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Environmental Impact of the Helen, Research, and
Chicago Mercury Mines on Water, Sediment, and Biota
in the Upper Dry Creek Watershed, Lake County,
California

By James J. Rytubal, Roger L. Hothem2, Jason T. May3, Christopher S. Kim#,
David Lawler?, Daniel Goldstein!, and Brianne E. Brussee2

Introduction

Background and objectives

The Helen, Research, and Chicago mercury (Hg) deposits are among the youngest Hg
deposits in the Coast Range Hg mineral belt and are located in the southwestern part of the Clear
Lake volcanic field in Lake County, California (fig. 1). The mine workings and tailings are
located in the headwaters of Dry Creek. The Helen Hg mine is the largest mine in the watershed
having produced about 7,600 flasks of Hg. The Chicago and Research Hg mines produced only a
small amount of Hg, less than 30 flasks. Waste rock and tailings have eroded from the mines,
and mine drainage from the Helen and Research mines contributes Hg-enriched mine wastes to
the headwaters of Dry Creek and contaminate the creek further downstream. The mines are
located on federal land managed by the U.S. Bureau of Land Management (USBLM). The
USBLM requested that the U.S. Geological Survey (USGS) measure and characterize Hg and
geochemical constituents in tailings, sediment, water, and biota at the Helen, Research, and
Chicago mines and in Dry Creek (fig. 2). This report is made in response to the USBLM request
to conduct a Comprehensive Environmental Response, Compensation, and Liability Act (
CERCLA - Removal Site Investigation (RSI). The RSI applies to removal of Hg-contaminated
mine waste from the Helen, Research, and Chicago mines as a means of reducing Hg transport to
Dry Creek.

'us. Geological Survey, Menlo Park, California.
2U.S. Geological Survey, Dixon, California.
3U.S. Geological Survey, Sacramento, California
4Chapman University, Orange, California

5U.S. Bureau of Land Management, Sacramento, California



This report summarizes data obtained from field sampling of mine tailings, waste rock,
sediment, and water at the Helen, Research, and Chicago mines on April 19, 2001, during a
storm event. Further sampling of water, sediment, and biota at the Helen mine area and the upper
part of Dry Creek was completed on July 15, 2003, during low-flow conditions. Our results
permit a preliminary assessment of the mining sources of Hg and associated chemical
constituents that could elevate levels of monomethyl Hg (MMeHg) in the water, sediment, and
biota that are impacted by historic mining.

Mining History and Geology

Helen Mine

The main structural control for Hg ores at the Helen, Research, and Chicago Hg mines is
a wide fault zone that separates serpentinite from Franciscan sandstone rocks (fig. 3). Silica-
carbonate alteration is localized along the fault, and most of the Hg ore bodies occur in the
alteration zone. At the Helen Mine, an irregular ledge of silica-carbonate rock occurs on the
footwall of the fault and ranges in width from a few meters to 45 m. The ledge ranges in
composition from green serpentine cut by fine carbonate veinlets to a dense, black opaline rock
with disseminated pyrite. This silica-carbonate ledge hosts the principal ore bodies with veinlets
and disseminations of cinnabar primarily occurring in the opalized rock. Prior to the formation of
the silica-carbonate ledge, Tertiary or Quaternary basalt dikes intruded the serpentine along the
fault zone. These dikes have since been completely altered to an argillic clay assemblage. At the
top of the ridge in the northern part of the mined area, remnants of a basalt flow are present. Ore
also occurs in the sandstone and in the highly altered basalt dikes on the hanging wall of the
fault. Moderate amounts of metacinnabar and tiemannite (HgSe) have also been reported. Native
Hg occurs to a lesser extent. Historically, the grade of ore produced by the mine ranged from 8
pounds per ton on the No. 2 shoot, to 20 pounds per ton on the No. 1 shoot, but the overall
average of the mine is closer to 8 pounds per ton. Mine workings consist of more than 1,500 m
of adits, drifts, and crosscuts on three main levels, as well as intermediate adits, raises, winzes,
and stopes (U.S. Bureau of Mines, 1965).

The main haulage adit at the Helen Mine was used to dispose of waste rock from the
underground workings. This has resulted in a large waste rock pile (fig. 4) at the base of the adit.
The adit releases a constant flow of near neutral mine drainage (table 1) that has deposited a
large amount of FeOOH-rich sediment extending from the portal to the end of the broad terrace
developed on top of the waste-rock pile (fig.5). A core sample from the terrace of FeOOH rich
sediment downstream from the adit portal penetrated 50 cm of FeOOH sediment (fig. 6). The
mine drainage effluent flows through a channel developed in the waste-rock pile (fig. 7) and
precipitates FEOOH throughout the length of the channel (fig. 8). The FeOOH precipitate has a
high Hg concentration, up to 550 ppm (table 2, sample 22DC9), as compared to the relatively
low Hg concentrations in FeEOOH precipitate at the Helen mine portal that range from 0.09-14.7
ppm (table 3, samples 21HM1and 23HM9, and table 2, samples 21HM-1S and 23HMOS).

A lower seep of near neutral mine drainage (table 1) is present at the base of the waste-
rock pile and a terrace of FeOOH-enriched sediment has precipitated from the effluent (fig. 9).
During the dry season, a large amount of efflorescent salts form along the margin of the seep and
the terrace of FEOOH precipitate. The salt consists of magnesium sulfate hydrate epsomite
because the mine drainage contains high concentrations of sulfate and magnesium (table 4).
During the dry season, efflorescent salts are also present around the margin of the mine drainage



from the main Helen Mine haulage adit. Mine drainage from the haulage adit and the lower seep
flows into an unnamed creek, here termed the Helen tributary, and then into Dry Creek. The
sediment in the channel of the Helen tributary is coated with FeOOH precipitate (fig. 10).

Most of the calcines and mine equipment at the Helen Mine have been buried in an area
to the east of the waste-rock pile. One relatively small calcine pile (fig. 11) is present below the
waste rock pile and west of the lower mine-drainage seep.

Research Mine

Research Mine is located between the Helen and Chicago mines along the south bank of
Dry Creek (fig. 2). A silica-carbonate rock ledge consisting of serpentine hosts most of the ore.
The ledge strikes about 30° west and dips steeply to the northeast. Cinnabar is found
inconsistently along the ledge as disseminations along with pyrite in the serpentine rock. The
underground workings are inaccessible. The remains of a brick retort with a long brick flue that
connected to the chimney are present on the south bank of Dry Creek (fig. 12). Calcines from the
retort are present in the bank of Dry Creek along with bricks from the retort (fig. 13). The
collapsed adit releases a small flow of near neutral mine drainage (table 1) into Dry Creek (fig.
14). Three large furnaces similar in design to a Scott furnace were built to process ores (fig. 15).
The furnaces were not properly vented, and fumes produced during the initial use of the furnaces
killed several mine workers. The furnaces were fed from the top with ore, and they had an
unusual gas-collection system that apparently failed (fig. 16). As a result, the only calcines
present are those at the site of the brick retort.

Chicago Mine

The Chicago Mine is located on a ledge of silica-carbonate rock that strikes northwest
and dips approximately 55° southwest. The ledge is localized along a fault zone that separates
serpentinite from Franciscan sandstone (fig. 3). The thickness of the silica-carbonate alteration
varies from 5.5 to 7.5 m and extends 210 m northwest of the mine. Near the center of the silica-
carbonate ledge, cinnabar and native Hg are present as narrow seams along a shear zone. The
mine workings along the main stope are restricted to a small carbonate vein in the ledge
containing cinnabar. Mine workings consist of about 3.2 km of underground tunnels and a
drainage tunnel 90 m below the abandoned workings (U.S. Bureau of Mines, 1965). The remains
of a brick retort rests on a pile of medium- to coarse-grained calcines located along the bank of
Dry Creek (fig. 17). Adjacent to the calcine pile is a partially collapsed ore crib (fig. 17).
Another pile of calcines covered by waste rock is exposed in the bank of Dry Creek just
downstream from the ore crib (fig. 18). The underground workings are still accessible and
consist of an adit and a winze developed in silica-carbonate altered serpentinite (fig. 19).

Sample Locations and Methods

Sample Locations and Conditions

Samples were collected to assess the concentration of Hg and biogeochemically relevant
constituents in tailings and waste-rock piles at the Helen, Research, and Chicago mine areas (fig.
2). Water and sediment samples were collected from mine drainage and FeOOH precipitates at
the Helen and Research mines and in the Helen tributary to Dry Creek (fig. 10) that receives
Helen Mine drainage (fig. 2). Biota, along with water and sediment were sampled in Dry Creek



above and below the confluence with the Helen tributary in order to assess the impact of Helen
Mine drainage and mine wastes on the upper part of Dry Creek (figs. 2, 20, and 21). Water,
sediment, and biota were sampled in the lower reach of Dry Creek, 3 to 5 km downstream from
the mine areas in order to assess the downstream impact of Hg released from the mine areas
(figs. 22 and 23). Sample site locations are shown in figures 2 and 22 and are listed in tables 1, 2,
and 5. The April 19, 2001, sampling occurred during a storm event that resulted in higher stream
flow and significant surface runoff. Sampling on April 1, 2003, and July 15, 2003, occurred
when stream flow was low and there was no precipitation.

Field Sampling Methods

Dry Sediments and Tailings

Samples consisting of 100 to 500 g of mine tailings and waste rock were collected from
waste rock and tailings piles at the Helen, Research, and Chicago mines. Sediment samples from
mine drainages and creeks were placed in 125-mL jars. Tailings and waste-rock samples were
stored and shipped in zip-lock bags at ambient temperature. Wet sediment samples for total Hg
(Hgr) and MMeHg analysis were stored on ice within approximately one hour after collection,
kept frozen in the laboratory until shipped overnight on dry ice to analytical laboratories, where
they were kept frozen until analysis. The temperature of samples arriving at the analytical
facilities ranged from 1 to 4°C, which is within the limits specified in USEPA Method 1631E.

Wet Sediments and Tailings

Wet sediment and tailings samples were collected in Certified TeflonTM-sealed I-

CHEMTM glass jars (the same as those used for dry sediments). Polycarbonate jars (100 ml
capacity) were used for Hg subsamples. These were frozen with dry ice immediately after
collection (freezing time approximately 20-30 minutes) and were kept frozen until analysis.

Water

Mine-drainage and stream-water samples were collected with new 60-mL sterile
polypropylene syringes. Bulk water samples were subsampled for analysis of metal(loid)s and
anions. Subsamples for metal(loid)s determinations were acidified to pH < 2 with trace metal
(Ultrex, J.T. Baker)-grade HNO; and stored in acid-washed, high-density polyethylene (HDPE)
bottles. Subsamples for anion and alkalinity measurements were filtered, stored in HDPE bottles,
and chilled to approximately 4°C until analysis, in accordance with USGS protocols for trace
metals (http://pubs.water.usgs.gov/twri9A). Water samples were filtered with disposable 25-mm-
diameter sterile cellulose acetate filters (0.45 m openings) in the field for analysis of anions,
alkalinity, and inductively coupled plasma-mass spectrometry (ICP-MS) and inductively coupled
plasma-atomic emission spectrometry (ICP-AES) analysis. Pore waters were collected and
filtered in the field with sterile cellulose acetate filters (0.20 m openings).

Water sample parameters, including pH, conductivity, and temperature, were measured in
the field with a battery-powered pH meter (Orion Model 290, with low-maintenance sealed gel
triode electrode) and a specific conductivity meter (Orion Model 120). The pH triode, which has
automatic temperature compensation, was also used for temperature measurements.
Measurements were taken by placing the probe directly into the flowing mine drainage or stream
water.
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Samples for Hgr and MMeHg analyses were collected in trace metal-free-certified 1-L
borosilicate bottles (Nalgene ICHEM) with no headspace and Teflon-lined caps. Sampling for
Hg analysis followed ultra-clean sampling and handling protocols (Bloom, 1995; Gill and
Fitzgerald, 1987) during both the collection of field samples and the analysis to avoid
introduction of Hg. Samples were kept on ice until shipped. Samples were shipped overnight on
dry ice or blue ice packs, and arrived the next morning at the analytical facilities at temperatures
ranging from 1 to 4° C, which is specified by USEPA Method 1631E to minimize biologically
induced phase changes and MMeHg degradation.

During every sampling event, a field blank was collected by processing de-ionized water
and collecting the same subsamples (except for alkalinity) by the same procedures as those used
for the field samples. Laboratory blanks and acid blanks were processed periodically to
determine whether our equipment, containers, reagents, and procedures introduced significant
contamination.

Invertebrates

The target macroinvertebrates for this study were predatory insects, depending on their
abundance and availability at each sample site. Taxa collected were larval dragonflies (order
Odonata, family Gomphidae, Aeshnidae, and Cordulegastridae), adults of three families of the
order Hemiptera (water striders: family Gerridae; backswimmers, family Notonectidae; and giant
water bugs, family Belostomatidae), larval stoneflies (order Plecoptera, family Perlidae), and
larval Dobsonflies (order Megaloptera, family Corydalidae; table 6).

Invertebrates were collected using dip nets and by hand and placed in Ziploc® plastic
bags with native water (fig. 20). Samples were kept in native water in a cooler on wet ice and
allowed to depurate for 4-24 hours before they were sorted at the end of each collection day.
Individuals were sorted by family and placed in disposable dishes using Teflon-coated forceps or
by hand while wearing disposable latex gloves. Organisms were rinsed clean with deionized
water and patted dry with a clean paper towel. Then samples were sorted and composited by
family with the goal of obtaining a minimum of 1 g wet biomass. Each sample consisted of 1-25
individuals of the same family (0.31-1.92 g total mass). Samples were weighed on an electronic
balance, placed into chemically cleaned glass jars with Teflon-lined lids. The lids were sealed
with Parafilm®, and the samples were then stored frozen until they could be shipped to the
laboratory for Hgr analysis. Where mass was sufficient, MMeHg and percent moisture were also
analyzed.

Fish

Fish were collected from Lower Dry Creek in April and July 2003. The species collected
included riffle sculpin (Cottus gulosus) in April, rainbow trout (Oncorhynchus mykiss) in July,
and California roach (Hesperoleucus symmetricus) in both sampling periods (table 7). Fish that
were collected using a backpack electroshocker were held in buckets of native water. Each fish
was asphyxiated in a cooler and was then weighed and measured for standard and total length,
individually wrapped in aluminum foil, placed in polyethylene Ziploc® bags, and stored frozen
until they could be processed. Within 1-3 days, the fish were thawed for processing. Each fish
was examined for gross deformities and dissected to determine sex. The gastrointestinal (GI)
tract was removed, and the stomach contents were preserved for later identification. Whole body
samples were processed according to procedures described by May and others, (2000). Samples
were placed in individual chemically cleaned glass sample jars with Teflon-lined lids; the lids
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were sealed with Parafilm®, and the samples were stored frozen for no more than 30 days before
being sent to the laboratory for analysis.

Analytical Methods

Sediments and Tailings

Multi-element analyses for all dry sediments and tailings were performed in the
laboratories of ALS Chemex. Bulk samples were ground in a zirconia ring mill and subjected to
a near-total four-acid digestion. Major elements were determined by ICP-AES. Minor elements
other than Hg were determined by ICP-MS. Mercury was determined by cold vapor atomic
absorption spectroscopy (CVAAS) following methods similar to those described by Crock
(1996) and O’Leary and others, (1996).

Mercury and MMeHg analyses for all wet sediments were done at Frontier Geosciences.
Some dry sediments analyzed by Chemex were also analyzed by Frontier. For Hgr, the sediment
was leached with cold aqua regia, followed by stannous chloride (SnCl,) reduction, two-stage
gold amalgamation, and cold vapor atomic fluorescence spectroscopy (CVAFS) detection.
Methylmercury was obtained by acid bromide/methyl chloride extraction followed by aqueous
phase ethylation, isothermal gas chromatographic (GC) separation, and CVAFS detection
(Horvat and others, 1993). Results were reported on both a wet- and dry-weight basis.

Chemex and Frontier sample preparation steps differ in terms of type of sample analyzed
and sample digestion. Chemex preparation utilizes a relatively large split, which is pulverized.
The Chemex 4-acid digestion dissolves all but a few resistant minerals such as zircon. It is
important to note that our samples were treated as rocks rather than soils, except that crushing
was not needed, so no sieving was performed in the laboratory; bulk sample including clasts as
large as 1-2 cm diameter was processed. Frontier’s preparation avoids handling and uses a strong
leach (aqua regia), which removes elemental Hg, adsorbed Hg, Hg in amalgams, and combined
Hg including Hg sulfide, but does not affect silicate minerals. Material coarser than sand size,
however, is not included in Frontier’s leach.

Waters

Alkalinity as CaCO3 was determined in the laboratory by titration with H,SO4 using
Gran’s technique (Orion Research, Inc., 1978), within 2-4 days after sample collection. Sulfate,
chloride, nitrate, and fluoride concentrations were determined by ion chromatography (Fishman
and Pyen, 1979).

Cations were analyzed by ICP-AES and ICP-MS. Ion chromatography and alkalinity
analyses were performed by USGS laboratories under the direction of Paul Lamothe. The ICP-
AES analyses were determined by USGS laboratories under the direction of Paul Briggs.
Duplicate water samples, blank samples, and USGS Water Resource Division standard reference
waters were analyzed with the data set.

At Frontier Geosciences, samples were handled in a Class-100 clean air station monitored
routinely for low levels of total gaseous Hg. An ultra-clean Hg trace metal protocol was

followed, including the use of rigorously cleaned and tested TeflonTM equipment and sample
bottles and pre-screened and purified reagents. Laboratory atmosphere and water supply were
also routinely monitored for low levels of Hg. Primary standards used in the laboratory were
NIST-certified or traceable to NIST-certified materials. Monomethylmercury standards were
made from pure powder and calibrated against NBS-3133; they were cross-verified by daily



analysis of Certified Reference Material DORM-2 (National Research Council of Canada
Institute for National Measurement Standards, 1999). EPA Method 1631 was used. Total
mercury was determined by bromine monochloride (BrCl) oxidation followed by SnCl,
reduction, two-stage gold amalgamation, and detection by CVAFS (Bloom ef al., 1988).

Methylmercury was liberated from water using an all-TeflonTM distillation system. Distilled
samples were analyzed using aqueous phase ethylation with purging onto Carbotrap, isothermal
GC separation, and CVAFS detection (Bloom, 1989). To address accuracy and precision,
quality-assurance measures were employed with the following minimum frequency: laboratory
duplicates, one per ten samples; method blanks, three per analytical batch; filtration blanks, one
per ten samples; and spike recovery or standard reference material, one per ten samples.

Biota

Invertebrate samples were analyzed for both Hgr and MMeHg, while fish samples were
analyzed only for Hgr Samples collected in April were received frozen within 30 days of
collection at Frontier Geosciences, Inc. (Seattle, Wash.) and were assigned unique identification
numbers. The samples were placed in frozen storage until sample preparation could take place.
Monomethyl Hg in tissue was prepared by a 25% KOH in methanol digestion and analyzed by
aqueous phase ethylation, isothermal GC separation, and CVAFS detection (Frontier SOPs FGS-
010, FGS-070). Total Hg in tissue was prepared by a 70/30 nitric/sulfuric digestion and analyzed
by SnCl, reduction, dual gold amalgamation, and CVAFS detection (Frontier SOPs FGS-011,
FGS-069). The Method Detection Limit (MDL) for MMeHg was 1.33 ng/g, ww. The MDL for
Hgrwas 0.26 ng/g, ww. All results are reported on both a wet- and dry- weight basis.

Samples collected in July were analyzed at the Brooks Rand Laboratory (Seattle, Wash.).
Samples were received frozen, were given a unique identification number, and were stored at <-
10°C until preparation. Monomethyl Hg samples were prepared by KOH digestion, and were
analyzed by aqueous phase ethylation, purge and trap, GC separation, and CVAFS detection
(Brooks Rand LLC SOP). For analysis of Hgr, samples were digested with nitric/sulfuric acid
and heat and further oxidized with BrCl. Samples were analyzed with SnCl, reduction, single
gold amalgamation, and CVAFS detection using a BRL Model III CVAFS Mercury analyzer.
The MDL for MMeHg was 1.5 ng/g, dry weight; the MDL for Hgr was 0.07 ng/g, dry weight.
Results are reported on a wet-weight basis.

Quality Assurance/Quality Control for Biota

All standard environmental laboratory and field Quality Assurance/Quality Control
(QA/QC) procedures were followed for this study. Calibration of all instruments utilized four
blank and at least five calibration standards. Instrument response was evaluated by running a
check standard and a check blank immediately following calibration and thereafter following
every 10 samples and at the end of the analytical run. A minimum of three method blanks per
batch of 20 samples were run. Matrix spike, matrix spike duplicate recoveries, method
duplicates, and Standard Reference Materials were analyzed at least once every ten samples.
Analyses of blanks, duplicates, spiked samples, and Standard Reference Materials were
performed, and all results were acceptable.



Results

Tailings at the Helen, Research, and Chicago Mine Areas

The concentration of Hg in waste materials at the Helen, Research, and Chicago mine
areas varies depending on material type and furnace used. Ores at the Helen Mine were primarily
processed in a rotary furnace and calcines (tailings) were deposited to the east of the mine
haulage adit. The calcines along with mine equipment were buried during reclamation carried out
in the 1990s so no calcines were available for sampling. The only Helen Mine calcines now
accessible is a small pile located below the waste-rock pile and west of the lower mine drainage
seep (fig. 11). The Hg concentration in the calcines is relatively low, 17.9 ppm (table 2), but Co,
Cr, and Ni are present in high concentrations that are typical of ores hosted by serpentinite. The
large waste-rock pile was not sampled (fig. 4).

At the Research Mine, the ore was processed in a brick retort, and the calcines were
disposed of in a pile adjacent to Dry Creek (figs. 12 and 13). The calcines are poorly sorted and
consist of coarse pebble sand with very low Hg concentration (3.4 ppm). At the Research Mine
adit, small amounts of calcines are present, and the Hg concentration is low (15.7 ppm; table 2).
Both calcine samples have high concentrations of Co, Cr, and Ni because the ores were hosted
by serpentinite. Tellurium is also elevated (1.15 ppm) in one of the calcine samples (21RE-1C,
table 2).

The Chicago Mine ores were processed in a brick retort and the calcines and waste rock
were disposed of at the site of the retort on the bank of Dry Creek (fig.17). The Hg concentration
in the calcines ranges from 8.4 to 76.9 ppm. Another pile of calcines is exposed in the bank of
Dry Creek downstream from the remains of the ore crib (fig.18). The calcines are fine grained
and have very high Hg concentrations, up to 430 ppm (table 2). High concentrations of Co, Cr,
and Ni are present in the calcines because the ores were hosted by serpentinite. Altered
serpentinite (sample 21CH - 3AR) contains elevated Hg, up to 57.2 ppm, and Te, 2.65 ppm.
These concentrations are likely indicative of the Hg and Te concentrations in the waste rock at
the Chicago Mine, although no sample of the waste rock was analyzed. A sample of high-grade
ore, 17,730 ppm Hg, also has an anomalous Te concentrations and high concentration of Co, Cr,
and Ni. All other trace metals (Cu, Pb, and Zn) in the ore and altered rock are relatively low.

Hg and Associated Elements in Mine Drainage and Dry Creek Waters

Mine drainage at the Helen Mine, and to a lesser extent at the Research Mine, is a
significant source of Hg to Dry Creek. At the Helen Mine, mine drainage is released from two
adits and one seep located at the base of the waste-rock pile (fig. 2). Effluent from these three
sources contributes most of the flow to the Helen tributary. The Helen tributary is located at the
base of the Helen Mine workings and waste piles. Mine drainage from the main haulage adit at
the Helen Mine has relatively low Hg and MMeHg concentrations at the portal (0.6 - 9.56 ng/L;
tables 1 and 3, samples 21HM1 and 23HMD9) and in the drainage that flows on the terrace of
FeOOH precipitate (fig. 5, tables 1 and 3, samples HEL0703W3, 21HM1, and 23HM9). The pH
of the mine drainage, 6.44 to 7.63 (table 1), is not highly acidic because carbonate minerals in
the altered serpentinite buffer the waters. The water has high sulfate (up to 860 ppm) and Fe (15
ppm) concentrations because of oxidation of the high pyrite content of the ore, and very high
concentrations of Mg (up to 267 mg/L) that is derived from the altered serpentinite (tables 4, 8,
and 9, samples 21HM1 and 23HM9). As the mine drainage flows through the waste-rock pile it



dissolves Hg. This results in very high concentrations of Hg, up to 550 ppm, in FeEOOH
precipitated from the mine drainage (figs. 7 and 8, table 2, sample 22DC9), as well as high
concentrations of Co, Cr, and Ni. In comparison, the Hg concentration in FeOOH precipitate
near the portal of the adit is relatively low, 0.09 to 1.13 ppm (table 3). A core sample from the
terrace of FeOOH precipitate downstream from the adit penetrated 50 cm of FeOOH sediment.
Hg concentrations in filtered (<0.20 m) pore fluid were very high, 52 and 710 ng/L, as compared
to the Hg concentration in surface mine drainage samples (fig. 6, table 3).

The drainage from the seep located below the waste-rock pile has similar chemistry to
that of water from the main adit. The mine drainage precipitates FEOOH and forms a layer of Fe-
enriched sediment and FeOOH coatings on the waste rock (fig. 9). The Hg concentration in the
water from samples at the seep ranges from 1.5 to 17.5 ng/L, and the FeOOH precipitate contains
from 0.5 to 16.3 ppm Hg (table 3). The pH of the water ranges from 6.76 to 6.99 (table 1), and
concentrations of sulfate (up to 900 ppm), Fe, (up to 9.6 ppm), and Mg (up to 264 ppm) are high
(tables 4, 8, and 9, samples 21HM?2, 23HM11C, and HEL0703W4). During the dry season,
efflorescent Mg sulfate salts form as a result of the high concentration of Mg and sulfate in the
mine drainage. The lower seep develops a ring of efflorescent salts with a thickness up to 10 cm
(fig. 24) during the dry season. Efflorescent salts also form along the margin of the FeEOOH
terrace downstream from the main Helen adit during the dry season (fig. 6). The efflorescent
salts are highly soluble, dissolve during the first winter rains, and are a significant source of Hg,
sulfate, and Mg to Dry Creek.

The concentration of sulfate and Mg in waters from the Helen Mine seep and the main
adit are comparably high (fig. 25). The Helen tributary is a mixture of mine-drainage effluent
with high concentration of sulfate and Mg and surface water with relatively low concentrations
of these constituents (figs. 11 and 25, table 4). Although the volume of flow in the Helen
tributary is lower than in Dry Creek, the sulfate concentration in the tributary is sufficiently high
to increase the sulfate concentration in Dry Creek downstream from the confluence with the
Helen tributary (figs. 25 and 21). At the USGS gaging station, located 1 km downstream from
the confluence of the Helen tributary with Dry Creek (fig. 2), sulfate concentration was lower
than that measured upstream in Dry Creek during the April 2001 storm event because of dilution
by surface runoff (fig. 25). Sulfate concentration at the gaging station sampled during low flow
conditions in August 2005 was very high, 324 ppm, and nitrate concentration was extremely
high, 5,560 ppm, indicating that a nearby anthropogenic source other than mine drainage
contaminates Dry Creek. This source of nitrate contamination is located above the gaging station
and below the Helen tributary (table 4, sample 22DC6A). It should be noted that under all flow
conditions no nitrate was detected in waters from the mine areas, or in the upper part of the
watershed (table 4).

Mine drainage from the north adit at the Helen Mine has significantly different chemistry
from the main adit and seep and there is no FeOOH precipitate associated with the drainage. The
pH of the water is near neutral (table 1) and the concentration of sulfate (85 ppm), and Fe (<.02
ppm) is much lower (table 4, fig. 25). The Hg concentration of the water is 28.1 ng/L and
MMeHg concentration is 0.62 ng/L as compared to no detectable MMeHg in the main adit and
seep (table 3).

At the Research Mine, drainage from the collapsed adit has elevated Hg concentration
(32.8 ng/L), but no detectable MMeHg. The pH of the water is alkaline (8.3, table 1) because of
buffering by serpentinite. Sulfate concentration is elevated (78 ppm), but Fe concentration is
below the detection limit of 0.02 ppm, and as a result, no FeEOOH precipitate is present. The



mine drainage flows directly into Dry Creek (fig. 14) and contributes to the elevated sulfate
concentration of Dry Creek as indicated by the relatively high sulfate concentration in Dry Creek
water above the confluence with the Helen tributary (fig. 20; sample 23HMS, table 4, fig. 25,
sample noted “A”).

Waters sampled in the lower reach of Dry Creek have low concentrations of Hg (< 3.5
ng/L) and MMeHg (< 0.09 ng/L) (figs. 26 and 27, table 3). During low-flow conditions, most of
the Hg in the lower reach of Dry Creek is in the filtered fraction (fig. 26). The concentration of
MMeHg is typically less than the detection limit, and in the one sample with detectable MMeHg,
the concentration is < 5% of the total Hg (fig. 27).

Sediment in Dry Creek at and below the Helen and Research Mines

The headwaters of Dry Creek are located above the Chicago Mine, and the creek flows
through bank deposits containing calcines and waste rock at the Chicago mine and at the
Research Mine further down stream (fig. 28). During high flows, calcines and waste rock are
eroded and contribute Hg-enriched sediment to the creek. At the Research Mine, the
concentration of Hg in active channel sediment is 3.37 ppm (table 2, sample 21-RE-1S). Further
downstream Hg concentration in active channel sediment remains about the same (2.99 ppm) at
the sample site located just upstream from the confluence with the Helen tributary (table 2,
sample 23HMSS, site shown in fig. 20). Sediment in the Helen tributary has variable Hg
concentration, ranging from 0.2 to 90.8 ppm (tables 2 and 3, samples 21HM3, 23HM3S, and 8S),
as a result of variable amounts of Hg-enriched FeOOH transported from the Helen mine
drainage. Sediment from the Helen tributary increases the Hg concentration in Dry Creek
sediment to 3.7 to 5.9 ppm (table 2, sample sites 23HM6 and 7, figs. 21 and 28) downstream
from the confluence. At this site, one sample had very high Hg concentration (681 ppm) but this
likely reflects the nugget effect because of the small sample size (0.2g) used for the analysis by
Frontier Geosciences (table 3). At the USGS gaging station, 1 km downstream from the Helen
tributary, Hg concentration in sediment increases and ranges from 2.7 to 90 ppm (table 3, sample
21DR-1S and table 2, sample 22 DC6A). Pre-mining sediment in bank deposits exposed at the
gaging station has an elevated Hg concentration (27 ppm) and is a potential source of Hg-
enriched sediment to Dry Creek (table 2, sample 22DC6B, fig. 28).

In the reach of Dry Creek 4-5 km downstream from the Helen Mine, elevated but highly
variable Hg concentrations are present in sediment in the active stream channel (fig. 29). The
concentrations are significantly higher than those in the upper part of Dry Creek, and the increase
downstream to a maximum of 230 ppm (table 2, sample 22DC3). Sediment sampled in July 2002
consisted of fine silt to sand deposited from the last storm event of the wet season (fig. 30). Pre-
mining sediment exposed in the banks of Dry Creek was sampled at the same sites where
sediment from the active channel was collected. The pre-mining sediment consists of coarse
gravel with a matrix of fine to coarse sand that was selectively sampled and analyzed (fig. 31).
The Hg concentration in the sand matrix of the pre-mining sediment ranged from 0.9 to 66 ppm
and was always lower than the concentration in sediment from the active channel at the same site
(fig. 29, table 2). The higher Hg concentration in the active channel indicates that Hg-enriched
sediment was naturally eroded from the mineralized area prior to mining, but subsequent mining
significantly increased the amount of Hg-enriched sediment transported into the watershed.

The concentration of MMeHg in Dry Creek sediments varies considerably, ranging from
0.05 ng/g to 0.59 ng/g (table 3). Low MMeHg concentrations occur in sediment in the upper
reach of Dry Creek near the mine areas, and higher concentrations occur in the lower reach of
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Dry Creek. The highest MMeHg concentration, 0.73 ng/g, occurs in FeOOH-rich sediment
precipitated from mine drainage from the main Helen Mine adit. Lower MMeHg concentration
(0.17 ng/g) occurs in the lower Helen Mine seep.

The % MMeHg in sediments (table 3 and fig. 32) can be used as an indicator for net
production of MMeHg when the concentration of MMeHg is normalized to total Hg (Drott and
others, 2008). The % MMeHg is derived by dividing the measured concentrations of MMeHg in
sediment by the total Hg concentration present in the same sample:

% MMeHg = 100*(MMeHg in ng/g in sediment)/(Hg in ng/g in sediment).

The highest values for % MMeHg are in samples of FeOOH sediment precipitated from
the Helen Mine main adit drainage and indicate a high production of MMeHg (fig. 32). The
lower values of % MMeHg present in Dry Creek, and other FeOOH-enriched sediment
associated with mine drainage at the Helen and Research mines, indicate relatively lower
production of MMeHg. Two samples with very high Hg concentrations, (table 3, Dry Creek
sediment sample 23HM6 and Helen mine-drainage sediment 23HM10) have exceptionally low
values of % MMeHg (< 0.0001) indicating that the Hg is not readily methylated (fig. 32). For
comparison, the % MMeHg in the Anna Belcher Creek watershed and Contact mercury mine
area, located 5 km to the west, have a comparable range in % MMeHg with the highest MMeHg
production in a pond at the Contact Mine (Rytuba and others, 2009). The moderately high levels
of % MMeHg in stream sediments in the lower part of Dry Creek indicates that the production of
MMeHg is relatively low, even though Hg levels in the sediment are exceptionally high.

The speciation of Hg in Dry Creek sediment was determined by using sequential
chemical extraction. Most of the Hg is present as Hg sulfide (F5 fraction) with concentrations
ranging from 70-75% of the total Hg present in two sediment samples from the lower reach of
Dry Creek- a medium sand and a silt-clay (fig. 33). The F4 fraction, which is interpreted to be
elemental Hg, and F3 fraction, which likely represents organic-bound Hg, comprise most of the
remainder of the Hg species present. Only a very small fraction, less than 0.3%, consists of Hg
salts (F2 fraction) and soluble Hg (F1 fraction). The speciation data indicate that although high
concentration of Hg are present in the lower reach of Dry Creek, the Hg is present primarily as
Hg sulfide, which is less readily methylated. As a result of the dominance of HgS in the
sediment, MMeHg concentrations in Dry Creek sediment are relatively low.

Biota

Invertebrates

We collected 20 samples of aquatic invertebrates from three sites in the Dry Creek
watershed on April 2, 2003; another 11 samples were collected on July 16, 2003, from the same
sites and one additional site, the Helen Mine adit. All samples were analyzed for Hgr and
MMeHg and, where possible, were compared with samples collected in 1999-2000 at a reference
site in the Bear River Watershed (BR20), Nevada County (table 6).

The reference samples from BR20, had Hgr concentrations ranging from 0.022 to 0.076

g/g (all values are reported on a wet-weight basis) and MMeHg concentrations ranging between
0.014 and 0.068 g/g. The Hgr and MMeHg concentrations from samples collected from the Dry
Creek watershed were more variable, ranging from the lowest concentration of MMeHg in a

composite sample of stoneflies (Perlidae) from the Lower Dry Creek site (0.033 g/g Hgr) to the
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highest concentration (0.431 g/g Hgr) in a Dobsonfly (Corydalidae) from Dry Creek above
Helen Mine (DCAH; table 6).

All Hemipterans had higher concentrations of MMeHg than comparable taxa at BR20,
with geometric means from 2-9 times higher than the reference samples (fig. 34). The highest
levels in Hemipterans were in the Notonectidae (0.16 to 0.32 pg/g MMeHg) from the two sites
on Dry Creek, above and below the Helen Mine input. The geometric mean concentration was
higher above (0.305 pg/g MMeHg) than (0.221 pg/g MMeHg) below the input. The giant water
bugs (Belostomatidae) and water striders (Gerridae) also exhibited levels of MMeHg that were
higher than levels from the reference site (BR20; fig 34). The lowest mean MMeHg
concentration was in water striders at the Lower Dry Creek site, the furthest distance from the
sources of the Hg.

Although larval dragonflies (order Odonata; families Aeshnidae, Cordulegastridae, and
Gomphidae) were only collected at the lower Dry Creek site, the site furthest downstream from
the mines, the geometric mean MMeHg concentrations in all samples (0.051 to 0.099 pg/g) were
higher than the mean concentration of Aeshnidae from the reference site (BR20; 0.019 pg/g; fig.
35).

Individual composites of Dobsonflies (Corydalidae) from the Dry Creek watershed had
MMeHg concentrations that ranged from 1.6 to 11 times higher than the geometric-mean
MMeHg concentration from the reference site (0.038 pg/g; fig. 36). There appeared to be a
seasonal difference in MMeHg concentrations in this taxon, with the April samples being 2-4
times higher than the July samples at the sites above (DCAH) and below (DCBH) the Helen
Mine input (table 6).

The differences in concentrations of MMeHg between the reference and the Dry Creek
sites were less for the stoneflies (Perlidae) than for the other sampled taxa (table 6). In fact, the
MMeHg concentration in a composite sample of stoneflies from DCBH (0.033 pg/g) was lower
than the geometric-mean concentration from the reference site (0.052 pg/g; fig. 37).

Fish

Samples of riffle sculpin and California roach collected from Lower Dry Creek at the
Bridge (LDCB) in April 2003 and roach and rainbow trout collected at that site in July 2003
were analyzed for Hgr (table 7, fig. 38). Total Hg concentrations in whole-body fish ranged from
0.087 to 0.332 ng/g (wet weight). Based on a one-way analysis of variance of the log values
(ANOVA), the geometric-mean concentration of Hgr (0.262 ng/g) in California roach caught in
April was significantly higher than those collected in July (0.123 pg/g; Fi 6= 16.22, P =0.007).
However, the mean total length of the roach collected in April (85.0 mm) was also greater than
that for the July roach (63.75 mm; F; ¢= 17.90, P = 0.005), and a linear regression showed that
length and Hgr were significantly correlated (R*= 0.97, P < 0.001; fig. 39). This indicates that
Hgr was increasing with length and, presumably, age of the fish.

The geometric mean Hgr concentration for rainbow trout collected from LDCB was
0.132 pg/g, a value below that used for the issuance of human health advisories (0.30 pg/g).
However, the average length of these fish (70.5 mm) was less than one-half the normal edible
size (200 mm). Trout of larger size were not available for collection. Neither the mean total
length nor the geometric mean Hgr concentration in rainbow trout and California roach collected
in July differed. The food habits of these two similar-sized fish were likely similar, leading to the
comparable concentrations of Hgr. However, the whole-body geometric mean of Hgr in rainbow
trout was statistically higher than the geometric mean concentration in fillets of brown trout
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(average total length 261.25 mm) from a reference site (0.07 pg/g; Fi.10=29.93, P <0.001; fig.
38).

Conclusions

Mercury mines in the upper part of the Dry Creek watershed are a significant source of
Hg-enriched mine drainage and sediment. FEOOH precipitated from mine drainage from the
Helen main adit has exceptionally high Hg concentrations and is transported into the Helen
tributary of Dry Creek during storm events. The lower seep at the Helen Mine also contributes
FeOOH precipitate, but the concentration of Hg is considerably lower. The Helen Mine drainage
contributes a significant amount of sulfate and Mg directly into Dry Creek, and indirectly
through the dissolution of efflorescent Mg sulfate salts that accumulate during the dry season.
There is only one small pile of calcines at the Helen mine, and erosion of this material has been
limited. There is, however, a large amount of waste rock that is a significant potential source of
Hg-enriched sediment.

At the Research Mine, both calcines and mine drainage contribute Hg-enriched sediment
and waters into Dry Creek. The volume of calcines is relatively small, and the flow from the
collapsed adit is low. Elevated concentrations of sulfate are present in the mine drainage that
flows directly into Dry Creek. At the Chicago Mine, calcines with very high concentrations of
Hg have been eroded, and they contribute Hg-enriched sediment to Dry Creek. The Chicago
Mine underground workings are accessible, and there is no mine drainage released from the
workings.

The Hg concentration of sediment in the active channel of Dry Creek increases with
increasing distance from the mine areas, such that the highest concentrations occur in the lowest
part of the creek sampled in this study. Pre-mining sediments exposed in the bank deposits of
Dry Creek have elevated Hg concentrations. The relatively high levels of Hg indicate that the Hg
deposits were a natural source of Hg to the watershed prior to mining. At all sample sites, the Hg
concentration of sediment in the active channel is higher than pre-mining sediment at the same
site. This indicates that mining has substantially increased the release of Hg to the watershed
from mine wastes and mine drainage. Mine drainage also contributes sulfate and iron, but not
nitrate. The very high concentration of nitrate at the USGS gaging station is from an unknown
anthropogenic source located below the mine area. The speciation of Hg in Dry Creek sediment
is dominated by Hg sulfide. Thus, although Hg concentrations are very high in the lower reach of
Dry Creek, the formation of MMeHg is relatively low.

Biota samples indicate that release of Hg from mine sites has increased the Hg
concentration in both invertebrates and fish. Biota composite samples of invertebrates from Dry
Creek were all higher, with one exception (stoneflies at site DCBH) than reference samples from
a site on the Bear River Watershed. The trend toward higher concentrations of MMeHg in
invertebrates from the upper sites on Dry Creek (DCAH and DCBH) as compared to the most
downstream site sampled (LDCB) likely reflects the relatively low formation of MMeHg in
sediment in the lower reach of Dry Creek. The higher values for MMeHg in both Corydalidae
and Perlidae at the site above the Helen tributary compared with the values for samples below
the tributary indicates the presence of a significant source of bioavailable Hg from the Research
and/or Chicago Mines.

The relatively small fish collected from one site on the lower reach of Dry Creek (LDCB)
also were well above background Hg concentrations, especially compared with the fillets of adult
brown trout from the reference site. The elevated concentrations were indicative of an upstream
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source of bioavailable Hg, but the samples that were collected were too small to be used to
evaluate a health hazard for humans. Further sampling of edible-size fish would be required to
confirm a health hazard from fish consumption by humans or wildlife.
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Table 1. Sample locations and physical and selected chemical parameters for waters from Helen and Research mine areas and upper part
of Dry Creek, Lake County, California.

Field Latitude Longitude Sampling Sample site description Conductivity pH Temperature
number date micro Siemens °C
Helen Mine Area
21HM1 38.739603 -122.69748  4/19/2001 Helen Mine Main adit 1674 6.44 159
21HM2 38.74062 -122.69727 4/19/2001 Helen Mine Lowest Mine drainage seep 1202 6.76 18.2
21HM3 38.74085 -122.69806  4/19/2001 Helen Mine Ck drainage above confluence Dry Ck 606 7.33 10.1
21HM4 38.740924 -122.70018  4/19/2001 North Adit Mine Drainage 439 6.95 12.6
23HMSC 38.74172 -122.6973 4/01/2003  Dry Ck above Helen Mine Tributary confluence 84.1 8.18 9.8
23HM7 38.735533 -122.7002 7/15/2003  Down stream from Helen Mine confluence 633 8.65 185
23HM9C 38.739603 -122.69748  7/15/2003  Helen Mine Main adit 1594 7.63 182
23HM10C 38.739967 -122.69821 7/15/2003  Helen mine waste rock channel of mine drainage 1569 7.86 204
23HM11C 38.740619 -122.69727 7/15/2003  Helen Mine Lowest Mine drainage seep 1787 6.99 20.1
Pore water from upper 6" of core augered into upper adit
HELO703SED1A 38.739603 -122.69748  7/15/2003 mine drainage
Pore water from upper 9" of core augered into upper adit
HELO0703SED1B 38.739603 -122.69748  7/15/2003  mine drainage
Water in standing pool downstream of upper adit drainage
HELO703W5 38.739600 -122.69748  7/15/2003  terminus
HEL0703W3 38.739600 -122.69748  7/15/2003 Mine drainage from upper adit
HELO0703W4 38.740619 -122.69727  7/15/2003  lower seep mine drainage
HELO703W3.F 38.739600 -122.69748  7/15/2003 Same as W3 but filtered through a 0.02 micron membrane
Research Mine
21RE1 38.742917 -122.70066  4/19/2001 Research Mine drainage 695 8.23 12.8
Dry Creek
Dry Creek near site of 22DC2 upstream of My Way Road
23DCIC 38.73885 -122.63872  7/15/2003  crossing 64.1 7.99 12.1
23DCIB 38.73805 -122.64200  7/15/2003 Dry Creek 449 7.88 20.8
23DCIBB 38.7380 -122.64170  7/15/2003  Dry Creek 449 7.88 20.8
23HM6C 38.74188 -122.69651  7/15/2003 Dry Ck .25 km down from Helen Mine Creek Confluence 85.1 8.30 9.8
23HMS 38.74085 -122.69806  7/15/2003 Helen Mine Ck upstream from confluence with Dry Ck 492 8.23 20.1
21DR1 38.740450 -122.68845  4/19/2001 Gaging station on upper Dry Creek 2 gal/min 487 8.25 10.0
22DC6A 38.740450 -122.68845  8/19/2005 Gaging station on upper Dry Creek 2 gal/min 904 8.04 22.0
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Table 2. Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and upper
part of Dry Creek watershed, Lake County, California.

Field
number Latitude Longitude Date Sample site description Hg Ag Al As Ba Be
ppm__ ppm % ppm ppm _ ppm
Helen Mine
21HM-1S8 38.73960 -122.697485 4/19/2001  Helen Mine Main adit 1.1 0.05 0.11 2.1 150 0.08
21HM-28 38.74062 -122.697274 4/19/2001 Helen Mine Lowest Mine drainage seep 1.8 0.02 0.26 0.7 60 <0.05
21HM-2SA 38.74062 -122.697274 4/19/2001 Helen Mine Lowest Mine drainage seep 0.5 0.06 0.03 3.6 260 <0.05
21HM - 38 38.74085 -122.698067 4/19/2001  Helen Mine Ck drainage above confluence Dry Ck 90 0.16 1.83 1.6 124 0.3
23HM 38 38.74085 -122.698067 4/01/2003  Helen Mine Ck drainage above confluence Dry Ck 16 0.07 5.31 5.7 400 0.77
23HM 58 38.74172 -122.697370 4/01/2003  Dry Ck above Helen Mine Tributary confluence 3.0 0.03 1.68 1.9 90 0.21
23HM 68 38.74188 -122.696510 4/01/2003  Dry Ck .25 km down from Helen Mine Creek Confluence 3.7 0.06 4.89 4.5 410 0.64
23HM 78 38.73553 -122.700200 7/15/2003  Down stream from Helen Mine confluence 5.9 0.02 1.26 1.4 60 0.18
23HM 8S 38.74085 -122.698067 7/15/2003  Helen Mine Ck upstream from confluence with Dry Ck 6.9 0.10 4.58 44 350 0.62
23HM 98 38.73960 -122.697485 7/15/2003  Helen Mine Main adit 0.1 0.08 0.03 4.6 140  <0.05
23HM 118 38.74062 -122.697274 7/15/2003  Helen Mine Lowest Mine drainage seep 52 0.08 0.62 1.2 100 0.05
22DC9Y 38.74114 -122.699270 7/31/2002  Fe precipitate below waste rock from MD 550 0.06 1.18 2.8 431 0.2
HL0401C1 38.74061 -122.697274 4/19/2001  Calcine below and west of waste rock 18 0.12 0.84 3.6 61 0.3
Research Mine calcines (C) and
sediment (S)
21RE-1-S 38.74283 -122.700686 4/19/2001  Sediment at collapsed adit drainage 34 0.12 0.2 <0.2 8 <0.05
21RE - 1C 38.74283 -122.700686 4/19/2001  Coarse sand to gravel calcine next to creek 34 012 0.24 1.2 14 <0.05
21RE - 2C 38.74283 -122.700686 4/19/2001  Fine sand calcine at adit 157  0.20 0.49 7.8 44 0.05
Chicago Mine calcines (C), ore (OR),
altered rock (AR)
21CH- 1C 38.74409 -122.702427 4/19/2001  Fine sand size calcine adjacent to retort 77 0.08 0.38 1.0 16 <0.05
21CH-2C 38.74409 -122.702427 4/19/2001  Coarse calcines red-black 84 0.12 0.18 2.0 5 0.05
21CH - 4C 38.74409 -122.702427 4/19/2001  Condenser soot below waste rock at ore crib 430 0.14 1.84 3.8 88 0.2
21CH - 3AR 38.74409 -122.702427 4/19/2001  Silica-carbonate alteration and quart veins 57 0.06 0.1 0.6 3 <0.05
21CH - OR 38.74409 -122.702427 4/19/2001  High grade ore 17700 0.08 0.17 2.0 7 <0.05
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Table 2 (continued). Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and
upper part of Dry Creek watershed, Lake County, California.

Field Number Latitude Longitude Date Sample site description Hg Ag Al As Ba Be
ppm _ ppm % ppm __ ppm _ ppm
Dry Creek active channel
21DR - 1S 38.74045 -122.68845 4/19/2001  Gaging station on upper Dry Creek 2 gal/min 13 0.30 3.58 34 208 0.55
22 DC 1BB 38.73422 -122.64966 7/31/2002  Fine to coarse sand at lower gaging station 71 <0.02 4.34 4.2 357 0.70
22DC2 38.74026 -122.63532 7/31/2002  Fine to coarse sand on bank, .25 mi above road cross 43
22DC3 38.74316 -122.63326 7/31/2002  Fine to coarse pebble sand, 15 m upstream road cross 230 0.04 4.46 4.8 374 0.80
22 DC4A 38.74571 -122.63121 7/31/2002  Coarse pebble to fine sand, 450" below road crossing 150 0.02 4.61 5.6 375 0.80
22DC 5B 38.74414 -122.63114 7/31/2002  Fine sand to silt from dry pool 100' below road cross creek 25 <0.02 4.90 4.2 325 0.75
22 DC 6A 38.74028 -122.68750 7/31/2002  Pebble sand to fine sand at upper gaging station 90 <0.02 4.23 52 386 0.75
22DC7 38.73130 -122.65477 7/31/2002  Dry Creek near bridge
22DC 11 38.75480 -122.62379 7/31/2002  Fine to coarse pebble sand at highway 175 160 0.02 4.01 5.6 289 0.65
23DC 1S 38.73885 -122.63872 4/01/2003  Dry Creek near site of 22DC2 73  0.05 3.66 3.6 220 0.48
23DC 1BS 38.73885 -122.63872 4/01/2003  Silt to fine sand in back eddy pool 59  0.04 3.51 3.1 190 0.47
23DC 6S 4/01/2003  High stand bar sand fine to medium grained recent flood 9 0.04 3.26 3.5 210 0.50
DC23-1 38.7438 -122.62125 1/30/2003  Black sand-silt in remnant of high flow pool 42  0.06 4.19 52 260 0.70
DC23-2 38.7437 -122.63131 1/30/2003  Fine to medium sand in active channel 2.6  0.04 3.04 4.1 170 0.44
Dry Creek pre-mining bank sediment
22 DC 1BB 38.73422 -122.64966 7/31/2002  Medium to coarse sand at lower gaging station 41 0.02 438 4.2 340 0.75
22DC4B 38.74571 -122.63121 7/31/2002  Sand matrix of cobble conglomerate, 450' below road 66 0.10 3.69 18.2 276 0.80
22DCS5 38.74414 -122.63114 7/31/2002  Sand matrix of cobble conglomerate 3.6 0.02 4.47 4.4 338 0.75
22 DC5A 38.74414 -122.63114 7/31/2002  Medium to coarse sand matrix of conglomerate at road 8.6 0.02 4.82 54 264 0.85
22 DC 6B 38.74028 -122.68750 7/31/2002  Sand-silt matrix of conglomerate, upper gaging station 27 0.08 3.34 1.6 150 0.60
23DC 1PMS 38.73885 -122.63872 4/1/2003 Pre-mining conglomerate in bank deposit below paved road 09 0.12 6.55 17.4 350 1.09
Dry Creek flood plain
DC23-3 38.74463 -122.63178 1/30/2003  Red soil from vineyard on Dry Creek flood plain 22 0.06 6.79 6.0 300 0.96
DC23-4 38.74229 -122.63281 1/30/2003  Soil from side of vineyard Dry Creek flood plain 04 0.03 6.46 5.1 290 1.08
DC23-5 38.74407 -122.63169 1/30/2003  Soil from flood plain adjacent to vineyard 0.3 0.04 6.23 52 330 1.00
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Table 2 (continued). Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and upper
part of Dry
Creek watershed, Lake County, California.

Field Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf In K La Li Mg Mn Mo Na N
number ppm___ % ppm ppm_ppm ppm_ ppm_ ppm % ppm _ppm _ppm __ ppm % _ppm_ppm___ % ppm__ppm %  p
21HM-1S <0.01 0.58 0.04 26 184 80 0.16 1.4 >25 0.61 0.67 <0.1 <0.005 0.02 18.5 0.6 0.48 2110 0.62 0.01 0
21HM-2S <0.01 0.34 0.02 1 83 1520 0.06 5.1 14 0.72 0.29 <0.1 <0.005 0.02 0.9 1.1 14.80 788 0.26 0.03 0
21HM-2SA <0.01 1.23 <0.02 1.3 40 102 0.07 1.0 >25 0.33 0.57 <0.1 <0.005 0.01 1.5 0.3 0.67 651 0.22 0.01 0
21HM - 3S 0.03 0.45 0.04 7.7 94 767 1.70 22.2 4.8 3.70 0.25 0.5 0.025 0.28 4.0 9.0 12.50 925 0.35 0.38 1
23HM 3S 0.06 1.40 0.10 28.9 41 692 1.54 31.8 43 11.65 0.15 1.7 0.025 1.08 125 262 6.61 778 0.74 1.18 5
23HM 58 <0.01 0.46 0.05 6.7 81 2600 0.53 13.5 4.8 3.78 0.14 0.5 <0.005 0.29 3.0 7.4 >15.00 704 0.35 0.30 1
23HM 6S 0.05 1.54 0.08 252 29 647 1.20 28.4 3.7 10.70 0.11 1.7 0.021 1.01 112 223 5.33 632 0.64 1.18 4
23HM 7S <0.01 0.35 0.04 5.06 87 2360 0.44 12.2 4.8 291 0.14 0.4 <0.005 0.22 2.3 5.5 >15.00 705 0.34 0.21 1
23HM &S 0.06 1.39 0.08 22.2 28 530 1.15 35.6 3.4 10.05 0.1 1.5 0.019 0.97 99 209 5.20 600 0.58 1.12 4
23HM 9S <0.01 0.55 0.07 99 45 21 0.05 4.1 >25 0.4 0.62 <0.1 <0.005 0.01 79 <0.2 0.50 485 0.45 0.01 0
23HM 118 0.05 0.57 0.04 2.2 95 1900 0.25 13.0 17.5 1.51 0.29 0.1 <0.005 0.10 1.1 24 12.7 974 0.35 0.08 0
22DC9 0.03 0.86 024 11.7 297 2200 2.25 164 244 3.75 0.85 0.4 0.010 0.17 8 5.8 4.27 3730 0.75 0.2 2
HL0401C1 0.07 0.03 0.06 4.2 85 1520 2.25 21.2 7.8 2.1 0.45 0.1 0.020 0.03 2 52 1.76 285 0.25 <0.01 0
21RE-1-S 0.01 0.24 0.02 03 102 784 0.25 16.8 5.2 0.55 0.25 <0.1 0.005 <0.01 <0.5 1.4 >15.00 710 0.20 <0.01 0
21RE - 1C <0.01 0.26 0.08 0.5 129 949 0.20 10.0 6.0 0.7 0.35 <0.1 0.005 <0.01 <0.5 1.8 >15.00 970 0.20 <0.01 0
21RE - 2C <0.01 0.56 0.22 1.5 179 1530 1.05 17.4 8.3 1.3 0.6 <0.1 0.015 0.02 0.5 2.6 12.55 1345 0.30 0.01 0
21CH-1C <0.01 0.08 0.06 0.6 163 1670 0.35 11.8 7.9 1.0 0.6 <0.1 0.005 <0.01 <0.5 2.0 >15.00 1255 0.20 <0.01 0
21CH -2C <0.01 0.10 0.02 0.1 107 745  <0.05 72 5.2 0.65 0.35 <0.1 0.010 <0.01 <0.5 1.2 >15.00 780 0.10 <0.01 <(
21CH -4C 0.01 0.23 0.10 7.4 348 4350 2.10 27.6 15.4 4.3 1.05 03 0.030 0.12 4 8.2 5.57 2670 0.35 0.27 1
21CH - 3AR <0.01 0.19 0.02 0.1 72 730 0.35 4.4 3.7 0.5 0.25 <0.1 0.005 <0.01 <0.5 2.8 >15.00 590 0.20 <0.01 <(
21CH - 0R <0.01 0.06 0.12 0.1 94 1805 0.50 8.6 4.9 0.6 0.45 <0.1 <0.005 <0.01 <0.5 2.0 5.01 540 0.40 <0.01 <(
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Table 2 (continued). Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and upper

part of Dry
Creek watershed, Lake County, California.
Field number Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf In K La Li Mg Mn Mo Na Nb
ppm %  ppm  ppm  ppm ppm_ ppm ppm %  ppm ppm ppm  ppm % _ppm__ ppm % ppm__ppm %  ppm
21DR - 1S 0.03 0.7 0.10 14 52 702 1.10 25.6 4.49 6.55 0.30 1.0 0.03 0.63 8.0 14.2 10.3 645 0.4 0.84 33
22 DC 1BB 0.07 0.9 0.06 24 62 2650 1.75 32.8 4.75 9.95 0.30 1.2 0.03 0.78 13.0 26.2 8.8 805 0.6 1.05 59
22DC2
22DC3 0.08 1.0 0.08 25 66 4960 1.90 41.4 5.20 10.4 0.30 1.2 0.03 0.77 13.5 234 8.2 925 1.3 1.06 6.0
22 DC 4A 0.08 1.1 0.12 22 78 >10000 1.75 43.6 6.07 11.3 0.30 1.2 0.03 0.73 11.5 20.4 7.6 975 2.0 1.07 59
22 DC 5B 0.08 1.4 0.28 23 49 1605 1.60 53.6 5.10 11.7 0.30 1.4 0.04 0.77 12.5 21.6 6.8 805 1.0 1.32 6.6
22 DC 6A 0.08 1.0 0.08 24 68 2120 1.45 35.2 5.03 9.80 0.30 1.2 0.03 0.81 13.0 22.4 9.2 870 1.0 1.04 59
22DC7
22DC 11 0.06 1.0 0.10 19 66 5990 1.55 34.2 5.23 9.55 0.30 1.1 0.03 0.69 10.0 20.0 8.1 880 1.2 0.95 5.7
23DC 1S 0.05 0.8 0.07 18 52 2250 1.38 234 4.58 8.16 0.16 1.2 0.02 0.71 8.0 17.0 9.6 752 0.5 0.70 35
23DC 1BS 0.04 0.8 0.06 16 50 1405 1.18 23.0 4.42 8.00 0.16 1.3 0.02 0.65 7.4 17.8 9.7 727 0.4 0.74 3.8
23DC 6S 0.04 0.7 0.06 16 59 1400 1.38 22.4 4.40 7.54 0.15 1.1 0.02 0.65 73 16.6 10.1 742 0.5 0.63 3.1
DC23-1 0.08 0.8 0.09 24 57 686 1.89 30.7 4.70 9.70 0.15 1.6 0.03 0.84 10.7 23.5 8.9 874 0.6 0.83 4.6
DC23-2 0.03 0.7 0.06 14 56 1045 1.14 21.5 4.42 7.08 0.13 1.0 0.01 0.56 6.4 17.2 10.4 750 0.5 0.58 2.8
22 DC 1BB 0.09 1.0 0.08 22 69 1680 1.95 37.4 495 9.85 0.30 1.2 0.03 0.83 11.5 25.8 9.5 895 0.8 1.03 5.6
22 DC 4B 0.08 0.8 0.12 23 254 7920 2.45 93.1 14.8 10.65 0.60 1.1 0.03 0.52 11.5 17.0 5.5 2760 1.2 0.34 4.7
22DC S5 0.09 1.0 0.06 21 53 2650 1.80 334 4.82 10.50 0.30 1.2 0.03 0.82 11.0 23.6 8.1 915 0.7 1.08 5.5
22 DC 5A 0.09 1.4 0.10 21 44 5670 1.55 452 5.84 12.50 0.30 1.6 0.05 0.73 11.0 24.8 4.4 1110 1.0 1.09 6.2
22 DC 6B 0.06 0.4 0.04 18 63 1240 2.30 31.2 3.14 8.50 0.30 0.9 0.02 0.56 8.0 21.6 11.0 2050 0.7 0.25 39
23DC 1PMS 0.08 1.1 0.15 44 89 3560 3.53 69.8 9.92 17.45 0.28 3.1 0.05 1.10 15.3 19.8 1.8 1545 1.8 0.96 8.1
DC23-3 0.1 1.7 0.37 38 69 4000 2.62 48.8 7.13 17.0 0.19 2.8 0.05 0.97 15.3 26.4 2.1 1510 0.9 0.88 7.4
DC23-4 0.11 0.7 0.24 40 46 2820 2.85 39.2 5.66 17.0 0.17 32 0.05 0.86 17.1 30.2 1.6 1625 0.6 0.52 2.0
DC23-5 0.23 0.6 0.18 42 42 2460 2.82 38.8 5.40 15.9 0.17 3.0 0.05 0.84 18.9 29.1 1.1 1680 0.7 0.49 2.8
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Table 2 (continued). Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and
upper part of Dry Creek watershed, Lake County, California.

Field number Ni P Pb Rb Re S Sb Se Sn Sr Ta Te Th Ti Tl V) Vv W Y Zn Zr
PPM__ ppm ppm ppm ppm % _ppm__ppm ppm ppm _ ppm _ ppm _ ppm % PPM __ ppm ppm ppm ppm ppm ppm

21HM-1S 4760 20 0.5 0.7 <0.002  0.08 0.1 <1 <0.2 141 <0.05 024 <0.2 0.006 0.02 <0.1 11 0.1 13.5 197 1.6
21HM-2S 1920 10 09 0.7 <0.002  0.08 0.2 <1 0.2 115 <0.05 0.07 <0.2 0.011 <0.02 <0.1 23 0.1 0.6 29 1.5
21HM-2SA 1125 10 0.7 0.2 <0.002  0.08 0.1 <1 <0.2 565 <0.05 0.18 <0.2 <0.005 <0.02 <0.1 7 0.1 0.8 8 0.7
21HM - 3S 2030 130 3.5 12.0 <0.002 0.24 0.2 <1 0.6 33 0.15 0.05 1.2 0.090 0.1 0.5 45 <0.1 4.1 52 225
23HM 3S 633 430 6.6 38.7 <0.002 0.10 0.5 <1 1.1 63 0.24 <0.05 4.2 0.361 0.23 1.0 122 06 11.8 72 493
23HM 5S 1770 120 2.5 11.1 <0.002  0.02 0.2 <1 0.4 19 0.08 <0.05 1.1 0.095 0.08 0.3 58 0.3 2.8 56 14.5
23HM 6S 508 430 5.5 35.1 <0.002  0.08 0.5 <1 0.9 63 0.20 <0.05 3.5 0.288 0.19 0.8 107 0.5 10.4 64 414
23HM 7S 2060 100 2.2 8.4 <0.002  0.02 0.2 <1 0.3 14 0.06 <0.05 0.8 0.078 0.07 0.2 51 0.2 2.2 53 11.2
23HM 8S 493 390 5.0 33.6 <0.002  0.07 0.4 <1 0.9 54 0.18 <0.05 33 0.271 0.17 0.8 100 0.4 9.5 59 421
23HM 9S 2710 20 0.8 0.3 <0.002 0.25 0.3 <1 0.7 132 <0.05 026 <0.2 <0.005 <0.02 <0.1 9 0.6 5.3 81 1.2
23HM 118 2090 50 3.0 3.7 <0.002 0.14 0.5 <1 0.3 258 <0.05 0.14 0.3 0.029 0.03 0.1 33 0.2 1.1 44 5.3
22DC9 5720 200 5.0 8.3 0.002 0.36 0.3 <1 0.2 138 0.10 0.05 1.2 0.07 0.08 0.3 39 1.3 5.9 258 11.5
HLO0401C1 1635 30 4.5 1.7 <0.002 0.31 0.1 <1 0.4 5 <0.05 0.15 1.0 0.04 0.54 0.3 36 0.1 1.8 36 12.5
2IRE-1-S 2420 10 2.0 0.5 <0.002 0.04 0.4 <1 <0.2 2 <0.05 2.65 <0.2 <0.01 <0.02 <0.1 17 <0.1 0.2 36 2.5
2IRE - 1C 2680 50 6.5 0.8 <0.002 0.01 2.8 <1 0.2 4 <0.05 1.15 <0.2 0.01 <0.02 <0.1 21 <0.1 0.3 38 2.5
21RE - 2C 3450 100 24.5 1.7 <0.002 0.03 104 <1 0.6 5 <0.05 0.50 <0.2 0.03 0.06 <0.1 37 <0.1 0.7 60 4.5
2ICH - 1C 3490 50 6.5 0.7 <0.002 0.01 1.3 <1 0.6 3 <0.05 145 <0.2 0.01 <0.02 <0.1 33 <0.1 0.3 50 3.5
21CH - 2C 2470 30 1.5 0.1 <0.002 0.01 0.6 1 1.6 1 <0.05 1.25 <0.2 0.01 <0.02 <0.1 16 <0.1 <0.1 34 2.0
21CH -4C 4920 240 6.0 9.5 <0.002 0.04 2.5 <1 0.6 17 0.10 0.55 1.2 0.08 0.06 0.3 90 <0.1 3.1 116 16.5
21CH - 3AR 1455 <10 0.5 0.2 0.002 0.19 0.1 <1 0.2 4 <0.05 2.65 <0.2 0.01 <0.02 <0.1 12 <0.1 <0.1 26 1.5
21CH - OR 2300 10 11.5 0.4 <0.002 0.46 5.2 <1 0.4 4 <0.05 035 <0.2 0.01 034 <0.1 16 <0.1 0.1 38 1.5
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Table 2 (continued). Mercury and associated major and minor elements in sediment, precipitates, and calcines at Helen, Research and Chicago mine areas and

upper part of Dry Creek watershed, Lake County, California.

Field number Ni P Pb Rb Re S Sb Se Sn Sr Ta Te Th Ti Tl U Vv W Y Zn Zr
PPM __ ppm ppm ppm ppm % PPM _ ppm ppm ppm ppm ppm _ ppm % PPM _ppm ppm ppm ppm ppm_ ppm
21DR - 1S 1215 290 5.5 24.5 <0.002 0.06 0.45 1 0.8 30.8 0.25 0.45 2.8 0.17 0.16 0.8 73 <0.1 7.4 60 40.5
22 DC 1BB 939 310 6.5 324 0.004 0.03 0.40 1 0.8 46.2  0.30 <0.05 4.2 0.27 0.20 09 106 0.7 9.1 80 37.0
22DC2
22DC3 974 420 9.0 33.1 0.004 0.05 0.40 1 1.4 57.9 0.25 <0.05 3.6 0.29 0.22 09 125 0.7 9.7 100 36.0
22 DC 4A 916 400 11. 31.2 0.004 0.05 0.65 1 1.6 58.5 0.25 <0.05 34 0.32 0.20 0.8 176 0.8 9.9 152 37.5
22 DC 5B 738 440 13 31.9 0.002 0.05 2.10 1 2.0 71.6  0.30 <0.05 3.8 0.36 0.18 1.0 126 0.7 11.5 120 46.5
22 DC 6A 1040 390 7 32.1 0.002 0.09 0.40 1 0.8 42.0 0.30 <0.05 3.6 0.28 0.20 09 103 0.6 9.3 76 37.5
22DC7
22DC 11 982 340 11 28.6 0.002 0.03 0.50 1 1.2 51.3  0.25 <0.05 3.0 0.27 0.18 0.8 126 0.7 8.6 104 34.5
23DC 1S 1055 270 5 26.9 <0.002 0.02 0.19 <1 1.0 404 0.14 <0.05 2.7 0.24 0.16 0.7 102 0.4 7.7 73 31.8
23DC 1BS 1085 300 4 24.4 <0.002 0.02 0.13 <1 0.7 42.1  0.11 <0.05 2.4 0.245 0.14 0.6 95 0.3 7.6 66 32.7
23DC 6S 1155 240 49 253 <0.002 0.02 0.10 <1 0.7 37.0 0.10 <0.05 2.5 0.20 0.16 0.6 87 0.3 7.0 63 29.4
DC23-1 1130 370 6.7 34.0 <0.002 0.04 0.26 <1 1.0 46.0 0.14 <0.05 3.6 0.29 0.20 09 102 0.4 9.8 68 43.1
DC23-2 1265 250 4.1 22.0 <0.002 0.02 0.14 <1 1.0 34.1 0.09 <0.05 2.1 0.20 0.12 0.5 85 0.4 6.8 61 253
22 DC 1BB 1045 360 11 354 0.002 0.06 0.35 1 2.2 67.2 0.20 <0.05 3.8 0.26 0.24 09 101 0.7 9.3 78 35.0
22 DC 4B 3170 420 8 26.2 0.004 <0.01 1.65 1 0.8 36.0 0.25 0.1 3.0 0.17 0.26 0.7 180 1.8 12.6 134 36.0
22DCS5 829 320 9.5 34.5 0.002 0.03 0.50 1 0.8 55.0 0.20 <0.05 34 0.27 0.20 09 112 0.6 9.1 86 37.0
22 DC 5A 485 430 5.5 31.8 0.002 <0.01 0.45 1 1.0 594 0.30 <0.05 3.6 0.4 0.34 0.8 168 0.9 13.3 114 45.5
22 DC 6B 1105 240 6.0 27.4 0.002 0.02 0.35 1 0.8 29.2  0.20 <0.05 3.0 0.17 0.20 0.8 74 0.4 6.6 56 30.0
23DC 1PMS 1940 470 7.3 453 <0.002 0.01 043 <1 1.3 70.7  0.15 0.05 49 0.59 0.28 1.4 231 0.9 20.2 116 79.7
DC23-3 708 1640 10.8 54.2 <0.002 0.02 0.64 <1 1.7 77.3  0.30 0.05 4.6 0.63 0.27 1.5 214 0.8 19.4 152 68.3
DC23-4 556 880 10.8 58.5 <0.002 0.02 0.29 <1 1.6 55.7 0.05 <0.05 5.5 0.65 0.27 1.4 180 0.1 15.6 168 87.3
DC23-5 441 1000 12.2 58.6 <0.002 0.02 0.26 1 1.6 58.6 0.08 <0.05 5.2 0.67 0.27 1.3 170 0.2 15.8 212 74.9
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Table 3. Mercury (Hg) and monomethylmercury (MMeHg) concentrations in waters and sediment at Helen and Research mines, and
Dry Creek.

Water Water Water Sediment Sediment % MMeHg
Sample Date Hg total Hg filtered total MMeHg Hg MMeHg (MMeHg/Hg)
number ng/L ng/L ng/L nglg nglg in sediment
Helen Mine Area
21HM1 4/19/2001 9.56 4.78 <0.02 14700.0 N/C 0.000
21HM2 4/19/2001 17.50 1.8 0.026 357.0 N/C 0.000
21HM3 4/19/2001 7.62 1.05 0.051 4910.0 N/C 0.000
21HM4 4/19/2001 28.10 3.9 0.62
23HM5 4/01/2003 6.06 3.77 <0.025 1440 0.054 0.004
23HM7 7/15/2003 9.15 5.79 <0.025 471 0.05 0.011
23HM9 7/15/2003 0.61 0.37 <0.025 17.4 0.734 4218
23HM10 7/15/2003 5.94 3.09 <0.025 371169 0.114 0.000
23HM11 7/15/2003 3.44 0.48 <0.025 16320 0.176 0.001
HEL0703SED1A 7/15/2003 741
HEL0703SED1B 7/15/2003 52
HEL0703W5 7/15/2003 4.62 0.25
HEL0703W3 7/15/2003 2.78
HEL0703FB 7/15/2003 1.89
HEL0703W4 7/15/2003 1.55
HEL0703W3.F 7/15/2003 1.76
Research Mine
21RE1 4/19/2001 32.8 1.52 <0.020 2520 0.232 0.009
Dry Creek
23DCIC 4/01/2003 2.64 1.75 <0.025 7500 0.253 0.003
23DCI1B 7/15/2003 3.5 2.46 0.096 300 0.195 0.065
23HM6 4/01/2003 24.1 2.75 <0.025 681000 0.106 0.000
23HM8 7/15/2003 17.7 3.2 0.026 204 0.063 0.031
21DR1 4/19/2001 7.24 3.05 <0.020 2710 0.114 0.004
22DC6A 7/31/2002 5.35 3.46 <0.025 293 0.597 0.204
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Table 4. Concentration of anions and cations in filtered water from Dry Creek, Anna Belcher Creek, Little Sulphur Creek, and Helen
and Contact mine areas.

Sample Cl F NO3 S04 CaCoO3 Ca Fe Mg K Li Na
number ppm ppm ppm ppm ppm mg/L mg/L mg/L mg/L ug/L mg/L
Contact Mine
21CT1 2.4 1.3 0.1 20 240 40 <0.02 32 0.85 44 8.9
21CT2 2.6 0.1 <0.08 7.2 170 15 <0.02 34 0.39 <1 3.0
21CT3 2.3 0.1 0.1 7.8 300 11 0.024 64 0.30 1.2 1.6
21CT4 2.8 0.2 <0.08 16 440 7.8  <0.02 100 0.23 6.6 14
23CT1C 2.5 0.2 <.08 9.9 92 14.4 0.34 14 0.75 <1 3.5
23CT2C 2.4 0.1 <.08 6.3 150 12.3 0.079 29.5 0.39 <1 2.8
Anna Belcher Creek
23ABI1C 2.5 0.2 <.08 9.2 140 21 <0.02 21.5 0.66 <1 4.4
23AB2C 2.5 0.2 <.08 8.5 130 21 <0.02 20.8 0.70 <1 4.3
Little Sulphur Creek
22LS1C 2.0 0.1 <.08 7.8 120 22.2 <0.02 15.6 0.31 <1 5.6
Helen Mine Area
21HM1 4.4 0.1 0.1 720 270 32 15 230 0.40 13 3.8
21HM2 4.7 0.2 <0.08 430 240 40 6.4 140 0.69 11 13.0
21HM3 3.8 0.1 0.08 150 180 29 <0.02 60 0.49 34 5.9
21HM4 2.2 0.1 <0.08 85 160 18 <0.02 46 0.36 2.3 2.9
23HMS5C 3.7 0.1 <0.08 18 200 9.5 <0.02 46.3 0.18 <1 32.0
23HM7D 6.4 <.08 <0.08 13 290 10.1  <0.02 64.9 0.14 1.1 29.0
23HMO9C 6.9 <.08 <0.08 860 310 37.6 10.4 267 0.38 14 4.1
23HM10C 6.3 <.08 <0.08 760 360 27.4 .09 251 0.19 9.1 3.9
23HM11C 7.6 <0.8 <0.08 900 320 63.8 9.6 264 1.40 22 32.0
Research Mine
21RE1 10.0 0.2 <0.08 78 340 4 <0.02 97 <0.1 <1 0.68
Dry Creek
21DR1 4.3 <0.08 <0.08 44 230 12 <0.02 57 0.17 1.1 2.6
22DC6A 13.1 0.3 5560 324 0 154 <20 103 0.24 <1 4.5
23DC1C 3.3 0.2 <0.08 7.7 150 10.2 <0.02 32.6 0.36 <1 3.0
23DC1BC 53 <.08 <0.08 12 250 15.6 <0.02 54.1 0.41 1.3 4.1
23HMS8D 6.3 0.2 <0.08 130 280 20.4 0.048 89.2 0.24 2.2 18.0
23HM6C 34 0.1 0.08 32 180 13.4 0.17 43.6 0.24 <1 40
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Table 5. Collection sites for biological samples, and water/sediment samples in the Dry Creek watershed, 2003 and at a reference site (BR20) in
1999-2002.

Site code Watseitr‘lassggrzent Site Watershed County Sampling dates Latitude Longitude
DCAH 23HM3; 23HMS Dry Cr. Above Helen Mine  Putah Creek  Lake 4/2/03; 7/16/03 38°44'30.5" 122°41'52.7"
DCBH 23HM6 Dry Cr. Below Helen Mine  Putah Creek  Lake 4/2/03; 7/16/03 38°44'30.6" 122°41'47.8"
LDCB 22 DC7 Lower Dry Creek Putah Creek  Lake 4/2/03; 7/16/03 38°44'23.2" 122°41'51.0"
HMTO 23HM9 Helen Mine Tunnel Outlet Putah Creek  Lake 7/16/03 38°44'17.3" 122°38'27.3"
BR20 NA Bear Creek at HWY 20 Bear River Nevada/Placer 1999-2002 39°18'23.0" 120° 40" 41.0"
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Table 6. Total mercury (Hgr) and monomethyl mercury (MMeHg; ug/g, wet weight) in individual composites of invertebrates collected at Dry Creek in 2003,

and at a reference site, Bear River at Highway 20 (BR20), during 1999-2002.

MMeHg
Unique Sample Code :;'Lee Order Family Common name Colcljzzt:;lon rﬁ:?sp(lg) 2‘;?:?5 (fé tg, (ng;I;T\’Net ::I):'rit:;f)
weight) weight)
CR-DCAH-040203-004 DCAH  Hemiptera Gerridae Water Striders 4/2/2003 4 0.31 0.078 0.147 0.213 NA'
CR-DCAH-040203-002 DCAH  Megaloptera  Corydalidae Dobsonflies 4/2/2003 1 1.22 1.220 0.431 0.598 78.8
CR-DCAH-040203-003 DCAH  Megaloptera  Corydalidae Dobsonflies 4/2/2003 7 1.08 0.154 0.216 0.385 79.2
CR-DCAH-040203-001 DCAH  Plecoptera Perlidae Stoneflies 4/2/2003 5 1.01 0.202 0.078 0.115 71.2
CR-DCBH-040203-002 DCAH  Plecoptera Perlidae Stoneflies 4/2/2003 10 1.43 0.143 0.092 0.121 741
CR-DCBH-040203-001 DCBH  Hemiptera Gerridae Water Striders 4/2/2003 23 1.49 0.065 0.135 0.213 55.6
CR-DCBH-040203-003 DCBH  Megaloptera  Corydalidae Dobsonflies 4/2/2003 3 1.08 0.360 0.140 0.292 80.0
CR-LDCB-040203-002 LDCB Megaloptera  Corydalidae Dobsonflies 4/2/2003 1 0.59 0.590 0.080 0.120 NA
CR-LDCB-040203-003 LDCB Megaloptera  Corydalidae Dobsonflies 4/2/2003 6 0.72 0.120 0.107 0.232 NA
CR-LDCB-040203-004 LDCB Odonata Aeshnidae Dragonflies 4/2/2003 6 1.19 0.198 0.074 0.084 834
CR-LDCB-040203-001 LDCB Plecoptera Perlidae Stoneflies 4/2/2003 9 1.32 0.147 0.071 0.100 73.1
CR-DCAH-071503-002 DCAH Hemiptera Notonectidae Backswimmers 7/16/03 12 1.26 0.105 0.317 0.280 69.4
CR-DCAH-071503-003 DCAH Hemiptera Notonectidae Backswimmers 7/16/03 12 1.28 0.107 0.293 0.226 61.5
CR-DCAH-071503-004 DCAH  Hemiptera Gerridae Water Striders 7/16/03 25 1.53 0.061 0.166 0.167 63.5
CR-DCAH-071503-005 DCAH  Hemiptera Gerridae Water Striders 7/16/03 25 1.58 0.063 0.117 0.122 65.0
CR-DCAH-071503-001 DCAH  Megaloptera  Corydalidae Dobsonflies 7/16/03 3 0.77 0.257 0.078 0.354 80.0
CR-DCBH-071503-004 DCBH Hemiptera Notonectidae Backswimmers 7/16/03 12 1.41 0.118 0.299 0.288 60.8
CR-DCBH-071503-005 DCBH Hemiptera Notonectidae Backswimmers 7/16/03 12 1.39 0.116 0.163 0.319 71.2
CR-DCBH-071503-006 DCBH  Hemiptera Gerridae Water Striders 7/16/03 25 1.64 0.066 0.120 0.190 60.2
CR-DCBH-071503-007 DCBH Hemiptera Gerridae Water Striders 7/16/03 25 1.72 0.069 0.255 0.155 59.0
CR-DCBH-071503-002 DCBH  Megaloptera  Corydalidae Dobsonflies 7/16/03 1.92 0.320 0.073 0.185 82.2
CR-DCBH-071503-003 DCBH  Megaloptera  Corydalidae Dobsonflies 7/16/03 1.56 0.260 0.061 0.200 82.2
CR-DCBH-071503-001 DCBH  Plecoptera Perlidae Stoneflies 7/16/03 19 1.50 0.079 0.033 0.061 80.9
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Table 6. Total mercury (Hgr) and monomethyl mercury (MMeHg; ug/g, wet weight) in individual composites of invertebrates collected at Dry Creek in 2003,
and at a reference site, Bear River at Highway 20 (BR20), during 1999-2002.

sit Collecti sample | go (uglg (:g’Té’ Moist
Unique sample code cc: dee Order Family Common name ° d:‘t:elon m:?sp(;) mgais (‘:\?e?’ w_et (pglri::)
(9) weight) we':)gh
CR-HMTO-071503-001 HMTO  Hemiptera Gerridae Water Striders 7/16/03 25 1.66 0.07 0.100 0.106 60.1
CR-LDCB-071503-002 LDCB  Hemiptera Belostomatidae Giant Water Bugs 7/16/03 1 0.86 0.80 0.123 0.130 79.8
CR-LDCB-071503-003 LDCB  Hemiptera Belostomatidae Giant Water Bugs 7/16/03 1 0.92 0.92 0.074 0.112 76.3
CR-LDCB-071503-007 LDCB  Hemiptera Gerridae Water Striders 7/16/03 25 1.09 0.04 0.064 0.099 64.1
CR-LDCB-071503-001 LDCB  Megaloptera  Corydalidae Dobsonflies 7/16/03 2 1.10 0.55 0.139 0.184 71.3
CR-LDCB-071503-004 LDCB  Odonata Cordulegastridae  Dragonflies 7/16/03 2 0.83 0.42 0.053 0.070 81.2
CR-LDCB-071503-005 LDCB  Odonata Aeshnidae Dragonflies 7/16/03 4 0.90 0.23 0.035 0.047 85.1
CR-LDCB-071503-006 LDCB  Odonata Gomphidae Dragonflies 7/16/03 9 1.14 0.13 0.099 0.125 66.1
BY-BH20-091501-005 BR20  Hemiptera Belostomatidae Giant water bugs 2001 1 4.47 4.47 0.016 0.022 72.6
BY-BH20-100199-001 BR20  Hemiptera Gerridae Water strider 1999 21 1.07 0.05 0.027 NA 57.2
BY-BH20-091200-001 BR20  Hemiptera Gerridae Water strider 2000 26 1.30 0.05 0.027 0.028 76.1
BY-BH20-091501-003 BR20  Hemiptera Gerridae Water strider 2001 25 1.25 0.05 0.050 0.071 64.7
BY-BR20-082302-001 BR20  Hemiptera Gerridae Water strider 2002 25 1.37 0.05 0.041 0.045 63.0
BY-BH20-091200-004 BR20 Megaloptera  Corydalidae Dobsonflies 2000 1 1.52 1.52 0.038 0.035 74.9
BY-BH20-091501-002 BR20 Megaloptera  Corydalidae Dobsonflies 2001 4 0.61 0.15 0.040 0.041 79.6
BY-BH20-091501-001 BR20 Megaloptera  Corydalidae Dobsonflies 2001 4 3.48 0.87 0.029 0.040 75.7
BY-BR20-082302-002 BR20 Megaloptera  Corydalidae Dobsonflies 2002 2 3.03 1.52 0.048 0.050 71.2
BY-BH20-091501-009 BR20  Odonata Aeshnidae Dragonfly 2001 7 3.89 0.56 0.014 0.022 81.9
BY-BR20-082302-005 BR20  Odonata Aeshnidae Dragonfly 2002 8 3.63 0.45 0.026 0.024 79.9
BY-BH20-100199-002 BR20  Plecoptera Perlidae Stoneflies 1999 14 1.94 0.14 0.039 0.037 69.2
BY-BH20-091200-002 BR20  Plecoptera Perlidae Stoneflies 2000 5 1.20 0.24 0.068 NA 68.9
BY-BH20-091501-006 BR20  Plecoptera Perlidae Stoneflies 2001 12 2.51 0.21 0.060 0.076 69.3
BY-BH20-091501-007 BR20  Plecoptera Perlidae Stoneflies 2001 12 1.72 0.14 0.058 0.056 72.2
BY-BR20-082302-004 BR20  Plecoptera Perlidae Stoneflies 2002 12 1.53 0.13 0.044 0.052 68.8
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Table 7. Total mercury (HgT) (ug/g, wet weight) in fish collected at Dry Creek in 2003

Total Hgr pglg
Site Collection length Sample (wet Moisture
Sample code acronym date Common name Species (mm) mass (g) weight) (percent)
CR-LDCB-040203-001F LDCB 4/2/2003 riffle sculpin Cottus gulosus 50 1.63 0.133 75.1
CR-LDCB-040203-002F LDCB 4/2/2003 riffle sculpin Cottus gulosus 55 243 0.106 72.2
CR-LDCB-040203-003F LDCB 4/2/2003 riffle sculpin Cottus gulosus 64 3.26 0.240 72.2
CR-LDCB-040203-004F LDCB 4/2/2003 riffle sculpin Cottus gulosus 73 4.97 0.266 73.9
CR-LDCB-040203-005F LDCB 4/2/2003 California roach Hesperoleucus symmetricus 75 3.84 0.199 71.5
CR-LDCB-040203-006F LDCB 4/2/2003 California roach Hesperoleucus symmetricus 82 5.18 0.277 76.1
CR-LDCB-040203-007F LDCB 4/2/2003 California roach Hesperoleucus symmetricus 87 6.07 0.259 78.1
CR-LDCB-040203-008F LDCB 4/2/2003 California roach Hesperoleucus symmetricus 96 8.70 0.332 74.3
CR-LDCB-071503-001F LDCB 7/15/2003 California roach Hesperoleucus symmetricus 70 3.36 0.180 78.5
CR-LDCB-071503-002F LDCB 7/15/2003 California roach Hesperoleucus symmetricus 65 2.44 0.141 82.7
CR-LDCB-071503-003F LDCB 7/15/2003 California roach Hesperoleucus symmetricus 60 1.81 0.087 81.0
CR-LDCB-071503-004F LDCB 7/15/2003 California roach Hesperoleucus symmetricus 60 1.82 0.104 82.2
CR-LDCB-071503-005F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 90 7.14 0.127 76.1
CR-LDCB-071503-006F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 76 4.14 0.135 75.5
CR-LDCB-071503-007F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 70 3.45 0.116 78.2
CR-LDCB-071503-008F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 70 3.38 0.147 76.0
CR-LDCB-071503-009F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 66 2.93 0.145 74.2
CR-LDCB-071503-010F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 69 2.97 0.145 80.2
CR-LDCB-071503-011F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 66 2.62 0.101 83.7
CR-LDCB-071503-012F LDCB 7/15/2003 rainbow trout Oncorhynchus mykiss 57 1.71 0.149 74.9
R-075 BR20 8/25/1995 Brown trout Salmo trutta 230 118 0.063 80.2
R-076 BR20 8/25/1995 Brown trout Salmo trutta 255 177 0.050 75.4
R-077 BR20 8/25/1995 Brown trout Salmo trutta 265 180 0.082 76.3
F-029 BR20 8/25/1995 Brown trout Salmo trutta 295 275 0.095 77.8

28



Table 8. Major and minor element concentration in filtered waters from the Helen and Research mine areas and Dry Creek.

Al B Ba Ca Ce Co Cr Cs Cu Eu Fe Ga Gd Ge K La Li
Sample mg/L uglk wpg/lk mglL pg/lk wpg/lk pglk  pglk  pgll uglk mglL pglL ug/L ugll  mg/L ug/llk  wgll
Dry Creek
23DCI1B <0.5 75 52 10.0 <0.01 <0.02 49 <0.01 <0.5 <0.005 8.1 <0.02 <0.005 <0.02 220 <0.01 0.45
23DC1BB <0.01 113 85 15.6 <0.01 <0.02 3.2 <0.01 <0.5 <0.005 <0.02 <0.02 <0.005 <0.02 041 <0.01 0.7
23HM6B 0.50 30 46 12.2 <0.01 <0.02 7.7 <0.01 <0.5 <0.005 14 <0.02 <0.005 <0.02 150 <0.01 0.64
23HMSB 0.03 58 68 204 <0.01 <0.02 12 <0.01 0.52 <0.005 0.048 <0.02 <0.005 <0.02 024 <0.01 1.4
Helen Mine Area
23HMS5B <0.5 30 36 9.2 <0.01 <0.02 8.8 <0.01 <0.5 <0.005 7.5 <0.02 <0.005 <0.02 95 <0.01 0.63
23HM7B <0.01 38 47 10.1 <0.01 <0.02 12 <0.01 <0.5 <0.005 <0.02 <0.02 <0.005 <0.02 0.14 <0.01 0.6
23HM9B <0.01 353 18 37.6 0.086 53 1.1 0.54 1.4 <0.005 104 0.038 <0.005 0.1 0.38 0.086 12.0
23HM10B <0.01 257 29 274 <0.01 <0.02 2.3 0.014 1.4 <0.005 0.087 <0.02 <0.005 0.04 0.19 <0.01 7.6
23HMI11B <0.01 480 22 63.8 <0.01 11 1.0 1.9 1.3 <0.005 9.6 <0.02 <0.005 0.1 1.4 0.014 19.0
Mg Mn Mo Na Nd Ni Pb Rb Se Si02 Sr u ' w Y Yb Zn
Sample mg/L uglk wpg/lk mglL pg/lk g/l pglk  pglk  pgll mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
Dry Creek
23DCI1B 31.7 0.65 0.09 29 0.013 3.3 <0.05 0.22 <0.2 14 110 0.005 0.4 <0.03 0.014 <0.01 0.72
23DC1BB 54.1 <10 0.19 4.1 <0.01 4.6 <0.05 0.33 <0.2 21 160 0.006 0.93 <0.02 0.023 <0.01 1.8
23HM6B 39.0 0.11 0.16 2.5 <0.01 8.4 <0.05 0.14 <0.2 10 130 0.011 0.2 0.06 <0.01 <0.01 1.0
23HMSB 89.2 <10 0.17 4.7 <0.01 14 <0.05 0.2 <0.2 16 200 0.02 0.21 <0.02 0.021 <0.01 1.4
Helen Mine Area
23HMS5B 44.5 0.03 0.13 2.3 <0.01 79 <0.05 0.1 <0.2 12 80 <0.005 0.3 0.13 <0.01 <0.01 1.8
23HM7B 64.9 <10 0.06 2.0 <0.01 8.3 <0.05 0.13 <0.2 18 90 <0.005 0.14 <0.02 <0.01 <0.01 1.8
23HM9B 267 1420  0.29 4.1 0.028 1700  <0.05 0.51 0.25 20 290 <0.005 0.35 0.02 0.06 <0.01 6.3
23HM10B 251 <10 0.08 3.9 <0.01 120  <0.05 0.22 0.31 19 200 0.007 0.35 <0.02 0.011 <0.01 8.5
23HMI11B 264 414 0.09 32 <0.01 220 <0.05 2.2 0.35 21 1400 <0.005 0.29 <0.02 0.079 <0.01 2.4

Element not detected (detection limit in parentheses): Ag(<0.01), Au (< 0.01), As (<2), Be (<0.05), Bi (< 0.03), Cd (<0.02), Dy (<0.005), Er (<0.005),Eu (<

0.005), Ga (<0.02), Ho (<0.005), In (< 0.01), Lu (<0.1), P (<3), Pr (<0.01), Re (< 0.02), (Sb (<0.1), Sm (<0.01),Tb (<0.005), Th (<0.04), T1 (<0.1), Tm <0.005).
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Table 9. Major and minor element concentration in unfiltered waters from the Helen and Research mine areas and Dry Creek.

Ag Al B Ba Ca Ce Co Cr Cs Cu Fe Ge K Li Mg
Sample ug/L mglL pg/L pg/L mgll ug/L ug/L ug/L ug/L ug/L mg/L ug/L mg/L ug/L  mglL
Dry Creek
21DR1a <0.01 <0.01 40 42 12 <0.01 <0.02 12 <0.01 <0.5 <0.02 <0.02 0.17 0.3 57
23DC1A <0.01 <0.01 79 53 10 <0.01 0.024 52 <0.01 <0.5 <0.02 <0.02 0.36 0.46 32
23DC1BA <0.01 1.4 113 84 15 <0.01 <0.02 3.8 <0.01 <0.5 6.2 <0.02 430 1.7 54
23HM6A <0.01 0.05 33 52 13 0.11 0.48 93 <0.01 1.9 0.2 <0.02 0.24 0.85 43
23HMSA <0.01 30 58 66 19 0.015 0.04 13 <0.01 0.54 60 <0.02 220 2.5 84
Mine Areas
21REla <0.01 <0.01 270 1 4 <0.01 <0.02 13 0.07 <0.5 <0.02 <0.02 <0.1 <0.3 97
21HMIla 0.55 <0.01 340 17 32 0.4 78 6 0.56 1 15 0.09 0.4 9.2 230
21HM2a <0.01 <0.01 310 23 40 <0.01 59 4 0.83 0.9 6.4 0.07 0.69 8.7 140
21HM3a <0.01 <0.01 98 91 29 <0.01 0.53 7 0.1 0.6 <0.02 <0.02 0.49 2.1 60
21HM4a <0.01 0.01 70 46 18 0.08 0.8 3 0.2 0.5 <0.02 0.03 0.36 1.1 46
23HMSA <0.01 <0.01 32 36 9.5 <0.01 <0.02 8.1 <0.01 <0.5 <0.02 <0.02 0.18 0.72 46
23HM7A <0.01 1.90 38 46 10 <0.01 <0.02 13.0 <0.01 <0.5 9 <0.02 140 1.3 67
23HM9A <0.01 091 353 18 35 0.1 53 1.4 0.52 1.3 9900 0.11 320 14 250
23HMI10A <0.01 0.30 257 28 25 <0.01 0.16 24 0.013 1.3 120 0.039 160 9.6 220
23HMI1A <0.01 <0.2 480 21 54 0.018 10 1.2 1.9 1.3 8300 0.089 1200 21 220
Mn Mo Na Ni P Rb Sh Si02 Sr U v w Y Yb Zn
Sample ug/L ug/L mg/lL ug/lL g/l ug/L ug/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L  ug/L
Dry Creek
21DR1a 0.05 0.20 2.6 5.6 1 0.1 0.03 14 120 0.009 0.5 0.06 0.02 <0.01 0.8
23DC1A <10 0.22 3.0 35 <3 0.21 <0.1 14 110 0.006 0.6 0.06 0.02 <0.01 0.9
23DC1BA 1 0.22 3.8 4.4 <2 0.31 0.037 23 160 0.007 1.1 0.04 0.02 <0.01 32
23HM6A <10 0.35 2.8 15.0 <3 0.23 <0.1 11 150 0.027 0.4 0.14 0.06 <0.01 6.3
23HMSA 1.5 0.18 4.1 15.0 <2 0.21 0.021 17 190 0.020 0.3 0.02 0.02 <0.01 2.1
Mine Areas
21REla <0.02 0.10 0.7 0.9 <1 0.08 <0.02 8.2 6.6 <0.005 1.0 0.06 <0.01 <0.01 1.0
21HMIla 1100 0.68 3.8 2400 2 0.4 0.07 21 240 0.010 2.0 0.10 0.30 0.01 20
21HM2a 190 0.20 13 130 <1 1.1 0.03 17 710 <0.005 1.0 0.09 0.10 <0.01 2.0
21HM3a 19 0.50 59 33 <1 0.4 0.07 11 340 0.040 0.6 0.07 <0.01 <0.01 1.0
21HM4a 18 0.20 29 76 <1 0.82 0.02 15 140 0.040 0.5 0.06 0.07 <0.01 1.0
23HMSA <10 0.46 2.4 8.2 <3 0.13 <0.1 12 82 <0.005 <0.2 0.24 <0.01 <0.01 35
23HM7A 0.23 0.09 2.0 8.7 <2 0.12 <0.02 20 86 <0.005 0.2 0.03 <0.01 <0.01 6.7
23HM9A 1400 0.32 35 1700 <2 0.48 <0.02 21 280 <0.005 0.4 0.07 0.07 <0.01 5.5
23HMI10A 3.7 0.09 3.1 120 <2 0.21 <0.02 19 190 0.007 0.3 0.03 0.02 <0.01 28
23HMI11A 400 0.11 25 210 <2 2.1 <0.02 20 1300 <0.005 0.4 0.03 0.07 <0.01 2.0

Elements not detected (detection limits in parentheses): As (<2), Be (<0.05), Bi (<0.12), Cd (<0.02), Dy (<0.02), Er (<0.005), Eu (<.006), Ga (<0.04), Gd (<0.03),
Ge (<0.05),Ho (<0.005), In (<.01), La (<.3), Pb (<0.2), Pr (<0.04), Re (<.02), Sb (<0.3), Se (<.27), Sm (<0.023), Tb (<0.005), Th (<0.6), T1 (<0.1), Tm (<0.005).
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Figure 1. Geologic map of the Clear Lake volcanic field and location of the Helen, Chicago, and Contact mercury mines, Dry Creek watershed,
Lake County, California.
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Figure 2.  Location map and map of the upper part of Dry Creek showing location of the Helen, Research, and Chicago mercury mines.
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Figure 3.  Silica-carbonate alteration developed along the mineralize fault zone in serpentinite
(barren slopes) at Chicago mercury mine in the upper part of Dry Creek.

Figure 4. Waste rock removed from underground mine workings at the Helen Mine.
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Figure 5.  Helen Mine adit mine drainage and iron oxyhydroxide precipitate (sample site 21HM1
and 23HM9C; Biota site HMTO).

6 in.
[Hglc02,m=710 ng/L

Surface mine
Drainage water
[Halg2um = 3 N/l

9 in.
[Hg).02,m=52 Nng/L

Figure 6. Helen mine drainage and FeOOH precipitate 100 feet from adit. Hg concentration in
filtered surface water is 3 ng/L (sample HELO703W3) and is much higher, 52-710 ng/L in
filtered (<0.2um) pore waters (samples HELO703SED1A and 1B) taken from a core in the
FeOOH sediment.
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Figure 7. Mine drainage effluent channel in waste rock developed downstream from the Helen
Mine.

Figure 8.  Iron oxyhydroxide precipitate containing 550 ppm mercury precipitated from mine
drainage effluent from the Helen Mine after waters have reacted with waste rock.
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Figure 9. Lower mine drainage seep at Helen Mine at the base of the waste-rock pile sampled in
April during the wet season (sample site 21HM2).

Figure 10. Helen tributary coated with FeOOH resulting from mine drainage from the Helen Mine
area. The site is located just above the confluence with Dry Creek (sample sites 21HM3 and
23HMS).

36



rock pile.

Calcines from Helen Mine located below and west of waste

Figure 11.
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Figure 12. Remains of retort at Research Mine, located adjacent to the Dry Creek bank
(foreground).
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Figure 15. Three furnaces at Research Mine, located above the south bank of Dry Creek.
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Figure 16. Central furnace at Research Mine with ore feed (upper right) and gas collectors.
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Figure 17.  Chicago Mine remains of brick retort and pile of waste rock and calcines (sample sites
for 21-CH-1C and 2C). The remains of the ore crib are located on the north bank of Dry Creek,
which is shown in the lower right of the photo.
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Figure 18. Calcines and condenser soot (sample sites 21-CH-4C, 450 ppm Hg,) below waste rock
near ore crib (lower right in fig. 15) in north bank of Dry Creek at Chicago Mine area.
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Figure 19. Underground stope at Chicago Mine developed along fault in serpentinite altered to
silica carbonate rock consisting of calcite, magnesite, and quartz.
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Figure 20. Dry Creek above confluence with unnamed creek from Helen Mine area during low-flow
conditions on July 15, 2003 (sample site 23HMS; biota site DCAH).

Figure 21. Dry Creek below confluence with unnamed creek from Helen Mine area during low-flow
conditions on July 15, 2003 (sample site 23HMG; biota site DCBH).
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Figure 22. Map of sample sites in Dry Creek downstream from the Helen, Research, and Chicago
mine sites.
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Figure 23. Dry Creek 3 kilometers below Helen Mine at sample sites 23DC1 and 22DC2 (biota site
LDCB).

Figure 24. Lower mine drainage seep at Helen Mine (as in fig. 8). The white, efflorescent salt
along the margin was sampled in July during dry season (sample sites 23HM11and
HELO703W4).
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Figure 25. Log plot of Mg verses SO4 in mine drainage from the Helen and Research mines and
in waters in Dry Creek and the Helen Mine tributary to Dry Creek. The Helen Mine tributary is
dominantly mine drainage effluent that is diluted by surface water. Dry Creek water
downstream, noted by “D,” from the confluence with the Helen Mine tributary has higher sulfate
than water above the confluence, noted by “A.” The sample point noted by “D” has a higher
sulfate concentration than does point A, which was sampled during a higher flow regime.
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Figure 26. Log plot of dissolved Hg (filtered 0.45 mm) versus total Hg.
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Figure 27. Log plot of total Hg versus total MMeHg.
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Figure 28. Hg concentration in pre-mining sediment exposed in the banks of Dry Creek and
sediment in active channel downstream from the Helen, Research, and Chicago Mines
(sample sites 22DC6A and B, table 4).
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Figure 29. Hg concentration in pre-mining sediment exposed in banks of lower part of Dry Creek
and sediment in active channel 4-5 km downstream from the Helen, Research, and Chicago
mines.
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Figure 30. Dry Creek downstream from Dry Creek road crossing with fine-grained sediment
deposited from spring storm event. Insert image is of silt to medium sand deposited between
boulder-armored stream channel having Hg concentration of 150 ppm (sample site 22DC 4A).
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Figure 31. Pre-mining sediment exposed in the bank of Dry Creek having an elevated Hg
concentration of 66 ppm (sample site 22DC4B near Dry Creek road crossing). Sediment in
active channel having a much higher Hg concentration of 150 ppm (sample site 22DC4A).
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Figure 32. Log plot of % MMeHg versus MMeHg in sediment in Dry Creek and in the Anna

Belcher and Little Sulphur Creek watersheds located 5 km to the west. In the Dry Creek

watershed, the highest % MMeHg occurs in FeOOH-enriched sediment precipitated from

drainage from the Helen Mine main adit.
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Figure 33. Speciation of Hg in Dry Creek sediment samples, collected 4 km downstream from the
Helen Mine consisting of a clay-silt and a medium sand sample. Hg speciation determined by
sequential chemical extraction indicates that most of the Hg is present as HgS (F5 fraction)
with smaller amounts present as elemental Hg (F4 fraction) and Hg associated with organic

matter.
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Figure 34. Geometric mean concentrations of monomethylmercury (MMeHg, ug/g, wet weight) in
individual composite samples of invertebrates (order Hemiptera; families Belostomatidae,
Gerridae, and Notonectidae) from the Dry Creek (LDCB, DCAH, DCBH) watershed in 2003,
Helen Tributary (HMTO), and geometric mean concentrations of MMeHg in hemipterans,
collected from a reference site, the Bear River at the Highway 20 Bridge (BR20), during 1999-
2002. Number of samples noted above bar.
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Figure 35. Geometric mean concentrations of monomethylmercury (MMeHg, ug/g, wet wt) in
samples of dragonfly larvae (order Odonata; families Aeshnidae, Cordulegastridae, and
Gomphidae) collected from the Dry Creek watershed in 2003 and the geometric mean of
MMeHg in Aeshnidae, collected from a reference site, the Bear River at the Highway 20 Bridge
(BR20) during 1999-2002. Number of samples noted above bar.
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Figure 36. Geometric mean concentrations of monomethylmercury (MMeHg, ug/g, wet wt) in
composite samples of Dobsonflies (order Megaloptera, family Corydalidae) from Dry Creek in
2003 and from a reference site, the Bear River at the Highway 20 Bridge (BR20) during 1999-
2002. Number of samples noted above bar.
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Figure 37. Monomethylmercury (MMeHg, ug/g, wet wt) in individual composite samples of larval
stoneflies (order Plecoptera, family Perlidae) from Dry Creek in 2003 and geometric mean
concentrations of MMeHg in larval stoneflies from a reference site, the Bear River at the
Highway 20 Bridge (BR20) during 1999-2002. Number of sample noted above bar.
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Figure 38. Geometric mean concentrations of total mercury (Hgr, ug/g, wet wt) in individual fish
whole bodies collected from Dry Creek in April and July of 2003 and in fillets of brown trout
(Salmo trutta) from a reference site, the Bear River at the Highway 20 Bridge (BR20), in 1999.
Number of samples noted within bar.
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Figure 39. Correlation between concentrations of total mercury (Hgr, ug/g, wet wt) in individual
whole bodies and total length (mm) of California roach collected from Dry Creek (LDCB) in

April (1) and July (15) of 2003. R2 s 0.97 and P < 0.001.
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Helen Mine RSI Report

1.0 INTRODUCTION

U.S. Department of the Interior (DOI) Bureau of Land Management (BLM) issued Order No.
BADO080131 under Burleson Consulting Inc. (Burleson) General Services Administration
Environmental Services Contract No. GS10F0277R on September 16, 2008. The BLM order
requests that Burleson prepare a removal site investigation (RSI) report for the Helen Mercury
Mine to evaluate the need for a removal action at the site. This RSI report is based on
information provided to Burleson by the BLM.

The Helen Mercury Mine is located in Lake County, California, approximately four and one-half
miles west of Middletown, California (see Figure 1).

This RSI report consists of the following:

1.0  Introduction

2.0 Site Description

3.0  Summary of Environmental Investigations
4.0  Risk Screening - |

5.0  Basis for Removal Action

6.0 References
2.0 SITE DESCRIPTION

2.1 Location and Topography

Helen Mine is located approximately 4.5 miles west of Middletown in Lake County, California
(see Figure 1). The Northern California Power Agency 2 geothermal power plant is located
approximately 0.8 mile northwest of Helen Mine.

Helen Mine is reached as follows:

1. Follow Dry Creek Cutoff Road northwest from the intersection with Highway 29,
approximately 0.6 mile to Dry Creek Road.

2. Tumn left (to the southwest) at the intersection with Dry Creek Road, and proceed
approximately 4.7 miles along Dry Creek Road to the site.

Access to the site is controlled by a locked gate after driving 3.1 miles along Dry Creek Road.

The elevation at Helen Mine varies from about 2,500 feet to 2,800 feet above mean sea level
(msl) on steep northeast facing slopes within the headwaters of Dry Creek. A prominent north to
northwest oriented ridge covered in graded waste rock is located east of BLM administered
property (see Figure 2). This ridge is separated from the BLM portion of the mine by an
unnamed tributary to Dry Creek. Rock and soil disturbed by mining are distributed on about 2’
acres within the unnamed tributary and on steep slopes above it.

Burleson Consulting Inc.
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2.2 Site History and Features

According to the U.S. Bureau of Mines (1965) the Helen Mme was discovered in 1871 and
several hundred flasks' of mercury were produced from 1873 to 1876. The mine then operated
intermittently from 1900 to 1956 producing about 7,000 flasks of mercury.

Mine workings reportedly included more than 5,000 feet of adits (horizontal mine entrance),
drifts (horizontal tunnels), and cross-cuts (connecting tunnels) on three main levels, several
intermediate adits and associated raises (vertical tunnel going up), winzes (vertical tunnel going
down), and stopes (voids from which ore was removed) (U.S. Bureau of Mines 1965). The
reported strike length of the workings was 1,600 feet over a vertical range of 300 feet.

A diesel generator-powered reduction plant was used to recover mercury during later operations
(U.S. Bureau of Mines 1965). The plant included a jaw crusher, a 25-ton-capacity oil fired
_rotary furnace, a cyclone dust collector, vertical pipe condensers, a settling tank, and stack. Soot |,

~ was reportedly hand hoed and then processed in a D-retort to recover mercury. Calcines wete

reportedly trammed to the waste dump. According to the U.S. Geological Survey (USGS), a

. reclamation project during the 1990s resulted in burial of the calcines and plant components in_ -

the disturbed area to the east of the main adit (USGS 2008).

Remaining visible features at Helen Mine are two adits (referred to as the north adit and the main
adit), and disturbed areas covered with mine wastes (waste rock, calcines, and overburden).
Figure 2 shows the approximate location of the boundary between patented claims that are ‘
private property and BLM-administered lands. The north adit is located on private property and
is a source of mine drainage that crosses BLM-administered lands. The prominent north to
northwest-orientéd ridge covered in graded waste rock is also located on private property. The
main adit is located on BLM-administered lands as are most of the mine wastes. The main adit
is also a source of mine drainage. The disturbed area extends from slopes to the southwest of the
main adit toward the north and east across the unnamed tributary to Dry Creek and to the -
property boundary east of the adit. This area includes overburden, waste rock and calcines
deposited during active mining. A seep (overburden seep) is present in the unnamed trlbutary
below the main adit. ‘

A cultural resources inventory report was completed by BLM on October 2, 2008 (BLM 2008a).
The site was surveyed on September 5, 2008. Structural debris (bricks, timbers and graded
areas), an intact adit, and mine wastes were noted during the survey. The cultural resources °
inventory report found that the site had no integrity due to collapse of structures and removal of
much material for salvage. There were no sites determined eligible for inclusion to the National
Register of Historic Places (NRHP), or that need data for this determination, therefore no sites
are required to be avoided during future contamination cleanup projects. A determination of no-
adverse effects on cultural resources was recommended for the proposed Helen Mine cleanup
project. The cultural resources inventory report is included on compact disc as an appendlx to
this report. :

! A flask contained 76 pounds of mercury

Burleson Consultlngvlnc. _ : o ' ' 2
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2.3 Climate

Annual precipitation records are available from Middletown, California, about 4.5 miles east of
the site. The average annual rainfall from 1893 to 2008 observed at Middletown was 44.37
inches, with an average of 1.3 inches as snow (Western Region Climate Center 2008). Most of
the precipitation (approximately 40 inches) occurred during the October thiough April rainy
season. - Temperature data were not available for Middletown. The nearest station with reﬁ—rted
temperature data is located southeast of Clear Lake, north of the site.. The lowest monthly
average temperature of 30.6 degrees Fahrenheit (°F) occurs in January, and the highest monthly
average temperature of 93.1 °F occurs in July at the Clear Lake station (Western Region Climate
Center 2008).

24 Geology and Soils

Helen Mine is located at the faulted contact between serpentinite and Franciscan sandstone
(U.S. Bureau of Mines 1965). The fault zone strikes northwest and dips to the southwest.
Altered basalt dikes occur within the fault zone and serpentinite. Serpentinite altered to a silica-
carbonate rock occurs discontinuously along the fault. The main ore bodies occurred within the
silica-carbonate rock, with some ore in the sandstone and in basalt dikes (U.S. Bureau of Mines
1965). The silica carbonate-hosted ore consisted of cinnabar with less abundant native mercury,
metacinnabar, and tiemannite. Sandstone and basalt dikes also contained disseminated cinnabar.

Soils at Helen Mine are described as the Okiota-Henneke-Dubakella Association and are derived
from weathering of underlying serpentinite bedrock. The typical depth to bedrock ranges from
14 to 30 inches below ground surface. These soils are described as consisting of gravelly clay
loam at the surface with increasing gravel as depth increases and bedrock is approached.

2.5 Hydrology and Hydrogeology

Helen Mine is located at the headwaters of Dry Creek in Lake County, California. Dry Creek is
an intermittent stream at Helen Mine and is a perennial stream approximately 0.1 mile
downstream from the site. Dry Creek is not known to be used as a source for drmkmg water, but
- is used for irrigation and provides habitat for fish, insects, and amphibians.

A USGS stream gauge located approximately 0.6 mile downstream from Helen Mine recorded
flows from October 1977 through June 1978. The monthly mean discharge rate in cubic feet per
second (cfs) at this gauge ranged from 0.095 cfs in October 1977 to 14.9 cfs in January of 1978
(USGS National Water Information System, 2008).

Site specific groundwater elevation measurements, and aquifer hydraulic parameter estimates are
not available for the Helen Mine site. However, shallow groundwater elevations generally
mimic the topography with a lower slope or gradient. Shallow groundwater at the Helen Mine is
expected to flow from areas of higher elevation to areas of lower elevation. Based on this
reasoning, shallow groundwater is inferred to flow northeast from the ridge above the Helen
Mine to Dry Creek. Dry Creek is likely a groundwater discharge boundary in the vicinity of
Helen Mine. The drainage flowing from the North and Main Adits likely represents groundwater
intercepted by the underground mine workings.
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2.6 Vegetatlon and Wildlife

BLM prepared a biological/botanical resource report (BLM 2008b) for the Helen Mine area.
The report identified five special status species in the vicinity of Helen Mme based on review of
the California Natural Diversity Database. ‘

The five species include four plants:
1. Cobb Mountain Lupine (Lupinus sericatus)

2. Freed’s Jewelflower (Streptanthus brachiatus ssp. hoffinanii)
3. Calistoga Ceanothus (Ceanothus divergens)
4

. Snow Mountain Buckwheat (Eriogonum nervulosum)

o ~Andonemammal: . P

1. Townsend’s Big-eared Bat (Corynorhinus townsendir)

" The biological/botanical resource report (BLM 2008b) noted that Freed’s Jewelflowetwas ~

reported as present at the Helen Mine site. The report recommended that:

1. Helen Mine be surveyed during the May-June flowering period for Freed’s Jewelﬂower
to map the population.

" 2. Freed’s Jewelflower should be avoided during remediation activities.
3. Projects proceed with mitigations to protect the Freed’s Jewelflower.

A copy of the BLM biological/botanical resource report is mcluded on compact disc as an
appendix to this report.

3.0 SUMMARY OF ENVIRONMENTAL INVESTIGATIONS

Environmental sampling at Helen Mine was performed by the USGS during 2001, 2002, 2003
and 2005. USGS personnel collected mine drainage, mine waste, sediment, surface water and
biota samples for mercury, methyl mercury, and metals analyses. Results of USGS field
sampling and laboratory analysis are documented in USGS Administrative Report 08-1297

- (USGS 2008). Mercury analytical results are summarized below.

3.1 Mine Waste Mercury Content

Mine wastes present at the Helen Mine site include overburden, waste rock, tailings, and
chemical precipitates from mine drainage. Waste rock and overburden were not sampled, and
most of the tailings (calcines) were buried and inaccessible for sampling (USGS 2008). Mine
waste analytlcal results are summarized in Table 1.

One talhngs sample was collected from a small pile located west of the lower mine dralnage
seep. The tailings sample contained 17.9 milligrams per kilogram (mg/kg) total mercury.

Chemical precipitates include iron oxy-hydroxides and epsomite (hydrated magnesium sulfate).
Iron oxy-hydroxides were sampled at the main adit and in the lower seep. Total mercury
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concentrations of the main adit iron oxy-hydroxides ranged from 0.09 mg/kg to 14.7 mg/kg and
the methyl mercury concentration was 0.00073 mg/kg. Total mercury concentrations in lower
seep iron oxy-hydroxides ranged from 0.36 mg/kg to 550 mg/kg, and the methyl mercury
concentration was 0.00018 mg/kg.

3.2 Mine Drainage Mercury Content

Mine drainage was sampled at the Main Adit, Lower Seep, and Helen Mine tributary to Dry
Creek (USGS 2008). Total and dissolved (<0.45 um ) mercury and total methyl mercury were
analyzed in mine drainage. Mine drainage analytical results are summarized in Table 2.

Total mercury concentrations in Main Adit drainage ranged from 0.61 nanograms per liter (ng/L)
to 9.56 ng/L, and dissolved mercury concentrations ranged from 0.37 ng/L to 4.78 ng/L.. About
50 percent of the mercury in Main Adit drainage was dissolved. Methyl mercury was not
detected (< 0.025 ng/L) in drainage from the Main Adit.

Two samples of pore water from a core in the iron oxy-hydroxide sediment at the Main Adit
contained dissolved (<0.2 pm) mercury at concentrations of 52 ng/L and 741 ng/L; and were not
analyzed for methyl mercury.

Mine drainage from a pool in the channel between the Main Adit and lower seep contained
4.62 ng/L total mercury. Methyl mercury was detected at a concentration of 0.25 ng/L in this
sample. Mine drainage from the waste rock channel between the Main Adit and Lower Seep
contained 5.94 ng/L total mercury, 3.09 ng/L dissolved mercury, and <0.025 ng/L methyl
mercury. About 50 percent of the mercury in this sample was dissolved.

Drainage from the Lower Seep contained 1.55 ng/L to 17.5 ng/L total mercury and 0.48 ng/L to
1.8 ng/L dissolved mercury. About 10 to 14 percent of the mercury in Lower Seep drainage was
dissolved. Methyl mercury was detected at a concentration of 0.026 ng/L in Lower Seep

drainage.

Drainage from the Helen Mine tributary contained 7.62 ng/L to 17.7 ng/L total mercury, and
1.05 ng/L to 3.2 ng/L dissolved mercury. About 14 to 18 percent of the mercury in the Helen
Mine tributary was dissolved. Methyl mercury was detected at concentratlons from 0.026 ng/L
to 0.62 ng/L in drainage from the Helen Mine tributary.

The analytical data summarized above indicate that mercury in mine drainage appears to increase
from the adit (up to 9.56 ng/L) to lower seep and Helen Mine tributary (about 17.5 ng/L). USGS
attributed this to reactions between the mine drainage and waste rock along the flow path. Pore
water within iron oxy-hydroxide sediment contained the highest mercury concentrations (up to
741 ng/L), but these elevated concentrations were not observed in other mine drainage at the site.

3.3 Surface Water Mercury Content

Surface water was sampled upstream and downstream from the confluence with the Helen Mine
tributary in April 2003 and downstream from the confluence in 2001, 2002, and July 2003
USGS (2008). Total and dissolved (<0.45 pm ) mercury and total methyl mercury were
analyzed in surface water samples. Surface water analytical results are summarized in Table 2.
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In the April 2003 sample, the total mercury concentration detected in Dry Creek above the
confluence with the Helen Mine tributary was 6.06 ng/L, and the detected dissolved mercury
concentration was 3.77 ng/L. About 60 percent of the mercury in Dry Creek above the
confluence with the Helen Mine tributary was dissolved. . Methyl mercury was not detected
(<0.025 ng/L) in Dry Creek above the Helen Mine tributary.

Total mercury concentrations detected in Dry Creek downstream from the Helen Mine tributary
in 2001, 2002, and July 2003 were 7.24 ng/L, 5.35 ng/L, and 9.15 ng/L respectively.

In the April 2003 sample, the total mercury concentration detected in Dry Creek about 800 feet
downstream from the confluence with the Helen Mine tributary was 24.1 ng/L, and the detected
dissolved mercury concentration was 2.75 ng/L. About 10 percent of the mercury in Dry Creek

~ downstream from the confluence with the Helen Mine tributary was dissolved. Methyl mercury

was not detected (< 0.025 ng/L) in Dry Creek downstream from the Helen Mine tributary.

The total mercury concentration in the Aprll 2003 downstream sample (4.1 ng/L) was nearly
four times the total mercury concentratmn in the upstream sample (6 06 ng/L)

34 Sedlment Mercury Content

- Mercury concentrations in sediment in the vicinity of the Helen Mine are affected by natural’

ambient sources and abandoned mercury mines. The Research and Chicago Mines are located in
the Dry Creek watershed upstream from the Helen Mine; and the Wall Street and Jewess Mines
are located in the Dry Creek watershed downstream from the Helen Mine. The geologic
processes that created the mercury ore deposits at the mines also enriched the surrounding rock
in mercury. This natural rock also provides a source for mercury to the watershed. USGS.
(2008) collected samples of active channel sediment believed to be affected by mercury mining
activities, and bank sediment samples believed to pre-date mining impacts. Analytical results of
chemical precipitates associated with mine drainage are described under mine waste sampling in
Sectlon 3.1 above. :

USGS (2008) collected sediment samples near the Helen Mine and for several miles
downstream. Sediment samples in the vicinity of Helen Mine were collected from Dry Creek
upstream of the Helen Mine tributary, in the Helen Mine tributary, and downstream of the Helen
Mine tributary.

Sediment in the Vicinity of Helen Mine. Active channel sediment samples for total mercury
analysis were collected from Dry Creek above the Helen Mine tributary confluence (one split
sample, 1.44 mg/kg to 2.99 mg/kg), from the Helen Mine tributary (three samples [two split],
0.204 mg/kg to 90.8 mg/kg), from Dry Creek about 800 feet downstream from the Helen Mine
tributary confluence (two split samples, 0.471 mg/kg to 681 mg/kg), and about 0.6 mile
downstream of the Helen Mine at the inactive USGS gauging station (three samples [two splits]
0.29 mg/kg to 90.01 mg/kg) These data are summarized in Table 3.

Total mercury concentrations reported for split samples analyzed by two different laboratorles
were significantly different, including the Helen Mine tributary (90.8 mg/kg and 4.91 mg/kg),
Dry Creek about 800 feet downstream from the Helen Mine tributary confluence (3.7 mg/kg and
681 mg/kg), and the inactive USGS gauging station (90.01 mg/kg and 0.29 mg/kg). USGS
(2008) speculated that this observation reflects nugget effects due to the inter-laboratory
differences in collection of subsamples for processmG in the analy31s This dlscrepancy between
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split samples could also reflect quality control issues in the different laboratories. The wide
variation reported for mercury concentrations in split samples contributes uncertainty to the
evaluation of the data.

Active channel samples for methyl mercury analysis were also collected from Dry Creek above
the Helen Mine tributary confluence (0.054 pg/kg), from the Helen Mine tributary (0.063 pg/kg),
from Dry Creek about 800 feet downstream of the Helen Mine tributary confluence (two
samples, 0.05 pg/kg to 0.105 pg/kg), and about 0.6 mile downstream of the Helen Mine at the
inactive USGS gauging station (three samples [two splits] 0.11 pg/kg to 0.597 pg/kg).

These sediment data appear to show an increase in the total mercury concentration in Dry Creek
sediment from upstream of Helen Mine to downstream-of Helen Mine. To evaluate the influence
of Helen Mine on mercury in Dry Creek sediment, average total mercury concentrations were
estimated for four locations (upstream of Helen Mine, Helen Mine Tributary, 800 feet
downstream and at the inactive USGS gauge). The extreme concentrations (both high and low
values from splits analyzed by Frontier Geosciences) were removed from the data prior to
estimating average concentrations. These values were removed because Frontier analyzed a

0.2 gram subsample instead of the entire sample leading to potential nugget effects (USGS
2008). Samples analyzed by Chemex are less prone to nugget effects because a larger sample
size was analyzed.

The average total mercury concentration in Dry Creek sediment above the confluence with the
Helen Mine tributary was 2.2 mg/kg. The average total mercury concentration in Helen Mine
tributary sediment was 23.8 mg/kg. The average total mercury concentration in Dry Creek
sediment about 800 feet downstream from the Helen Mine tributary was 4.8 mg/kg. The average
total mercury concentration at the inactive USGS gauge was 28.8 mg/kg. These average total
mercury concentrations appear to show that release of sediment from Helen Mine approximately
doubled the total mercury concentration in Dry Creek sediment. Total mercury concentrations in
. sediment at the inactive USGS gauge are also likely influenced by the Wall Street mine.
Sediment total mercury data from the Wall Street Mine are not available.

Sediment Downstream from the Inactive Gauging Station. USGS collected sediment
samples from areas believed to be impacted by mining and from areas believed to not be
impacted by historical mercury mining. These data are summarized in Table 4. Sediment
samples located downstream from the inactive gauging station and collected from the active
channel were believed to be impacted by mercury mining, and samples collected from bank
deposits were believed to predate mining activity (USGS 2008).

The total mercury concentrations detected in stream bank deposits believed to reflect pre-mining
mercury concentrations ranged from 0.3 mg/kg to 66 mg/kg. The methyl mercury concentration
was analyzed in one stream bank deposit sample and reported at a concentration of 0.195 pg/kg.

Total mercury detected in active channel sediments believed to reflect post mining mercury
concentrations ranged from 5.92 mg/kg to 230 mg/kg. Mercury mining in the Dry Creek
watershed may have resulted in a four-fold increase of mercury in sediment based on these data.
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3.5 Bioté'Sampling

USGS performed biota sampling by collecting fish in lower Dry Creek, and collecting insects
from the vicinity of Helen Mine and lower Dry Creek. Fish were analyzed for total mercury (wet
weight), and insects were analyzed for total and methyl mercury (wet weight).

Fish. The mercury contents of fish in lower Dry Creek are difficult to interpret with respect to
Helen Mine because of the presence of other mercury mines in the watershed. Riffle sculpin,
California roach, and rainbow trout were collected from lower Dry Creek. USGS (2008) noted
that the mercury concentration (wet weight) of whole fish increased with fish length, and that
mercury contents of small rainbow trout (average length 70.5 millimeters [mm]) were below the
0.30 mg/kg California Office of Environmental Health Hazard Assessment screening level for
total mercury in fish tissue. ' :

Insects. Water Striders, Dobsonﬂles Stoneﬂles Backswimmers, Giant Water Bugs, and

' Dragonflies were collected for mercury analysis. Samples were collected from Dry Creek

upstream and downstream of the Helen Mine tributary. One sample of water strider was

-collected-at the Helen-Mine-adit.-Giant water bugs; and dragonflies were not collected.in.the ... -

vicinity of the Helen Mine. Insects collected from lower Dry Creek are not discussed here due to
the presence of mercury mines downstream from Helen Mine in the watershed that likely affect
these samples. :

Water Striders collected upstream of the Helen Mine tributary contained 0.122 mg/kg to

0.213 mg/kg total mercury and 0.117 mg/kg to 0.166 mg/kg methyl mercury. Water striders at
the Helen Mine adit contained 0.106 mg/kg total mercury and 0.100 mg/kg methyl mercury.
Water Striders collected about 800 feet downstream of the Helen Mine tributary contained 0.155
mg/kg to 0.213 mg/kg total mercury and 0.120 mg/kg to 0.255 mg/kg methyl mercury.

Dobsonflies collected upstream from Helen Mine tributary contained 0.354 mg/kg to 0.598
mg/kg total mercury and 0.078 mg/kg to 0.431 mg/kg methyl mercury. Dobsontlies collected
about 800 feet downstream of the Helen Mine tributary contained 0.185 mg/kg to 0.292 mg/kg
total mercury and 0.061 mg/kg to 0.140 mg/kg methyl mercury.

Backswimmers collected upstream of the Helen Mine tributary contained 0.226 mg/kg to 0.280
mg/kg total mercury and 0.293 mg/kg to 0.317 mg/kg methyl mercury. Backswimmers collected
about 800 feet downstream of the Helen Mine tributary contained 0.288 mg/kg to 0.319 mg/kg
total mercury and 0.163 mg/kg to 0.299 mg/kg methyl mercury.

Stoneflies collected upstream of the Helen Mine tributary contained 0.121 mg/kg to 0.115 mg/kg

" total mercury and 0.078 mg/kg to 0.092 mg/kg methyl mercury. Stoneflies collected about

800 feet downstream of the Helen Mine trlbutary contained 0.061 mg/kg total mercury and
0.033 mg/kg methyl mercury.

Mercury concentrations in insects do not appear to show a significant difference based on
location relative to the Helen Mine. Mercury concentrations appear to decrease in Dobsonflies

and Stoneflies downstream of Helen Mine. Water strider mercury concentrations were similar in
samples collected upstream and downstream of Helen Mine. Total mercury concentrations in
backswimmers downstream of Helen Mine were higher than upstream concentrations; however,
methyl mercury appeared to decrease in backswimmers downstream from Helen Mine.
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3.6 Preliminary Conceptual Site Model

The purpose of a conceptual site model (CSM) is to identify complete exposure pathways for
both human and ecological receptors in the vicinity of Helen Mine. An exposure pathway
describes the course a chemical takes from a source to an exposed individual. A complete
exposure pathway must exist for a contaminant to pose a potential health risk, and must consist
of the following four elements:

- 1. Contaminant source
2. Release mechanism
3. Secondary source
4. Migration pathway
5. Exposure route

If an exposure pathway is incomplete, then it can be concluded that there is no current exposure.
Consequently, adverse effects to either human health or ecological receptors would not be
expected-under-the-conditions-of the-€SM—Conversely, a completed exposure pathway indicates
that adverse effects to human or ecological receptors are possible under the conditions of the
CSM. The need for a removal action is evaluated for completed pathways in accordance with
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) criteria. The
NCP criteria are intended to evaluate the urgency of the situation as compared to the risks
potentially associated with the presence of completed pathways. NCP criteria at Helen Mine are
discussed in Section 5.0 of this RSI report. '

A preliminary CSM indicating sources, release mechanisms, migration pathways, and exposure
routes to receptors at the Helen Mine is presented in Figure 3. The CSM is described below for
each environmental medium of concern.

Contaminant Source. Based on findings of previous environmental investigations, the primary
source of mercury at Helen Mine is mine waste. Waste rock and calcines containing mercury are
present on and below the ground surface at the site. Waste rock samples for chemical analysis

| have not been collected at the Helen Mine. One sample of calcines was collected and contained

17.9 mg/kg mercury.

Release Mechanisms. Mechanisms that could release mercury at Helen Mine include surface
water runoff, infiltration, and erosion. Runoff releases mercury by eroding mine wastes and then
transporting the eroded mine waste to soil or waterways. Infiltration causes release of mercury
when infiltrating water interacts with mine waste to dissolve mercury and transport it to
groundwater, or surface water. Wind erosion can release mercury by suspending mercury
containing dust in the air, and water erosion can transport mine waste to sediment and surface

water.

Secondary Source. Secondary sources at Helen Mine include surface water in the Helen Mine
tributary, sediment, groundwater after interaction with the mine waste, soil containing mercury
from mine wastes, and dust containing mercury.

Migration Pathway. Migration pathways at the site likely include direct exposure of humans
and biota to mercury in water, direct contact of humans and biota with sediment and/or soil
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containing mercury, and inhalation of mercury on dust. The groundwater pathway for humans is
not complete because no wells exist at the site, and most of the groundwater likely discharges to

surface water at Dry Creek.

Exposure Routes. Humans (trespassers, workers or surveyors) or wildlife could be exposed to

‘mercury released from the Helen Mine by direct contact with mine wastes; sediment, and/or

surface water affected by the mine; by eating plams or animals that have accumulated mercury
from the mine; by drinking water affected by the mine; by ingesting mercury containing
sediment or soil from the mine; and/or by breathing dust containing mercury from the mine.

Review of site data and consideration of site features results in fate and transport scenarios
primarily involving dissolution of mercury from mine wastes and mechanical erosion of solids at

the Helen Mine.

Mercury present in mine wastes is mobilized by chemical reactions with mine drainage and

infiltrating surface water as water from these two sources flows through the mine waste (USGS o

2008). This dissolved mercury is then available to be adsorbed onto sediment particles or remain

~ in solution.. In both forms. (dissolved or adsorbed), mercury.is transported into.Dry Creek. The .. -

limited data available from the site (USGS 2008) show that mercury concentrations in Dry Creek
surface water increase from upstream to downstream as water flows past Helen Mine.

Mine wastes are also mechanically eroded by wind and water. Eroded mine waste contammg
mercury (mostly as cinnabar) is transported to Dry Creek where it resides in the active channel
sediment. Fine particles of mine waste that contain mercury may also become airborne as dust.
USGS (2008) data appear to show that mercury concentrations in Dry Creek sediment increase at
Helen Mine, however the data are not conclusive,

Dissolution of mercury from mine waste and erosion of mine waste both transport mercury to
Dry Creek. A portlon of this mercury is available to be methylated and accumulate in the food
chain. Mercury is likely accumulating in Dry Creek biota, though available data do not
demonstrate a significant effect in the food chain from the Helen Mine (USGS 2008).

4.0 RISK SCREENING

The completed pathways shown in the CSM identify the media and routes of exposure evaluated
in human health and ecological risk screening presented in this section and that should be
addressed by potential future response actions if necessary. Potential risks to human health and
ecological receptors are evaluated by comparison to soil screening criteria. Sediment mercury
concentrations are compared to risk based screening criteria for soils because generally
applicable sediment screening criteria are not available. Burleson believes that the exposure of
humans and fauna to mercury in sediment at the Helen Mine is similar to exposure of fauna and
humans to soil for the purposes of risk screening. Threats to water quality are also described.

4,1 Human Health Risk Screening

Potential risks to human health were evaluated by comparing mercury concentrations in sediment
and mine waste at the Helen Mine to screening criteria. Screening criteria used for this
comparison include Risk Management Criteria (RMC) for Metals at BLM Mining Sites (BLM

. 2004), U.S. Environmental Protection Agency (EPA) Reglonal Screenlng Levels (RSL) for

2 m

T
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Contaminants at Superfund Sites (EPA 2008), and California Human Health Screening Levels
(CHHSL). The EPA RSLs and CHHSLs are calculated based on an industrial use scenario (for
humans working at a site), which is routinely thought to reflect exposures greater than
recreational exposures. The industrial exposure calculation assumes exposure of five

8-hour days per week for 50 weeks per year for 25 years. This is likely a greater exposure time
than would be selected for recreational-exposures. Therefore, use of the industrial RSL and
CHHSL likely overstates the potential risk for recreational visitors.

Table 3 compares total mercury concentrations at Helen Mine to these human health risk-based
screening criteria. The total mercury concentration in the Helen Mine calcines (17.9 mg/kg) was
below human health screening criteria indicating a low risk for potential human receptors
working or recreating at Helen Mine.

Total mercury concentrations in sediment from the Helen Mine tributary exceeded screening
criteria for a BLM worker and the EPA RSL (from one to 10 times the RMC and the RSL
indicating a moderate risk). Slight exceedance of screening levels is not thought to pose a
significant risk (BLM 2004). Humans who work in contact with sediment in the Helen Mine
tributary would be exposed to a moderate risk from exposure to mercury through ingestion,
dermal contact, and inhalation of dust.

The total mercury concentrations in Dry Creek sediment about 800 feet downstream from Helen
Mine are below human health screening criteria indicating a low risk for potential human
receptors working or recreating there. :

Total mercury concentrations in Dry Creek sediment at the inactive gauging station exceed
screening criteria for a BLM worker and the EPA RSL (from one to 10 times the RMC and the
RSL, indicating a moderate risk). Mercury concentrations at this location likely include
contributions from the Wall Street Mine located downstream from Helen Mine. Slight
exceedance of screening levels is not thought to pose a significant risk (BLM 2004). Humans
who work in contact with sediment in Dry Creek at the inactive gauge would be exposed to a
moderate risk from exposure to mercury through ingestion, dermal contact, and inhalation of

dust.

4.2  Ecological Risk Screening

Potential risks to ecological receptors were evaluated by comparing mercury concentrations
reported in sediment at Helen Mine to the median RMC for ecological receptors (BLM 2004);
and by comparing the results of fauna sampling for mercury near Helen Mine to mercury in
fauna downstream from the Helen Mine. '

Table 3 presents a comparison of mercury concentrations in sediment at Helen Mine to the
ecological screening criteria. Total mercury concentrations in sediment from the Helen Mine
tributary slightly exceed 10 times the median wildlife screening concentration. Slight exceedance
of screening criteria is not thought to pose a significant risk. However, the reported mercury
concentrations in Helen Mine tributary sediment are above 10 times the median wildlife RMC.
This degree of exceedance of the screening criteria is considered to potentially pose a high risk to
ecological receptors (BLM 2004). Thus, fauna at the Helen Mine may be at high risk when
exposed to Helen Mine tributary sediment by direct contact, incidental ingestion, and/or

inhalation of dust.

s i
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Another way to evaluate potential ecological risk is to compare mercury concentrations detected
in fauna upstream and downstream from the Helen Mine. Insects were sampled in Dry Creek
upstream and downstream from Helen Mine. Insect mercury data do not appear to show a
significant impact from the Helen Mine. Mercury appears to decrease in Dobsonflies and
Stoneflies downstream from Helen Mine versus upstream. Water strider mercury levels appear
to be the same in samples collected upstream and downstream from Helen Mine. Total mercury
in backswimmers is elevated downstream from Helen Mine versus upstream; however, methyl
mercury appears to decrease downstream. Thus, risks to ecological receptors from mercury at
the Helen Mine, as represented by mercury in insects, appears to be negligible.

4.3 Water Quality

Water quahty impacts at Helen Mine were evaluated by comparing detected concentrations to

_water quality criteria. The EPA ambient water quality criteria for total mercury based on human

consumption of water and organisms is 51 ng/L. Water quality criteria are not currently
available for methyl mercury.

However, the mercury contained in pore water is incorporated into the downstream waters
sampled within the Helen Mine tributary before the water discharges from the site. Sampling of
surface water (mine drainage and funoff) at the Helen Mine detected unfiltered total mercury in
water at concentrations up to 17.5 ng/L.

lelted water sampling data available from Dry Creek show an increase in mercury
concentrations from upstream to downstream from Helen Mine. Total mercury concentrations
increase as much as four times in Dry Creek based on comparison of surface water samples
collected upstream (6.06 ng/L) and downstream (24.1 ng/L) from the confluence with the Helen

Mine tributary.

Total mercury concentrations in on-site surface water at Helen Mine and in Dry Creek
downstream from Helen Mine were below the 51 ng/L water quality criteria for mercury. Thus,

water quality impacts from Helen Mine appear to be negligible.

5.0  BASIS FOR REMOVAL ACTION

The NCP identifies the following factors at 40 Code of Federal Regulations (CFR) Section
300.415(b)(2) to consider when determining the appropriateness of a removal action:

i.  Actual or potential exposure to nearby human populations, animals, or the food chain
from hazardous substances or pollutants or contaminants;

ii.  Actual or potential contamination of drinking water supplies or sensitive ecosystems;

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

iv.  High levels of hazardous substances or pollutants or contammants in soils largely at or
near the surface that may migrate; -
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v. - Weather conditions that may cause hazardous substances or pollutants or contaminants to
migrate or be released;

vi.  Threat of fire or explosion;

vii.  The availability of other appropriated federal or state response mechanisms to respond to
the release;

viii.  Other situéltion or factors that may pose threats to public health or welfare of the United
States or the environment.

These factors are evaluated for the Helen Mine below.

Factor (i) Actual or potential exposure to nearby human populations, animals, or the food
chain from hazardous substances or pollutants or contaminants. Mercury levels in insects
collected near the mine do not show a significant impact from the Helen Mine. Thus, the food
chain does not appear to be affected by Helen Mine. While humans could potentially be exposed
to mercury in sediment at the Helen Mine, the associated risks are anticipated to be moderate at
the worst and are comparable to those risks from exposure to pre-mining sediment in the
watershed. Mercury in soil sampled at the site to date is within screening levels for protection of
human health, and presents a moderate risk to potential ecological receptors.

Factor (ii) Actual or potential contamination of drinking water supplies or sensitive
ecosystems. Dry Creek is a tributary to Putah Creek which contributes to Lake Berryessa, a
drinking water reservoir. Mercury concentrations in Dry Creek increased in downstream versus
upstream samples with respect to the Helen Mine tributary. However, the maximum
concentrations of mercury in surface water at Helen Mine and in Dry Creek below Helen Mine
are below the water quality criteria, and other potential sources of contamination are present such
as the Wall Street Mine located downstream from Helen Mine. The mass of mercury and
volume of water contributed by Helen Mine to the watershed are insignificant with respect to the
size of the watershed, and significant impacts to water quality are not anticipated based on
available information. Sensitive ecosystems are not known to be present near Helen Mine.

Factor (iii) Hazardous substances or pollutants or contaminants in drums, barrels, tanks,
or other bulk storage containers, that may pose a threat of release. There are no drums,
barrels, tanks or other bulk storage containers at Helen Mine.

Factor (iv) High levels of hazardous substances or pollutants or contaminants in soils
largely at or near the surface that may migrate. High levels of hazardous substances or
pollutants or contaminants have not been reliably detected in soils at Helen Mine.

Factor (v) Weather conditions that may cause hazardous substances or pollutants or
contaminants to migrate or be released. Rainfall can cause runoff that could erode and
transport mercury containing mine waste from Helen Mine to Dry Creek. However, available
data from Helen Mine do not identify mercury concentrations above levels measured by
USGS (2008) in pre-mining sediment.

Factor (vi) Threat of fire or explosion. There is no known threat of fire or explosion at Helen
Mine.

B R s A T e S S T AT T e z T xTEsE
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Factor (vii) The availability of other appropriated federal or state response mechanisms to
respond to the release. There are no other federal or state response mechanisms known that
would respond to a release from Helen Mine. :

Factor (viii) Other situation or factors that may pose threats to public health or welfare of
the United States or the environment. There are no other situations or factors that may pose
threats to public health or welfare of the United States or the environment known at Helen Mine.

Based upon consideration of these NCP factors, and consideration of the risk screening in
Section 4 above, a removal action does not appear to be necessary at Helen Mine. However, data
from only one sample of calcines, and six samplés of iron oxy-hydroxide were collected from
Helen Mine. It is possible that the evaluation of Factors (i), (iv), and (v) would change if data
from sampling of waste rock present at the site were available. Burleson recommends that BLM
conduct sampling and analysis to determine the mercury content of waste rock at the site. These

-data would -document-whether mine waste-containing elevated-mercury-was-present at- Helen- ————— -

Mine, and verify the evaluation of removal action factors for the site. Burleson also recommends

sampling and analysis of sediment in Dry Creek upstream and downstream of the trlbutary from

~ the Wall Street Mine to evaluate impacts of this feature on the watershed.

6.0 REFERENCES

U.s. Bureau of Mmes 1965. Information C1rcular 8252: Mercury Potential of the United States.
Page 108.

U.S. Department of the Interior Bureau of Land Management 2004. Risk Management Criteria
for Metals.at BLM Mining Sites. Technical Note 390 revised. October

U.S. Department of the Interior Bureau of Land Management. 2008. Cultural Resource
Inventory Report: An Archaeological Inventory and Recordation of the Helen Mercury
Mine. October.

U.S. Department of the Interior Bureau of Land Management. 2008. Blologlcal/BotamcaI
Resource Inventory Report: Heler Mine RSI. October.

U.S. Environmental Protection Agency. 2008. Regional Screenmg Levels (RSL) for Chemical
Contaminants at Superfund Sites. RSL Table Update. September :

U.S. Geological Survey. 2008. Administrative Report 08-1297: Environmental Impact of the
. Helen, Research, and Chicago Mercury Mines on Water, Sedlment and Biota in the Upper
. Dry Creek Watershed, Lake County, California.

U.S. Geological Survey National Water Information System: Web Interfacfe. 2008.
http://waterdata.usgs.gov/nwis/nwismap, Accessed December 19.

Western Region Climate Center. 2008. http://www.wrec.dri.edu/ Accessed December 17.

Burleson Consulting Inc. _ 14




Helen Mine RSI Report

Figures

3 Pages

SR

Burleson




X

Ag'ency

owery,

Middlatown
1

~

Site
*

e wirv 128

STAIE}

;Saﬁté. Rosa’-.

e

R

1y

¢

Helen Mine
‘Burleson Consulting, Inc.

Site Location
Bureau of Land Management

!

22

X =0
ERET
=8
[T
088
E!J: o
1500 IO

N\
§

Legend
Bureau of Land Managment Administered Land

Creeks

Data Source: BL.M administered land designation provided by

the Bureau of Land Management GIS Deptartment
Aerial image provided by Digital Globe 4-1-2007




Site Features
Bureau of Land Management

Helen Mine
iBurleson Consulting, Inc.

900

600
Feet

300

A=LSN

Lake

. ~———Helen Mine

=l

Mendotino

‘Project Site

ministered|liand

3,

m&

Legend

e

Bureau of Land Managment Administered Land

— Creeks

d land designation provided by

===n=  Helen Mine Tributary

BLM adi

the Bureau of Land Management GIS Deptartment
Aerial image provided by Digital Globe 4-1-2007

Data Source

tou hIRE




.uc_..mc_:zm:.co :owmtsmmm@

Suly usel

mo— : I _A _ T juswsbeuepy pue jo neaing
X Nv X Iye] aﬂﬂl‘ v Inml wng ; |9po axs Jenydesuon
¢ ainbi1y
- X | X | X | wewuo) [ewrs( k [ 110§
X | x | x uonseduy L
| A% JUSWIPOS
X | x | x [ 108mo) jeumreg ( * N
< JUSWIpPaS
X | x | x wonsoduy | | i T
W. 3
I
X | X | X | 108u0) [ewisg . IomRp J; ﬁ vOEAOI 1M goumy 91SBA\ QUL
X | X | X ~ uonseguy ooeyINg ; haosﬂo%ﬁ 00BJING Toyep\ 90BJING .
P . i I}
-
g 3 3
: -3 e
g
< TEE%SASO
UOIR[0010 ]
; Juonen iUy
| . 3 |
% 3
| W
|
4, . :
, , o WESTURYIIFA 33.1N0g WISTHBYII AL 32IN0Y
Aemipeq ISBI[Y 1epuossg ISBIY Axeurnag -
| ,H Axepuodsg Arewiag .

|
1
|
|
|
|




Helen Mine RSI Report

T

Tables

4 Pages

TS

Burleson Co

o Eay 2

nsulting Inc.



'

wreIdony/sweadiu = Sy/Sw
pozAeuy 10N = VN
(8007) SOS ST 22IN0g 910N

VN I6°L1 mwnEwH 00 SISE ) JO ISOA PUR mofog ouTofe) 1002/61/v ID10v0TH
VN 00°0SS oﬁﬁ&m@ﬂ oBeureI(] SUIN WO Y00y elseAy mofog ajeidioaid uoll [z00z/1¢/L 60d7T
v SPIXOIPAH-£XO) uoIf .
9L1000°0 2e91 syendoaig ; doag oBeurRI(] SUIA] 1S9MOT SUIA] US[OH €00Z/S1/L 1T NHET
OPIXOIPAH-LX() uoI] ,
VN 6r’s syejrdroeig doag oBeurel(] SUIA 1S9MO'] SUIA] US[OH] £00Z/S1/L STT WHET
oﬁ%&@%ﬂ;?@ uoIf , _

YN LSE0 arepdraaig : doog a8eureI(] QUL 1SOMOT SUIA US[SH] 100Z/61/% Z-INHI1T
IPIXOIPAH-AXO :o:,.

VN S0 88&58& | dooag oSeureI( SUTA 1S9MOT SUIIA US[OL] 100Z/61/¥ VSZ-INHIZ
SPIXOIPAH-LXQ UOI} . -

VN 6L'1 355505 : doog oFeurel(] SUNA] 1S9MO'T SUIA] US]SH 100Z/61/% SZTINHITZ
OPIXOIPAH-AX( voI] .

¥€L000°0 L1070 syepdiselg NPV UIBA SUTIA U] £002/ST/L 6 WHET
OPIXOIPAH-AX(Q) UOI]

VN 600 spejdoery NPV UIBJA] SUIA] US[oH] €00T/S1/L S6 WHET
OPIXOIPAH-AX(Q uoI]

VN 0L ¥l oyeydoary HPV UIRIA SUIA US[oH 1002/61/v [-INHIT
SPIXOIPAH-AXO oIy .

VN €l ojendiary NPV UIRJA QUTA] US[OH 1002/61/v ST-INHIC
OPIXOIPAH-AX(O U0y .

(Sy/Sur) (8y/3w) [ELI)BIAl uopdrsa( ang srdureg e Xaquin) ojdwmey
SH Ayl | SH Jul0L, .

|
4
7
|
!
N
V

BIILIONI[E)) ‘AJUNO0)) 9YBT ‘OUIA] US[TY
s)nseY [eondeny ajeidosiJ pue 9)seAy SUIIA]

I°lqeL




Jopy/sweidoueu = J/3u
Iop/sures3u = /8w

U0110939p JO [9A] Je PIJI9I9p J0U = >
pazA[eue JoN = VN

, (8007) SDSMN S190MOg :S3ON
$20°0> 9'E SES 700T/1¢/L uole)s Suifen Joddpy v90dze
070°0> S0'€ VL 100Z/61/ yoo1) A1 Yodd() uo uoneyg Surden n™aiz
ST0'0> 6L'S S1'6 £00T/S1/L 90USN[JUOD) SUIIA] US[OH WOH WEaNS UMOq LINHET
ST0°0> SLT 1'vT £00T/1/v 3QUSN[FUO]) 331 SUI US[OH WO UMO(] I91WO[TY 770 ¥o2ID AIQ 9NHET
ST0°0> LLE 1909 €00¢T/1/¥ 30USN{Ju0) AJenquiy, QUM US[H 940qE ¥99I1) AIQ SINHET
920°0 43 LLY £00T/ST/L 991D AIQ YiIm SouSnyu0)) woxy weansdp) J}esI)) SUIN USl SINHIET
150°0 SOT- 79'L 100Z/61/¥ 39010 A1 aim 2oudnyuU0)) 940qR 9BeUreI(] }9SI)) SUIA USISH CNHIT
VN VN 681 £007/S1/L S[ueld plotd gI£0L0THH
VN VN S £00T/ST/L oFeurel(y SurAl deag Jomo] YA E0LOTHH
$T0'0> 840 a3 £00T/ST/L doog a8eureI(] SUIA 1S9MO SUIA US[OH] TTINHET
$20'0> 60°€ ¥6°S £007/ST/L S3eUleI(] SUIA] JO [Sulrey)) Y00y )SeM SUNA US[eH OTINHEZ]
920°0 SLI 1002/61 /¢ doag a8eureI(] SUTIA] 1S9MO' U] US[OH] TINHIT
ST0 9% £00Z/ST/L SnuiL |, 93eurel( 1PV (uejy) Jodd() Jo tresnsumo( 1004 SUIpuelS Ul Jojep SME0LOTAH
VN 9L°1 €002/ST/L SURIGUISTA] TOIOIAL Z()°() & YSNOI} PAISILY Ing £ S€ owes T EME0LOTAH
VN 8T £00T/ST/L PV (urep) roddn wox sBeurei(y SUIA €M EOLOTHH
VN A €00T/ST/L o3eurel(y oupA 1py (urely) soddp) oyur pazeSny 0100 3o 9 1edd() woxy Jejep 9104 d1AdSE0L0TIH
VN 7L £002/S1/L a8eurel( SUIN 1PV (UrejN) Joddp) oyur paieBny 910D y0 ,9 Jodd() WO 1oje Ay 9104 VIAASE0L0THH
ST0°0> 190 €00T/S1/L - MNPV UIBIAl SULA] US]O] 6INHET
70°0> 95'6 100T/61/v JIPV UIRI] OUIA] US[OH TINHIT
(1/3u) 3 G 2 T =YY, T dogesop - Joquuny oydures
AW T80, SHIeoY } - , e : C

BrIIofI[E)) ‘A)uno)) oxery ‘QuipAl WOl

SHOJBIIUIIUO)) AINDIIA ISIEAA 9IBJING PUE dFeureA( U\

9Iqel,




uresFojny/surerdouen = 3y/5u

wesdony/surerSyiw = Sy/3w

PoPIAOIJ 10N = dN

i SjA[eue 1y} J0] pazATeue jou sjdwes = /N
, sIsAJeue s1y} X0J Pajos[[oo jou ajdures = /N

(3007) SDSN ST BIR( JO 20IN0G :S3}ON

00°8

B JNPILAL WEIPOIN-BHOID UoWisBeue) JoR] T S

00°09

Jo3Io p\ ~BLISILI)) JusweFeueN SN IN'IH SN

00°08%

IoAsang-eLoNr)) JuswafeuelA ysny T SN

00081

[ELISNPUL-[oAS] SUIULI0G YI[eSf] UBTUNE] BILIOJI[B)

£00/T/Y

| 9oUSNJU0) AIR)NqILY, SUIA US[SE] 9A0qE Jeox) AT

00'87 [eLISNPUL-[oAs T SUIU92I0S [BUOIZNY VJH SN

20°6 £00T/1/p | ” $9 DAL
€670 T00T/1E/L)! , V9 DAL
10°06 T00T/1€E/L; V9 DATT
LT 100Z/61/¥' : : -1 -¥diz
0S°€1 100T/61/v - yeax) A 10ddp) wo wonerg SwiSen) §OSN eAnvRU] SI - ¥dIT
ILY0 £00Z/S1/L , LWHET
£6°S €007/S1/L : SLINHET
00°189 £007/1/b , souenpyuo) 9INHET
0L'E £00T/1/y Areynquiy, SUIA] USJOF] WOK WEaNSUMO(T 199) (08 JoorD KX S9 WHET
16°LY 100Z/61/¥ _ SOUIO[E)) SUIA] US[OH] 1D10¥0TH
$0T°0 £002/ST/L, SINHET
76'9 £007/SY/L| , S8 INHET
S o1 £002/1/p | S€ WHET
16V 100Z/61/¥| o : : EINHIT
08°06 100Z/61/¥/ 3921D) AI(J YIIM SOUSN[JUOD SA0GE AXeINqULY, 3D SUIA US[S] S€ - WHIT

£00Z/1/% | .

BILIOJI[E)) “A1UN0)) IYBT OUIIAl US[H

£ITURIA SUIA] US[O] JUIWIIPAS Ul AINDIIPY

V
f
|

€olqeL




weido[ny/sweidoueu = 3/3u

weI3o[/sureldru = Sy/3w

d4jeue snyy 1oy pazAjeue jou ojdures = /N

SIsAjeue SI) JOJ Pa10o]]0o J0u sjdures = /N
(8007) SDS( SI €ep JO 90O :S3JON

N 00091 SLT AemySiy 200%/1€/L 112a7¢
O/N__ 00051 3UISSOI) peoy MO 05 200T/1€/L Vi DA e
JIN__|os'st AeerD $5010) peoy MoJed 001 [00d AIQ T00T/1€/L gs0dzgy
/N |000gT , sso10) peoy weansdp) 1994 0g T00T/1€/L £0dzz] uowpes
IN__|z6'S 7O Tesu [004 Appy Yorg £00%/1/¥ SA1 DAETJIeuIey) A1y
N |ogL 7DATT 3O NS Teau el A1 £00T/1/y S1 0dge
/N __looep BUISSOID) PROY 2A0QY SN §T°0 200T/1€/L 70d e
N |o0°1L uoneg Jurgep) 1omo] T00T/1€/L 441 DA 7T
JIN__loz99 PEOY MO 3994 05 T00T/1€E/L gy DA 2T
OIN__|L58 200%/1€/L Vs 0aze
N |19°€ peoy v T00T/1€/L S0  \umpeg
N €60 PeOY paAeg Mofog £00Z/L/¥ SINAT OA€Z]  guyrmp-org
$61°0 _|0€0 £002/ST/L g1 0a7e
NS Ty zou&wm 3uidep Jomo] 200T/1€/L gd1 Da e
N {0T'LT 3ea1) A1 12ddp) o uonelg 3uiden) §HSN SANORU] 200T/1¢€/L eleg4d §
HAW\,M-G . A ) mon T ., ﬁaﬁ«oog - e e wuwﬁm T hwn—aﬁz . u&,ﬁ
AmRK | Aoty : SRR Rk
1Kl | 1oy,

BIWIOHI[B)) ‘AJuno)) 9y er] “QUIfA] W[ fY
JUSWIPIS W31 AI([ UI ATNIIIA]
polqeL



	Cover
	Title page
	backs title page

	Contents
	Figures
	Tables
	Abbreviations, definitions, and datum used

	Introduction
	Background and objectives

	Mining History and Geology
	Helen Mine
	Research Mine
	Chicago Mine

	Sample Locations and Methods
	Sample Locations and Conditions
	Field Sampling Methods
	Dry Sediments and Tailings
	Wet Sediments and Tailings
	Water
	Invertebrates
	Fish


	Analytical Methods
	Sediments and Tailings
	Waters
	Biota
	Quality Assurance/Quality Control for Biota

	Results
	Tailings at the Helen, Research, and Chicago Mine Areas
	Hg and Associated Elements in Mine Drainage and Dry Creek Waters
	Sediment in Dry Creek at and below the Helen and Research Mines
	Biota
	Invertebrates
	Fish


	Conclusions
	Acknowledgments
	References
	Tables
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.
	Table 7.
	Table 8.
	Table 9.

	Figures
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Figure 8.
	Figure 9.
	Figure 10.
	Figure 11.
	Figure 12.
	Figure 13.
	Figure 14.
	Figure 15.
	Figure 16.
	Figure 17.
	Figure 18.
	Figure 19.
	Figure 20.
	Figure 21.
	Figure 22.
	Figure 23.
	Figure 24.
	Figure 25.
	Figure 26.
	Figure 27.
	Figure 28.
	Figure 29.
	Figure 30.
	Figure 31.
	Figure 32.
	Figure 33.
	Figure 34.
	Figure 35.
	Figure 36.
	Figure 37.
	Figure 38.
	Figure 39.

	Removal Site Investigation



