021 SER/OHA

01/09/1998 45227 Ltr: Information fr computer
files & transmits list of
references fr historical
newspaper sources re
Carson River fisheries,
w/attch & TL to D Kaffer, fr
M Sevon

01/20/1998 45260 Memo: Recommends
treatment options w/o attch

NV Dept of Conservation & NV Dept of
Natural Resources Conservation & Natural

Resources - Div of
Wildlife

UNC 001

Will Duncan
Superfund Technical
Assistance Response Tea

Vicki Frankel
Superfund Technical
Assistance Response Tea

Dan Suter
Environmental
Protection Agency -
Region 9

REL 001

000021 SER/OHA
000022

000022 SER/OHA
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Doc
Date Docid Title/Subject Author

01/23/1998 45159 Ltr: Confirms Washpe John Martin
Tribes request for site health Beavers & Young
consultation, w/o attchs,
w/marginalia by G Eng

01/30/1998 75546 TL: 11/24/68 Itr establishing Peter Tuttle
occurrence of cutthroat trout US Dept of the Interior -
in creek Fish & Wildlife Service

Doc
Addressee Ace

Gwendolyn Eng REL 001
US Dept of Health &
Human Services -
Agency for Toxic
Substances & Disease
Registry

Larry Thompson UNC 001
US Dept of the Interior -
Fish & Wildlife Service

Dan Welsh
US Dept of the Interior -
Fish & Wildlife Service

OU Phase Tracknbr

000021 SER/OHA

PRP

000021 SER/OHA

02/01/1998 45160 Map: Site (East Fork Carson
River & Bryant Creek)
w/marginalia by K Mayer

02/01/1998 45161 Map: Bryant Creek & East
Fork Carson River fr site to
Dresslerville marking
Washoe Tribe, US Forest
Service & private lands

Fact Sheet: EPA to continue Environmental Protection
work at site

02/01/1998 75479

02/02/1998 45217 Ltr: Washoe Tribe requests
US Depts of Interior &
Justice legal representation
re claims arising fr site
activities

Agency - Region 9

Beavers & Young

REL 004

REL 004

REL 011

Shelley Hall UNC
US Dept of the Interior -
Div of Conservation &
Wildlife

Suzanne Schaeffer
US Dept of the Interior -
Office of the Solicitor

Janet Wong
US Dept of the Interior -
Office of the Solicitor

001

000020 SER/OHA

000020 SER/OHA

000021 SER/OHA
000022

000021 SER/OHA
000028

02/03/1998 44025

02/04/1998 45244

Memo: Transmits
documentation of
relationship between Texas
Gulf Sulphur & PCS
Phosphate Co, Inc, Dunn &
Bradstreet rpt & co
summaries for PCS
Phosphate Co & Potash
Corp of Saskatchewan,
w/encls
Joint prosectution
confidentiality agreement
pertaining to documents re
site response & restoration

Christine Chong
Atlantic Richfield Co

Charles McKinley UNC 001
US Dept of the Interior - 097
Office of the Solicitor

000021 SER/OHA

UNC 000021 SER/OHA
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02/10/1998 76019

02/10/1998 43995

02/17/1998 76032

Ltr: Meeting notes of
Leviathan Mine Council
(11/13/97) & meeting
agenda (2/19/98) re
Leviathan Mine natural
resource damage
assessment, w/o end
Ltr: Meeting notes of
Leviathan Mine Council
(11/13/97) & meeting
agenda (2/19/98) re
Leviathan Mine natural
resource damage
assessment, w/encl
Memorandum of agreement
(MOA) among Washoe
Tribe of Nevada &
California, EPA, US
Department of Interior, State
of Nevada & US Department
of Agriculture - revised draft

02/18/1998 76243 Email: Bryant Creek could
support trout if cleaned up -
Bryant Creek not addressed
as part of LCT recovery for
Carson River Basin,
w/history

02/21/1998 45276 Newsclip: Chemist warns of
mercury in crawdads here,
w/rtg slip to S Wilson fr J
Smitherman (2/27/98)

Author

Michael Smith
US Dept of the Interior -
Bureau of Indian Affairs

02/23/1998 45215

02/24/1998 45266

02/24/1998 45216

02/26/1998 44344

Ltr: Invites ARCO &
Lahontan regional water
quality control board to meet
natural resource trustees re
site removal action to
control contaminated liquids
releases (partial final draft)
Ltr: Confirms ARCO's
attendance at 3/4/98 natural
resource trustee meeting re
ARCOs role in future site
actions, w/o ends

Memo: Forwards email
information re Carson River
Fishery Conference,
w/marginalia
Press Release: Urban
activity & past mining
practices may add
chemicals to Carson &
Truckee Rivers

Addressee

Interested Party

Michael Smith
US Dept of the Interior-
Bureau of Indian Affairs

Ace

UNC 001
067

UNC 001
067

UNC

OU Phase Tracknbr

000021 SER/OHA

PRP

000020 SER/OHA
000031

000021 SER/OHA

Pat Coffin
US Dept of the Interior-
Fish & Wildlife Service

Sharon Carter
Record-Courier, The

Stanley Wiemeyer
US Dept of the Interior
Fish & Wildlife Service

Mark Flickinger
ARCO Environmental
Remediation L L C

UNC 001

REL 006

UNC 001

Dennis Gebhardt
Washoe Tribe of Nevada &
California

Kevin Mayer
Environmental Protection
Agency - Region 9

John Krause
US Dept of the Interior

US Dept of the Interior -
Geological Survey

Mark Flickinger
ARCO Environmental
Remediation L L C

Jeff Loman
US Dept of the Interior

REL 001

UNC 001

UNC 080

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA
000022
000028

000021 SER/OHA
000022
000028

000021 SER/OHA
000024

000021 SER/OHA
000031
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02/27/1998 76021 Ltr: Request for Department
of Justice to represent
Department of Interior in
investigating & pursuing
natural resources damage
assessment claim re
Leviathan Mine, w/o attch

02/27/1998 43996 Ltr: Requests US Dept of
Justice representation re
Washoe Tribe natural
resources damage
assessment claim, w/encl

02/27/1998 45162 Ltr: Comments re US
Geologic Survey #97-4258
(Trace-element enrichment
in streambed & crayfish,
Carson & Truckee Rivers,
NV & CA)w/attchs

03/04/1998 44534 Mtg Agenda: Leviathan
Mine (Reno, NV)

Author

Katherine Verburg
US Dept of the Interior -
Office of the Solicitor

03/04/1998 90721

03/05/1998 45280

03/06/1998

03/14/1998

03/16/1998 45146

Katherine Verburg
US Dept of the Interior -
Office of the Solicitor

Dennis Gebhardt
Washoe Tribe of Nevada &
California

Kevin Mayer
Environmental Protection
Agency - Region 9

Addressee

Joel Gross
US Dept of Justice-
Environmental
Enforcement Section

Joel Gross
US Dept of Justice -
Environmental
Enforcement Section

Kevin Mayer
Environmental
Protection Agency -
Region 9

Ace î e QU Phase Tracknbr

UNC 001 000021 SER/OHA

PRP

Trustee communication list
& PRP communication list

Graph re flow & stage for
East Fork Carson River -
Markleeville (monitor
precipitation & runoff site
activity) w/marginalia by D
Gebhardt

45279 Graph re Spratt Creek -
Snotel site, w/marginalia by
D Gebhardt

45533 Newsclipping: Officials
negotiate cleanup,
w/marginalia

Memo: Transmits State of
CA budget change proposal
for fiscal year 1998-1999 &
5-year workplan, w/budget
change proposal &
addendum to 5-year work
plan, w/o 5-year workplan

03/16/1998 45163 Request for qualifications (to Washoe Tribe of Nevada &

Sheila Gardner
Record-Courier, The

CA Regional Water Quality
Control Board - Lahontan
Region

04/05/1998 45164

prepare natural resource
damage assessment plan)
w/TL fr D Gebhardt to K
Mayer 3/24/98
Map: Proposed data sites -
1998 (Doud Creek, Bryant
Creek, Barney Riley Creek,
Mountaineer Creek,
Leviathan Creek)

California

UNC 001

REL 001
045

REL 067

REL

REL

REL

REL 006

REL 001
010

REL 001
004

REL 004

000021 SER/OHA

000022 SER/OHA

SER/OHA

000021 SER/OHA

000022 SER/OHA

000022 SER/OHA

000021 SER/OHA

000021 SER/OHA
000029

SER/OHA

000022 SER/OHA

Atlantic Richfield Co
CA Regional Water Quality
Control Board - Lahontan Regio
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05/04/1998 44409 Memo: Site water sampling
program w/encls

Author

Mary Marks
US Forest Service

Addressee

Dennis Gebhardt
Washoe Tribe of
Nevada & California

Doc
Ace

REL 001
004

OU Phase Tracknbr

SER/OHA

PRP

05/06/1998 75529 Contact rpt re Lahontan
cutthroat trout in Carson
River basin

Karen Johnson
Ecology & Environment, In

Colleen Holley
NV Dept of
Conservation & Natural
Kesources - Div of
Wildlife

Leroy McLelland
NV Dept of
Conservation & Natural
Resources - Div of
Wildlife

REL 002 000021 SER/OHA

05/11/1998 45172 Ltr: Mtg notes (2/19/98) re
natural resource damage
assessment, w/encls

05/11/1998 45557 Administrative order on
consent for removal action,
docket #98-07, w/attchs

Barry Welch
Leviathan Mine Council

Keith Takata
Environmental Protection
Agency - Region 9

REL 001
067

REL 041

000021 SER/OHA
000022

000021 DKT/98-07
000028 SER/OHA

05/13/1998 45171 Memorandum of agreement Brian Wallace
(MOA) re site natural Washoe Tribe of Nevada &
resource damages California

Keith Takata
Environmental Protection
Agency - Region 9

Wayne Nordwall
US Dept of the Interior -
Bureau of Indian Affairs

Jack Blackwell
US Forest Service

REL 000021 SER/OHA
000022

05/19/1998 10143

05/26/1998 44432

Ltr: Leviathan acid mine
drainage treatment
technology, w/attchs

Will Duncan
Ecology & Environment, In

Ltr: Designates M Marks, M
Manderbach, K Pitt as
representative, alternate
representative, & legal
counsel respectively re
memorandum of agreement
(MOA)

Jack Blackwell
US Forest Service

Karen Nelson
Environmental
Protection Agency -
Region 9

Carol Yeatman
Washoe Tribe of
Nevada & California

UNC 001

REL 001

000023 SER/OHA

SER/OHA
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06/01/1998 45147 Ltr: Transmits workshop
agenda (6/3/98) & CA water
resources control board
resolution authorizing
agreement with Atlantic
Richfield Co re site removal
&/or treatment of acid mine
drainage to increase storage
pond capacity

Author

Chris Stetler
CA Regional Water Quality
Control Board - Lahontan
Region

Addressee

06/01/1998 44543

06/01/1998 75481

Workplan for response
action at site w/o
appendices & w/comments
& TL fr K Mayer to C
Yeatman 6/2/98
Workplan for response
action at site, w/o
appendices

Atlantic Richfield Co
Environmental
Remediation, L L C

ARCO Environmental
Remediation L L C

Acc

REL 001
067

OU Phase Tracknbr

000021 SER/OHA
000028

PRP

Environmental
Protection Agency •
Region 9

Environmental
Protection Agency •
Region 9

REL

UNC

001
010
045

003
010

000028 SER/OHA

000021 SER/OHA
000022

06/02/1998 76260 Ltr: Water filled pit
discovered in upper reaches
of Aspen Creek during site
visit & transmits map
showing CA Water Quality
Control Board water
sampling locations, w/encl
Ltr: AERL discontinues
seeking site access
permission fr RWQCB for
EPA re administrative order
on consent (AOC) #98-07,
w/TL

06/04/1998 45283 Memo: Notification of
planned field activities
(6/8/98) w/marginalia

06/03/1998 45572

Mary Marks
US Forest Service -
Humboldt-Toiyabe National
Forest

Larry Thompson REL 001
US Dept of the Interior - 003
Fish & Wildlife Service 004

000021 SER/OHA

Christine Chong
Atlantic Richfield Co

Charles McKinley REL 001
US Dept of the Interior -
Office of the Solicitor

Terry Braun Kevin Mayer REL 001
Steffen, Robertson & Kirste Environmental

Protection Agency -
Region 9

Tony Smokey
Washoe Tribe of
Nevada & California

Chris Stetler
CA Regional Water
Quality Control Board -
Lahontan Region

000021 SER/OHA
000028

000022 SER/OHA

06/08/1998 75522 Memo: 2nd status rpt on
Leviathan project

Tony Schwarz
ARCO Environmental
Remediation L L C

Leviathan Team DSN 001 000021
000022

SER/OHA

06/11/1998 45620 Ltr: Transmits site health &
safety plan w/attchs

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

Dan Suter
Environmental
Protection Agency -
Region 9

REL 001
010
061

000021
000022
000028
000031

SER/OHA
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06/19/1998 45165 Ltr: Transmits & discusses
proposed assessments of
injuries to aquatic natural
resources - phase 1
(6/18/98)

06/22/1998 45595 Site removal action -
workplan addendum #001 -
perimeter monitoring plan
for pond 1 enhanced
evaporation system
operations w/TL to K Mayer
fr J Beck (6/23/98)
Ltr: Comments on draft
monitoring plan, w/attchs &
TL fr J Nowlin to N Black

Author

06/22/1998 45281

06/25/1998 45561 Tolling agreement

Addressee

Carol Yeatman Neal Brody
Washoe Tribe of Nevada & Atlantic Richfield Co
California

J M Beck & Assoc

John Nowlin
US Dept of the Interior -
Geological Survey

Neal Brody
Atlantic Richfield Co

Walt Pettit
CA Water Resources
Control Board

Harold Singer
CA Regional Water Quality
Control Board

Brian Wallace
Washoe Tribe of Nevada &
California

Lois Schiffer
US Dept of Justice - Office
of Attorney General

Jon Mueller
US Dept of Justice -
Environment & Natural
Resources Div

Leviathan Mine
Technical Group

Ace

REL 001

REL 001
010

REL 001
004
045

REL

OU Phase Tracknbr

000022 SER/OHA

000021 SER/OHA
000028

000022 SER/OHA

000021 SER/OHA

PRP

07/01/1998 45571

07/01/1998 45166

Ltr: Requests written
concurrence re proposal to
expand evaporative system
w/TL to C McKinley fr D
Suter & marginalia

Ltr: Requests written
concurrence for expansion
of enhanced evaporative
system at site

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

Anthony Schwarz
ARCO Environmental
Remediation L L C

Dan Suter
Environmental
Protection Agency •
Region 9

Dan Suter
Environmental
Protection Agency -
Region 9

REL 001

REL 001

000021 SER/OHA
000028

000021 SER/OHA
000024

07/01/1998 10110 Ltr: Transmits site
characterization workplan,
w/o encl

Anthony Schwarz
ARCO Environmental
Remediation L L C

Daniel Suter
Environmental
Protection Agency -
Region 9

REL 001 000028 SER/OHA
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07/01/1998 45809 Site 1998 workplan (draft)
w/appendices A-B

Author

ARCO Environmental
Remediation L L C

Addressee Ace

Environmental REL
Protection Agency -
Region 9

07/06/1998 45955 Ltr: Transmits 2 Excel 5.0
files - flowshetxls &
ndep.xls & 3.5 in computer
disc w/attch

07/15/1998 45566 Ltr: Process to allow ARCO
to fund USGS for surface
water quality & flow
monitoring w/site aquatic
resource assessment
program

07/15/1998 45145 Ltr: Comments re proposed
expansion of enhanced
evaporation system

07/15/1998 45570 Memo: Site status rpt #3
w/TL fr C Kezos (7/21/98)

Carol Yeatman Leviathan Mine Council REL
Washoe Tribe of Nevada &
California

Gene Mancini
Atlantic Richfield Co

Chris Stetler

Carol Yeatman
Washoe Tribe of
Nevada & California

Anthony Schwarz
CA Regional Water Quality ARCO Environmental
Control Board - Lahontan Remediation L L C
Region

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

Leviathan Team

REL

REL

010
046
060
065
066
001

REL 001

001
045

001
036
046

OU Phase Tracknbr

000021 SER/OHA
000022

000022 SER/OHA

000021 SER/OHA
000022

000028 SER/OHA

000021 SER/OHA
000028

PRP

07/17/1998 45274 Certificate of treatment &
waste management re
waste water

U S Filter Recovery
Services

Environmental
Protection Agency •
Region 9

REL SER/OHA

07/22/1998 45142 Consent & agreement for
entry & access (draft) w/TL
to C McKinley fr S Russell
(7/31/98)

07/23/1998 75507 Time critical removal action
memorandum, w/TL to
Forest Supervisor,
Humboldt-Toiyabe NF fr J
Blackwell

07/28/1998 45143 Sampling of overspray
(buckets of sand) - metals &
STLC metals (draft) w/TL to
K Mayer fr R Tucker &
marginalia by K Mayer

07/28/1998 45618 Site emergency removal
action - workplan addendum
#002 - perimeter monitoring
plan for expanded (ponds 1,
2S, 2N & 3) enhanced
evaporation system
operations w/TL to D Suter
fr A Schwarz (7/29/98)

CA Dept of Justice - Office Environmental
of Attorney General Protection Agency •

Region 9

Jack Blackwell
US Forest Service

CA Regional Water Quality
Control Board - Lahontan
Region

Atlantic Richfield Co
Environmental
Remediation, L L C

Environmental
Protection Agency •
Region 9

REL 001

UNC 001
093

REL 001

REL 001
003
010

000021 SER/OHA
000028

000021 SER/OHA
000028

SER/OHA

000021 SER/OHA
000028
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07/30/1998 75528 Preassessment screen
determination, Leviathan
Mine, for natural resource
damage assessment,
w/signature page, 8/11/98,
w/o exhibits

Doc
Author

Washoe Tribe of Nevada &
California

US Dept of the Interior -
Bureau of Indian Affairs

US Forest Service

Addressee Ace

UNC 008

OU Phase Tracknbr

000021 SER/OHA

PRP

08/01/1998 45594

08/06/1998 45585

Phase 1 NRDA proposed
workplan w/attchs & TL to C
Yeatman fr N Brody
(8/14/98)

Memo: Site status rpt #4
(7/98)

Atlantic Richfield Co
Environmental
Remediation, L L C

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

Leviathan Mine Council REL 001
010

Leviathan Team REL 001
036
046

000021 SER/OHA
000022

000021 SER/OHA
000028

08/14/1998 45148 Ltr: Comments re proposed Chris Stetler Anthony Schwarz
site expansion of enhanced CA Regional Water Quality ARCO Environmental
evaporation system at site Control Board - Lahontan Remediation L L C

Region

REL 001
045

000021 SER/OHA
000028

08/17/1998 45591 Agreement re
communications to & fr CA
Dept of Fish & Game

Leviathan Mine Council

Neal Brody
Atlantic Richfield Co

REL 000021 SER/OHA
000022

08/25/1998 45167

09/03/1998 45170

09/11/1998 45149

Memo: Transmits sediment
pore water sampling -
rationale & technique,
w/acute toxicity of site water
to rainbow trout under
static-renewal test
conditions, & pollution
incident daily resource rpt
(govt personnel travel
expenses)& TLs
Funding & participation
agreement for assessment
of natural resource
damages between ARCO,
Washoe Tribe of NV & CA,
US Dept of Interior, US Dept
of Agriculture - Forest
Service, & CA Dept of Fish
& Game, w/marginalia &
exhibits A-1.A-2, B-C
Ltr: Transmits & discusses
initial study & notice of
preparation of draft
environmental document for
proposed amendments to
water quality control plan for
Lahontan Basin w/encl

Gene Mancini
Atlantic Richfield Co

Leviathan Mine Council REL 001 000022 SER/OHA

Atlantic Richfield Co REL 010 000021 SER/OHA
000029
000031

Robert podds
CA Regional Water Quality
Control Board - Lahontan
Region

REL 001
004

000028 SER/OHA
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09/17/1998 76229 Draft Collection agreement
between USDA Forest
Service, Humboldt-Toiyabe
National Forest & CA
Regional Water Quality
Control Board-Lahontan
Region, w/TL to C Stetler fr
M Marks

09/18/1998 45535 Ltr: Site air monitoring

Doc
Author

US Forest Service -
Humboldt-Toiyabe National
Forest

CA Regional Water Quality
Control Board - Lahontan
Region

Jim Kubalik
Atlantic Richfield Co
Environmental
Remediation, L L C

Addressee QIJ Phase Tracknbr

000021 SER/OHA

PRP

Ranjit Gill
CA Regional Water
Quality Control Board •
Lahontan Region

REL 001 000022 SER/OHA

09/24/1998 45569 Ltr: Requests draft workplan
delivery date extension re
administrative order on
consent (AOC) #98-07
w/attch

09/24/1998 44023

09/29/1998 47741

Memo: Transmits PCS
Phosphate Co, Inc
corporate history, Western
Clay & Metals Co & Calpine
Co articles of incorporation
& dissolution, w/encls
Pollution report (POLREP)
#6 (FINAL)

10/01/1998 45616 Site stream monitoring
program - spring 1998

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

Neal Brody
Atlantic Richfield Co

Dan Suter
Environmental Protection
Agency - Region 9

SRK Consulting

10/05/1998 45598 Memo: Site status rpt #6 Anthony Schwarz
(9/98) Atlantic Richfield Co

Environmental
Remediation, L L C

Dan Suter
Environmental
Protection Agency -
Region 9

Charles McKinley
Environmental
Protection Agency -
Region 9

Environmental
Protection Agency •
Region 9

Leviathan Team

REL 001

UNC 001
097

REL 001
008
084
094

REL 004

REL 001
036
046

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA
000028

10/08/1998 45568 Ltr: Requests EPA's
concurrence to modified
removal action activities,
w/technical memorandum -
active treatment with sludge
stabilization

10/13/1998 76230 Ltr: Request for US Army
Corp of Engineers to identify
ARARs re response action
for Leviathan Mine road,
w/encl

Anthony Schwarz
ARCO Environmental
Remediation L L C

Dan Suter
Environmental
Protection Agency •
Region 9

Gloria Flora Nancy Kang
US Forest Service - US Army Corps of
Humboldt-Toiyabe National Engineers
Forest

REL 001

UNC 001
004

000021 SER/OHA
000028

000021 SER/OHA
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Doc
Date

Doc
Docid Title/Subject

10/13/1998 45536 Memo: Drill cuttings
proposal

Author

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

10/20/1998 45567

10/28/1998 76234

Anthony Schwarz
Atlantic Richfield Co
Environmental
Remediation, L L C

CA Regional Water Quality
Control Board - Lahontan
Region

US Forest Service -
Intermountain Region

Ltr: Requests EPA extend
compliance deadline of
11/1/98 fr administrative
order on consent (AOC)
#98-07

Draft participating
agreement between CA
Regional Water Quality
Control Board-Lahontan
Region & US Department of
Agriculture - Forest Service,
Intermountain Region for
Leviathan Mine removal
action, w/TL to S Russell &
B Dodds fr K Pitt

10/28/1998 44542 Ltr: Suggests sharing Bryant Jacques Landy
Creek total maximum daily Environmental Protection
loads (TMDLs) with
Leviathan Mine Council re
proposed basin plan
amendments, w/marginalia

10/29/1998 75478 Memo: Leviathan trip rpt for
9/28 - 9/30/98 & for
10/27/98

Addressee

Kevin Mayer
Environmental
Protection Agency -
Region 9

Dan Suter
Environmental
Protection Agency -
Region 9

Dan Suter
Environmental
Protection Agency -
Region 9

Agency - Region 9

Kim Muratore
Environmental Protection
Agency - Region 9

10/30/1998

11/02/1998

45574 Ltr: Response to ARCO's Joshua Wirtschafter
schedule extension requests Environmental Protection
re administrative order on Agency - Reaion 9
consent (AOC) #98-07

Ace

REL 001

OU Phase Tracknbr

000022 SER/OHA

PRP

REL 001

UNC 001

000021 SER/OHA
000028

000021 SER/OHA
000028

Judith Unsicker
CA Regional Water
Quality Control Board -
Lahontan Region

Kevin Mayer
Environmental
Protection Agency -
Region 9

Josh Wirtschafer
Environmental
Protection Agency -
Region 9

Neal Brody
Atlantic Richfield Co

REL 001

DAC
DAW
DDP

001

SER/OHA

000021 SER/OHA

REL 001

44020 Ltr: Notification of &
invitation to participate in
site natural resource
damage assessment

Brian Wallace Thomas Wright UNC 001
Washoe Tribe of Nevada & P C S Phosphate Co, In 059
California

11/02/1998 45150 Ltr: Response to ARCO's
9/3/98 Itr re use of
enhanced evaporation &
pond overspray at site, w/o
end

Harold Singer Anthony Schwarz
CA Regional Water Quality Atlantic Richfield Co
Control Board Environmental

Remediation, L L C

REL 001

000021 SER/OHA
000028

000021 SER/OHA

000028 SER/OHA
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Doc
Date

11/02/1998

11/12/1998

Doc
Docid Title/Subject

45151 Ltr: Concerns re proposed
alterations to site overflow
structure

45946 Computer Disc: Site water
quality data
(5/29/98-11/12/98), 3.5
inches

Author Addressee

Chris Stetler Anthony Schwarz
CA Regional Water Quality Atlantic Richfield Co
Control Board - Lahontan Environmental
Region Remediation, L L C

Kevin Mayer
Environmental Protection
Agency - Region 9

11/19/1998 45144 Ltr: Transmits site water Chris Stetler
quality data tables & surface CA Regional Water Quality
water sampling plan for Control Board - Lahontan
Leviathan Mine, water year Region
1998, w/attchs

11/25/1998 43958 Ltr: Requests time
extension for PCS
Phosphate Co response re
site involvement

Robert King Brian Wallace
Brooks, Pierce, McLendon, Washoe Tribe of
Humphrey & Leonard Nevada & California
(Attorneys)

12/09/1998 45543 Ltr: Responds to request for
site documents

Charles McKinley
US Dept of the Interior •
Office of the Solidtor

Robert King
Brooks, Pierce,
McLendon, Humphrey
& Leonard, LLP

Ace

REL 001

REL

Leviathan Mine Council REL 001

UNC 001

REL 001

OU Phase Tracknbr

000028 SER/OHA

000022 SER/OHA

SER/OHA

000021 SER/OHA

SER/OHA

PRP

12/10/1998 44433 Tribal risk assessment
conference (12/8/98 -
12/10/98)-Las Vegas, NV

Environmental Protection
Agency - Region 9

REL

12/18/1998 10110 Ltr: Responds to J Michael Hagood
Wirtschafter's 10/30/98 Itr & ARCO Environmental
reports on ARCO's status of Remediation L L C
compliance w/AOC 98-07,
w/encls

12/23/1998 45219 Ltr: Requests information re Kim Muratore
Artie Brown, former Alpine Environmental Protection
Co fish & game warden Agency - Region 9

12/23/1998

12/23/1998

01/06/1999

90722 Computer search results on Kim Muratore
corporation & limited Environmental Protection
partnership - all available Agency - Region 9
states

45220 Ltr: Requests information re Kim Muratore
Artie Brown, former Alpine Environmental Protection
Co fish & game warden Agency - Region 9

10111 Fax TL: Transmits survey
requested, w/o end

Michael Hagood
ARCO Environmental
Remediation L L C

Daniel Suter
Environmental
Protection Agency -
Region 9

005
007
067
073

REL 001
003

Arthur Brown, resident FX6 001
City of Oakdale

REL

Arthur Brown, resident FX6 001
City of Eureka

Kevin Mayer
Environmental
Protection Agency -
Region 9

REL 001

SER/OHA

000028 SER/OHA

000020 SER/OHA

SER/OHA

000020 SER/OHA

000028 SER/OHA



Today is: 2/25/2002

# of documents: 460

LEVIATHAN MINE%

Site File Index In Chronological Order
Page 36 of 48

Doc

02/04/1999

Docid Title/Subject

45140 Memo: Leviathan trip rpt
(12/28- 12/31/98) &
follow-up activities

Author

Kim Muratore
Environmental Protection
Agency - Region 9

Doc
Addressee

Kevin Mayer
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Ace

DAC
DAW
DDP

001

OU Phase Tracknbr

000021 SER/OHA

PRP

02/16/1999 10111 Ltr: Evaporation pond data
& related discussion,
w/encls

James Beck
J M Beck & Assoc

Kevin Mayer
Environmental
Protection Agency -
Region 9

REL 001
003

000022 SER/OHA
000028

02/19/1999 10111

03/08/1999

Memo: Redelegation of
authorized official for
Leviathan Mine, CA, natural
resource damage
assessment & restoration
activities, w/attchs

75516 Ltr: Fish captured in upper
Leviathan Creek derived fr
cutthroat trout & transmits
results of genetic analysis,
w/encl

03/08/1999 10112 Ltr: Comments on proposed
additional natural resource
damages assessment

Hilda Manuel
US Dept of the Interior -
Bureau of Indian Affairs

John Krause
US Dept of the Interior

Jonathan Clark
CA Dept of Fish & Game -
Office of Spill Prevention &
Response

Sandra Stash
ARCO Environmental
Remediation L L C

Mary Marks
US Forest Service -
Humboldt-Toiyabe
National Forest

Brian Wallace
Washoe Tribe of
Nevada & California

REL 001

REL 001

REL 001
045

000028 SER/OHA

000021 SER/OHA

000028 SER/OHA

03/17/1999 76263

03/17/1999 76241

03/18/1999 77099

Ltr: DNA results fr fish
captured in upper Leviathan
Creek confirmed that it was
derived fr Lahontan
cutthroat trout evolutionary
lineage
Ltr: DNA results fr fish
captured in upper Leviathan
Creek confirmed that it was
derived fr Lahontan
cutthroat trout evolutionary
lineage, w/ltr to S Weimeyer
fr J Clark 3/8/99 & attch
Ltr: Natural resource
damages assessment -
ARCO declines to
participate in funding or
performance of further
NRDA activities at site, w/TL
to M Manderbach & M
Marks fr J Alexander
3/29/99, w/o attch

Stafford Lehr
CA Dept of Fish & Game

Stafford Lehr
CA Dept of Fish & Game

Neal Brody
Atlantic Richfield Co

Mary Marks
US Forest Service -
Humboldt-Toiyabe
National Forest

REL 001

Stan Weimeyer UNC 001
US Dept of the Interior -
Fish & Wildlife Service

Charles McKinley UNC 001
US Dept of the Interior -
Office of the Solicitor

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA
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Doc Doc
Docid Title/Subject Author Addressee

04/21/1999 75480 Memo: Leviathan trip rpt for Kim Muratore Kevin Mayer
4/8 & 4/9/99 & related Environmental Protection Environmental
activities Agency - Region 9 Protection Agency •

Region 9

Josh Wirtschafer
Environmental
Protection Agency •
Region 9

04/27/1999 10112 Email: Transmits & AmyWheaton
comments on Leviathan KEECO
data, w/attchs

Kevjn Mayer
Environmental
Protection Agency •
Region 9

Acc

DAC 001
DAW
DDP

OU Phase Tracknbr

000021 SER/OHA

05/07/1999 10113 Ltr: Response to copy of Itr Kenny Guinn Brian Wallace
to F Marcus re impacts of NV Office of the Governor Washoe Tribe of
mine on surface & ground Nevada & California
waters

05/24/1999 90724 Results of computer search Environmental Protection
under CA corporation & Agency - Region 9
limited partnership records
for CALPINE. 00/00/0000 -
5/14/99

05/25/1999 75495 CDB Infotek on-line
corporate/financial search
results for selected mining &
mineral companies, (5/24 &
5/25/99)

06/01/1999 10113 Mtg Agenda: Leviathan
Mine mtg at Cal/EPA offices

06/01/1999 10113 Attach 1 -Potential ARARs Environmental Protection
for Leviathan Mine removal Agency - Region 9
action memo of 6/99

06/28/1999 10113 Ltr: Transmits 7 documents Kevin Mayer Chris Stetler
requested, w/list only, w/o Environmental Protection CA Regional Water
docs Agency - Region 9 Quality Control Board -

Lahontan Region

06/30/1999 75536 1999Treatability CA Regional Water Quality Environmental
study/removal action project Control Board - Lahontan Protection Agency -
workplan Region Region 9

07/02/1999 10113 Biweekly progress rpt,
6/15/99-6/29/99

U R S Corp - U R S
Greiner Woodward Clyde

07/08/1999 75532 HRS documentation record Karen Johnson
for Leviathan Mine, w/review Ecology & Environment, In
cover sheet

07/08/1999 75531 Hazard ranking system
summary scpresheet for
Leviathan Mine

Karen Johnson
Ecology & Environment, In

REL 001
045

REL 047

REL

UNC 008

REL 067

REL 042

REL 001

UNC 003
010

REL 077

UNC 004
062

UNC 062

000028 SER/OHA

000028 SER/OHA

SER/OHA

000021 SER/OHA

000028 SER/OHA

000028 SER/OHA

000028 SER/OHA

000021 SER/OHA
000028

000028 SER/OHA

000020 SER/OHA
000021

000020 SER/OHA
000021

PRP
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Doc
Date

Doc
Docid Title/Subject

07/15/1999 90725

07/22/1999 76244

07/29/1999 90850

Technical Memo: Activates
2 work assignment tasks -
title search & expert opinion

Memo: Transmits survey
map & map - on ground
GPS of disturbances,
w/marginalia by Kim
Muratore on GPS map

Ltr: Request for survey data
fr ARCO, w/CA statute on
real property access

Author

Kim Muratore
Environmental Protection
Agency - Region 9

07/29/1999 75527 Parcel map & CA real
property searches by parcel
number, data available
through 2/4/99 for current
parcel ownership (6/24/99 &
7/29/99)

07/29/1999 90786 Email: Access for Leviathan

08/17/1999 90741 Ltr: Request for access to
private property for survey
work, w/signed access
agreement

Addressee

Susan Corbaley
Science Applications
International Corp

Mary Marks Kim Muratore
US Forest Service - Environmental
Humboldt-Toiyabe National Protection Agency •
Forest ' Region 9

William Donovan
Piedmont Surveying Co

Kim Muratore
Environmental Protection
Agency - Region 9

John Kemmerer
Environmental Protection
Agency - Region 9

Kim Muratore
Environmental
Protection Agency -
Region 9

Acc

UNC 094

UNC 001
004
013

UNC 001

FX6 004

DAC
DDP
FX5

Kevin Mayer
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Patrick Parker, resident FX6
City of Orofino, ID

Virginia Parker, resident
City of Orofino, ID

001

OU Phase Tracknbr

SER/OHA

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA

000021 SER/OHA
000022

PRP

001 000022 SER/OHA

08/17/1999 90734 Ltr: Request to access
private property for site
survey work, w/signed
access agreement & note

08/17/1999 90732 Ltr: Request to access
private property for site
survey work, w/signed
access agreement

08/17/1999 75509 Ltr: 104(e) request for
information, w/encls, w/o
mail receipt Z039-960-667

John Kemmerer
Environmental Protection
Agency - Region 9

John Kemmerer
Environmental Protection
Agency - Region 9

John Kemmerer
Environmental Protection
Agency - Region 9

Ernest Wasson,
resident
City of Cupertino

Eva Wasson, resident
City of Cupertino

Betty Curtis, resident
City of Santa Rosa

Maurice Curtis, resident
City of Santa Rosa

Mike Bowlin
Atlantic Richfield Co

FX6 001
013

000022 SER/OHA

FX6 001

UNC 001
040

000022 SER/OHA

000021 SER/OHA
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Doc
Date

Doc
Docid Title/Subject

08/17/1999 90740

08/17/1999 90731

08/17/1999 90739

08/29/1999 90787

08/31/1999 90788

Ltr: Request for access to
private property for survey
work, w/signed access
agreement
Ltr: 104(e) request for
information w/o mail receipt
Z 039 960 667 (concurrence
copy)
Ltr: Request for access to
private property for survey
work, w/signed access
agreement

Email: Update on Leviathan
title search

Email: Update on Leviathan
Mine activities

09/03/1999 90793

Author

John Kemmerer
Environmental Protection
Agency - Region 9

Environmental Protection
Agency - Region 9

Email: Update on Leviathan
Mine activities, w/history

09/15/1999 69699 Response to 8/17/99 EPA
104(e) request for
information

09/15/1999 70431 Response to 8/17/99 EPA
104(e) request for
information

John Kemmerer
Environmental Protection
Agency - Region 9

Sandy Richardson
Science Applications
International Corp

Kevin Mayer
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental Protection
Agency - Region 9

ARCO Environmental
Remediation, L L C

ARCO Environmental
Remediation L L C

Addressee Ace

Robert Merrill, resident FX6 001
City of Woodside

Michael Bowlin UNC 040
Atlantic Richfield Co

Geodesic Structures UNC 001

Kim Muratore
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kim Muratore
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kim Muratore
Environmental
Protection Agency -
Region 9 •

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Environmental
Protection Agency -
Region 9

Environmental
Protection Agency -
Region 9

DAC 001
DDP
FX5

DAC 001
DDP
FX5

OU Phase Tracknbr

000022 SER/OHA

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA

000022 SER/OHA

PRP

Atlantic Richfield Co

DAC 001
DDP
FX5

000022 SER/OHA

CBR 039

CBR 039

000021 SER/OHA

000021 SER/OHA
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Date

09/16/1999

Docid Title/Subject

75511 Ltr: Response to 104(e)
request for information, w/o
ends

Author

Neal Brody
Atlantic Richfield Co

Doc
Addressee

Kim Muratore
Environmental
Protection Agency -
Region 9

Ace

UNC 001
039

OU Phase Tracknbr

000021 SER/OHA

PRP

10/22/1999 73826 Remedial site assessment
decision - further
assessernnt needed under
CERCLA, site proposed for
NPLon 10/22/99, w/NPL
fact sheet 10/99

12/06/1999 75506 On-line corporate data
search of Centex Corp

12/09/1999 76498

Environmental Protection
Agency - Region 9

Memo: Leviathan trip rpt for
12/1-12/3/99 & related
follow up, w/hand written
changes & attchs (oversize
map only)

Kim Muratore
Environmental Protection
Agency - Region 9

Kevjn Mayer
Environmental
Protection Agency -
Region 9

Josh Wirtschafer
Environmental
Protection Agency •
Region 9

UNC 011

UNC 008

DAC 004
DAW
DDP

000020 SER/OHA
000022

000021 SER/OHA

000021 SER/OHA

12/09/1999 76297 Memo: Leviathan trip rpt for
12/1-12/3/99 & related
follow up, w/hand written
changes & attchs, w/o
oversize map

12/09/1999 66635

12/09/1999 66634

Memo: Leviathan trip rpt for
12/1-12/3/99 & related
follow up (oversize map
only)

Memo: Leviathan trip rpt for
12/1 -12/3/99 & related
follow up, w/attchs (w/o
oversize map)

Kim Muratore
Environmental Protection
Agency - Region 9

Kim Muratore
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental
Protection Agency •
Region 9

Josh Wirtschafer
Environmental
Protection Agency •
Region 9

DAC 001
DAW 003
DDP 004

005

000021 SER/OHA

Kevin Mayer
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

DAC 004
DAW
DDP
FX5
FX6
DAC 001
DAW 004
DDP 005
FX5 067
FX6

000020 SER/OHA
000021

000020 SER/OHA
000021
000031

12/14/1999 75519 Ltr: Transmits affidavit of
Allan Van DeVelde re
sighting of black bear cub
drinking water fr Leviathan
Creek, w/encl

Sandy Richardson
Science Applications
International Corp

Kim Muratore
Environmental
Protection Agency -
Region 9

UNC 001 000021 SER/OHA



. 1 '
Today is: 2/25/2002

# of documents: 460

£ IPM! I!!"

n<u t. f P| ! "' C ' ' ( I
LEVIATHAN MINE%

Site File Index In Chronological Order

c:1: i trni i i
Page 41 of 48

Doc
Date Docid Title/Subject Author

12/15/1999 69700 Draft title search rpt, Science Applications
w/attchs & TL to K Muratore International Corp
fr S Richardson

Doc
Addressee

Environmental
Protection Agency -
Region 9

Ace

CBR 091
094

OU Phase Tracknbr

000021 SER/OHA

PRP

12/15/1999 75534 Email: Contractors as PRPs
- Isabell Construction's work
at Leviathan Mine

Joshua Wirtschafter
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental
Protection Agency -
Region 9

DAC 001
DAW
DDP

000021 SER/OHA

12/15/1999 70430 Draft title search rpt, Science Applications
w/attchs & TL to K Muratore international Corp
fr S Richardson

12/22/1999 75514 Ltr: Request for EPA's help
re potential environmental
problems with Leviathan
Mine Road & property of
Terry & Susan Hunt

12/22/1999 90798

01/04/2000 90802

Email: Leviathan in Nevada
- what the Hunts wanted to
talk about, w/history

Email: Leviathan in Nevada
- what the Hunts wanted to
talk about, w/history

Kirk Johnson
Robertson & Benevento

Kim Muratore
Environmental Protection
Agency - Region 9

Kim Muratore
Environmental Protection
Agency - Region 9

Environmental
Protection Agency -
Region 9

Kevin Mayer
Environmental
Protection Agency -
Region 9

Kevin Mayer
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Kevin Mayer
Environmental
Protection Agency -
Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

CBR 091
094

UNC 001

DAC 001
DDP
FX5

000021 SER/OHA

000021 SER/OHA
000031

000022 SER/OHA

DAC 001
DDP
FX5

000022 SER/OHA

01/04/2000 90745

01/19/2000 10110

01/24/2000 90804

Ltr1 Transmits comments on
draft Leviathan title search
& on ground survey,
w/comments

Data on stream-water &
bed-sediment quality in
vicinity of Leviathan Mine,
Alpine County, CA &
Douglas County, NV,
revised, w/TL & request for
comments to S Wiemeyer fr
K Thomas 1/20/00
Email: Schedule for
Leviathan well sampling &
possible drinking water
contamination on Hunt
property

Kim Muratore
Environmental Protection
Agency - Region 9

Michael Lico
US Geological Survey

Karen Thomas
US Geological Survey

Kevin Mayer
Environmental Protection
Agency - Region 9

Sandy Richardson
Science Applications
International Corp

UNC 001
045

REL 001

000022 SER/OHA

000028 SER/OHA

Peter Husby
Environmental
Protection Agency -
Region 9

DAC 001
DDP
FX5

000022 SER/OHA
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Doc
Date

Doc
Docid Title/Subject

01/31/2000 10346 Final title search & survey
for Leviathan Mine Site
(redacted, FOIA ex 6)

01/31/2000 75533 Final title search & survey
for site, w/attchs 1-4

01/31/2000 94017 Final title search & survey
for site, w/attchs 1-4

01/31/2000 76457 Final title search & survey
for site (oversize drawing
only)

02/01/2000 90823 Ltr: Transmits 3 copies of
final title search & survey
rpt, w/o ends

02/07/2000 90824

02/14/2000

02/15/2000 73824

02/16/2000

Ltr: Transmits 3 corrected
pages 9 & 10 & 3 copies of
revised Figure 2 for title
search & survey rpt, w/o
ends

73812 Memorandum of
understanding between
EPA-9 & USDA-Forest
Service Region 4
Ltr: Transmits modification
of 1998 administrative order
on consent re removal
actions & documentation of
account will be provided,
w/o end

69702 Memo: Leviathan trip rpt for
2/13 & 2/14/2000, w/2
interviews

Author

Science Applications
International Corp

Science Applications
International Corp

Science Applications
International Corp

Science Applications
International Corp

Sandy Richardson
Science Applications
International Corp

Sandy Richardson
Science Applications
International Corp

Environmental Protection
Agency - Region 9

Neal Brody
ARCO Environmental
Remediation L L C

Kim Muratore
Environmental Protection
Agency - Region 9

02/17/2000 73832 Memo: Agreement to modify Kevin Mayer
1998 consent order for Environmental Protection
removal action, w/o consent Agency - Region 9
order & attch #1
(concurrence copy) - version Joshua Wirtschafter
approved before changes Environmental Protection

Agency - Region 9

Addressee

Environmental
Protection Agency •
Region 9

Environmental
Protection Agency •
Region 9

Environmental
Protection Agency -
Region 9

Environmental
Protection Agency -
Region 9

Kim Muratore
Environmental
Protection Agency -
Region 9

Kim Muratore
Environmental
Protection Agency -
Region 9

US Forest Service -
Region 4

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Kevin Mayer
Environmental
Protection Agency •
Region 9

Josh Wirtschafer
Environmental
Protection Agency -
Region 9

John Kemmerer
Environmental
Protection Agency -
Region 9

Acc

REL 003
091
094

FX6 003
004
091
094

FX6 003
004
091
094

FX6 003

UNC 001
094

UNC 001
094

REL 001

REL 001

DAC 001
DAW
DDP

DAC 001
DAW
DDP
FX5
FX7

OU Phase Tracknbr

000020 SER/OHA
000021

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

000021 SER/OHA
000028

000021 SER/OHA

PRP

000021 SER/OHA
000028
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Doc
Date Docid Title/Subject Author

02/17/2000 73829 Memo: Agreement to modify Kevin Mayer
1998 consent order for Environmental Protection
removal action, w/o consent Agency - Region 9
order, w/attch #1
(concurrence copy) Joshua Wirtschafter

Environmental Protection
Agency - Region 9

02/18/2000 90771 Monthly work assignment
rpts, 11/30/99-2/18/2000

Science Applications
International Corp

Addressee

John Kemmerer
Environmental
Protection Agency •
Region 9

Environmental
Protection Agency -
Region 9

Doc
Ace IVB6

DAC 001
DAW
DDP
FX5
FX7

CBI 077
094

Phase Tracknbr

000021 SER/OHA
000028

PRP

000002 SER/OHA
000022

02/18/2000 68168 Modification of
administrative order on
consent for removal action,
docket #98-07A

02/22/2000 73823 Ltr: Transmits modification
of 1998 administrative order
on consent re removal
actions & confirmation that
ARCO will provide
documentation of accoumt,
w/o end

02/23/2000 73822 TL: Modification of 1998
administrative order on
consent re removal actions

Keith Takata
Environmental Protection
Agency - Region 9

Joshua Wirtschafter
Environmental Protection
Agency - Region 9

03/06/2000 75501 Ltr: Supplemental 104(e)
request for information,
w/encls, w/o mail receipt Z
039 960 786

03/06/2000 75498 Ltr: 104(e) request for
information, w/encls, w/o
mail receipt Z039-960-787

03/06/2000 90746 Ltr: 104(e) supplemental
request for information,
w/mail receipt Z 039 960
786 (concurrence copy)

03/06/2000 90750 Ltr: 104(e) request for Kathi Moore
information, w/mail receipt Z Environmental Protection
039 960 787 (concurrence Agency - Region 9
copy)

Kevin Mayer
Environmental Protection
Agency - Region 9

Kathi Moore
Environmental Protection
Agency - Region 9

Kathi Moore
Environmental Protection
Agency - Region 9

Kathi Moore
Environmental Protection
Agency - Region 9

03/20/2000 90806 Email: Leviathan Mine site
visit rpt

Kevin Mayer
Environmental Protection
Agency - Region 9

ARCO Environmental
Remediation L L C

Neal Brody
ARCO Environmental
Remediation L L C

Timothy Seward
Washoe Tribe of
Nevada & California

Mike Bowlin
Atlantic Richfield Co

Laurence Hirsch
Centex Corp

Michael Bowlin
Atlantic Richfield Co

Laurence Hirsch
Centex Corp

REL 041

REL 001

REL 001

UNC 001
040

UNC 001
040

UNC 040

UNC 040

Chip Demarest DAC
US Dept of the Interior DDP

FX5
John Krause
US Dept of the Interior

Daniel Welsh
US Dept of the Interior -
Fish & Wildlife Service

001

000021 DKT/98-07A
000028 SER/OHA
000029

000021 SER/OHA
000028

000021 SER/OHA
000028

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000021 SER/OHA

000022 SER/OHA

ARCO Environmental
Remediation L L C

Atlantic Richfield Co
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Doc
Date

Doc

Docid Title/Subject

03/29/2000 73821

03/29/2000 73820

03/31/2000 73819

Ltr: Request for copy of
return receipt showing date
& person who signed for Itr,
w/copy of certified mail
receipt Z039-960-786
Ltr: Request for copy of
return receipt showing date
& person who signed for Itr,
w/copy of certified mail
receipt Z039-960-786
Ltr: Response to 104(e)
request for information,
w/encl

Author

Kim Muratore
Environmental Protection
Agency - Region 9

Kim Muratore
Environmental Protection
Agency - Region 9

Raymond Smerge
Centex Corp

Addressee Ace

Postmaster UNC
US Postal Service - Los
Angeles, CA

001

Postmaster
US Postal Service -
Dallas, TX

Kim Muratore
Environmental
Protection Agency -
Region 9

UNC 001

UNC 001
039

OU Phase Tracknbr

000021 MAI/Z039-960-786
SER/OHA

000021 MAI/Z039-960-787
SER/OHA

000021 SER/OHA

PRP

04/06/2000 90755

04/06/2000 90752

Ltr: Confirms voicemail
message granting 2-wk
extension through 4/25/2000
to submit response to
104(e) supplemental
request for information
Email: Rpt on Leviathan
pond storage, w/newsclip

04/07/2000 90784 Email: Weekly activities for
weeks ending 4/7/2000 &
6/23/2000, w/history

Neal Brody
Atlantic Richfield Co

Kevin Mayer
Environmental Protection
Agency - Region 9

John Kemmerer
Environmental Protection
Agency - Region 9

Joshua Wirtschafter
Environmental
Protection Agency -
Region 9

Keith Takata
Environmental
Protection Agency -
Region 9

John Kemmerer
Environmental
Protection Agency •
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Keith Takata
Environmental
Protection Agency -
Region 9

UNC 001
053

UNC 001
006

000021 SER/OHA

000024 SER/OHA
000028

Atlantic Richfield Co

DAC 084
DDP
FX5

000022 SER/OHA

04/24/2000 75502 Ltr: Response to
supplemental 104(e)
request for information,
w/encls

Neal Brody
Atlantic Richfield Co

Kim Muratore
Environmental
Protection Agency •
Region 9

DSN 001
039

000021 SER/OHA

05/11/2000 90756

05/15/2000 75424

Newsclip: Superfunding
granted for Leviathan Mine
cleanup, w/2nd newsclip &
TL to K Muratore fr K Mayer
Ltr: Response to
supplemental 104(e)
request for information,
w/encls

Mary Thompson
Tahoe Daily Tribune

Neal Brody
Atlantic Richfield Co

UNC 001
006

Kim Muratore
Environmental
Protection Agency -
Region 9

UNC 001
005
007
039

000021 SER/OHA
000024

000021 SER/OHA

Atlantic Richfield Co
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05/16/2000 90808 Email: Leviathan Mine PRP
search, w/handwritten notes
& history

Author

Kevin Mayer
Environmental Protection
Agency - Region 9

Addressee

Kim Muratore
Environmental
Protection Agency -
Region 9

Doc
Ace

DAC 001
DDP 013
FX5

OU Phase Tracknbr

000021 SER/OHA

PRP

05/31/2000 75426 Memo: Leviathan Mine PRP
search rpt, w/appendix - list
of PRP search related
documents

Kim Muratore
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental
Protection Agency -
Region 9

Josh Wirtschafer
Environmental
Protection Agency -
Region 9

DAW 001
DDP 003
FX5 004

000021 SER/OHA

05/31/2000 75422 Memo: Leviathan Mine
ownership & operational
history, w/attchs

Kim Muratore
Environmental Protection
Agency - Region 9

06/26/2000 75425 TL: Copy of EPA rpt
Leviathan Mine ownership &
operational history

06/30/2000 77056 Ltr: Transmits copies of
documents flagged during
review of Leviathan Mine file
& Steven Brooks is now
on-scene coordinator, w/o
end

07/19/2000 99109 Administrative abatement
action #2000-16, w/attch &
w/TL fr K Takata to H Singer
7/19/00

08/04/2000 90810 Email: Leviathan ponds
have over 6.7 million gallons
storage capacity on
8/4/2000

08/14/2000 90758 Draft statement of work for
Leviathan Mine

10/01/2000 10495 Leviathan Mine natural
resources damage
assessment, phase 1 -
fisheries assessment

Kim Muratore
Environmental Protection
Agency - Region 9

Mary Marks
US Forest Service

Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental Protection
Agency - Region 9

CA Dept of Fish & Game

Kevin Mayer
Environmental
Protection Agency -
Region 9

Josh Wirtschafer
Environmental
Protection Agency -
Region 9

Harold Singer
CA Regional Water
Quality Control Board -
Lahontan Region

Kim Muratore
Environmental
Protection Agency -
Region 9

UNC 001
003
004

000021 SER/OHA

Kim Muratore
Environmental
Protection Agency -
Region 9

UNC 001

UNC 001

REL 001
041
093

DAC 001
DDP
FX5

UNC

UNC 001
003
004
056

000021 SER/OHA
000022

000021 SER/OHA

000021 DKT/2000-16
000028 SER/OHA

000022 SER/OHA

000022 SER/OHA

000022 SER/OHA

CA Regional Water Quality
Control Board - Lahontan Regio
Leviathan Mine
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Date

11/14/2000

Docid Title/Subject

87432 Ltr: Response to
supplemental 104(e)
request for information,
additional documents
discovered in Univ of
Wyoming collection of
Anaconda materials,
w/encls

Author

Jean Martin
Atlantic Richfield Co

11/21/2000 10113

11/21/2000 10115

11/22/2000 85869

12/01/2000

06/29/2001

Memo: Comments on UAO
for early response actions,
RI/FS under sec 106(a) of
CERCLA & requests signed
approval of UAO, w/attch 1
(concurrence copy)
Memo: Comments on UAO
for early response actions,
RI/FS under sec 106(a) of
CERCLA & requests signed
approval of UAO, w/o attch
1 (concurrence copy)
Administrative order for
early response actions &
RI/FS, docket #2001-05,
w/attchs & TL fr K Takata to
S Stash 11/22/00

10115 2000 year-end rpt for
Leviathan Mine, w/TL to K
Mayer fr C Stetler,
12/20/2000

10008 Action Memo: Request for
approval of removal action
at Leviathan Mine, w/attchs
(redacted, FOIA Exs 5 & 7)

Addressee

Kim Muratore
Environmental
Protection Agency •
Region 9

Keith Takata
Environmental
Protection Agency -
Region 9

Keith Takata
Environmental
Protection Agency •
Region 9

Joshua Wirtschafter
Environmental Protection
Agency - Region 9

Joshua Wirtschafter
Environmental Protection
Agency - Region 9

Environmental Protection
Agency - Region 9

CA Regional Water Quality Environmental
Control Board - Lahontan Protection Agency •
Region Region 9

Doc
Ace lye6- OU

UNC 001
005
039

DAW 001
DDP 045

REL 001
045

Kevin Mayer
Environmental Protection
Agency - Region 9

Keith Takata
Environmental
Protection Agency •
Region 9

REL

REL

REL

001
041

001
003
005

001
004
010
093

Phase Tracknbr

000021 SER/OHA

PRP

000028 SER/OHA

000028 SER/OHA

000021 DKT/2001-05
000022 SER/OHA

000022 SER/OHA
000028

000021 SER/OHA
000028

Atlantic Richfield Co
Leviathan Mine

CA Regional Water Quality
Control Board - Lahontan Regio
Leviathan Mine

06/29/2001 10008 Action Memo: Request for
approval of removal action
at Leviathan Mine, w/attchs

07/05/2001 10115

07/05/2001 10007

07/05/2001 10006

Memo: Administrative
abatement action under sec
106(a) of CERCLA, docket
#00-16{a), w/o attch
(concurrence copy)

Modification to
administrative abatement
action of 7/19/00,
#2000-16(a), w/attchs
(redacted, FOIA Exs 5 & 7)
Modification to
administrative abatement
action of 7/19/00,
#2000-16(a), w/attchs

Kevin Mayer
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental Protection
Agency - Region 9

Environmental Protection
Agency - Region 9

Environmental Protection
Agency - Region 9

Keith Takata
Environmental
Protection Agency •
Region 9

Keith Takata
Environmental
Protection Agency -
Region 9

DAC 001
DAW 004
DDP 010
FX5 093
FX7

DAC 001
DDP
FX5
FX7

REL 001
004
010
041
093

DAC 001
DAW 004
DDP 010
FX5 041
FX7 093

000021 SER/OHA
000028

000028 SER/OHA

000021 DKT/2000-16(a)
000028 SER/OHA

000021 DKT/2000-16(a)
000028 SER/OHA

CA Regional Water Quality
Control Board - Lahontan Regio
Leviathan Mine

CA Regional Water Quality
Control Board - Lahontan Regio
Leviathan Mine

CA Regional Water Quality
Control Board - Lahontan Regio
Leviathan Mine
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Doc
Date

Doc
Docid Title/Subject Author

07/27/2001 10116 Memo: Request for approval Kevin Mayer
of removal action at Environmental Protection
Leviathan Mine (redacted) Agency - Region 9
(concurrence copy)

07/27/2001 10116 Memo: Request for approval Kevin Mayer
of removal action at Environmental Protection
Leviathan Mine Agency - Region 9
(concurrence copy)

10/11/2001 99059 Polrep #RWQCB 2001-Start Kevin Mayer
(01 PRP Removal Action Environmental Protection
Start 004, 7/5/01) Agency - Region 9

10/11/2001

10/11/2001

10/11/2001

10/11/2001

11/01/2001

99058 Polrep #ARCO
2001-Complete (00 PRP
Removal Action Complete
002,9/30/01)

99057 Polrep #ARCO 2001-Start
(00 PRP Removal Action
Start 002, 7/27/01)

99056 Polrep #RWQCB
2000-Completion (01 PRP
Removal Action Complete
003,11/1/00)

Kevin Mayer
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental Protection
Agency - Region 9

Kevin Mayer
Environmental Protection
Agency - Region 9

99054 Polrep #RWQCB 2000-Start Kevin Mayer
(01 PRP Removal Action Environmental Protection
Start 003, 7/19/00) Agency - Region 9

10117 Fact Sheet: Update on
cleanup activities

11/07/2001 10117 Public Notice: Community
meeting for Washoe Tribe
on 11/07/01

Environmental Protection
Agency - Region 9

Environmental Protection
Agency - Region 9

Addressee Ace OU Phase Tracknbr

11/13/2001 10145 Memo: Dresslerville Michael Matuska .._ _,_.
community mtg comments & Federation of Fly Fishers - Environmental
request to be added to CA & NV Council Protection Agency
mailing list (01 PRP Region 9
Removal Action Complete
004,11/27/01)

Keith Takats
Environmental
Protection Agency -
Region 9

Keith Takata
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kathi Moore
Environmental
Protection Agency -
Region 9

Kevin Mayer
Environmental

REL

DAC
DDP
FX5
FX7

UNC

UNC

UNC

UNC

UNC

REL

REL

UNC

001
003
004

001
003
004

084

084

084

084

084

004
011

004
080

001
051

000028

000028

000001
000028

000001
000028

000001
000028

000001
000028

000001
000028

000028

000028

000001
000028

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

SER/OHA

PRP

CA Regional Water Quality
Control Board - Lahontan Regio

Atlantic Richfield Co

Atlantic Richfield Co

CA Regional Water Quality
Control Board - Lahontan Regio

CA Regional Water Quality
Control Board - Lahontan Regio

CA Regional Water Quality
Control Board - Lahontan Regio
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11/28/2001

Docid Title/Subject

10145 Tetra Tech EMI oversight
rpt of Leviatnsn Mine on
11/28/01,10:00 AM-1:30
PM (01 PRP Removsl
Action Complete 004,
11/27/01)

12/04/2001 10146 Polrep #RWQCB
2001-Complete (01 PRP
Removal Action Complete
004,11/27/01)

Doc

Author Addressee

Doug Carey Environmental
CA Regional Water Quality Protection Agency •
Control Board - Lahontan Region 9
Region

Joel Bauman
Tetra Tech E M Inc

Chris Stetler
CA Regional Water Quality
Control Board - Lahontan
Region

Ace

UNC

OU Phase Tracknbr

000001 SER/OHA
000028

PRP

CA Regional Water Quality
Control Board - Lahontan Regio

Kevin Mayer
Environmental Protection
Agency - Region 9

Kathi Moore
Environments!
Protection Agency •
Region 9

UNC 084 000001
000028

SER/OHA CA Regional Water Quality
Control Board - Lahontan Regio
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LEVIATHAN MINE SITE
DATABASE MEETING

February 27,2002

Meeting Notes

GENERAL

A meeting was held in Reno, Nevada on February 27, 2002 to discuss the Leviathan Mine Site
database. The following were in attendance:

Tim Tsukamoto
Stan Wiemeyer
Melanie Markin
Rob Greenbaum
Jean Ray
Steve Ferry
Nicki Miller
Don Booth
Dan McMindes
Laurie Scribe
Chris Stetler
Douglas Carey
Jennifer Carr
Randy Pahl
Steve Brooks
David Reisman
Greg Reller
Joel Bauman
Toby Leeson
Ned Black
Kevin Mayer
Peter Husby
Dr. Miller

University of Nevada - Reno (UNR)
United States Fish and Wildlife Service (USFWS)
USFWS
Washoe Tribe
Montgomery Watson Harza (MWH)
Atlantic Richfield Company
Atlantic Richfield Company
EMC2

United States Army Corps of Engineers (USAGE)
Lahontan Regional Water Quality Control Board (RWQCB)
RWQCB
RWQCB
Nevada Department of Environmental Protection (NDEP)
NDEP
United States Forest Service (USFS)
United States Environmental Protection Agency (EPA)
TetraTech EMI
TetraTech EMI
MWH
EPA
EPA
EPA
UNR

MEETING INTRODUCTION

Kevin Mayer (EPA) indicated that the purpose of the meeting was threefold:

• Outline the mechanics of the database
• Discuss information missing from the database
• Discuss how data quality will be assessed and how data will be used to make decisions

Steve Ferry (Atlantic Richfield Company) further noted that the focus of the data quality discussion
would be on how to evaluate historic data. He stressed the importance of reaching agreement on the
existing database before embarking upon detailed data evaluation and discussing future data inputs.
He indicated that the Phase 1 Work Plan would present a Statement of Work for moving forward
with the database, as well as a global SAP and QAPP for managing future site data.



DATABASE PRESENTATION

Atlantic Richfield Company contractors presented a review of the historical environmental database
for the site. The presentation included discussions of the following:

• Purpose of the database
• Database structure
• Historic data inventory
• Historic usability evaluation
• Using existing database

A handout outlining these discussion items was distributed to meeting participants. Open discussion
was held throughout the presentation, as outlined below.

GENERAL COMMENTS, QUESTIONS, DISCUSSION ITEMS

Data Management/Updating the Database

• The database is currently being updated monthly (with USGS data and as data is provided by
RWQCB).

• The database will be placed on the FTP site quarterly or bi-annually, upon completion.

• Given the size of the database, downloading from FTP has been an issue. As an interim
measure, EPA requested a CD version of the database for use and distribution.

• EPA noted that data management is critical - from collection of the sample in the field to
data quality evaluation to data entry; this is a central coordination task.

Database/CIS Interface

• The database is structured to be dynamically linked with the GIS.

• Per EPA, it is difficult to move forward without accurate spatial and temporal information.

• According to EPA and the USAGE, the database must form the template for querying and
GIS layers should be user friendly to allow immediate access of data on a media, as well as a
spatial or system level (e.g. - accessing information pertaining to the Aspen "system' or
Leviathan "system"). In addition, the ability to access "reach-based" information (e.g. - a
certain reach of Aspen Creek) and watershed-based data is also important

• Per USAGE, GIS provides for the ability to access information spatially; this is where we
should be headed with the data

Historic Data Inventory

• Atlantic Richfield Company outlined data currently included in the database (Database
Index), as well as documents to be reviewed for inclusion of additional historic data (List of
Documents to be Reviewed). Both of these lists were included in the meeting handout.
Atlantic Richfield Company noted that the List of Documents to be Reviewed was based on



a preliminary review of EPA's Site File Index to identify, based on document tides, the
documents likely to contain data. Atlantic Richfield Company's review of the Site File Index
documents is ongoing and Atlantic Richfield Company anticipates distributing an updated
List of Documents to be Reviewed to meeting participants in early March.

EPA requested that the date and revision number of these tables be added, so that
subsequent revisions can be tracked

EPA also requested that a list of "Rejected" documents be kept to assist with site document
tracking

Atlantic Richfield Company noted that the list of Documents to be Reviewed is a subset of
EPA's Site File Index (EPA distributed a copy of the Site File Index to meeting participants).

Meeting participants agreed to review EPA's Site File Index and provide EPA with lists of
information/data/reports missing from the index by March 21, as well as copies of the
information

Atlantic Richfield Company also requested meeting participants to indicate whether any of
this additional information and/or any of the other documents listed on EPA's Site File
Index (and not yet included on the List of Documents to be Reviewed), should be added to
the List of Documents to be Reviewed

Atlantic Richfield Company further requested that documentation such as SAPs, QAPPs,
FSPs, etc. be forwarded to EPA to assist with the data usability evaluation

EPA noted that they would update the Site File Index and that Atlantic Richfield Company
would update the database after input from meeting participants was received

Missing Data

EPA and the USFS noted that biological (macroinvertebrate) data must also be included in
the database (Herbst collected data from 1995 - 2000)

NDEP noted that they had collected data on Bryant Creek and the Carson River - and did
not see it in the database

USFS indicated that they had geotechnical data from the 1970s

RWQCB noted that SRK did a file review in 1998, and they were not certain that the file
review information was in the Site File Index or database

RWQCB further noted that sediment data were collected in conjunction with the Herbst
study

EPA stated that they would double check ORD and Las Vegas for data that might be
missing from the Site File Index

RWQCB indicated that they did an exhaustive research review when they took over the site
in 1983, and they do not recall data from the early 1960s and 1970s



• UNR stated that Aspen Seep data are not currently included in the database. For Aspen Seep
and other treatment data it was agreed that only influent and effluent data would be included
within the site-wide database; process data will be kept separate from the site-wide database,
since DQOs on process management are much different than DQOs on stream data

General Data Adequacy

• Per RWQCB, weather data are currently being obtained from the Monitor Pass Weather
Station, but the site weather station should be operational in the very near future

• EPA expressed concern that the current stage measurement data from the ponds may not be
of sufficient quality for anticipated modeling efforts

Historic Data Usability

• Historic data indicated in the Database Index are currently contained in the database

• The database is a "work-in-progress" and is currently structured as indicated in the handout
(categorized by media into three primary data tables, with supporting "administrative" tables)

• Metals data are entered as either total or dissolved, if information is available; it was
recommended by UNR that it should also be noted in the database if not specified

• After much discussion on usability of historic data, meeting participants agreed with the
following categories:

High documentation, as defined in the handout (with the modifications that 1) data
from some draft data summary reports may still be considered having complete
documentation provided it is know that the data has been through QA and is not
provisional; and 2) data sampling and laboratory analysis methods are known and
documented somewhere [i.e., in the DSR or in the laboratory reports] even if some of
the SAPs and laboratory methods may have yet to be compiled), (this data was formerly
termed "data usable — high")

Low documentation (this data was formerly termed "data usable — low")

Rejected (rejected data will placed in a separate "graveyard" database)

• It was agreed that neither a minimum data quality objective nor a specified detection limit
would be required of historical data (although detection limits would be specified in the
database)

• It was further agreed, however, that some historical data might fill a data gap, and therefore
might require further scrutiny

• Future data will not be classified as complete (high) or incomplete (low), since data collected
will be in accordance with approved SAPs and QAPPs and DQOs will outline how we
proceed in the future



• The meeting was summarized by EPA as a "plea" to get the database complete with
historical data, with as much substantiating documentation as possible; after the historical
database is complete, future data collection will be in accordance with approved SAPs and
QAPPs with defined DQOs. As such, the emphasis is to move forward with high quality
data. The global SAP and QAPP will outline conformance criteria for the site-specific SAPs
and QAPPs (e.g. - the global documents will outline that the site-specific SAPs and QAPPs
must conform to the specified seven-step DQO process and the site-specific documents will
outline the process for the activities being performed)

ACTION ITEMS

• Atlantic Richfield Company will add dates and revision numbers to the Database Index table
and the List of Documents to be Reviewed

• Meeting participants will review the Site File Index and List of Documents to be Reviewed
and provide EPA with additional information/documents to be added to these lists by
March 21,2002; in addition, they will provide copies of the missing information/documents

• EPA will update the Site File Index and Atlantic Richfield Company will update the List of
Documents to be Reviewed and database accordingly

• Atlantic Richfield Company will prepare a global SAP and QAPP, to be included in the
Phase 1 RI Work Plan (scheduled to be submitted to EPA in April 2002); data management
and data transfer will be outlined

• EPA and the RWQCB will provide links to USGS, meteorological, and other relevant site
data

SCHEDULE

• March 7, 2002: Updated List of Documents to be Reviewed distributed by Atlantic
Richfield Company

• March 8, 2002: Teleconference to discuss SMP comments

• March 21, 2002: Review of Site File Index and List of Documents to be Reviewed
completed by meeting participants and missing information forwarded to EPA

• March 29,2002: 2002 ERA Work Plan forwarded to EPA by Atlantic Richfield Company

• April 2002: Phase 1 RI Work Plan, with global SAP and QAPP, forwarded to EPA by
Atlantic Richfield Company

• April 2002: Biphasic Treatment Work Plan distributed by RWQCB



PRESENTATION OF HISTORICAL ENVIRONMENTAL DATABASE

LEVIATHAN MINE
ALPINE COUNTY, CALIFORNIA

FEBRUARY 27,2002

PRESENTATION OUTLINE

• Purpose of database
• Database structure
• Historic data inventory
• Historic usability evaluation
• Using existing database
• Open discussion

DATABASE STRUCTURE

The database consists of a relational database management system (RDMS) using
Microsoft Access. The historical data has initially been organized by primary data source
(e.g., RWQCB, USGS, SRK) and by media to facilitate management of historical data
entry. Future versions of the RDBMS will be organized solely by media and will consist
of the following three primary data tables:

1. - Surface water
- Water quality

- Groundwater
- Depths to water
- Groundwater quality

- Soils and sediments geochemistry
2. Climate
3. Surface water flows

In addition to these data types, the database also includes the following "administrative"
tables:

• Database index
• Parameter & quality control code definitions
• Historical data usability code descriptions
• Data source references
• Sampling station descriptions & location ID aliases
• Well construction details

The tables are linked based on common fields (e.g., location IDs, sample IDs, date and
source code). These relationships allow custom data queries.



HISTORICAL DATA USABILITY CATEGORIES

In order for a data set to be categorized, it must be considered pertinent and meet the
objectives of the database. If a data set is considered pertinent it is then assigned one of
three categories of usability:

• Data Usable, High
• Data Usable, Low
• Data Rejected

For a data set to be considered "Usable", it must be described with at least the following
data fields:

• Media sampled
• Analytes
• Sample location
• Date collected
• Results
• Units

If the data set includes this basic information it is considered "Usable", if not, the data is
"Rejected". Data that is rejected will not be loaded into the RDBMS or listed on the
Database Index Table, but will be documented in the Data Inventory table, which will be
kept separate from the RDBMS. The "Usable" data set is then assigned a "High" or
"Low" designation. In order for the data set to be assigned a "High" designation, the
following supporting documentation must be included in the project files:

• Source of data must be documented (i.e., a final data summary report (DSR))
• The data must have been collected in accordance with a published Sampling &

Analysis Plan (SAP) or Standard Operating Procedures (SOPs) that is on-file
• Accurate X and Y coordinates must be documented, as well as elevation & time/date,

where applicable
• Lab analytical method must be documented
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