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25 °C).
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Environmental Factors Affecting Mercury in
Camp Far West Reservoir, California, 2001-03

By Charles N. Alpers, A. Robin Stewart, Michael K. Saiki, Mark C. Marvin-DiPasquale, Brent R. Topping,
Kelly M. Rider, Steven K. Gallanthine, Cynthia A. Kester, Robert 0. Rye, Ronald C. Antweiler, and

John F. De Wild

Abstract

This report documents water quality in Camp Far West
Reservoir from October 2001 through August 2003. The
reservoir, located at approximately 300 feet above sea level
in the foothills of the northwestern Sierra Nevada, California,
is a monomictic lake characterized by extreme drawdown in
the late summer and fall. Thermal stratification in summer
and fall is coupled with anoxic conditions in the hypolimnion.
Water-quality sampling was done at approximately 3-month
intervals on eight occasions at several stations in the reservoir,
including a group of three stations along a flow path in the
reservoir: an upstream station in the Bear River arm (principal
tributary), a mid-reservoir station in the thalweg (pre-
reservoir river channel), and a station in the deepest part of the
reservoir, in the thalweg near Camp Far West Dam. Stations in
other tributary arms of the reservoir included those in the Rock
Creek arm of the reservoir, a relatively low-flow tributary,
and the Dairy Farm arm, a small tributary that receives
acidic, metal-rich drainage seasonally from the inactive Dairy
Farm Mine, which produced copper, zinc, and gold from
underground workings and a surface pit.

Several water-quality constituents varied significantly
by season at all sampling stations, including major cations
and anions, total mercury (filtered and unfiltered samples),
nitrogen (ammonia plus organic), and total phosphorus.

A strong seasonal signal also was observed for the sulfur-
isotope composition of aqueous sulfate from filtered water.
Although there were some spatial differences in water quality,
the seasonal variations were more profound. Concentrations
of total mercury (filtered and unfiltered water) were highest
during fall and winter; these concentrations decreased at
most stations during spring and summer. Anoxic conditions
developed in deep parts of the reservoir during summer and
fall in association with thermal stratification. The highest
concentrations of methylmercury in unfiltered water were
observed in samples collected during summer from deep-
water stations in the anoxic hypolimnion. In the shallow (less
than 14 meters depth) oxic epilimnion, concentrations of
methylmercury in unfiltered water were highest during the
spring and lowest during the fall. The ratio of methylmercury
to total mercury (MeHg/Hg,) increased systematically

from winter to spring to summer, largely in response to the

progressive seasonal decrease in total mercury concentrations,
but also to some extent because of increases in MeHg
concentrations during summer.

Water-quality data for Camp Far West Reservoir are used
in conjunction with data from linked studies of sediment and
biota to develop and refine a conceptual model for mercury
methylation and bioaccumulation in the reservoir and the
lower Bear River watershed. It is hypothesized that MeHg is
produced by sulfate-reducing bacteria in the anoxic parts of
the water column and in shallow bed sediment. Conditions
were optimal for this process during late summer and fall.
Previous work has indicated that Camp Far West Reservoir
is a phosphate-limited system—molar ratios of inorganic
nitrogen to inorganic phosphorus in filtered water were
consistently greater than 16 (the Redfield ratio), sometimes
by orders of magnitude. Therefore, concentrations of
orthophosphate were expectedly very low or below detection
at all stations during all seasons. It is further hypothesized
that iron-reducing bacteria facilitate release of phosphorus
from iron-rich sediments during summer and early fall,
stimulating phytoplankton growth in the fall and winter, and
that the MeHg produced in the hypolimnion and metalimnion
is released to the entire water column in the late fall during
reservoir destratification (vertical mixing).

Mercury bioaccumulation factors (BAF) were computed
using data from linked studies of biota spanning a range
of trophic position: zooplankton, midge larvae, mayfly
nymphs, crayfish, threadfin shad, bluegill, and spotted bass.
Significant increases in total mercury in tissue with increasing
organism size were observed for all three fish species and for
crayfish. The BAF values were computed using the average
methylmercury concentration (wet) in biota divided by the
arithmetic mean concentration of methylmercury in filtered
water (0.04 nanograms per liter). As expected, the BAF values
increased systematically with increasing trophic position.
Values of BAF were 190,000 for zooplankton; 470,000
to 930,000 for three taxa of invertebrates; 2.7 million for
threadfin shad (whole body); 4.2 million for bluegill (fillet);
and 10 million for spotted bass (fillet). The BAF values
are high compared with those for biota in other reservoirs
in northern California and elsewhere, indicating relatively
efficient biomagnification of mercury in Camp Far West
Reservoir.
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Introduction

Extensive mercury use during historical gold mining
and mineral processing resulted in widespread mercury
contamination and bioaccumulation of methylmercury in
watersheds in the northwestern Sierra Nevada (Slotton and
others 1997; Alpers and Hunerlach, 2000; Alpers and others,
2005a). Estimates based on historical documents and mining
records (Churchill, 2000) indicate that up to 10 million
pounds of mercury were lost to the environment in California
from mining of placer gold during the latter half of the 19th
century and the early 20th century; in addition, about 3 million
pounds of mercury were lost from stamp mills associated with
hardrock mining. Most of the hardrock mining activity in
California was in the northern Sierra Nevada.

In 1999, the U.S. Geological Survey began leading a
multi-agency, multi-disciplinary investigation of mercury
contamination in the watersheds of the Bear River, Deer
Creek, and South Yuba River (fig. 1), with emphasis on effects
of historical placer gold mining (Alpers and Hunerlach,

2000; Hunerlach and Alpers, 2003; Alpers and others,
20054, 2005b). Elevated mercury concentrations in fish
from reservoirs and streams in these three watersheds were
documented by May and others (2000). Of the five reservoirs
tested by May and others (2000), Camp Far West Reservoir
(CFWR) had fish containing the highest levels of mercury.
Spotted bass, the top predator in CFWR, had total mercury
concentrations ranging from 0.59 to 1.5 pg/g (microgram
per gram, wet weight) with a mean value of 0.92 pg/g. These
concentrations led the State of California to issue a public
advisory recommending no consumption of spotted bass
from CFWR by women of childbearing age and children 17
years of age and under (Klasing and Brodberg, 2003), and
recommending limited consumption of all bass species and
other sport fish throughout the Bear River and Yuba River
watersheds for all fish consumers.

Another regulatory consequence of documenting elevated
mercury in fish tissue for reservoirs and streams in the Bear—
Yuba watersheds (May and others, 2000) was the inclusion of
several water bodies in this area on the State of California’s
list of water bodies with impaired beneficial uses, under
section 303(d) of the Clean Water Act. The 303(d) listings
require that the listed water bodies be scheduled for Total
Maximum Daily Load (TMDL) assessments. The TMDL
assessment for Camp Far West Reservoir is scheduled for 2011
(California Regional Water Quality Control Board—Central
Valley Region, 2003).

A detailed follow-up study of mercury bioaccumulation
in the food web of CFWR was initiated in 2001 by the
USGS and the California State Water Resources Control
Board as a key component in an integrated effort referred
to as the Bear River Mercury Cycling Project (BRMCP).
Other components of the BRMCP include studies of mercury

methylation potential rates and flux into the water column
from bed sediment in CFWR (Kuwabara and others, 2003),
methylmercury bioaccumulation dynamics in the food web
of CFWR in relation to water quality (Stewart and others,
2008) mercury and methylmercury mass balance for CFWR
and another reservoir in the Bear River watershed (Caruso
and others, 2008), and assessment of the methylmercury
bioaccumulation factor at reservoir sites (this report) and river
sites n the watershed. A long-term goal of the BRMCP is to
provide a sound scientific understanding of mercury cycling
so that predictions can be made with reasonable certainty
regarding mercury bioaccumulation.

Purpose and Scope

The overall objectives of the Bear River mercury
cycling project are (1) to determine the biogeochemical
and hydrologic processes that control mercury methylation,
demethylation, and bioaccumulation in the Bear River
watershed; (2) to determine mass balances for mercury and
methylmercury in Camp Far West and Rollins Reservoirs
in the Bear River watershed (fig. 1); (3) to test hypotheses
regarding the extent that biogeochemical and ecological
factors controlling bioaccumulation of mercury in sport fish
help to identify potentially effective control measures (such
as reducing nutrients, sulfate, and total mercury either singly
or in combination); (4) to determine loads of mercury and
methylmercury from the Bear River, Yuba River, and Feather
River watersheds for comparison with other tributaries to the
Sacramento River and the Sacramento—San Joaquin Delta;
and (5) to assist the California State Water Resources Control
Board (SWRCB) in evaluating the methodology of the U.S.
Environmental Protection Agency (USEPA) for correlating
methylmercury concentrations in biota with total mercury
concentrations in water using bioaccumulation factors. This
report documents water quality in Camp Far West Reservoir
from October 2001 through August 2003, providing data that
are essential for addressing overall objectives (1), (2), (3),
and (5) of the BRMCP. In addition, this report describes the
sampling, laboratory, and statistical methods used, and the
quality assurance and quality control procedures.

Some aspects of the BRMCP that have been or will
be reported separately include determination of mercury
and methylmercury fluxes from bed sediments in CFWR
(Kuwabara and others, 2003), determination of mercury and
methylmercury concentrations in the Bear, Yuba, and Feather
Rivers and mass balance of two reservoirs in the Bear River,
including CFWR, analysis of mercury bioaccumulation and
seasonal dynamics of plankton in CFWR (Stewart and others,
2008), analysis of mercury bioaccumulation in invertebrates
and fish in CFWR, and analysis of mercury methylation and
demethylation potential rates in CFWR bed sediments. In
addition, results of the components of the BRMCP are being
synthesized into a summary report.
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EXPLANATION

Sampling sites

Bear River below Steephollow Creek

Greenhorn Creek at You Bet Road
Bear River below Rollins Dam
Bear River Canal

Bear River below Wolf Creek

Bear River below Camp Far West Dam

Bear River near Wheatland
Bear River near Berry Road

Description of Study Area

Camp Far West Reservoir (CFWR) is located in the
lower reach of the Bear River, which drains into the Feather
River (fig. 1). The Feather River is a major tributary to the
Sacramento River, the largest source of water to the San
Francisco Bay—Delta Estuary and the origin of drinking water
for more than two-thirds of the residents of California. Camp
Far West Dam was constructed in 1963 by the South Sutter
Water District, which manages the facility. The dam has a
height of 185 feet and the spillway elevation is approximately

o®
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Watersheds
Bear River
Deer Creek
South Yuba River
Middle Yuba River
Yuba River
—-— County boundary

Location of Camp Far West Reservoir in the Bear River Watershed, California.

300 feet above the National Geodetic Vertical Datum of 1929
(NGVD 29). There are two outlets within the dam—one at an
elevation of 220 feet above NGVD 29 that leads to a turbine
operated by Pacific Gas & Electric Co. and another at an
elevation of 176 feet above NGVD 29 that discharges without
power generation. The lower outlet primarily is used when
water levels are too low to operate the powerhouse. Flows
over the spillway are gaged by the California Department

of Water Resources (available from the California Data
Exchange Center at http://cdec.water.ca.gov/cgi-progs/
stationInfo?station_id=CFW).
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Climate

The lower Bear River watershed has a Mediterranean
climate, with cool, wet winters and hot, dry summers. Monthly
precipitation data are shown in figure 2 for Grass Valley and
Auburn, California (fig. 1). Nearly all precipitation occurs
between November and May. Annual average precipitation
during 1999-2002 was 33.9 inches at Grass Valley (Western
Regional Climate Center, 2004a) and 49.9 inches at Auburn
(Western Regional Climate Center, 2004b). Daily average
temperatures (in degrees Fahrenheit, °F) at Auburn are mostly
in the 40s during the winter and in the 70s and 80s during the
summer (fig. 3).

CFWR is a warm, monomictic lake (Wetzel, 1975) typical
of the coastal regions of North America. Characteristics of
warm monomictic lakes include temperatures remaining
above 39 °F (or 4 degrees Celsius, °C) year-round, vertical
circulation in the winter and spring, and development of
thermal stratification during the summer. Destratification or
“turnover” occurs typically after the onset of cooler weather in
the fall.

Geology and Mining History

Bedrock in the lower Bear River watershed is primarily
composed of volcanic rocks and pyroclastic sedimentary
rocks of Jurassic age (Clark, 1976). The volcanic rocks are
chiefly mafic volcanic breccia and tuff, with some pillow lava
features. In the Bear River arm of CFWR, an intrusive mafic
dike strikes northwest across the river channel. There are small
outcrops of granitic rocks in the lower watershed, including an
area immediately to the south of Lake Combie (fig. 1). Several
kilometers farther upstream in the Bear River watershed,
the bedrock consists of Paleozoic metasedimentary and
metavolcanic rocks of the Calaveras and Shoo Fly formations
(Clark, 1976). Tertiary auriferous gravel deposits from the
ancestral Yuba River form a north-trending paleochannel, up
to 4 miles wide and 600 feet deep, that traverses the watershed
near Dutch Flat and Scotts Flat Reservoir (Lindgren, 1911;
Yeend, 1974).

The auriferous gravels of the Bear River and other
watersheds in the Sierra Nevada were mined extensively from
the early 1850s to the mid-1880s by hydraulic mining methods
(Bowie, 1905; Averill, 1946). Gilbert (1917) estimated that
between the 1850s and the early 1900s, hydraulic mining
displaced 254 million cubic yards of gravel and sediment
in the Bear River watershed. James (1991, 1993) mapped
fluvial deposits of hydraulic mine waste in the Bear River
watershed and determined that coarse material has remained
in tributaries to a greater extent than predicted by Gilbert
(1917). Elemental mercury was used to amalgamate gold in
the hydraulic mining process (Bowie, 1905; Averill, 1946),
and several million pounds of mercury were likely lost to the

environment in the Sierra Nevada because of this practice
(Alpers and Hunerlach, 2000; Churchill, 2000; Alpers and
others, 2005a). Reconnaissance sampling of water, sediment,
and biota by the USGS in the Greenhorn Creek drainage
(fig. 1) revealed extensive mercury contamination and
bioaccumulation in some “hot spots” associated with historical
placer gold mining (Alpers and others, 2005b). Some of the
large placer (unconsolidated gravel) gold-mining districts in
the watershed are the You Bet—-Red Dog district, which drains
into Greenhorn and Steephollow Creeks (Alpers and others,
2005b); the Lowell Hill district, which drains into Steephollow
Creek; and the Dutch Flat district, which drains into the Dutch
Flat Afterbay, a small impoundment on the Bear River near
Dutch Flat (fig. 1) (Hunerlach and others, 1999).

Underground mining of hardrock (lode) gold-quartz
vein deposits also was important in the Bear River watershed.
Several large, underground mines in the Grass Valley mining
district are in areas that drain into Wolf Creek, a tributary
to the Bear River (fig. 1). These mines include the Empire,
Northstar, Providence, Allison Ranch, and Pennsylvania mines
(Clark, 1963). The Lava Cap Mine, a hardrock gold mine
in the Greenhorn Creek drainage (fig. 1), is the site where
an abandoned tailings dam failed during January 1997 and
released high-arsenic sediments to downstream environments
(CH2M Hill, 2001). Expected contaminants from hardrock
gold mining include arsenic, which occurs naturally in pyrite
and arsenopyrite associated with the gold-quartz vein deposits,
and mercury, which was used for amalgamation in hardrock
gold mining in association with stamp mills (Churchill, 2000).

The Dairy Farm Mine produced copper, zinc, and gold
from a volcanogenic massive-sulfide deposit along the south
shore of CFWR. Along the north shore of CFWR are pyritic
outcrops and small exploration pits associated with the same
mineralized geologic unit. The Dairy Farm deposit is part of
the Foothill Copper-Zinc Belt which extends along the western
slope of the Sierra Nevada in eastern California (Heyl, 1948).
Although total production history of this mine is not well
documented (Loyd, 1995), mining began during the 1860s
and continued in the early 1900s and 1930s. During 1915,
350 tons of ore per day were mined and more than 500,000
tons of ore with a grade of more than 1 percent copper were
blocked out as reserves (Waring, 1919). The underground
mine workings followed the mineralized zone to a total depth
of at least 500 feet; this massive-sulfide deposit was 10 to 60
feet thick and more than 600 feet long. A cyanide plant with
a capacity of 100 tons per day was active on the site prior to
1915 (Waring, 1919). During the 1930s, gold was recovered
from cyanidation of gossan, the oxidized portion of the deposit
(Clark, 1963).

Open pit mining at the Dairy Farm Mine during the
1920s and 1930s resulted in a pit that extends more than
150 feet below the original land surface. When the water
level in CFWR is high, the pit is inundated by the reservoir,
whereas at lower water levels, the pit is hydraulically isolated.
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Figure 2. Monthly precipitation data, 1999-2003: (A) Grass Valley, California, (B)
Auburn, California. Data from National Oceanographic and Atmospheric Administration,
available on California Data Exchange Center website at the following URLs: http://cdec.
water.ca.gov/cgi-progs/queryMonthly?GSV and http://cdec.water.ca.gov/cgi-progs/
queryMonthly?AUB

5


http://cdec.water.ca.gov/cgi-progs/queryMonthly?GSV
http://cdec.water.ca.gov/cgi-progs/queryMonthly?GSV
http://cdec.water.ca.gov/cgi-progs/queryMonthly?AUB
http://cdec.water.ca.gov/cgi-progs/queryMonthly?AUB

6 Environmental Factors Affecting Mercury in Camp Far West Reservoir, California, 2001-03

100 T T .

TEMPERATURE, IN DEGREES FAHRENHEIT

’ N
Oy o0 Qo

2003

YEAR

Figure 3. Average daily temperature at Auburn, California, 2000-2003. Data from National Oceanographic and

Atmospheric Administration.

The topographic divide that separates the pit lake from the
reservoir is at an elevation of about 270 feet above NGVD 29,
or about 30 feet below the CFWR spillway elevation. Several
acres of the Dairy Farm Mine property were reclaimed, in
part, during the 1980s by removing pyrite-bearing waste rock
and mill tailings that had led to acidic runoff and poor soil
quality (G. Vaughn, California Regional Water Quality Control
Board-Central Valley Region, oral commun., 2001). However,
the area of the Dairy Farm Mine pit lake was not reclaimed,
and the pit lake remains a likely source of trace metals, sulfate,
and acidity to CFWR and the lower Bear River.

Reservoir Drawdown History

The original design storage capacity of CFWR was
104,000 acre-feet, although the current maximum storage
may be lower because of sedimentation of an unknown
magnitude since 1963. A curve describing reservoir storage
as a function of water elevation is given in appendix A (fig.
Al). Water management at CFWR is controlled by the South
Sutter Water District, with the primary goal of water sales

for irrigation purposes. A minimum flow for fish habitat of
about 10 ft®/s (cubic feet per second) is released below CFWR
during the summer and fall. Water storage during 1999-2004
is shown in figure 4A. Daily averages for storage were used
to compute monthly averages for 1964-2000; then these
averages were grouped by specific month and a long-term
(37-year) average for each month was computed (California
Department of Water Resources, 2005). Long-term, average
monthly water levels (1964—-2000) are shown as a dotted,
repeated, sinusoidal curve in figure 4A. The minimum long-
term, average monthly storage occurs in September (43,170
acre-feet) and the maximum in March (101,029 acre-feet);
these values are shown as dashed lines in figure 4A. A time-
series plot of water storage in CFWR for 1963-2004 (fig. 4B)
indicates that extreme annual fluctuations are common relative
to the long-term, average monthly minimum and maximum
(dashed lines). Reservoir drawdown during fall 2002, 2003,
and 2004 was considerably more extreme than the long-term
average monthly minimum, which corresponds to a water
surface elevation of 259 feet above NGVD 29 (appendix A,
figs. A1-A3).



RESERVOIR STORAGE, IN ACRE-FEET

RESERVOIR STORAGE, IN ACRE-FEET

120,000

100,000 i
80,000
60,000
40,000 I

20,000

120,000 I
100,000
80,000
60,000
40,000

20,000

Description of Study Area

A

Actual storage (1999-2004)

-term average (LTA) monthly storage (1964—2000) J
........... I P P B B

Long

LTA maximum

0

2000

2001

2002

YEAR

2003

i

|

i

W”

¥

LTA
maximum

TA 4
minimum |

1960

1970

1980

1990

YEAR

2000

2010

Figure 4. Water storage volume in Camp Far West Reservoir, California: (A) Actual
monthly storage for 1999-2004 and long-term monthly average (1964-2000), (B) Monthly
data for 1963-2004.

7



8 Environmental Factors Affecting Mercury in Camp Far West Reservoir, California, 2001-03

Study Design

This report documents the water quality at Camp Far
West Reservoir (CFWR) during October 2001 through August
2003. The water-quality sampling was coordinated with
parallel sampling of zooplankton (Stewart and others, 2008)
and bed sediment. Water-quality analyses of samples collected
monthly during the study period from tributaries to Camp
Far West Reservoir and the Bear River downstream of the
reservoir will be reported separately.

Field Measurement Locations

To characterize the seasonal behavior of the reservoir
with regard to thermal stratification and associated chemical
gradients, the parameters temperature, dissolved oxygen (DO),
pH, and specific conductance were measured in vertical water-
column profiles at several locations in CFWR (fig. 5). The
main focus of this field effort was at 10 locations along the
thalweg (fig. 5, sites 2, 4, 5, and 10-16). \Vertical profiles were
measured at three or more of these locations on 17 separate
occasions during the study (appendix C, tables C1, C2) and,
on some occasions, at relatively shallow-water locations near
Camp Far West Dam (site 1), in the mid-reservoir area (site 3),
and at locations in the Dairy Farm Arm (site 6) and the Rock
Creek Arm (sites 7 and 17-20).

Water-Quality Sampling Locations

The sampling approach was designed to characterize
the spatial and seasonal variability of reservoir water quality
in terms of chemical and physical properties. The approach
also accommodates heterogeneities in the ecological habitats
in the water column and the benthos that are caused by
extreme seasonal variations in water levels and accommodates
known geochemical anomalies, such as the abandoned Dairy
Farm Mine on the reservoir’s south shore (fig. 5). There is a
well-known linkage between sulfate reducing bacteria and
methylation of mercury (for example, Compeau and Bartha,
1985; Gilmour and others, 1992). Therefore, one purpose
of the BRMCP was to gather information that will be useful
in quantifying the contributions of sulfate, iron, and other
constituents from Dairy Farm Mine pit lake to CFWR and
determining the influence of these constituents on mercury
methylation and bioaccumulation in the reservoir and river
systems.

Water-quality samples were collected at approximately
3-month intervals (referred to as quarterly samples) during
a 2-year period, from fall 2001 through summer 2003, at
several locations within CFWR (fig. 5; appendix B, table B1).
A summary of the water-quality sampling frequency at the
various sampling stations in CFWR is provided in appendix B
(table B2). The table also indicates the sampling frequency
for water, plankton, fish, invertebrates, and sediment at the
sampling stations in conjunction with other components of the
Bear River Mercury Cycling Project.

Some of the water-quality stations were sampled at
multiple depths (table 1). Three of the quarterly sampling
stations are located along the thalweg, the former river channel
that represents the deepest water at a given distance from the
dam. Water-quality sampling typically was done over a 3-day
period, referred to as a sampling event. Water-quality sampling
was coordinated closely with zooplankton sampling (Stewart
and others, 2008) by collecting both within a 1-2 hour period
in the same location. Sediment sampling was done within
1-2 weeks of water-quality sampling at common locations.

The thalweg sampling station near Camp Far West Dam
is referred to as the Lower Reservoir, Thalweg (LRT) station
(also referred to as site 2 in this report). A second station near
Camp Far West Dam was established in shallower water near
the northern shoreline of the reservoir. This station, referred to
as the Lower Reservoir, Shallow (LRS) station (or site 1), was
sampled for water quality during five of the eight quarterly
sampling events. During the three other sampling events, a
shallow water sample was taken at the LRT station.

In the mid-reservoir area (fig. 5), the thalweg sampling
station (Mid-Reservoir, Thalweg, or MRT; site 4) was sampled
during all eight quarterly sampling events. A nearby location
in shallow water (Mid-Reservoir, Shallow, or MRS; site 3)
was sampled on four of the eight quarterly sampling events; as
with the lower reservoir stations, a shallow sample was taken
at the MRT site during sampling events when the MRS site
was not sampled.

The Bear River arm of CFWR receives inflows from the
principal tributary to the reservoir, the Bear River (fig. 1). The
Bear River Arm (BRA) station (site 5), the third of the thalweg
stations (fig. 5), was sampled during all eight quarterly
sampling events, on some occasions at multiple depths. The
Dairy Farm Arm (DFA) station (site 6) is in a small inlet on
the southern shoreline of CFWR which receives drainage from
the Dairy Farm mine. During periods of extreme drawdown
(for example, November 2002), it was not possible to navigate
by boat to the previously sampled locations for stations BRA
and DFA, so samples were taken closer to the dam.
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Table 1. Data for water-quality parameters measured in the field, Camp Far West Reservoir, California.

[Elevations are relative to sea level in relation to the National Geodetic Vertical Datum of 1929. Sample elevation is the difference between the reservoir
elevation and the depth below the reservoir surface. Number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey
computerized data system. Thalweg, former river channel (low elevation path). ft asl, feet above sea level; °C, degree Celsius; uS/cm, microsiemens per
centimeter; mg/L, milligram per liter; mm Hg, millimeter of mercury; —, not determined]

Reservior Water Specific Dissolved

. Depth water surface Samp_le temperature pH  conductance oxygen Barometric
Date Time . elevation pressure
(ft) elevation (ft asl) (°C) (00400) (uS/cm) (mg/L) (mm Hg)
(ft asl) (00010) (00905) (00300)
Site 1, LRS: Lower Reservaoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001
10/30/2001 5:15PM 10 224.8 214.8 175 7.8 146 8.2 -
02/12/2002 12:00 PM 8 298.8 290.8 8.0 7.9 111 13.3 -
04/22/2002 3:220PM 10 299.9 298.9 17.0 7.3 154 10.3 763
08/06/2002 4:30PM 10 264.0 254.0 26.0 7.9 85 7.3 762
04/15/2003 10:30 AM 40 301.4 261.4 14.0 7.8 81 9.4 763
Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801
11/01/2001 8:30AM 70 225.2 155.2 11.3 6.7 101 0.2 -
02/12/2002 11:00 AM 140 298.2 158.2 7.0 7.4 93 12.3 759
04/22/2002 3:00 PM 140 299.9 159.9 9.0 6.9 155 9.6 763
08/08/2002 12:.00PM 45 262.1 217.1 215 6.4 74 2.0 765
08/08/2002 1:30PM 113 262.1 149.1 105 7.0 89 35 766
11/04/2002 3:50PM 10 204.0 194.0 14.2 7.1 114 7.3 754
11/04/2002 3:20PM 55 204.0 149.0 11.0 6.5 124 3.9 754
01/29/2003 2:30PM 10 298.0 288.0 10.6 7.6 88 12.0 -
01/28/2003 4:40 PM 140 297.5 157.5 8.1 7.3 70 115 -
04/16/2003 4:00PM 150 300.8 150.8 9.5 7.6 75 8.0 760
08/05/2003 12:30 PM 1 275.1 274.1 27.5 8.4 84 8.9 760
08/05/2003 3:30PM 73 275.1 202.1 12.1 6.8 78 5.7 -
08/05/2003 1:00 PM 120 275.1 155.1 10.9 6.9 84 4.4 760
Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801
10/29/2001 4:15PM 6 224.6 218.6 18.0 7.8 147 8.2 -
02/12/2002 1:30PM 60 298.8 238.8 7.0 7.5 94 12.1 -
04/22/2002 1:50PM 10 299.9 289.9 16.5 7.5 90 14.6 760
04/15/2003 12:40PM 32 301.4 269.4 15.0 7.9 81 9.6 763
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45PM 50 224.6 174.6 16.5 7.4 143 6.7 -
02/13/2002 8:30 AM 120 299.2 179.2 7.0 7.4 93 135 757
04/22/2002 12:20 PM 120 299.9 179.9 9.5 7.2 154 10.0 761
08/07/2002 12:10PM 10 263.0 253.0 26.0 7.8 89 9.1 -
08/07/2002 12:40 PM 47 263.0 216.0 195 6.6 72 16 -
08/08/2002 2:50PM 80 262.1 182.1 11.0 6.8 94 0.8 767
11/05/2002 2:30PM 10 204.2 194.2 143 6.9 127 10.3 756
11/05/2002 2:10PM 30 204.2 174.2 13.8 6.9 134 105 754
01/29/2003 2:.00PM 10 298.0 288.0 9.8 7.4 75 12.1 -
01/28/2003 3:30PM 120 297.5 1775 8.2 7.4 69 11.8 -
04/17/2003 10:30 AM 125 300.6 175.6 9.7 7.8 76 8.5 -
08/07/2003 11:30 AM 1 273.5 272.5 26.6 7.8 84 1.7 -

08/07/2003 11:50 AM 100 2735 1735 114 6.9 81 4.4 -
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Table 1. Data for water-quality parameters measured in the field, Camp Far West Reservoir, California.—Continued

[Elevations are relative to sea level in relation to the National Geodetic Vertical Datum of 1929. Sample elevation is the difference between the reservoir
elevation and the depth below the reservoir surface. Number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey
computerized data system. Thalweg, former river channel (low elevation path). ft asl, feet above sea level; °C, degree Celsius; pS/cm, microsiemens per
centimeter; mg/L, milligram per liter; mm Hg, millimeter of mercury; —, not determined]

Reservior Water Specific Dissolved

. Depth water surface Samp_le temperature  pH conductance oxygen Barometric
Date Time . elevation pressure
(ft) elevation (ft asl) (°C) (00400) (nS/cm) (mg/L) (mm Ha)
(ft asl) (00010) (00905) (00300)
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15AM 12 225.0 213.0 15.5 7.3 138 7.3
02/13/2002 9:00 AM 80 299.2 219.2 7.0 7.5 84 14.2 758
04/22/2002 10:40 AM 80 299.9 219.9 10.5 7.3 144 4.2 756
08/06/2002 5:50PM 10 264.0 254.0 26.0 7.1 88 6.5 758
08/06/2002 6:20PM 55 264.0 209.0 13.0 6.6 92 0.0 758
11/05/2002 4:10 PM 7 204.2 197.2 15.3 8.0 106 12.6 756
01/29/2003 1:20PM 10 298.0 288.0 9.9 7.3 72 85 -
01/28/2003 2:50PM 85 297.5 2125 8.2 6.7 72 7.9 -
04/17/2003 11:30 AM 90 300.6 210.6 10.0 7.5 77 9.8 -
08/07/2003 10:00 AM 1 2735 272.5 26.7 7.3 88 7.2 -
08/06/2003 3:00 PM 100 274.5 174.5 19.4 6.5 96 0.2 763
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 225.0 221.0 17.6 7.7 148 8.4 -
02/13/2002 1:.00PM 20 299.2 279.2 85 7.7 103 12.9 758
04/23/2002 12:10PM 20 299.9 279.9 16.0 8.1 84 10.3 759
08/07/2002 6:50PM 57 263.0 206.0 17.5 6.5 76 0.5 -
01/30/2003 3:30PM 55 299.0 244.0 8.7 6.8 85 10.7 -
04/17/2003 2:30PM 55 300.6 245.6 111 7.4 84 10.9 759
08/07/2003 4:00 PM 1 2735 272.5 27.2 7.6 88 7.8 -
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 03:40PM 10 263.0 253.0 26.1 7.7 89 8.5 -
04/17/2003 01:20PM 80 300.6 220.6 10.5 7.6 79 10.0 761
08/07/2003 01:00 PM 1 2735 2725 275 7.9 85 7.8 -
08/07/2003 01:30PM 40 2735 2335 26.4 7.1 89 45 -
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15 PM 1 225.0 224.0 11.3 3.0 1,380 9.2 -
02/13/2002 3:10PM 10 299.2 289.2 8.5 7.7 103 3.7 755
02/13/2002 3:30PM 35 299.2 264.2 8.0 6.9 105 11 755
04/24/2002 11:10 AM 30 300.0 270.0 11.0 7.7 108 9.2 760
08/07/2002 5:00PM 0.5 263.0 263.0 26.0 4.0 274 9.0 -
11/05/2002 2:50 PM 1 204.2 204.2 - 3.1 900 - -
01/30/2003 12:30PM 10 299.0 289.0 11.0 6.5 85 8.7 -
01/30/2003 1:20PM 38 299.0 261.0 9.2 4.6 203 10.2 -
04/17/2003 4:00PM 40 300.6 260.6 10.5 5.0 165 7.8 759
08/07/2003 4:30 PM 1 2735 272.5 24.0 6.5 125 8.7 -
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001 2:40PM 0.5 225.0 224.5 17.1 5.0 792 9.0 -
02/13/2002 2:20PM 52 299.2 247.2 8.0 7.1 105 11.8 755
04/23/2002 1:10PM 20 299.9 279.9 16.0 8.0 84 10.0 759

11/05/2002 2:.00PM 0.5 204.2 204.2 - 39 1,660 - -
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The Dairy Farm Mine pit lake (station DFP, site 8),
located on the southern shore of CFWR (fig. 5), is isolated
from the reservoir during low stage but is connected with
the reservoir during high stage. Water-quality samples were
collected at the DFP station during each of the eight quarterly
sampling events. During high stage, when boat access was
possible, water-quality samples were collected from multiple
depths. During low stage, grab samples were collected from
the shore of the pit lake. During some of the sampling events,
grab samples also were collected from impoundments near
the Dairy Farm Mine (station DFI; site 9), which are isolated
when the reservoir is at low stage.

The Rock Creek Arm (RCA) station (site 7) is located
in the northeastern part of CFWR (fig. 5). Rock Creek is a
relatively minor tributary with a small drainage area. Although
this location was not originally chosen for intensive sample
collection, it became one of three principal sites for sampling
invertebrates and fish, because insufficient habitat was found
at the Mid-Reservoir, Shallow site. Water samples were taken
from the RCA station during three of the eight quarterly
sampling events (appendix A, table A2).

Field Methods, Sample Collection, and
Processing

A multi-probe sonde (YSI model 600 XLM) was used
to measure vertical profiles of temperature, pH, dissolved
oxygen (DO), and specific conductance in the water column.
Initially measurements were made at 5-foot intervals; then
measurements were made at 1-foot intervals in parts of the
profile where results varied most. The sonde was calibrated
according to the specifications of the manufacturer. During
the study, the sonde was returned to the manufacturer once for
routine factory maintenance.

Specialized cleaning and sampling techniques were used
during all stages of collection of discrete water samples to
minimize sample contamination. Prior to use, all containers
and equipment used for water and sediment sampling were
cleaned using a dilute liquid soap followed by a 5-percent
hydrochloric acid solution and multiple rinses in ultrapure,
deionized (DI) water (18 MQ-cm [megaohm-centimeter]),
following standard USGS protocols (Shelton, 1994).

Water samples were pumped from discrete depths
using a peristaltic pump attached to a Teflon® tubing line.
After collection in containers made of Teflon® or lined with
fluorinated plastic that is similar to Teflon® in its wetting and
cleaning properties, the water samples were transferred to a
Teflon®-lined churn for splitting. Water samples collected for
analysis of suspended solids concentration (SSC) were taken
from the churn and collected in pre-weighed 1-L Nalgene
bottles. In contrast to all other splits, the bottles for SSC
samples were not rinsed with the ambient water, to avoid

introducing extraneous suspended solids to the container. The
SSC samples were chilled on wet ice or refrigerated at 5 °C
until analysis.

Discrete water samples collected from specific depths
in the reservoir were analyzed for six types of mercury:

(1) total mercury (Hg,) in unfiltered water, (2) Hg, in

filtered water, (3) particulate Hg., (4) monomethylmercury
(MeHg) in unfiltered water, (5) MeHg in filtered water, and
(6) particulate MeHg. (For the remainder of this report, the
term methylmercury [also abbreviated as MeHq] is used
instead of “monomethylmercury”; note that other methylated
forms of mercury such as dimethylmercury may be present
but are not included in reported methylmercury analyses.)
Analyses of Hg_ in water for this study were done by two
laboratories: the USGS National Research Program laboratory
in Boulder, Colorado (referred to as the Boulder lab) and the
USGS Wisconsin Mercury Research Laboratory (WMRL) in
Middleton, Wisconsin (referred to as the Wisconsin lab). An
extensive laboratory intercomparison was performed on split
samples for this project and two other concurrent projects, as
discussed in section, “Quality Assurance and Quality Control”
of this report. All analyses of MeHg in water for this study
were done by the USGS Wisconsin lab.

Two different procedures were used to filter the water
samples. A Gelman Sciences polysulfone, tortuous-path
capsule filter of 0.45-um nominal pore size (model 12175) was
used for most constituents. On selected samples for analysis
of Hg, and MeHg, a quartz fiber filter (QFF) of nominal
0.7-um pore size was used. Particulate Hg and MeHg were
determined directly using the material trapped by the QFFs.
These QFF particulate concentrations were compared with
the differences in concentration between unfiltered samples
and filtered samples (Gelman capsule filter), as described in
section “Quality Assurance and Quality Control”).

Alkalinity (a proxy for dissolved bicarbonate) was
analyzed by titration in the laboratory on a filtered subsample
(stored chilled in darkness until analysis), usually within
48 hours of collection. Major cations (calcium, iron,
magnesium, potassium, silica, and sodium) and more than
40 trace elements were analyzed in filtered and unfiltered
samples by the USGS Boulder lab. Major anions (sulfate
and chloride in filtered samples only) also were analyzed by
the USGS Boulder lab. Nutrients in filtered and unfiltered
samples were analyzed by the USGS National Water Quality
Laboratory (NWQL) in Denver, Colorado. Forms of nitrogen
(N) that were analyzed included ammonia plus organic N
in both unfiltered and filtered water, and the following
three forms of N in filtered water only: ammonia, nitrite,
and nitrite plus nitrate. Forms of phosphorus (P) that were
analyzed included total P in both unfiltered and filtered
water, and orthophosphate in filtered water only. Organic
carbon in filtered and particulate form was analyzed by the
USGS NWQL. The USGS laboratory in Marina, California,
determined concentration of suspended solids in water




samples along with the percentage of fine material (<0.063
mm diameter) in the suspended solids. These quantities were
combined to compute the concentration of suspended silt and
clay. The terms “suspended solids” and “suspended sediment”
are used interchangeably in this report. The procedure used
by the USGS Marina laboratory did not include oxidations

of the samples of suspended solids (for example using
hydrogen peroxide, as in Poppe and others, 2000) to remove
organic matter; therefore, the material that was measured

is best described as “suspended solids” rather than the term
“suspended sediment,” which is often reserved to refer to
residual inorganic material after organic material has been
removed. Nevertheless, the results from the Marina lab
appear in USGS databases as parameter code 80154, which is
identified as “suspended sediment.”

Filtered and unfiltered water samples for analysis of Hg,.
by the USGS Boulder lab were stored in acid-washed glass
bottles provided by the laboratory and were preserved using
a potassium dichromate—nitric acid solution. Filtered and
unfiltered water samples for analysis of Hg and (or) MeHg
by the Wisconsin lab were stored in acid-washed Teflon®
bottles and preserved with a distilled (sub-boiling) 50-percent
hydrochloric acid solution, all provided by the laboratory.
Filtered and unfiltered samples for analysis of major cations
and trace elements were stored in acid-washed high-density
polyethylene (HDPE) bottles and preserved using distilled,
nitric acid provided by the Boulder lab.

Filtered samples collected for analysis of anions were
chilled on wet ice and then refrigerated at less than 5°C until
analysis. Unfiltered samples collected for analysis of nutrients
were preserved using a sulfuric acid solution and then chilled
on wet ice followed by refrigeration; filtered nutrient samples
were not acidified but were chilled until analyzed. Samples
collected for analysis of stable isotopes of hydrogen and
oxygen in water were stored in glass bottles with polyseal caps
with minimal headspace to minimize evaporation. Aqueous
sulfate was precipitated from filtered water samples at 90°C
using a barium chloride solution after using HCI to lower the
pH value to about 2; the resulting barium sulfate precipitate
was filtered using 0.7-um pore diameter filters and then
transferred to silver-foil trays.

Laboratory data for aqueous concentrations are reported
in units of mass per volume. Typical units for constituents
appearing in data tables in this report are milligrams per liter
(mg/L), micrograms per liter (ug/L) and nanograms per liter
(ng/L). Some constituents are plotted using molar units to
facilitate a more direct comparison of constituents. Converting
concentration data from milligrams per liter (mg/L) to
micromoles per liter (umol/L) is by the formula 1,000*(mg/L)/
MW = umol/L, where MW is the molecular weight of the
constituent in grams per mole (g/mol). Constituents plotted
using molar units (and corresponding chemical symbol and
value of MW, in g/mol) are as follows: calcium (Ca, 40.078),
chloride (Cl, 35.453), nitrogen (N, 14.0067), phosphorus (P,
30.97376), sodium (Na, 22.98977), and sulfate (SO,, 96.0626).
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Laboratory Methods

For USGS-approved methods used for routine analyses
by laboratories such as the USGS NWQL, relatively little
method information is given in this report, and the reader is
referred to published sources. More detailed information is
given in this section for research methods that have not been
officially approved by the USGS.

Analysis of total mercury (Hg,) in water by the USGS
Boulder lab was done using cold-vapor atomic fluorescence
spectrometry (CVAFS). Mercury stock and standard solutions
were made from 99.9995 percent mercuric chloride (HgCl,)
salt and preserved in a solution of high-purity nitric acid and
primary-standard grade potassium dichromate using the same
reagents and concentrations as those used to preserve samples.
Deionized water (type 1, 18 MQ-cm) was used for preparing
all standards and reagent solutions. A solution of 3-percent
hydrochloric acid (volume:volume, hydrochloric acid:type 1,
18 MQ-cm DI water) was used to prepare a 2-percent stannous
chloride (SnCl,) solution (wt:volume, stannous chloride:3-
percent hydrochloric acid), which was used to reduce mercury
to its elemental form in the cold vapor reactor. The vapor was
transported to the detector with a stream of argon gas. Trace
concentration levels of mercury were measured using an
automated, cold-vapor atomic-fluorescence spectrometer or
CVAFS (PS Analytical) using methods described previously
(Roth, 1994; D.A. Roth, U.S. Geological Survey, written
commun., 1999). Instrument parameters for the CVAFS
mercury analysis were the same as those described by Alpers
and others (2000). Peak-height intensities of unknown samples
were compared to a six-point calibration curve prepared from
aqueous standards ranging in concentration from 0 to 50 ng/L.

Analysis of Hg. in unfiltered and filtered water by the
USGS Wisconsin lab was done using procedures described
by Olson and De Wild (1999), approved as USGS production
methods. Methylmercury (MeHg) in water was analyzed
at the Wisconsin lab using ethylation-distillation CVAFS
methods with double amalgamation, as described by Olson
and De Wild (1999) and De Wild and others (2002). Analysis
of MeHg in water by the WMRL was approved by the USGS
Branch of Quality Assurance as a production method in
August 2002 after some of the analyses for this report were
completed. The method used by the Wisconsin lab to analyze
MeHg in water samples in this study prior to the date of
method approval was identical to the USGS-approved method.
Therefore, MeHg data collected throughout the study period
are expected to be of consistent quality, despite the change in
the approval status of the method.

Major cations and trace metals in water were analyzed
by inductively coupled plasma (ICP) methods: both atomic
emission spectrometry (AES) and mass spectrometry (MS)
were used. Major elements, including calcium (Ca), iron (Fe),
magnesium (Mg), potassium (K), sodium (Na), and silica (Si,
reported as SiO,), were determined by ICP-AES techniques
using a Perkin-Elmer Optima 3300DV multi-channel emission
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spectrometer. Use of the dual-view (radial and axial) optical
configuration provided optimal sensitivity for various
elements regardless of concentration. A description of the
analysis conditions and procedures is reported by Garbarino
and Taylor (1996). Details of the operational conditions are
described by Mitko and Bebek (1999, 2000). Except for
mercury, trace-element determinations were done by ICP-MS
using a Perkin-Elmer Elan Model 6000. Aerosols of acidified
aqueous samples were introduced into the spectrometer with
a cone-spray pneumatic nebulizer. Multiple internal standards
(indium [In], iridium [Ir], and rhodium [Rh]), which spanned
the mass range, were used to normalize the system for drift.
Details of the specific analysis techniques, procedures, and
instrumental settings are described by Garbarino and Taylor
(1996) and Taylor (2001). Major anions in filtered water
(chloride and sulfate) were analyzed by ion chromatography
following procedures described by Fishman and Friedman
(1989).

Nutrients in each water sample were analyzed for
three forms of phosphorus (P) and five forms of nitrogen
(N), as described below. The three types of phosphorus
analyses included orthophosphate in filtered water, plus total
phosphorus in unfiltered and filtered water. Orthophosphate
was determined using an automated, colorimetric,
phosphomolybdate-blue procedure, with antimony (Sb)
added to increase the reduction rate (Patton and Truitt,
1992; Fishman, 1993). Total phosphorus was determined
colorimetrically as orthophosphate after Kjeldahl digestion
(Patton and Truitt, 1992). The five types of nitrogen analyses
included the following forms in filtered water only: (1)
nitrite (NO,’), (2) nitrite plus nitrate (NO,), and (3) ammonia
(NH,), as well as ammonia plus organic nitrogen, which was
analyzed in filtered and unfiltered water. The method used
to analyze nitrite was diazotization using sulfanilamide and
N-1-naphthylethylenediamine under acidic conditions to form
a red compound, the absorbance of which was determined
colorimetrically using an automated-segment flow procedure
(Fishman, 1993). The concentration of nitrite plus nitrate
was determined by reducing nitrate to nitrite using cadmium
metal; the nitrite was then analyzed by diazotization (Fishman,
1993). Ammonia was analyzed using a alicylatehypochlorite
method, in the presence of ferricyanide ions, that produces the
salicylic acid analog of indophenol blue, which was analyzed
colorimetrically using an automated-segment flow procedure
(Fishman, 1993). The concentration of ammonia plus organic
nitrogen in unfiltered and filtered samples was determined
using the same Kjeldahl digestion as that used for total
phosphorus, in which the organic nitrogen is reduced to the
ammonium ion, followed by determination of the ammonium
ion concentration by the colorimetric salicylate-hypochlorite
method (Fishman and Friedman, 1989; Patton and Truitt,
1992).

Concentrations of dissolved organic carbon (DOC)
were determined in 100-mL filtered water samples (0.45-pum
silver membrane filter). The filtrates were acidified before

analysis to remove dissolved and colloidal carbonates and
bicarbonates while mitigating the effects of humic-substance
precipitation. Then the organic carbon was oxidized to carbon
dioxide by adding persulfate and exposing the samples to
ultraviolet light. The carbon dioxide was then measured by
infrared spectrometry using a Dorhmann carbon analyzer
(Brenton and Arnett, 1993). Particulate organic carbon (POC)
concentrations were determined in the residual material that
was collected on the silver membrane filters used to prepare
DOC samples. The silver membrane filters were treated with
acid to dissolve inorganic forms of carbon, then were reacted
with potassium persulfate in glass ampules for 4 hours at

116 to 130°C. The ampules then were broken in the carbon
analyzer, releasing carbon dioxide, which was measured by
infrared spectrometry using an Oceanography International
carbon analyzer (Wershaw and others, 1987).

Stable isotope ratios of hydrogen (?H/*H, where ?H
is deuterium or D) and oxygen (*¥0/**Q) in water were
determined using standard methods by the laboratory in the
Department of Geology at the University of California, Davis
under the direction of Howard Spero. Oxygen isotope ratios
in water, expressed as 6'°0,,, in units of permil (parts per
thousand, or %o) relative to Vienna Standard Mean Ocean
Water (VSMOW), were determined by conventional mass
spectrometer after equilibration with carbon dioxide, a
modification of the technique of Epstein and Mayeda (1953).
Hydrogen isotope ratios, expressed as 8D in units of permil
relative to VSMOW, were determined by conventional
mass spectrometer by the zinc shot technique (Coleman
and others, 1982). Three working standards calibrated to
VSMOW and other standard reference waters supplied by the
International Atomic Energy Agency (IAEA) were analyzed
in duplicate with each batch of water samples analyzed.
Analytical uncertainty was + 0.05 permil for 6**0,, and
+1.0 permil for 8D.

Stable isotope ratios of sulfur (*S/32S) and oxygen
(**0/*0) in aqueous sulfate were analyzed at the USGS
laboratory in Denver, Colorado, under the direction of Robert
O. Rye using continuous flow mass spectrometer techniques
(Fry and others, 1992; Kester and others, 2001). Sulfur
isotopes in aqueous sulfate are expressed as §*S., and are
reported relative to the Cafion Diablo Troilite (CDT). Oxygen
isotopes in aqueous sulfate are expressed as 5'*O, and are
reported relative to VSMOW. Analytical uncertainty was
£0.2 permil for 6*S_ , and £0.5 permil for "0,

Statistical Methods

A large proportion of the measured concentrations of
methylmercury (MeHg), especially those in filtered water,
were below the method detection limit (MDL) of 0.04 ng/L.
Results below the MDL are referred to as non-detects or
censored data. Procedures for computing statistics of data sets
with a large proportion of non-detects are described in detail
by Helsel (2005). For constituents with less than 50 percent



non-detects, a parametric procedure known as the Kaplan-
Meier approach is recommended. Determining the median
value of such data sets is straightforward, and if it is assumed
that the data fit a lognormal distribution, this distribution can
be used to estimate values for the mean, standard error, and
other characteristic values such as the 25th percentile value.
For data sets with 50 to 80 percent non-detects and a total

of less than 50 detected values, Helsel (2005) recommends
either of two procedures: a parametric procedure known as
Maximum Likelihood Estimation (MLE) or a non-parametric
procedure known as Regression on Order Statistics (ROS).

Results for MeHg in unfiltered water and the ratio of
MeHg to total mercury (MeHg/Hg,) in unfiltered water were
in the category of less than 50 percent non-detects, whereas
results for MeHg and MeHg/Hg, in filtered water were in the
50 to 80 percent non-detect category. Statistical properties
of the unfiltered MeHg data were evaluated using both the
Kaplan-Meier and the ROS approaches, with similar results.
The statistical software program MINITAB (MiniTab, Inc.,
State College, Penn.) was used with the macro CROS (Helsel,
2005) for this analysis. Only the ROS approach could be
used for the filtered MeHq data. For consistency among all
the MeHg data (unfiltered and filtered), statistical results are
reported using the ROS approach for all MeHg constituents,
including values of MeHg/Hg..

Other statistical quantities were computed to characterize
the variability (or precision) of laboratory data. To evaluate the
variability among replicate samples, the relative percentage
difference (RPD) was computed as the absolute value of the
difference between reported values divided by the average of
the reported values, multiplied by 100 percent. To evaluate
the variability among data representing multiple analytical
observations of the same sample, the relative standard
deviation (RSD) was computed as the standard deviation
of three or more analyses divided by the average of the
measurements, multiplied by 100 percent.

Results below the MDL are represented on scatter plots
by plotting points at one-half the MDL with an error bar
extending from the MDL to the axis. In these situations, the
value of one-half of the MDL is not intended to represent an
estimate of the concentration for these samples, but rather is
used so that identifying characteristics of the sample, such
as location and season of collection, can be displayed in a
manner similar to other samples with detected concentration
values.

Quality Assurance and Quality Control

A variety of measurements and analyses were used
to determine the quality of the data generated in this study
(appendixes E and F). The quality-assurance (QA) program
consisted of quality-control (QC) measures including field and
laboratory blanks, standard reference materials (SRM) where
available, spike recoveries, and replicate samples. Quality-
control measures used during analysis of MeHg in water were
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described by De Wild and others (2002). Water samples were
analyzed in batches of 11 samples plus three laboratory blanks,
a matrix spike, and a matrix spike duplicate. The reported
values for MeHg concentrations were corrected for daily blank
values, as described by De Wild and others (2002).

Detection Limits

The method for total mercury (Hg,) used by the USGS
Boulder lab had a method detection limit (MDL) of 0.4 ng/L,
whereas the USGS Wisconsin lab’s method had an MDL
for Hg, of 0.04 ng/L, one order of magnitude lower. The
concentrations of Hg. detected in all environmental samples
collected for this study were above the MDL for the Wisconsin
lab: however, the Hg, concentrations in some of the filtered
samples were below the MDL for the Boulder lab. The MDL
for MeHg in water at the USGS Wisconsin lab, defined using
standard protocol (U.S. Environmental Protection Agency,
1990), was 0.025 ng/L during 1999-2000 and 0.04 ng/L
during 2001-03. A conservative MDL for MeHg of 0.04 ng/L
is used throughout this report.

Major and trace elements in water were analyzed by
inductively coupled plasma (ICP) methods; each analysis
consisted of at least four replicate instrumental measurements.
Each filtered and unfiltered sample was collected in duplicate
and analyzed in triplicate. The triplicate analyses were
analyzed statistically and the analyses were accepted if the
standard deviation was within standard tolerances of precision
(generally less than 15 percent of the amount present). The
error tolerance is increased for analyses close to the detection
limit for a given analyte. Median detection limits for trace
elements and selected major elements analyzed by ICP
methods are given in appendix E (table E11).

Blanks

Data for Hg, in unfiltered and filtered blanks are given in
appendix E (tables E1 and E2), respectively, for analyses by
the USGS Boulder lab and in tables E3 and E4, respectively,
for analyses by the USGS Wisconsin lab. To present the most
realistic indication of possible Hg. contamination, tables E1-
E4 include data for all blanks submitted to the respective
laboratories by the USGS California Water Science Center
during the period when samples were analyzed for this study,
including blanks collected at some field sites outside Camp
Far West Reservoir using similar equipment and techniques.

Several purified water sources were used for Hg, blanks,
including a MilliQ purification system at the USGS laboratory
in Sacramento, California, an in-house deionization system
in Sacramento capable of preparing ASTM Class 1 deionized
water, a polished water system in Sacramento designed to
produce organic-free water, and the deionized water system
at the USGS Wisconsin lab. The Hg, concentration in the
source-blank waters ranged from below the Wisconsin lab’s
method detection limit (less than 0.04 ng/L)(table E3) to
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2.5 ng/L(table E1). Because the MilliQ and the polished water
systems produced unexpectedly high Hg, concentrations (2.3
and 2.5 ng/L, respectively) early in the study (October 2001 to
January 2002), deionized water from the USGS Trace Metals
Laboratory in Sacramento and the USGS Wisconsin lab were
used for the remainder of the study, resulting in source blank
Hg, concentrations less than 1.0 ng/L (tables E1, E3).

To determine the central tendency of Hg,. concentrations
in blanks, median values and upper confidence limits were
calculated separately for filtered and unfiltered blanks using
the Kaplan-Meier method (Helsel, 2005). This approach,
as implemented in the USGS library of S-Plus, was used
to determine the cumulative probability distribution from
ranked data and to estimate summary statistics. The method
was selected because it is non-parametric (that is, it does
not assume normally distributed data) and because it can
incorporate censored data with multiple detection limits. For
the unfiltered blanks (tables E1, E3), the median concentration
of Hg, was 0.11 ng/L and the upper 95-percent confidence
level was 0.32 ng/L. For the filtered blanks (tables E2, E4),
the median concentration of Hg, was 0.08 ng/L and the upper
95-percent confidence level was 0.14 ng/L. In addition,
percentiles for the Hg. blank data were calculated using the
binomial distribution applied to ranked data. For the unfiltered
data (tables E1, E3), the 90th percentile with a 90-percent
confidence level was 0.94 ng/L, a value less than the minimum
Hg, concentration (1.0 ng/L) detected in environmental
samples. For the filtered blanks (tables E2, E4), the 90th
percentile at an 88-percent confidence level was 0.88 ng/L. In
comparison, the median values for all unfiltered and filtered
Hg, in environmental samples analyzed in this study were 4.3
and 0.9 ng/L, respectively. The 25th percentile value for Hg,
in filtered environmental samples for this study was 0.4 ng/L.

Thus, some of the filtered blank values for Hg. are in the
same concentration range as the values for some of the filtered
environmental samples. In some cases, the elevated blank
results correspond to elevated Hg.. in blank water sources.

The standard procedure of rinsing sampling equipment and
sample bottles with the ambient water reduces potential

Hg, contamination from deionized water used to clean
equipment. Nevertheless, low-level values for Hg in filtered
environmental samples must be interpreted with due caution.

Concentrations of MeHg in unfiltered and filtered blanks
analyzed at the USGS Wisconsin lab during this study are
given in tables E5 and EB6, respectively. Source water for
MeHg blanks was provided by the USGS Wisconsin lab.
Methylmercury concentrations in all source blanks, equipment
blanks, and process blanks analyzed during the study period
were below the MDL (0.04 ng/L).

Concentration values for trace metals and major
elements in blanks are given in table E7 (unfiltered: equipment
blanks, preservation acid blanks, and source blanks) and

table E8 (filtered: process blanks and filter blanks). Results
for trace elements in blanks (tables E7 and E8) generally

were near or below method detection limits (table E11). Data
for anion blanks are given in table E9. Data for blanks for
nutrients and organic carbon are shown in table E10. Values
for anion, nutrients, and organic carbon blanks were uniformly
low, indicating high data quality.

Standard Reference Materials

When each batch of samples was analyzed by ICP for
trace element and major cations, several standard reference
materials (SRM) also were analyzed as part of the QA
program. A similar procedure was used with each batch
of samples analyzed for mercury by CVAFS at the USGS
Boulder lab. Plots of reported values in relation to observed
values for certified SRM, USGS standard reference water
samples (SRWS), and specific rare-earth element reference
materials (PPREEL and SCREEZL; Verplanck and others,
2001) are shown in appendix F (figs. F1-F7). For nearly all
elements considered, the SRMs span ranges of concentrations
comparable to the ranges of concentrations for environmental
samples in this study. The number of times each standard
was analyzed during 2001-03 is indicated in the explanation
of each figure; the standards typically were analyzed several
hundred times during the study period. There is excellent
agreement between all reported and observed values for the
standards. Regression correlation coefficients were derived
from correlation plots of observed and reported values for
the analysis of standard reference materials for 21 selected
trace elements (table E12); these coefficients ranged from a
minimum of 0.9969 for selenium to a maximum of 1.000 for
eight trace elements (beryllium, cadmium, cobalt, copper,
lead, manganese, molybdenum, and strontium).

Spiked Blanks and Spiked Samples

Data for spiked blanks for the elements arsenic,
cadmium, copper, lead, and zinc for analyses made during
2002-04 are given in appendix F (fig. F8). In nearly all
cases, spike recoveries were within the control range of 80 to
120 percent of the expected amount. Data for spiked blanks
having an expected Hg, concentration of 5 ng/L (fig. F9)
indicate that nearly all results fell within the control range
of 80 to 120 percent recovery. Field samples were spiked at
levels generally three to ten times the ambient concentration
of each element. Results for spiked field samples for the
same five trace elements as were used for the spiked blanks
(fig. F10) and for mercury (fig. F11) indicate again that nearly
all spike recoveries were within the control range of 80 to
120 percent of the expected value.



Replicate Analyses

Split samples for analysis of trace elements and total
mercury by the USGS Boulder lab were collected in pairs
of bottles designated as split replicates “1 of 2” and “2 of
2.” Because replicate split samples were routinely analyzed
as separate unknowns and each replicate was analyzed in
triplicate, plots of replicate 1 versus replicate 2 indicate
analytical precision and variability in the sampling-splitting
procedure as well as possible contamination of bottles and
(or) sample-splitting equipment. The plots in figures F12-F13
show that there were very few outliers for replicate analyses
of 12 elements analyzed by the USGS Boulder lab during
the study period. The relative standard deviation (RSD) of
replicate analyses is another measure of analytical precision.
A plot of the relation between RSD and concentration
for six elements (fig. F14) shows, as expected, that RSD
values generally were smaller at higher concentrations. For
antimony, cadmium, copper, gadolinium, and lead, nearly all
RSD values were less than 10 percent when concentrations
were greater than 100 times the MDL, and most values were
less than 20 percent when concentrations were between
10 and 100 times the MDL. For magnesium, RSD values
were less than 20 percent for all concentrations, Average
concentrations and standard deviations for replicate analyses
of total mercury by the USGS Boulder lab are shown for
filtered water (fig. F15) and unfiltered water (fig. F16). As
with other constituents, standard deviations for analyses of
total mercury represented a larger proportion of the amount
present (corresponding to larger RSD values) at concentrations
closer to the MDL. Therefore, the relative variability between
replicate samples is highest at low concentrations.

Split-Sample Comparison for Total Mercury

During the study, a transition was made from the USGS
Boulder lab to the USGS Wisconsin lab for the analysis of
Hg, to take advantage of the lower detection limit of the
methods used at the Wisconsin lab. Split-samples containing
Hg, in filtered and unfiltered water were compared using
14 samples taken during the sampling events in November
2002 and January 2003. Two replicate bottles of each sample
were sent to the Boulder lab and one replicate bottle was sent
to the Wisconsin lab. Comparison of the results of the replicate
analyses by the two laboratories (figs. F17 and F18) indicates
excellent agreement for all samples with Hg, concentrations
greater than 0.4 ng/L, the MDL for Hg, at the Boulder lab.

Filter Comparisons

Two different filter types were used for Hg, and MeHg
analyses: a Gelman capsule filter (C45, nominal pore
diameter 0.45 micrometer) and a quartz fiber filter (QFF,
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nominal pore diameter 0.7 micrometer). The QFF was

used so that particulate Hg, and MeHg could be measured
directly, instead of by calculating the difference between
unfiltered and filtered concentrations. Theoretically, one
should get more precise data with lower variability, and a
lower detection limit for particulate Hg, or MeHg using the
QFF approach. An advantage to using both filter types is to
increase comparability with other studies. The Gelman capsule
filter has been used extensively by the USGS in northern
California and nationally, including studies for the National
Water-Quality Assessment Program (NAWQA; for example,
Domagalski and others, 2000), a study of metals transport in
the Sacramento River (Alpers and others, 2000), and several
ongoing studies in the Sierra Nevada. The QFF approach

has been used for mercury analysis by the USGS and other
researchers in the Florida Everglades, in the USGS NAWQA
National Mercury Project (Brigham and others, 2003), and
in the Guadalupe River watershed of San Francisco Bay
(Kuwabara and others, 2005).

Because of the different pore diameter, the QFF filtrate
was expected to be higher in Hg, and MeHg than the C45
filtrate. Comparison of the filtrate data for total mercury
(fig. F19A) indicates that this was indeed true for all but a
small number of the samples. A linear least-squares regression
for the 28 samples analyzed by the Wisconsin lab (fig. F19B)
has a slope of 1.55, indicating that about 55 percent more
mercury passed through the QFF than through the C45 filters.
Combining the QFF filtrate concentration with the particulate
concentration trapped on the QFF for each sample should give
an equivalent whole-water Hg.. concentration that is similar
to the Hg, concentration measured directly on an unfiltered
sample. The results of this comparison (fig. F20) indicate
a good to excellent correspondence for 42 of 45 samples
from the two laboratories; three unexplained outliers had
considerably more Hg.. in the unfiltered split sample compared
to the sum of QFF filtrate and particulate fractions. A similar
comparison for MeHg (fig. F21) indicates excellent agreement
for all samples with detectable MeHg. With regard to the
comparison of MeHg concentrations in C45 and QFF filtrates
(fig. F21), a large proportion of samples were non-detects
by both procedures; in total, 54 samples were processed by
both methods, of which 26 were non-detects for both filtered
splits. An additional 7 samples had no MeHg detected in one
split (MDL 0.04 ng/L), whereas the other split had 0.04 or
0.05 ng/L detected. MeHg was detected in both splits in 18
of the samples; only 3 of the 54 samples are considered to be
unexplained outliers. A comparison of results on split samples
processed by different filter types (QFF and capsule filter)
and analyzed for MeHg is shown in figure F22. The overall
consistency of results provides confidence that the sum of
QFF filtrate and particulate concentration could be used in
cases where results from analysis of unfiltered samples were
not available for either Hg or MeHg.
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Results

This section contains subsections describing results of
field and laboratory measurements, followed by a subsection
describing relations between concentrations of mercury
and methylmercury and other water-quality constituents.

A subsection on mercury bioaccumulation factors also is
included.

Field Measurements

Camp Far West Reservoir goes through a seasonal cycle
characterized by extreme drawdown in the late summer and
early fall accompanied by thermal stratification with depth.
Destratification occurs in the late fall, and the reservoir
remains unstratified (vertically mixed) through winter and
spring. This monomictic behavior is illustrated by field data
for seasonal water-column profiles from three stations in the
thalweg profile: site 2 (LRT, fig. 6A), site 4 (MRT, fig. 6B)
and site 5 (BRA, fig. 6C). Representative seasonal profiles
of field measurements from these stations indicate a strong
seasonality, especially with regard to the vertical distribution
of temperature and dissolved oxygen. The plots in figure 6
are constructed with a consistent vertical axis so that the
seasonal variations in reservoir-surface elevation can been
seen (for temporal variations in reservoir storage and surface
elevation, see also fig. 4 and appendix A). Results of field
measurements for the water-column profiles at all sites are
given in appendix C (table C1) and plots of individual profiles
are compiled in appendix D (figs. D1-D110). A summary
of locations and dates when water-column profile data were
collected within the reservoir is given in table C2.

In lakes or reservoirs with thermal stratification, three
zones are defined (Wetzel, 1975): the hypolimnion is the
relatively cold, deep water, the metalimnion is the transition
zone, and the epilimnion is the relatively warm, surface layer.
At times when the water column is not thermally stratified,
the entire water column is considered to be the epilimnion.
Field measurements at the time of sampling (table 1) were
used to characterize each water-quality sample as representing
either hypolimion, metalimnion, or epilimnion, and this
property is indicated in figures throughout the report using
distinct symbols. Thermal stratification in the summer and
early fall is often accompanied by low values of dissolved
oxygen (DO) at depth. In some cases, DO concentrations
are less than 1 mg/L, indicating anoxic conditions at depth.
During the summer, when stratification of the water column
is most widespread throughout the reservoir, the transition
with depth from high DO to low DO commonly occurs in

the metalimnion. At the LRT (fig. 6A) and MRT (fig. 6B)
stations, the summer DO profiles show a minimum value in
the metalimnion and somewhat higher DO values with depth.
The summer depth profiles of pH and specific conductance
(SC) at these stations show variations in the metalimnion that
indicate a more complex stratification during that season. One
possible interpretation is that sulfate reduction coupled with
oxidation of organic carbon is taking place at the top of the
hypolimnion, as discussed in section, “Relations of Mercury
and Methylmercury with Other Constituents: Sulfur Isotopes.”

The seasonal trends in temperature, DO, pH, and SC also
can be seen in time-series plots showing measurements taken
during water-quality sampling events (figs. 7A-D). During the
winter, the lake is well mixed and relatively cold; in February
2002, temperatures ranged from 7 to 9°C, whereas in January
2003, the range was 8 to 12°C. During summer stratification
in 2002 and 2003, the minimum hypolimnion bottom-water
temperatures usually were around 10-11°C. Epilimnion
temperatures reached highs of 26 to 28°C during August
2002 and 2003. Dissolved oxygen concentrations generally
were low (less than or equal to 2 mg/L), indicating suboxic
to anoxic conditions in the hypolimnion; however, there were
occasions such as fall 2002 and summer 2003 at the LRT
station (site 2) when moderate DO values of 4 to 6 mg/L were
observed in the hypolimnion (fig. 6A). Also, during winter
2002, DO values of 1 to 4 mg/L were observed in the Dairy
Farm Mine pit lake (site 8) when this part of the reservoir was
not thermally stratified (fig. 7B).

Acid mine drainage in the Dairy Farm Mine pit lake
(station DFP; site 8) and associated impoundments (station
DFI, site 9) typically had pH values in the range of 3to 5
during the summer and fall (fig. 7C) when these areas were
isolated from CFWR, and near-neutral values during winter
and spring when the water bodies were connected because
of higher water levels in CFWR. During the fall sampling
events, the pit-lake water surface was at its lowest elevation,
resulting in lowest pH values and highest values of specific
conductance (SC), indicative of higher concentrations of
many constituents. In CFWR, SC values generally were
highest in the fall (fig. 7D), also associated with lowest water
levels. Evaporative concentration is a likely contributing
factor to the higher values of SC in the fall in both the pit
lake and reservoir environments, as discussed in later sections
on major elements and stable isotopes. Values of pH in the
hypolimnion of CFWR generally were lower than epilimnion
values by about 0.5 to 1.0 unit, which likely reflects higher
total dissolved carbon dioxide associated with the respiring
microbes and decomposing organic matter (Wetzel, 1975),
processes that may be linked to sulfate reduction.
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Figure 6. Water-column depth profiles of field measurements (temperature, dissolved oxygen, pH, and specific
conductance) quarterly from fall 2001 to summer 2003 at Camp Far West Reservoir, California:
(A) Site 2, Lower Reservoir, Thalweg, (B) Site 4, Mid-Reservoir, Thalweg, (C) Site 5, Bear River Arm.
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Figure 6. Continued.
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Figure 7. Field measurements for sampling stations in Camp Far
West Reservoir, California, 2001-03: (A) Temperature, (B) Dissolved
oxygen, (C) pH, (D) Specific conductance.
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Laboratory Measurements

Results of laboratory measurements for constituents
in water samples collected from Camp Far West Reservoir

(CFWR) during October 2001 through August 2003 are shown

in tables 2—7 and in appendix G (tables G1-G5). Seasonal
and spatial variations of total mercury and methylmercury
concentrations and their interpretation are the primary focus
of this report. Raw concentration data for total mercury in

water are given in appendix G (table G1 for unfiltered samples

and table G2 for filtered and particulate samples); because
two laboratories were used for total mercury determinations
and many replicate determinations were made, best values
of total mercury concentration were selected for each
sample, as shown in table 6. Methylmercury concentration
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data are given in table 7. Data for other water-quality
constituents are presented and discussed in the context of
hydrobiogeochemical processes and effects on mercury

and methylmercury cycling; these constituents include
suspended solids (table 2), trace metals and major cations
(appendix G, tables G3 and G4), major anions (table 3),
nutrients and organic carbon (table 5), and chlorophyll
(appendix G, table G5). Stable isotopes of oxygen and
hydrogen in water (table 4) are presented and discussed in
the context of understanding evapoconcentration effects and
the elevation of precipitation and recharge; stable isotopes of
sulfur and oxygen in aqueous sulfate (table 4) are relevant to
understanding possible sources of sulfate and processes of
sulfate reduction.

Table 2. Data for suspended solids in water samples, Camp Far West Reservoir, California.

[Thalweg, former river channel (low elevation path). The number in parentheses is the data parameter code, a five-digit code
used in the U.S. Geological Survey computerized data system. Suspended silt plus clay is the product of suspended sediment
concentration and percent suspended sediment sieved. Organic material is included in suspended sediment concentration, which
is used interchangeably with suspended solids concentration in this report; ft, foot; mm, millimeter; mg/L, milligram per liter;

% <, percent less than; —, not determined]

Suspended s::;::;d Suspended

) Depth sediment - silt

Date Time sieved

(ft) (mg/L) 0 plus clay
(80154) (% <0.063 mm) (mg/L)
(70331)
Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001

10/30/2001 5:15PM 10 8 92 7
02/12/2002 12:00 PM 8 10 93 9
04/22/2002 3:20 PM 10 5 87 4
08/06/2002 4:30 PM 10 <1 67 <1
04/15/2003 10:30 AM 40 14 10 1

Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)

Station number 390307121183801

11/01/2001 8:30 AM
02/12/2002 11:00 AM
04/22/2002 3:00 PM
08/08/2002 12:00 PM
08/08/2002 1:30 PM
11/04/2002 3:50 PM
11/04/2002 3:20 PM
01/29/2003 2:30 PM
01/28/2003 4:40 PM
04/16/2003 4:00 PM
08/05/2003 12:30 PM
08/05/2003 3:30 PM
08/05/2003 1:00 PM

70
140
140

45
113

10

55

10
140
150

73
120

22 91 20
5 85 4
5 74 4
6 92 6
7 86 6

16 99 16

11 99 11
1 80 1
6 90 5

10 93 9

28 63 18

12 92 11

11 90 10
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Table 2. Data for suspended solids in water samples, Camp Far West Reservoir, California.—Continued

[Thalweg, former river channel (low elevation path). The number in parentheses is the data parameter code, a five-digit code used in
the U.S. Geological Survey computerized data system. Suspended silt plus clay is the product of suspended sediment concentration
and percent suspended sediment sieved. Organic material is included in suspended sediment concentration, which is used
interchangeably with suspended solids concentration in this report; ft, foot; mm, millimeter; mg/L, milligram per liter;

% <, percent less than; —, not determined]

Suspended Susp_ended Suspended
Depth sediment sediment silt
Date Time sieved
(ft) (mg/L) (% <0.063 mm) plus clay
(80154) p (mg/L)
(70331)

Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801

10/29/2001 4:15 PM 6 4 93 4
02/12/2002 1:30 PM 60 7 96 7
04/22/2002 1:50 PM 10 9 93 8
04/15/2003 12:40 PM 32 15 64 10
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45 PM 50 30 100 30
02/13/2002 8:30 AM 120 5 84 4
04/22/2002 12:20 PM 120 5 92 5
08/07/2002 12:10 PM 10 3 52 2
08/07/2002 12:40 PM 47 9 80 7
08/08/2002 2:50 PM 80 9 92 8
11/05/2002 2:30 PM 10 10 93 9
11/05/2002 2:10 PM 30 21 99 21
01/29/2003 2:00 PM 10 1 92 1
01/28/2003 3:30 PM 120 3 96 3
04/17/2003 10:30 AM 125 4 87 3
08/07/2003 11:30 AM 1 27 94 25
08/07/2003 11:50 AM 100 11 94 10
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15 AM 12 17 97 16
02/13/2002 9:00 AM 80 11 91 10
04/22/2002 10:40 AM 80 8 88 7
08/06/2002 5:50 PM 10 3 56 2
08/06/2002 6:20 PM 55 6 72 4
11/05/2002 4:10 PM 7 9 94 8
01/29/2003 1:20 PM 10 1 90 1
01/28/2003 2:50 PM 85 3 96 3
04/17/2003 11:30 AM 90 10 88 9
08/07/2003 10:00 AM 1 27 62 17

08/06/2003 3:00 PM 100 19 87 17
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Table 2. Data for suspended solids in water samples, Camp Far West Reservoir, California.—Continued

[Thalweg, former river channel (low elevation path). The number in parentheses is the data parameter code, a five-digit code used in
the U.S. Geological Survey computerized data system. Suspended silt plus clay is the product of suspended sediment concentration
and percent suspended sediment sieved. Organic material is included in suspended sediment concentration, which is used
interchangeably with suspended solids concentration in this report; ft, foot; mm, millimeter; mg/L, milligram per liter;

% <, percent less than; —, not determined]

Suspended s:::i:l:;d Suspended
] Depth sediment . silt
Date Time sieved
(ft) (mg/L) (% <0.063 mm) plus clay
(80154) (70331) (mg/L)
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 6 97 6
02/13/2002 1:00 PM 20 5 97 5
04/23/2002 12:10 PM 20 3 91 3
08/07/2002 6:50 PM 57 5 97 5
01/30/2003 3:30 PM 55 2 93 2
04/17/2003 2:30 PM 55 11 97 11
08/07/2003 4:00 PM 1 27 83 22
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 03:40 PM 10 3 81 2
04/17/2003 01:20 PM 80 11 95 10
08/07/2003 01:00 PM 1 28 97 27
08/07/2003 01:30 PM 40 26 88 23
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 - - -
02/13/2002 3:10 PM 10 8 88 7
02/13/2002 3:30 PM 35 5 93 5
04/24/2002 11:10 AM 30 6 91 5
08/07/2002 5:00 PM 0.5 3 73 2
11/05/2002 2:50 PM 1 6 54 3
01/30/2003 12:30 PM 10 1 86 1
01/30/2003 1:20 PM 38 <1 50 <1
04/17/2003 4:00 PM 40 11 43 5
08/07/2003 4:30 PM 1 24 89 21

Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001

10/31/2001 02:40 PM 0.5 - - -
02/13/2002 2:20 PM 52 6 89 5
04/23/2002 1:10 PM 20 5 92 5
11/05/2002 2:00 PM 05 5 90 5
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Table 3. Data for major anions (chloride, sulfate, and alkalinity, a proxy for
bicarbonate) in filtered water samples, Camp Far West Reservoir, California.

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological
Survey computerized data system. Thalweg, former river channel (low elevation path). CaCO,,
calcium carbonate; ft, foot; mg/L, milligram per liter; —, not determined]

Chloride Sulfate Alkalinity

i Depth (C1) (so,) (mg/L as

Date Time )  (mgl) (mgl)  CaCO,)

(00940) (99113) (29803)

Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam

abutment)
Station number 390317121185001

10/30/2001 5:15 PM 10 7.1 8.8 52
02/12/2002 12:00 PM 8 49 7.0 33
04/22/2002 3:20 PM 10 4.5 5.4 27
08/06/2002 4:30 PM 10 5.2 4.8 27
04/15/2003 10:30 AM 40 4.1 4.4 26

Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam

near Wheatland)
Station number 390307121183801
11/01/2001 8:30 AM 70 5.4 6.3 60
02/12/2002 11:00 AM 140 4.7 6.0 27
04/22/2002 3:00 PM 140 4.3 5.5 27
08/08/2002 12:00 PM 45 4.6 4.2 24
08/08/2002 1:30 PM 113 5.0 5.1 31
11/04/2002 3:50 PM 10 5.7 6.2 41
11/04/2002 3:20 PM 55 6.1 6.7 40
01/29/2003 2:30 PM 10 4.4 59 21
01/28/2003 4:40 PM 140 3.6 4.4 20
04/16/2003 4:00 PM 150 4.0 4.1 22
08/05/2003 12:30 PM 1 4.6 3.9 28
08/05/2003 3:30 PM 73 4.1 4.2 23
08/05/2003 1:00 PM 120 4.1 4.0 32

Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6
miles above dam)
Station number 390244121171801

10/29/2001 4:15 PM 6 7.2 7.5 51
02/12/2002 1:30 PM 60 4.9 7.0 33
04/22/2002 1:50 PM 10 4.7 5.0 27
04/15/2003 12:40 PM 32 41 45 25

Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles

above dam)
Station number 390238121173101

10/29/2001 2:45 PM 50 6.9 6.9 51
02/13/2002 8:30 AM 120 45 6.7 29
04/22/2002 12:20 PM 120 4.4 55 28
08/07/2002 12:10 PM 10 5.4 5.0 30
08/07/2002 12:40 PM 47 4.8 4.4 29
08/08/2002 2:50 PM 80 5.0 4.9 30
11/05/2002 2:30 PM 10 6.2 7.5 43
11/05/2002 2:10 PM 30 6.6 8.7 45
01/29/2003 2:00 PM 10 4.1 5.2 -

01/28/2003 3:30 PM 120 3.7 45 21
04/17/2003 10:30 AM 125 4.1 4.1 24
08/07/2003 11:30 AM 1 4.9 4.1 23

08/07/2003 11:50 AM 100 4.4 4.0 32
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Table 3. Data for major anions (chloride, sulfate, and alkalinity, a proxy for bicarbonate)
in filtered water samples, Camp Far West Reservoir, California.—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological
Survey computerized data system. Thalweg, former river channel (low elevation path). CaCO,, calcium
carbonate; ft, foot; mg/L, milligram per liter; — not determined]

Chloride Sulfate Alkalinity

. Depth (cn (S0,) (mg/L as
Date Time ()  (mgl)  (mgl)  CaCO)
(00940) (99113) (29803)

Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201

10/31/2001 10:15 AM 12 7.5 9.2 -

02/13/2002 9:00 AM 80 4.7 6.1 25
04/22/2002 10:40 AM 80 4.5 5.1 26
08/06/2002 5:50 PM 10 5.4 4.9 31
08/06/2002 6:20 PM 55 5.0 4.4 32
11/05/2002 4:10 PM 7 6.2 7.7 43
01/29/2003 1:20 PM 10 3.6 4.0 21
01/28/2003 2:50 PM 85 3.7 4.4 -

04/17/2003 11:30 AM 90 4.1 3.9 26
08/07/2003 10:00 AM 1 51 4.1 24
08/06/2003 3:00 PM 100 4.7 3.8 26

Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401

10/31/2001 1:00 PM 4 7.5 9.8 50
02/13/2002 1:00 PM 20 4.6 7.5 32
04/23/2002 12:10 PM 20 4.6 5.6 30
08/07/2002 6:50 PM 57 5.1 4.9 30
01/30/2003 3:30 PM 55 3.9 53 -

04/17/2003 2:30 PM 55 4.4 53 27
08/07/2003 4:00 PM 1 4.7 6.1 26

Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101

08/07/2002 03:40 PM 10 5.3 49 31
04/17/2003 01:20 PM 80 4.2 4.2 25
08/07/2003 01:00 PM 1 5.0 4.0 28
08/07/2003 01:30 PM 40 4.8 3.6 23

Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701

10/31/2001 2:15PM 1 4.3 636 -
02/13/2002 3:10PM 10 51 8.5 29
02/13/2002 3:30 PM 35 - - 26
04/24/2002 11:10 AM 30 4.5 7.8 23
08/07/2002 5:00 PM 0.5 6.4 112 -
11/05/2002 2:50 PM 1 52 381 -
01/30/2003 12:30 PM 10 4.5 77 26
01/30/2003 1:20 PM 38 4.1 6.3 23
04/17/2003 4:00 PM 40 4.1 92 -
08/07/2003 4:30 PM 1 4.8 37 5

Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment
Dairy Farm Mine arm)
Station number 390152121171001

10/31/2001 2:40 PM 0.5 66 355 -
02/13/2002 2:20 PM 52 4.6 11 28
04/23/2002 1:10 PM 20 4.5 5.6 28

11/05/2002 2:00 PM 0.5 11 1,145 -
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Table 4. Data for oxygen and sulfur isotopes in aqueous sulfate and oxygen and hydrogen isotopes in water, Camp Far West Reservoir,
California.

[6%S SO,, delta-sulfur-34 in aqueous sulfate; 5'*0 SO,, delta-oxygen-18 in agueous sulfate; 5'*0 H,0, delta-oxygen-18 in water; 5D H,O, delta-deuterium in
water. VSMOW, Vienna Standard Mean Ocean Water; CDT, Cafion Diablo Troilite; (1 of 2) and (2 of 2) refer to replicate analyses. ft, foot; permil, per thousand;
—, not determined]

Replicate
. Depth 50 SO 3*S S0 30 H,0 3DH,0
Date Time . 4 NS el e
(ft) (permil VSMOW) (permil CDT) (permil VSMOW) (permil VSMOW)
10f2 20f2 10f2 20f2 10f2 20f2 10f2 20f2

Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001

10/30/2001 5:15PM 10 1.3 - 2.5 - -8.2 - —68 -
02/12/2002 12:00 PM 8 15 - 1.3 - 9.7 - 72 -
04/22/2002 3:20 PM 10 - - - - -10.0 - 73 -
08/06/2002 4:30 PM 10 - - - - 9.1 - 73 -
04/15/2003 10:30 AM 40 1.8 - 1.2 - - - - -

Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801

11/01/2001 8:30 AM 70 2.2 - 3.2 - -10.2 - —76 76

02/12/2002 11:00 AM 140 2.4 - 0.9 - -10.4 - =77 -
04/22/2002 3:00 PM 140 - - - - -10.2 - 74 -
08/08/2002 12:00 PM 45 1.2 - 0.4 - -10.6 - —-80 -
08/08/2002 1:30 PM 113 2.2 - 0.3 - -10.4 - 75 -
11/04/2002 3:20 PM 55 0.1 - 2.4 - -8.8 - 71 -
11/04/2002 3:50 PM 10 2.3 - 2.0 - 9.4 - 73 -
01/28/2003 4:40 PM 140 2.1 - 0.4 - -10.1 - =79 -
01/29/2003 2:30 PM 10 1.6 - 15 - 9.7 - 71 -71

04/16/2003 4:00 PM 150 1.3 - 0.6 - -10.6 -10.6 =77 -
08/05/2003 12:30 PM 1 1.3 - 0.9 - -10.3 - -70 -
08/05/2003 1:00 PM 120 2.1 - 0.4 0.5 -10.3 - =75 —74

08/05/2003 3:30 PM 73 2.1 - 0.4 - -10.4 - 75 -

Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801

10/29/2001 4:15PM 6 2.5 - 24 - -8.2 - —68 -
02/12/2002 1:30 PM 60 2.3 - 1.4 - 9.8 - —72 -
04/22/2002 1:50 PM 10 - - 0.0 - -10.1 - 74 -
04/15/2003 12:40 PM 32 1.6 - 1.6 1.2 -10.0 - —74 -

Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101

10/29/2001 2:45PM 50 3.3 - 2.9 - -8.3 - —69 -
02/13/2002 8:30 AM 120 - - 0.6 - -10.5 - —76 -
04/22/2002 12:20 PM 120 - - 0.8 - -10.3 - —76 -
08/07/2002 12:10 PM 10 -0.6 - -0.2 - 9.1 - —73 -
08/07/2002 12:40 PM 47 1.2 - 0.0 - -10.5 - -79 -
08/08/2002 2:50 PM 80 0.9 0.4 0.2 - -10.6 - =77 -
11/05/2002 2:10 PM 30 -0.9 - 25 - -8.7 -8.8 71 -
11/05/2002 2:30 PM 10 1.9 1.6 2.3 - -8.8 - 71 -
01/28/2003 3:30 PM 120 2.3 - 0.3 - -10.5 - —78 -
01/29/2003 2:00 PM 10 2.0 - 0.9 - -10.0 - —74 74

04/17/2003 10:30 AM 125 1.9 - 0.8 - -10.4 - =77 -
08/07/2003 11:30 AM 1 1.0 - 0.4 - -9.2 - —69 -

08/07/2003 11:50 AM 100 2.8 - 0.4 - -10.0 -10.3 73 -
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Table 4. Data for oxygen and sulfur isotopes in aqueous sulfate and oxygen and hydrogen isotopes in water, Camp Far West Reservoir,
California.—Continued

[6%S SO,, delta-sulfur-34 in aqueous sulfate; 5'*0 SO,, delta-oxygen-18 in agueous sulfate; 5'*0 H,0, delta-oxygen-18 in water; 5D H,0, delta-deuterium in
water. VSMOW, Vienna Standard Mean Ocean Water; CDT, Cafion Diablo Troilite; (1 of 2) and (2 of 2) refer to replicate analyses. ft, foot; permil, per thousand;
—, not determined]

Replicate
. Depth 50 S0 5*8 S0 50 H,0 SDH,0
Date Time . 4 N " o ud
(ft) (permil VSMOW) (permil CDT) (permil VSMOW) (permil VSMOW)
10f2 20f2 10f2 20f2 10f2 20f2 10f2 20f2
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15 AM 12 1.6 - 2.7 - -8.2 - —69 -
02/13/2002 9:00 AM 80 - - -0.5 - -10.8 - -79 -
04/22/2002 10:40 AM 80 - - -0.2 - -10.5 - -76 -
08/06/2002 5:50 PM 10 -0.5 - 0.0 - -9.2 - -71 -
08/06/2002 6:20 PM 55 1.4 - 0.2 - -10.2 - -78 -
11/05/2002 4:10 PM 7 - - - - -8.7 - -70 -
01/28/2003 2:50 PM 85 2.1 - 0.5 - -10.5 -10.3 -79 -78
01/29/2003 1:20 PM 10 1.4 - -0.3 - -10.6 - 77 -
04/17/2003 11:30 AM 90 2.2 - 1.0 - -10.4 - -75 -
08/06/2003 3:00 PM 100 3.8 - 0.2 - -10.5 - -78 -
08/07/2003 10:00 AM 1 0.8 - -0.2 - - - —69 -
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 1.0 11 2.1 - -8.2 -8.2 —67 -
02/13/2002 1:00 PM 20 2.2 - 1.3 - -9.9 - 72 -
04/23/2002 12:10 PM 20 - - -0.2 - -10.1 - 74 -
08/07/2002 6:50 PM 57 1.4 - 0.0 - -10.2 - =77 -76
01/30/2003 3:30 PM 55 1.2 - 15 - -10.0 -10.2 74 -
04/17/2003 2:30 PM 55 0.7 - 1.2 - -10.2 -10.3 -73 -75
08/07/2003 4:00 PM 1 - - - - -9.1 -9.9 -69 -
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 3:40 PM 10 0.3 - -0.1 - -9.1 - -71 -
04/17/2003 1:20 PM 80 1.7 - 11 - -10.3 -10.5 -76 =77
08/07/2003 1:00 PM 1 1.4 - 0.4 - -8.9 - -67 -
08/07/2003 01:30 PM 40 - - - - -9.9 - -73 -
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 -15 - 1.3 - -4.5 - -50 -51
02/13/2002 3:10 PM 10 1.2 - 1.2 - -9.9 - -73 -
02/13/2002 3:30 PM 35 0.3 - 0.5 - - - - -
04/24/2002 11:10 AM 30 - - - - -10.6 - -73 -
08/07/2002 5:00 PM 0.5 -1.6 - 0.1 - -8.7 - -69 -
11/05/2002 2:50 PM 1 - - - - -5.6 - -54 -
01/30/2003 12:30 PM 10 1.4 - 1.1 - -9.9 - -73 -
01/30/2003 1:20 PM 38 - - - - -94 - -71 -
04/17/2003 4:00 PM 40 - - - - -10.3 - -75 -
08/07/2003 4:30 PM 1 - - - - -9.0 -8.9 —64 =70
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001 2:40 PM 0.5 -2.3 - 0.4 0.3 -8.6 - —67 -
02/13/2002 2:20 PM 52 1.6 - 0.5 - -10.1 - 74 -
04/23/2002 1:10 PM 20 - - - - -10.1 - -73 -

11/05/2002 2:00 PM 0.5 - - - - —6.2 - -54 -




Table 5. Data for nutrients and organic carbon in water samples, Camp Far West Reservoir, California.

Results

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey computerized data system. Elements: N,
nitrogen; P, phosphorus; C, carbon. Thalweg, former river channel (low elevation path). ft, foot; mg/L, milligram per liter; E, estimated; <, less than;

—, not determined]

. Nitrogen, Nitrogen, Nitrogen, .
Nitrogen, - . L Nitrogen, .
. ammonia ammonia nitrite plus . Total nitrogen,
Depth ammonia, plus organic, plus organic nitrate nitrits, particulate
Date Time filtered . ' . ! . . filtered
(ft) (mg/L as N) filtered unfiltered filtered (mg/L as N) (mg/L)
(00608) (mg/Las N) (mg/L as N) (mg/L as N) (00613) (49570)
(00623) (00625) (00631)
Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001
10/30/2001 5:15 PM 10 E0.02 0.20 0.20 <0.05 E0.007 -
02/12/2002 12:00 PM 8 <0.04 0.18 0.28 0.37 <0.008 -
04/22/2002 3:20 PM 10 <0.04 0.13 0.15 EO0.05 <0.008 -
08/06/2002 4:30 PM 10 <0.04 0.12 0.13 <0.05 <0.008 -
04/15/2003 10:30 AM 40 <0.04 0.14 0.17 0.10 <0.008 0.18
Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801
11/01/2001 8:30 AM 70 0.52 0.60 0.7 <0.05 - -
02/12/2002 11:00 AM 140 <0.04 0.10 0.10 0.33 <0.008 -
04/22/2002 3:00 PM 140 <0.04 0.09 0.11 0.27 <0.008 -
08/08/2002 12:00 PM 45 <0.04 0.084 0.11 E0.023 <0.008 -
08/08/2002 1:30 PM 113 <0.04 0.089 0.11 0.36 <0.008 -
11/04/2002 3:50 PM 10 0.08 0.18 0.35 0.13 0.012 -
11/04/2002 3:20 PM 55 <0.04 0.16 0.27 0.21 <0.008 -
01/29/2003 2:30 PM 10 <0.04 0.15 0.25 0.34 <0.008 0.08
01/28/2003 4:40 PM 140 <0.04 0.14 0.15 0.19 <0.008 <0.02
04/16/2003 4:00 PM 150 <0.04 0.11 0.11 0.20 <0.008 <0.02
08/05/2003 12:30 PM 1 <0.04 0.10 0.17 <0.06 <0.008 0.05
08/05/2003 3:30PM 73 <0.04 0.10 E0.09 0.19 <0.008 <0.02
08/05/2003 1:00PM 120 <0.04 0.10 0.12 0.32 <0.008 0.05
Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801
10/29/2001 4:15 PM 6 <0.04 0.20 0.20 <0.05 E0.006 -
02/12/2002 1:30 PM 60 <0.04 0.16 0.29 0.37 <0.008 -
04/22/2002 1:50 PM 10 <0.04 0.12 0.14 0.05 <0.008 -
04/15/2003 12:40 PM 32 <0.04 0.17 0.18 0.09 <0.008 0.05
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45 PM 50 0.09 0.26 0.37 <0.05 E0.005 -
02/13/2002 8:30 AM 120 <0.04 0.12 0.15 E0.31 <0.008 -
04/22/2002 12:20 PM 120 <0.04 EO0.10 0.13 0.26 <0.008 -
08/07/2002 12:10 PM 10 <0.04 0.12 0.17 <0.05 <0.008 -
08/07/2002 12:40 PM 47 <0.04 E0.08 0.10 E0.02 <0.008 -
08/08/2002 2:50 PM 80 <0.04 E0.09 0.11 0.29 <0.008 -
11/05/2002 2:30 PM 10 E0.03 0.16 0.23 0.16 E0.004 -
11/05/2002 2:10 PM 30 0.08 0.19 0.32 0.14 E0.007 -
01/29/2003 2:00 PM 10 <0.04 0.11 0.21 0.21 <0.008 0.09
01/28/2003 3:30 PM 120 <0.04 E0.08 0.10 0.18 <0.008 <0.02
04/17/2003 10:30 AM 125 <0.04 0.14 0.12 0.22 <0.008 0.03
08/07/2003 11:30 AM 1 <0.04 E0.08 0.14 <0.06 <0.008 0.05
08/07/2003 11:50 AM 100 <0.04 E0.08 0.12 0.32 <0.008 0.03
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Table 5. Data for nutrients and organic carbon in water samples, Camp Far West Reservoir, California.—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological survey computerized data system. Elements: N,
nitrogen; P, phosphorus; C, carbon. Thalweg, former river channel (low elevation path). ft, foot; mg/L, milligram per liter; E, estimated; <, less than;
—, not determined]

. Nitrogen, Nitrogen, Nitrogen, .
Nitrogen, . . L Nitrogen, .
. ammonia ammonia nitrite plus L Total nitrogen,
) Depth ammonia, plus organic, plus organic nitrate |_1|tr|te, particulate
Date Time filtered - ! . ' . . filtered
(ft) (mg/L as N) filtered unfiltered filtered (mg/L as N) (mg/L)
(30608) (mgLasN) (mg/LasN)  (mgLasN) "0 (49570)
(00623) (00625) (00631)
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15 AM 12 0.15 0.31 0.37 E0.02 E0.005 -
02/13/2002 9:00 AM 80 <0.04 E0.08 0.13 E0.17 <0.008 -
04/22/2002 10:40 AM 80 <0.04 E0.09 0.11 0.17 <0.008 -
08/06/2002 5:50 PM 10 0.06 0.16 0.17 E0.023 <0.008 -
08/06/2002 6:20 PM 55 <0.04 0.11 0.20 <0.05 <0.008 -
11/05/2002 4:10 PM 7 0.05 0.25 0.57 0.13 E0.005 -
01/28/2003 2:50 PM 85 <0.04 EO0.10 0.10 0.17 <0.008 <0.02
01/29/2003 1:20 PM 10 <0.04 E0.06 E0.10 0.10 <0.008 0.03
04/17/2003 11:30 AM 90 <0.04 0.10 0.20 0.17 <0.008 0.05
08/06/2003 3:00PM 100 0.11 0.20 0.51 E0.04 <0.008 0.28
08/07/2003 10:00 AM 1 <0.04 0.10 0.16 <0.06 <0.008 0.06
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 0.05 0.21 0.24 <0.05 0.008 -
02/13/2002 1:00 PM 20 <0.04 0.15 0.18 E0.38 <0.008 -
04/23/2002 12:10 PM 20 <0.04 0.14 0.18 E0.04 <0.008 -
08/07/2002 6:50 PM 57 <0.04 0.10 0.15 <0.05 E0.004 -
01/30/2003 3:30 PM 55 <0.04 E0.09 0.16 0.21 <0.008 0.13
04/17/2003 2:30 PM 55 <0.04 0.13 0.14 0.11 <0.008 -
08/07/2003 4:00 PM 1 <0.04 0.10 0.17 <0.06 <0.008 0.05
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 3:40 PM 10 <0.04 0.10 0.20 <0.05 E0.004 -
04/17/2003 1:20 PM 80 <0.04 0.10 0.10 0.17 <0.008 0.57
08/07/2003 1:00 PM 1 <0.04 E0.10 0.20 <0.06 <0.008 -
08/07/2003 1:30 PM 40 <0.04 E0.07 0.18 <0.06 <0.008 -
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 33 3.2 3.3 0.12 <0.008 -
02/13/2002 3:10PM 10 <0.04 0.15 0.25 0.39 <0.008 -
02/13/2002 3:30 PM 35 E0.02 0.14 0.18 0.35 <0.008 -
04/24/2002 11:10 AM 30 E0.03 0.11 0.15 0.09 <0.008 -
08/07/2002 5:00 PM 0.5 0.16 0.21 0.25 0.13 <0.008 -
11/05/2002 2:50 PM 1 1.9 1.9 1.9 0.25 <0.008 -
01/30/2003 12:30 PM 10 <0.04 0.12 0.29 0.23 <0.008 0.12
01/30/2003 1:20 PM 38 0.15 0.20 0.20 0.49 E0.004 -
04/17/2003 4:00 PM 40 0.41 0.50 0.50 0.13 <0.008 <0.02
08/07/2003 4:30 PM 1 E0.02 E0.08 0.24 0.08 <0.008 0.03
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001 2:40 PM 0.5 - - - - - -
02/13/2002 2:20PM 52 E0.03 0.13 0.18 0.36 <0.008 -
04/23/2002 1:10 PM 20 <0.04 0.15 0.16 E0.04 <0.008 -

11/05/2002 2:00 PM 0.5 15 1.6 1.6 E0.04 <0.008 -
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Table 5. Data for nutrients and organic carbon in water samples, Camp Far West Reservoir, California.—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological survey computerized data system. Elements: N,
nitrogen; P, phosphorus; C, carbon. Thalweg, former river channel (low elevation path). ft, foot; mg/L, milligram per liter; E, estimated; <, less than;
—, not determined]

Total Phosphorus, Total . Carhon_, Total Carbon, Carbon,
inorganic carbon, . .
. Depth phosphorus, ortho_phosphale, phos_phorus, lus organic, inorganic organic, organic,
Date Time (fl:) filtered filtered unfiltered P ° ! . ' filtered particulate
particulate  particulate
(mg/L as P) (mg/L as P) (mg/L as P) (mg/LasC) (mg/LasC) (mg/Las C) (mg/Las C)
(00666) (00671) (00665) (00694) (00688) (00681) (00689)
Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001
10/30/2001 5:15PM 10 0.005 <0.02 0.015 - - 2.3 0.2
02/12/2002 12:00 PM 8 0.006 <0.02 0.021 - - 3.0 0.3
04/22/2002 3:20 PM 10 <0.004 <0.02 0.014 - - 2.1 <0.2
08/06/2002  4:30 PM 10 <0.004 <0.02 0.012 - - 25 0.6
04/15/2003 10:30 AM 40 0.006 <0.02 0.018 0.8 <0.1 2.6 0.8
Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801
11/01/2001  8:30 AM 70 0.006 - 0.024 - - - 0.8
02/12/2002 11:00 AM 140 0.007 <0.02 0.016 - - 2.3 <0.2
04/22/2002 3:00 PM 140 0.009 <0.02 0.018 - - 2.1 <0.2
08/08/2002 12:00 PM 45 E0.002 <0.02 0.0076 - - 2.0 0.32
08/08/2002 1:30 PM 113 E0.003 <0.02 0.0089 - - 15 0.21
11/04/2002 3:20 PM 55 E0.004 <0.02 0.022 - - 2.4 0.4
11/04/2002 3:50 PM 10 E0.003 <0.02 0.034 - - 2.0 0.5
01/28/2003  4:40 PM 140 0.007 <0.02 0.012 <0.1 <0.1 1.7 <0.1
01/29/2003  2:30 PM 10 0.006 <0.02 0.018 0.4 <0.1 2.6 0.4
04/16/2003  4:00 PM 150 0.006 <0.02 0.012 <0.1 <0.1 1.9 <0.1
08/05/2003 12:30 PM 1 E0.003 <0.02 0.008 0.3 <0.1 2.0 0.3
08/05/2003  1:00PM 120 0.009 <0.02 0.014 0.2 <0.1 2.1 0.2
08/05/2003  3:30 PM 73 E0.004 <0.02 0.008 <0.1 <0.1 1.7 <0.1
Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801
10/29/2001  4:15PM 6 E0.004 <0.02 0.014 - - 2.6 0.4
02/12/2002 1:30 PM 60 E0.004 <0.02 0.023 - - 3.0 0.3
04/22/2002 1:50 PM 10 <0.004 <0.02 0.013 - - 1.8 0.3
04/15/2003  12:40 PM 32 0.009 <0.02 0.010 0.3 <0.1 2.8 0.3
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45 PM 50 0.006 <0.02 0.051 - - 2.4 0.4
02/13/2002  8:30 AM 120 0.010 <0.02 0.015 - - 2.3 <0.2
04/22/2002 12:20 PM 120 0.012 E0.01 0.017 - - 2.0 <0.2
08/07/2002 12:10 PM 10 E0.003 <0.02 0.011 - - 2.2 0.5
08/07/2002 12:40 PM 47 E0.003 <0.02 0.008 - - 2.0 0.3
08/08/2002 2:50 PM 80 E0.003 <0.02 0.009 - - 15 0.2
11/05/2002 2:10 PM 30 0.005 <0.02 0.035 - - 2.3 0.6
11/05/2002 2:30 PM 10 0.005 <0.02 0.025 - - 2.2 0.6
01/28/2003  3:30 PM 120 0.007 <0.004 0.012 - <0.1 1.7 <0.1
01/29/2003  2:00 PM 10 0.005 <0.02 0.018 0.5 <0.1 2.2 0.5
04/17/2003 10:30 AM 125 0.009 <0.02 0.019 <0.1 <0.1 1.9 <0.1
08/07/2003 11:30 AM 1 E0.003 <0.02 0.008 0.3 <0.1 1.9 0.3

08/07/2003 11:50 AM 100 0.007 <0.02 0.011 0.1 <0.1 1.9 0.1
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Table 5. Data for nutrients and organic carbon in water samples, Camp Far West Reservoir, California.—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological survey computerized data system. Elements: N, nitrogen;
P, phosphorus; C, carbon. Thalweg, former river channel (low elevation path). ft, foot; mg/L, milligram per liter; E, estimated; <, less than;
—, not determined]

Total Phosphorus, Total _Carhon_, Total Carbon, Carbon,
inorganic carbon, . .
. Depth pho_sphorus, ortho_phosphale, phos_phorus, plus organic, inorganic, organic, organic,
Date Time (ft) filtered filtered unfiltered particulate  particulate filtered  particulate
(mg/LasP)  (mg/LasP) (mg/L as P) (mg/LasC) (mg/LasC) (mg/Las C) (mg/Las C)
(00666) (00671) (00665) (00694) (00688) (00681) (00689)
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15 AM 12 0.005 <0.02 0.029 - - 2.4 -
02/13/2002  9:00 AM 80 0.004 <0.02 0.009 - - 1.7 <0.2
04/22/2002 10:40 AM 80 0.006 <0.02 0.013 - - 1.8 0.2
08/06/2002 5:50 PM 10 0.008 <0.02 0.012 - - 2.3 0.6
08/06/2002 6:20 PM 55 E0.003 <0.02 0.033 - - 2.3 0.5
11/05/2002 4:10 PM 7 0.012 <0.02 0.056 - - 2.6 19
01/29/2003 1:20 PM 10 E0.004 <0.02 0.012 0.1 <0.1 15 0.1
01/28/2003 2:50 PM 85 0.007 <0.02 0.012 - <0.1 1.7 <0.1
04/17/2003 11:30 AM 90 0.011 <0.02 0.019 <0.1 <0.1 2.2 <0.1
08/07/2003 10:00 AM 1 0.005 <0.02 0.008 0.3 <0.1 2.1 0.3
08/06/2003 3:00 PM 100 E0.004 <0.02 0.12 2.6 <0.1 2.1 2.6
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 E0.003 <0.02 0.012 - - 2.3 <0.2
02/13/2002 1:00 PM 20 E0.004 <0.02 0.012 - - 2.7 <0.2
04/23/2002 12:10 PM 20 <0.004 <0.02 0.010 - - 2.0 <0.2
08/07/2002 6:50 PM 57 E0.002 <0.02 0.012 - - 2.0 0.4
01/30/2003 3:30 PM 55 0.006 <0.02 0.015 0.1 <0.1 2.0 0.1
04/17/2003 2:30 PM 55 0.007 <0.02 0.022 <0.1 <0.1 2.2 <0.1
08/07/2003  4:00 PM 1 <0.004 <0.02 0.011 0.2 <0.1 1.9 0.2
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 3:40 PM 10 E0.002 <0.02 0.013 - - 2.2 0.7
04/17/2003 1:20 PM 80 0.01 <0.02 0.018 0.2 <0.1 2.0 0.1
08/07/2003 1:00 PM 1 E0.0029 <0.02 0.012 0.2 <0.1 11 0.2
08/07/2003 1:30 PM 40 <0.004 <0.02 0.012 0.3 <0.1 1.7 0.3
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 E0.003 <0.02 0.004 - - <0.3 0.4
02/13/2002 3:10 PM 10 0.005 <0.02 0.015 - - 2.8 0.2
02/13/2002 3:30 PM 35 0.009 <0.02 0.012 - - 2.2 <0.2
04/24/2002 11:10 AM 30 <0.004 <0.02 0.011 - - 15 <0.2
08/07/2002 5:00 PM 0.5 <0.004 <0.02 0.004 - - 0.58 0.4
11/05/2002 2:50 PM 1 <0.004 <0.02 0.004 - - EQ.2 <0.2
01/30/2003 12:30 PM 10 0.008 <0.02 0.021 0.7 <0.1 2.3 0.7
01/30/2003 1:20 PM 38 <0.004 <0.02 0.004 <0.1 <0.1 1.2 <0.1
04/17/2003 4:00 PM 40 E0.003 <0.02 <0.004 <0.1 <0.1 1.2 <0.1
08/07/2003 4:30 PM 1 <0.004 <0.02 E0.003 0.2 <0.1 1.2 0.2
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001  2:40 PM 0.5 - - - - - - -
02/13/2002 2:20 PM 52 E0.004 <0.02 0.015 - - 25 0.2
04/23/2002 1:10 PM 20 <0.004 <0.02 0.012 - - 1.9 0.2

11/05/2002  2:00 PM 0.5 E0.002 <0.02 0.008 - - 0.3 <0.2
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Table 6. Bestvalues for concentrations of total mercury in water samples, Camp Far West Reservoir, California.

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey computerized data system. Source of best values:
a, sum of quartz filter filtrate and quartz filter particulates; b, average of two replicates, Boulder, Colo., laboratory (lab); ¢, weighted average of two replicates,
Boulder lab, and one replicate, Wisconsin lab; d, Wisconsin lab, single sample; e, Boulder lab, single sample; f, quartz filter filtrate; g, quartz filter particulates;
h, difference of filtered and unfiltered best values. Thalweg, former river channel (low elevation path). ft, foot; Hg, mercury; ng/L, nanogram per liter]

Unfiltered total Hg Filtered total Hg Particulate total Hg
. (ng/L) (ng/L) (ng/L)
Date Time Depth (ft) (50286) (50287) g
Value Source Value Source Value Source

Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001

10/30/2001 5:15PM 10 6.2 a 0.8 f 5.4 g
02/12/2002 12:00 PM 8 5.4 b 18 b 3.7 h
04/22/2002 3:20PM 10 2.4 b 0.9 b 15 h
08/06/2002 4:30PM 10 1.6 b 0.4 b 1.2 h
04/15/2003 10:30 AM 40 3.9 d 1.0 d 2.9 h
Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801
11/01/2001 8:30AM 70 12.1 a 25 f 9.6 g
02/12/2002 11:00 AM 140 7.8 b 15 b 6.4 h
04/22/2002 3:00 PM 140 4.3 b 11 b 3.2 h
08/08/2002 12:.00PM 45 19 b 0.3 b 1.7 h
08/08/2002 1:30PM 113 18 b 0.6 b 1.2 h
11/04/2002 3:50PM 10 8.2 c 0.3 d 7.9 h
11/04/2002 3:20PM 55 5.6 c 0.3 d 5.3 h
01/29/2003 2:30PM 10 5.7 c 1.7 o 4.0 h
01/28/2003 4:40 PM 140 7.1 c 15 o 5.6 h
04/16/2003 4:00PM 150 2.9 d 0.9 d 2.0 h
08/05/2003 12:30 PM 1 2.5 d 0.4 d 2.1 h
08/05/2003 3:30PM 73 3.3 d 0.7 d 2.6 h
08/05/2003 1:00PM 120 2.1 d 0.9 d 1.2 h
Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801
10/29/2001 4:15 PM 6 4.1 a 0.6 f 35 g
02/12/2002 1:30PM 60 4.9 b 17 b 3.3 h
04/22/2002 1:50PM 10 2.7 b 0.9 b 1.8 h
04/15/2003 12:40PM 32 2.4 d 0.9 d 14 h
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45PM 50 12.6 a 1.0 f 11.6 g
02/13/2002 8:30 AM 120 8.0 b 1.3 b 6.7 h
04/22/2002 12:20PM 120 4.5 b 1.0 b 35 h
08/07/2002 12:10PM 10 17 b 0.4 b 1.3 h
08/07/2002 12:40 PM 47 1.0 b 0.3 b 0.7 h
08/08/2002 2.50PM 80 2.6 b 0.4 b 2.2 h
11/05/2002 2:30PM 10 4.7 c 0.3 c 4.3 h
11/05/2002 2:10PM 30 104 c 0.3 c 10.1 h
01/29/2003 2.00PM 10 4.9 c 1.6 c 3.3 h
01/28/2003 3:30PM 120 7.0 c 15 o 55 h
04/17/2003 10:30 AM 125 3.8 d 0.9 d 2.9 h
08/07/2003 11:30 AM 1 1.2 d 1.0 d 0.2 h
08/07/2003 11:50 AM 100 2.8 d 0.7 d 2.1 h
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Table 6. Best values for total mercury concentrations, Camp Far West Reservoir, California—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey computerized data system. Source of best values:
a, sum of quartz filter filtrate and quartz filter particulates; b, average of two replicates, Boulder, Colo., laboratory (lab); ¢, weighted average of two replicates,
Boulder lab, and one replicate, Wisconsin lab; d, Wisconsin lab, single sample; e, Boulder lab, single sample; f, quartz filter filtrate; g, quartz filter particulates;
h, difference of filtered and unfiltered “best values.” Thalweg, former river channel (low elevation path). ft, foot; Hg, mercury; ng/L, nanogram per liter]

Unfiltered total Hg Filtered total Hg Particulate total Hg
. (ng/L) (ng/L) (ng/L)
Date Time Depth (ft) (50286) (50287) 9
Value Source Value Source Value Source

Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201

10/31/2001 10:15AM 12 9.7 a 0.6 b 9.2 h
02/13/2002 9:00AM 80 85 b 1.4 b 7.2 h
04/22/2002 10:40 AM 80 4.6 b 0.8 b 3.8 h
08/06/2002 550PM 10 15 b 0.5 b 1.1 h
08/06/2002 6:20PM 55 3.2 b 0.4 b 2.8 h
11/05/2002 4:10 PM 7 4.8 c 0.3 c 45 h
01/29/2003 1:20PM 10 6.9 c 1.6 c 53 h
01/28/2003 2:50PM 85 6.9 c 15 c 5.4 h
04/17/2003 11:30 AM 90 6.0 d 1.4 d 4.6 h
08/07/2003 10:00 AM 1 1.4 d 0.4 d 1.0 h
08/06/2003 3:00PM 100 43.6 d 0.6 d 43 h
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 3.9 a 0.7 f 3.2 g
02/13/2002 1:.00PM 20 6.3 b 1.6 b 4.8 h
04/23/2002 12:10PM 20 25 e 1.0 b 15 h
08/07/2002 6:50PM 57 2.8 b 0.4 b 2.4 h
01/30/2003 3:30PM 55 7.3 c 1.8 c 55 h
04/17/2003 2:30PM 55 5.2 d 1.5 d 3.7 h
08/07/2003 4:00 PM 1 1.8 d 0.4 d 1.4 h
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 03:40PM 10 1.6 b 0.3 b 1.3 h
04/17/2003 01:20PM 80 4.0 d 0.9 d 3.1 h
08/07/2003 01:00 PM 1 15 d 0.4 d 11 h
08/07/2003 01:30PM 40 25 d 0.5 d 2.0 h
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 10.8 a 5.3 f 55 g
02/13/2002 3:10PM 10 5.8 b 3.6 f 2.3 h
02/13/2002 3:30PM 35 6.4 b 3.2 f 3.2 h
04/24/2002 11:10AM 30 3.2 b 0.8 b 2.5 h
08/07/2002 5:00 PM 0.5 31 b 0.2 b 2.9 h
11/05/2002 2:50 PM 1 4.3 b 1.4 b 29 h
01/30/2003 12:30PM 10 1.2 c 0.3 c 0.9 h
01/30/2003 1:20PM 38 4.6 c 1.7 c 29 h
04/17/2003 4:00PM 40 1.0 d 0.4 d 0.6 h
08/07/2003 4:30 PM 1 7.0 d 0.1 d 6.9 h
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001 2:40 PM 0.5 5.3 a 2.1 f 3.2 g
02/13/2002 2:220PM 52 7.1 b 3.5 f 3.6 h
04/23/2002 1:10PM 20 2.6 b 1.1 f 15 h
11/05/2002 2:00 PM 0.5 3.0 b 0.3 b 2.7 h
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Table 7. Data for methylmercury in water samples, Camp Far West Reservoir, California.

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey computerized data system.
Thalweg, former river channel (low elevation path). C45, 0.45-micrometer capsule filter; Q, quartz fiber filter; MeHg, methylmercury; ft, foot;
ng/L, nanogram per liter; E, estimated. <, less than detection limit; —, not determined]

MeHg MeHg MeHg MeHg
. Depth unfiltered filtered (C45) filtered (Q) .
Date Time particulate (Q)
(ft) (ng/L) (ng/L) (ng/L) (ng/L)
(50284) (50285) (50285)
Site 1, LRS: Lower Reservoir, Shallow (Camp Far West Reservoir 0.3 mile north of dam abutment)
Station number 390317121185001
10/30/2001 5:15 PM 10 - - <0.04 -
02/12/2002 12:00 PM 8 0.06 <0.04 <0.04 0.028
04/22/2002 3:20 PM 10 0.07 <0.04 <0.04 0.026
08/06/2002 4:30 PM 10 0.12 <0.04 <0.04 <0.044
04/15/2003 10:30 AM 40 0.09 <0.04 <0.04 <0.029
Site 2, LRT: Lower Reservoir, Thalweg (Camp Far West Reservoir in thalweg near dam near Wheatland)
Station number 390307121183801
11/01/2001 8:30 AM 70 - - - -
02/12/2002 11:00 AM 140 0.06 0.04 0.05 0.01
04/22/2002 3:00 PM 140 0.06 0.04 0.06 0.011
08/08/2002 12:00 PM 45 EO0.07 <0.04 <0.04 <0.043
08/08/2002 1:30 PM 113 0.04 <0.04 <0.04 <0.043
11/04/2002 3:50 PM 10 0.09 <0.04 <0.04 0.097
11/04/2002 3:20 PM 55 <0.04 <0.04 <0.04 <0.029
01/29/2003 2:30 PM 10 <0.04 <0.04 <0.04 <0.029
01/28/2003 4:40 PM 140 0.06 0.04 0.05 <0.029
04/16/2003 4:00 PM 150 0.07 0.05 <0.04 <0.029
08/05/2003 12:30 PM 1 0.04 0.04 <0.04 <0.029
08/05/2003 3:30 PM 73 <0.04 <0.04 - <0.029
08/05/2003 1:00 PM 120 0.06 0.05 0.04 <0.029
Site 3, MRS: Middle Reservoir, Shallow (Camp Far West Reservoir east shoreline 1.6 miles above dam)
Station number 390244121171801
10/29/2001 4:15 PM 6 - - <0.04 -
02/12/2002 1:30 PM 60 0.04 <0.04 0.04 0.033
04/22/2002 1:50 PM 10 0.06 <0.04 <0.04 0.023
04/15/2003 12:40 PM 32 0.07 0.04 0.06 <0.029
Site 4, MRT: Middle Reservoir, Thalweg (Camp Far West Reservoir in thalweg 1.5 miles above dam)
Station number 390238121173101
10/29/2001 2:45 PM 50 - - <0.04 -
02/13/2002 8:30 AM 120 0.04 <0.04 <0.04 0.01
04/22/2002 12:20 PM 120 0.07 0.05 0.06 0.014
08/07/2002 12:10 PM 10 0.06 <0.04 <0.04 <0.047
08/07/2002 12:40 PM 47 0.08 <0.04 0.04 <0.045
08/08/2002 2:50 PM 80 0.05 <0.04 <0.04 <0.043
11/05/2002 2:30 PM 10 0.05 <0.04 <0.04 0.54
11/05/2002 2:10 PM 30 <0.04 <0.04 <0.04 <0.029
01/29/2003 2:00 PM 10 0.07 <0.04 0.04 0.037
01/28/2003 3:30 PM 120 0.06 0.05 E0.05 <0.029
04/17/2003 10:30 AM 125 0.12 0.04 0.04 <0.029
08/07/2003 11:30 AM 1 EQ.04 <0.04 <0.04 <0.029

08/07/2003 11:50 AM 100 <0.04 <0.04 - <0.029
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Table 7. Data for methylmercury in water samples, Camp Far West Reservoir, California.—Continued

[The number in parentheses is the data parameter code, a five-digit code used in the U.S. Geological Survey computerized data system. thalweg,
former river channel (low elevation path). C45, 0.45-micrometer capsule filter; Q, quartz fiber filter; MeHg, methylmercury; ft, foot; ng/L,
nanogram per liter; E, estimated. <, less than; —, not determined]

MeHg MeHg MeHg MeHg
. Depth unfiltered filtered (C45) filtered (Q) .
Date Time particulate (Q)
(ft) (ng/L) (ng/L) (ng/L) (ng/L)
(50284) (50285) (50285)
Site 5, BRA: Bear River arm (Camp Far West Reservoir Bear River arm near Wheatland)
Station number 390202121162201
10/31/2001 10:15 AM 12 <0.04 - <0.04 -
02/13/2002 9:00 AM 80 0.07 0.05 0.05 0.018
04/22/2002 10:40 AM 80 0.12 0.05 0.06 0.02
08/06/2002 5:50 PM 10 <0.04 <0.04 <0.04 <0.046
08/06/2002 6:20 PM 55 0.46 0.22 0.32 0.16
11/05/2002 4:10 PM 7 0.05 <0.04 0.15 <0.030
01/29/2003 1:20 PM 10 0.06 0.05 0.06 <0.029
01/28/2003 2:50 PM 85 0.07 E0.05 0.05 <0.029
04/17/2003 11:30 AM 90 0.08 0.06 0.06 <0.029
08/07/2003 10:00 AM 1 0.05 0.04 <0.04 <0.029
08/06/2003 3:00 PM 100 0.30 0.06 0.08 0.39
Site 6, DFA: Dairy Farm arm (Camp Far West Reservoir Dairy Farm arm near Wheatland)
Station number 390159121171401
10/31/2001 1:00 PM 4 0.04 - <0.04 -
02/13/2002 1:00 PM 20 0.06 <0.04 <0.04 0.018
04/23/2002 12:10 PM 20 0.06 <0.04 0.04 0.014
08/07/2002 6:50 PM 57 0.19 0.08 0.06 0.08
01/30/2003 3:30 PM 55 0.06 0.05 0.05 <0.029
04/17/2003 2:30 PM 55 0.15 0.07 0.07 0.046
08/07/2003 4:00 PM 1 <0.04 <0.04 <0.029
Site 7, RCA: Rock Creek arm (Camp Far West Reservoir Rock Creek arm)
Station number 390331121174101
08/07/2002 03:40 PM 10 0.07 0.04 0.04 <0.045
04/17/2003 01:20 PM 80 0.10 0.06 <0.04 0.051
08/07/2003 01:00 PM 1 0.06 0.08 - <0.029
08/07/2003 01:30 PM 40 <0.04 <0.04 - <0.029
Site 8, DFP: Dairy Farm Mine Pit Lake (Dairy Farm Mine pit lake near Wheatland)
Station number 390148121171701
10/31/2001 2:15PM 1 - - <0.04 -
02/13/2002 3:10 PM 10 0.06 <0.04 <0.04 0.015
02/13/2002 3:30 PM 35 <0.04 <0.04 <0.04 0.013
04/24/2002 11:10 AM 30 0.07 0.05 0.05 0.026
08/07/2002 5:00 PM 0.5 <0.04 <0.04 <0.04 <0.046
11/05/2002 2:50 PM 1 <0.04 <0.04 <0.04
01/30/2003 12:30 PM 10 <0.04 <0.04 <0.04 <0.029
01/30/2003 1:20 PM 38 0.08 <0.04 <0.04 0.049
04/17/2003 4:00 PM 40 <0.04 <0.04 0.04 <0.029
08/07/2003 4:30 PM 1 <0.04 <0.04 - <0.029
Site 9, DFI: Dairy Farm Mine Impoundments (Camp Far West Reservoir impoundment Dairy Farm Mine arm)
Station number 390152121171001
10/31/2001 2:40 PM 0.5 - - - -
02/13/2002 2:20 PM 52 0.04 - 0.06 0.018
04/23/2002 1:10 PM 20 0.06 <0.04 <0.04 0.011

11/05/2002 2:00 PM 0.5 <0.04 <0.04 <0.04 <0.029




Suspended Solids and Major Elements

The suspended-solids concentration (SSC) in water
samples from Camp Far West Reservoir ranged from less than
the MDL of 1 mg/L to a maximum of 30 mg/L during the
study period (tables 2 and 8). The SSC values were highest
during the fall of 2001 and 2002, and the summer of 2002
(fig. 8A). Concentrations of particulate iron, computed as
the difference between unfiltered and filtered concentrations
(tables G3, G4, respectively), vary seasonally (fig. 8B) in a
pattern partly similar to that for SSC, with elevated values
in the fall of 2001 and 2002; however, the situation was
different during summer 2002, when SSC concentrations
were relatively high but particulate Fe concentrations were
relatively low in most samples.

Concentrations of calcium in filtered water (table G4,
fig. 8C) were highest in the acidic water samples from the
Dairy Farm Mine pit lake and impoundments (sites 8 and 9).
At other stations in the reservoir, calcium concentrations were
higher in the fall than in the other seasons by a factor of about
two. A similar seasonal pattern is evident for concentrations
of other major cations, such as magnesium, sodium, and
potassium (table G4). Sulfate (SO,) concentrations (table 3,
fig. 8D) show a pattern similar to that of calcium, with
highest values associated with the acid mine waters, and fall
concentrations about twice those of the other seasons at other
stations.

Correlation plots of major cations (such as sodium and
calcium) and anions (chloride and sulfate) in filtered water
(figs. 9A-9D) indicate that seasonal differences appear to be
more significant than spatial differences within the reservoir.
The data also indicate that elevated concentrations of major
constituents in the fall are similar to the composition of
input water from the Bear River during this period. Average-
concentration data for eight fall-season samples collected at
approximately monthly intervals during 2001-03 from the
Bear River below Wolf Creek near Lucas Hill, USGS station
390107121102101 are shown by a black circle on figures 9A—
9D for comparison (error bars indicate standard deviations for
eight samples). Sodium (Na) and chloride (CI) concentrations
in water samples from Camp Far West Reservoir correlate
closely; data for all sites except sites 8 and 9 are close to the
1:1 molar ratio line (fig. 9A). The average of fall data for Na
and CI from the Bear River below Wolf Creek plots within
the range of the fall data for Camp Far West Reservoir. The
correlation between calcium and chloride (fig. 9B) also is
positive but less consistent than that between Na and CI; molar
concentrations of Ca are less than the corresponding molar
concentrations of ClI for all samples except one from the Dairy
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Farm Mine area. The correlation between Cl and SO, (fig. 9C)
indicates that Cl is more abundant than SO, on a molar basis
in all water samples from CFWR except those most acutely
affected by acid mine drainage associated with the Dairy Farm
Mine. The correlation between Ca and SO, (fig. 9D) is similar
to those of Ca and Cl (fig. 9B) and Cl and SO, (fig. 9C). The
diagonal line on figure 9D labeled Ca:SO, = 1:1 represents an
equimolar increase of Ca and SO,, a trend that would result
from the dissolution of gypsum (CaSO,-2H,0), a common
mineral in marine sedimentary rocks. The diagonal line
labeled Ca:SO, = 4:1 approximates the trend in the data for
most samples from CFWR, indicating that gypsum dissolution
is not a likely explanation for the coupled increase in Ca and
SO, concentrations between summer and fall. As in figure 9A,
the data in figures 9B-9D show that the composition of water
entering Camp Far West Reservoir from the Bear River is
consistent with the seasonal shift to larger concentrations of
major elements in the fall. Because of the extreme drawdown
of CFWR during fall, the residence time of solutes is

much lower and it is reasonable to expect that a shift in the
composition of the input water could cause a fairly rapid shift
in the composition of CFWR.

Stable Isotopes of Water and Aqueous Sulfate

The relation between stable isotopes of oxygen and
hydrogen in water from Camp Far West Reservoir is most
easily understood in the context of similar data from sampling
stations in the Bear River. On a plot of isotopic data from
water samples collected throughout the Bear River watershed
(fig. 10A), two important trends with distinct slopes are
evident. Most of the data plot parallel to the Global Meteoric
Water Line (GWML), which defines a world-wide trend
for precipitation by the relation 8D = %0 +10 (Craig and
others, 1963). Isotope data for samples from stations that are
dominated by flow from higher elevations in the watershed,
such as Bear River below Steephollow Creek near Chicago
Park (USGS station 391023120541301) (station a, fig. 1), and
Bear River below Rollins Dam near Colfax (USGS station
11422500) (station c, fig. 1), have the smallest values of
80 and 8D, consistent with precipitation forming at lower
temperatures and falling at higher elevations (Craig and
others, 1963). Samples from Greenhorn Creek at You Bet
Road near Nevada City (USGS station 391116120562501)
(station a, fig. 1) plot along the GMWL but at larger values
of 8180 and 8D, consistent with precipitation falling at higher
temperatures and lower elevations (Ingraham, 1998).
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Table 8. Statistical data for field measurements and suspended solids concentrations, Camp Far West Reservoir,

California.

[Suspended silt plus clay is the product of suspended solids concentrations and percent suspended solids sieved. °C, degree Celsius; mg/L,
milligram per liter; uS/cm, microsiemens per centimeter; n, number of samples]

Temperature Dissolved Specific sus-l;lnt:::ied Suspended silt
o oxygen pH conductance . plus clay
re) (mg/L) (uS/cm) ~ Solids (mg/L)
(mg/L)
All samples
Mean 14.6 8.1 7.0 164 9.8 8.4
Standard error of mean 0.78 0.44 0.13 32 1.0 0.9
Standard deviation 6.5 3.7 1.1 267 7.9 7.1
Minimum 7.0 0.0 3.0 69 0 0
25th percentile 9.6 6.6 6.8 84 5 3
Median 114 8.7 7.3 90 75 6
75th percentile 17.6 10.3 7.7 127 11 10
Maximum 275 14.6 8.4 1,660 30 30
n 69 69 71 71 68 68
All reservoir samples (excluding Dairy Farm Mine Pit Lake and Impoundments)
Mean 14.8 8.1 7.3 98 10.4 8.9
Standard error of mean 0.86 0.5 0.06 34 11 1.0
Standard deviation 6.5 3.8 0.47 26 8.1 7.2
Minimum 7.0 0.0 6.4 69 0 0
25th percentile 9.8 6.1 6.9 81 5 4
Median 13.0 8.5 7.4 88 9 7
75th percentile 17.8 10.6 7.7 109 13 11
Maximum 27.5 14.6 8.4 155 30 30
n 57 57 57 57 57 57
Epilimnion (excluding Dairy Farm Mine Pit Lake and Impoundments)
Mean 15 9.6 7.5 100 10 9
Standard error of mean 11 0.36 0.05 4.1 13 1.2
Standard deviation 7.1 2.4 0.36 27 8.8 7.8
Minimum 7.0 4.2 6.7 69 0 0
25th percentile 9.3 7.9 7.3 83 35 3
Median 14.0 9.6 7.5 88 8 7
75th percentile 17.8 11.7 7.8 121 14.5 10.5
Maximum 275 14.6 8.4 155 30 30
n 45 45 45 45 45 45
Hypolimnion and Metalimnion
Mean 14.1 2.3 6.7 88 10.7 9.6
Standard error of mean 1.2 0.58 0.06 4.2 1.5 1.4
Standard deviation 4.1 2.0 0.2 15 52 4.8
Minimum 10.5 0.0 6.4 72 5 4
25th percentile 11.0 0.3 6.5 77 6.3 6
Median 11.8 1.8 6.7 87 10 9
75th percentile 18.9 4.3 6.9 96 12 11
Maximum 215 5.7 7.0 124 22 20
n 12 12 12 12 12 12
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represents average concentrations and standard deviations for eight fall-season
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2003. Global Meteoric Water Line from Craig and others (1963). D,
delta-deuterium; 50, delta-18-oxygen; VSMOW, Vienna Standard
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Stable isotope data for water samples from CFWR and
some of the stations in the lower part of the watershed, such
as the Bear River near Wheatland (USGS station 11424000)
(station g, fig. 1) follow a trend line with a shallower slope
of about 4, consistent with evaporation (fig. 10A). Looking
at only the isotopic data from CFWR with seasons color-
coded (fig. 10B), the evaporative trend is most apparent for
summer and fall samples from the epilimnion, whereas winter
and spring samples plot closer to the GMWL. The samples
showing evaporation at the Bear River near Wheatland and
other downstream stations (figs. 1, 10A) probably reflect
evaporation that took place within CFWR. A time-series plot
of 3180 for Camp Far West Reservoir water samples (fig. 11A)
shows that an evaporative shift to values about 2 permil higher
in the summer and fall is limited to epilimnion samples.

There is a significant seasonal trend in the sulfur isotopes
of dissolved sulfate in CFWR—decreasing values of $*S from
fall to winter to spring to summer, followed by a dramatic shift
to higher values again in the fall (fig. 11B). Oxygen isotope
values in aqueous sulfate (6°O,) show a less systematic
seasonal variation than the sulfur isotope values (figs. 11C,
12A). Excluding the data from sites 8 and 9, there appears to
be a trend toward smaller values of 5'°0, (about 1 permil
less, on average) in summer 2002 compared with fall 2001.

The relations between 6*S__ values and aqueous
SO, and Ca concentrations (figs. 12B, 12C) are useful for
determining whether seasonal shifts in $*S may be caused
by variation in geologic (or possible anthropogenic) sources.
Sulfate concentration tends to decrease from fall to winter to
spring, stay low into summer, and increase again each fall.
The fall increase in SO, concentration may be caused to some
extent by evaporative concentration, as discussed above in
the context of oxygen and hydrogen isotopes in water. The
samples with by far the highest sulfate concentration are those
from the Dairy Farm Mine pit lake and impoundments (sites 8
and 9). It is clear from the hydrologic setting that oxidizing
sulfide minerals in the Dairy Farm Mine area contribute
dissolved sulfate to CFWR. Each year, the pit lake becomes
isolated from CFWR during summer and fall and turns
severely acidic, with low values of pH (table 1), and elevated
concentrations of sulfate (table 3) and trace metals (tables G3,
G4). The 5*S,,values in the pit lake and impoundments
range from 0.1 to 1.3 permil (table 4), with a median value
of 0.5 permil. Values of 3*S in the fall for water samples
from CFWR stations (excluding the Dairy Farm Mine pit
lake and impoundments, sites 8 and 9) range from 2.0 to 3.2
permil, distinctly higher than the other seasons (figs. 11-12).
It appears that this variation is best explained by the input to
CFWR from the Bear River, which also has relatively high
values of 6*S_ , and relatively high concentrations of Ca and
SO, in the fall.
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Nutrients and Organic Carbon

Nutrients are a crucial water-quality component in this
study because of their role in affecting primary production
(phytoplankton), the base of the food web in the reservoir
(Stewart and others, 2008). As described earlier for major
cations and anions, seasonal differences for several nutrient
constituents appear to be more significant than spatial
differences among sampling stations in the reservoir.

A time-series plot of total phosphorus (P) in unfiltered
water (fig. 13A) shows a generally declining trend at several
sites from fall to winter and spring to summer. An exception
to the trend is two hypolimnion samples from summer 2002
and 2003 from the BRA station, which had anomalously
high values of total P in contrast to samples from the other
stations collected during the same sampling events, consistent
with observations by Kuwabara and others (2003). No clear
seasonal trends are apparent for filtered total phosphorus
(fig. 13B), for which concentrations generally are much lower
than unfiltered total phosphorus (fig. 13A). Particulate total P
concentrations were calculated as the difference between
unfiltered and filtered samples (table 5). (Values equal to
one-half the MDL were substituted for filtered samples with
non-detected concentrations.) A time-series plot of particulate
total P (fig. 13C) shows a pattern very similar to that for total
P in unfiltered water.

A conceptual model has been proposed in which
microbial activity, which likely takes place mainly in shallow
sediments and the lower, anoxic part of the water column
within the reservoir thalweg, includes iron reduction that
causes the release of P associated with hydrous iron oxide
particles. For samples taken in this study, concentrations of
orthophosphate in filtered water were consistently below
the MDL of 0.02 mg/L (table 5), which is equivalent to
0.21 micromoles per liter; however, Kuwabara and others
(2003) used a more sensitive analytical method for samples
collected during two of the eight quarterly sampling events
at three of the CFWR stations. Measured orthophosphate
concentrations in filtered samples taken at depth in CFWR
were greater than those in shallower samples (Kuwabara and
others (2003). Thus, it is hypothesized that the release of
orthophosphate to the water column during the summer and
fall may be an important step in triggering a phytoplankton
bloom that peaks in the fall and winter. (See data for
chlorophyll-a and pheophytin in appendix G, table G5;
more extensive data for chlorophyll-a and pheophytin were
collected by Stewart and others, 2008.)
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390107121102101). 3*%0, delta-18-oxygen; 3*S, delta-34-sulfur, VSMOW, Vienna Standard Mean Ocean Water; CDT, Cafion Diablo Troilite.
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Figure 13. Total phosphorus concentrations in Camp Far West Reservoir,
California, 2001-03: (A) Unfiltered water, (B) Filtered water, (C) Particulate.

Particulate total phosphorus concentrations calculated as difference between
total phosphorus in unfiltered water and total phosphorus in filtered water. Error

bars represent measurements less than method detection limit (MDL), with
corresponding symbol plotted at 50 percent of MDL.
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Results for ammonia plus organic nitrogen in unfiltered
and filtered water, and ammonia in filtered water (table 5),
indicate that very little to no ammonia is present at sampling
sites 1-7. In contrast, sites 8 and 9 had elevated ammonia
concentrations associated with acid mine drainage. At sites
1-7, the dominant form of N is organic. Time-series plots of
ammonia plus organic nitrogen in unfiltered and filtered water
(figs. 14A-14B, respectively) indicate that the fall samples
have the most elevated concentrations, with a declining trend
from fall to winter to spring to summer. A time-series plot of
nitrate plus nitrite (fig. 14C) indicates that non-detect values
occurred only during summer and fall. Concentrations of
nitrite plus nitrate in filtered water essentially represent nitrate
only, as nitrite concentrations were not detected or were very
low (table 5). Nitrate concentrations spanned a fairly wide
range among reservoir stations during each of the sampling
events (fig. 14C).

Particulate organic carbon (fig. 15A) did not display
as strong a seasonal trend as the N and P species discussed
above; however the concentrations were highest during

0 o ¢ v Solid symbol indicates epilimnion

Dot indicates metalimnion
m ® ¢ w Cross indicates hypolimnion

summer and fall. Dissolved organic carbon concentrations
(table 5, fig. 15B) at sites 1-7 ranged from 1.5 to 3.0 mg/L and
averaged 2.0 with a standard deviation of 0.58; concentrations
were consistently greater than or equal to 2.0 at sites 1-7
during fall.

The relation between concentrations in unfiltered and
filtered water for total P (fig. 16A) indicates that the proportion
of P passing through the capsule (C45) filter was 10 to 67
percent for most samples. In contrast, the analogous relation
for ammonia plus organic nitrogen (fig. 16B) indicates that
typically 50 to 100 percent passed through the filter. The
elevated ammonia concentrations in the samples from sites 8
and 9 are equal in unfiltered and filtered splits, indicating that
the ammonia is in a dissolved or colloidal form. A comparison
of dissolved organic carbon (DOC) with particulate organic
carbon (POC) (fig. 16C) indicates that DOC concentrations are
typically higher than POC concentrations by a considerable
margin. Among more than 60 samples, POC concentrations
exceeded DOC only once each at two sites, 5 and 8 (fig. 16C,
table 5).
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Figure 14. Nitrogen species concentrations in Camp Far West Reservoir,
California, 2001-03: (A) Ammonia and organic nitrogen in unfiltered water, (B)
Ammonia and organic nitrogen in filtered water, (C) Nitrite plus nitrate in filtered
water. Error bars represent measurements less than method detection limit (MDL),
with corresponding symbol plotted at 50 percent of MDL.
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at 50 percent of MDL.
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method detection limit (MDL), with corresponding symbol plotted at 50 percent of MDL.
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Figure 16. Continued.

The relative abundance of various forms of N and P are
useful in determining limiting factors with regard to nutrient
cycling and primary production of phytoplankton in aquatic
system including freshwater reservoirs such as CFWR. The
most biologically active forms of nutrients with regard to use
by phytoplankton are inorganic N (primarily nitrate, nitrite,
and ammonia) and inorganic P (orthophosphate, PO,*). Using
the data of Kuwabara and others (2003) for orthophosphate
and total inorganic nitrogen (nitrite and nitrate, plus ammonia)
in filtered water, N-to-P molar ratios between 136 and greater
than 2,600 were computed (table 5, fig. 17A) for the three
CFWR stations sampled in April and November 2002. These
values are about one to two orders of magnitude greater
than the Redfield N-to-P molar ratio of 16 (Wetzel, 2001),
and hence are an unequivocal indication of P-limitation.
Samples collected for the present study had mostly detectable
concentrations of total inorganic nitrogen but no detectable
concentrations of orthophosphate in nearly all samples
(table 6) consistent with the elevated N-to-P ratios found by
Kuwabara and others (2003).

The relation between total P and NH_+N-org in unfiltered
water (fig. 17B) for samples from sites 1-7 shows a generally
positive correlation. Ammonium concentrations were minimal
in samples from sites 1-7, so NH_+N-org concentrations
represent primarily organic nitrogen at these sites. A linear
least-squares regression (excluding data from stations DFP and
DFI) in log-transformed coordinates gives an R? value of 0.57.
Values of the N:P molar ratio for these nutrients ranged from
about 10 to 50, with most values greater than the Redfield
ratio of 16. The equivalent data for filtered samples (fig. 17C)
do not indicate a correlation between total P and NH_+N-org
concentrations. The N:P molar ratios for the filtered samples
are between 16 and about 200. The overall seasonal trend both
for total P and for NH,+N-org is a general decline from fall to
winter to spring to summer. This depletion in nutrients could
be caused by uptake in organisms, primarily phytoplankton,
starting with a bloom in the fall (Stewart and others, 2008).
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Figure 17.

Relations between concentrations of phosphorus

and nitrogen compounds in water samples from Camp Far West
Reservoir, California, 2001-03: (A) total inorganic nitrogen and
orthophosphate in filtered water (data from Kuwabara and others,
2003), (B) ammonia plus organic nitrogen and total phosphorus

in unfiltered water, (C) ammonia plus organic nitrogen and total
phosphorus in filtered water. Diagonal lines indicate constant
values of the molar ratio of nitrogen (N) to phosphorus (P). In (A),
total inorganic nitrogen calculated as sum of nitrite, nitrate, and
ammonia. Error bars represent measurements less than method
detection limit (MDL), with corresponding symbol plotted at 50

percent of MDL.

At reservoir sites 1-7, the two dominant forms of
nitrogen were nitrate and organic N (table 5). A comparison
of these two constituents in filtered water indicates that nitrate

was more abundant than organic N during winter sampling
events at all sites, whereas the organic N was apparently more
abundant than nitrate at most stations during the fall. Results
for spring and summer varied more than the other seasons.
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Mercury and Methylmercury

The data for total mercury in filtered and unfiltered water
samples (table 6) are a compilation of best values based on
multiple sample-processing approaches. In cases where data
for unfiltered samples were not available, the sum of filtrate
and particulate concentrations from the quartz fiber filter was
used, as discussed previously in the Quality Assurance section.
Raw data for Hg. in unfiltered, filtered, and particulate
samples are given in appendix G; data for unfiltered samples
are given in table G1 and data for Hg, in filtered and
particulate samples are given in table G2. The values for
particulate Hg, in table 6 are consistent with the difference
between the filtered and unfiltered analyses. Statistical data
for Hg,, MeHg, and MeHg/Hg, in unfiltered, filtered, and
particulate samples are given in table 9.

The time-series plots of best values of unfiltered,
filtered, and particulate Hg, (figs. 18A-18C, respectively)
show systematic seasonal trends. Unfiltered total mercury
concentrations (fig. 18A) were highest at most stations during
the fall and winter, and declined during spring and summer.
Filtered Hg, concentrations (fig. 18B) followed a somewhat
different seasonal pattern than the unfiltered concentrations,
higher at most stations during winter and spring and lower
during summer and fall. Particulate Hg, concentrations
(fig. 18C) showed a systematic decrease from fall to winter to
spring to summer at most stations.

Time-series plots for unfiltered, filtered, and particulate
MeHg (figs. 18D-18F, respectively) show a seasonal
trend that is generally opposite of that for Hg,—the MeHg
concentrations increase at most sites from fall to winter to
spring. MeHg concentrations during summer are highly
variable but include the highest values for unfiltered and
filtered MeHg recorded during the study at a time when Hg,.
concentrations are generally at a minimum.

Plots of the relation between concentrations in unfiltered
and filtered constituents can be used for two purposes—as
a quality control check (the filtered concentrations should
always be lower) and to ascertain the proportion of the
constituent that passes through the filter. The proportion
passing through the filter is an approximation of the dissolved
phase; however, this terminology is not used in this report with
the exception of carbon and sulfate. With regard to mercury
and other trace metals, it is likely that a significant part of
the material passing through the filter consists of colloidal
particles smaller than the filter pore size (for example, see
Alpers and others, 2000; Roth and others, 2001; Choe and
Gill, 2001, 2003; Choe and others, 2003). Metals associated
with the dissolved and colloidal phases generally are more
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biologically available than metals associated with coarser
particulates. A plot of unfiltered versus filtered concentrations
for Hg, (fig. 19A) indicates that about 10 to 50 percent of
the mercury passed through the capsule (C45) filter at most
stations during winter and spring, whereas less than 10 percent
of the mercury was filterable at several of the stations during
fall and at a smaller number of stations during summer.
A similar plot for MeHg (fig. 19B) indicates that about
50 percent passed through the filter for most of the samples for
which MeHg was detected in unfiltered and filtered water.

The ratio of MeHg to Hg, (MeHg/Hg.,) is a useful
quantity for assessing mercury geochemistry because it
normalizes MeHg concentration to the amount of Hg
present. Values of MeHg/Hg, in water or sediment can reflect
the methylation efficiency of a watershed (for example,
Krabbenhoft and others, 1999). In water samples for which
the value of MeHg was a non-detect, a maximum value
of the ratio can be computed. Scatter plots showing the
concentrations of Hg, and MeHg for unfiltered (fig. 20A) and
filtered (fig. 20B) samples indicate that values of MeHg/Hg,
are most commonly between about 1 and 10 percent. The
seasonal trend in MeHg/Hg, that is apparent from the color of
the symbols in figure 20 can be seen even more clearly in the
time series plots of figure 21. Considering all CFWR stations,
the maximum values of MeHg/Hg in unfiltered water
increased systematically from winter to spring to summer,
and the minimum values of MeHg/Hg, increased from fall to
winter to spring and then decreased during summer (fig. 21A).
Seasonal variations MeHg/Hg_ in filtered water (fig. 21B)
were similar to the trends for unfiltered water during 2002 but
the trends during 2003 were less systematic.

A comparison of MeHg/Hg, values for unfiltered
and filtered samples (fig. 22) indicates that the values in
filtered samples are systematically higher. A linear least-
squares regression using 24 data points with detected values
(fig. 22A) has a slope of 3.6 and an intercept near the origin
(R%=0.89); a similar regression excluding the data point with
the highest values has a slope of 2.5 with a reduced value of
the correlation coefficient (R? = 0.56). A plot of the same data
on logarithmic axes (fig. 22B) shows that the winter samples
are tightly clustered, whereas the summer data extend to high
values of the ratio for both unfiltered and filtered in close
proportion to the overall slope. Some of the spring data points
deviate from the relation, with approximately equal values
of MeHg/Hg, for unfiltered and filtered splits. The overall
result that MeHg/Hg, value is higher for filtered samples is
consistent with the observation that proportionately more
MeHg than Hg, passes through the filter (figs. 19A-19B).
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Figure 18. Concentrations of mercury and methylmercury species for sampling stations in Camp Far West Reservoir, California,
2001-03: (A) Total mercury in unfiltered water, (B) Total mercury in filtered water, (C) Total mercury, particulate, (D) Methylmercury in
unfiltered water, (E) Methylmercury in filtered water, (F) Methylmercury, particulate. In (4), (B), and (C), best values of total mercury
used, as explained in text and in table 6. In (E), capsule filter data used (table 7). Error bars represent measurements less than method
detection limit (MDL), with corresponding symbol plotted at 50 percent of MDL.
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Figure 19. Relation between concentrations in unfiltered and filtered water samples from Camp Far West Reservoir,
California, 2001-03: (A) Total mercury, (B) Methylmercury. Diagonal lines represent percentage passing through filter. In
(A), best values of total mercury used, as explained in text and in table 6. Error bars represent measurements less than
method detection limit (MDL), with corresponding symbol plotted at 50 percent of MDL.
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Figure 20. Relation between total mercury and methylmercury concentrations in water samples from Camp Far West Reservoir,
California, 2001-03: (A) Unfiltered water, (B) Filtered water. Diagonal lines represent constant values of the ratio of methylmercury to
total mercury, expressed as a percentages. Best values of total mercury used, as explained in text and in table 6. Error bars represent
measurements less than method detection limit (MDL), with corresponding symbol plotted at 50 percent of MDL.
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Relations of Mercury and Methylmercury with
Other Constituents

Dissolved Oxygen

Several other studies have documented correlations
between elevated methylmercury concentrations and low con-
centrations of dissolved oxygen (DO) in freshwater systems
(for example, Regnell and others, 1996; K. Abu-Saba, Applied
Marine Sciences, Inc., Santa Cruz, Calif., written commun.,
2003; Kuwabara and others, 2005). Such a correlation is not
surprising, given that anoxic conditions favor sulfate-reducing
bacteria, which are thought to be largely responsible for MeHg
formation (Compeau and Bartha, 1985; Gilmour and others,
1992). The relations between DO and MeHg in unfiltered and
filtered water sampled from CFWR (figs. 23A-23B) are con-
sistent with this hypothesis; the highest MeHg concentrations
(>0.2 ng/L unfiltered and >0.1 ng/L filtered) were found in
water with the lowest concentrations of DO, typically less than
1 mg/L in the hypolimnion. However, these relations are far
from systematic at higher values of DO. Both detected values
and nondetects for MeHg (filtered and unfiltered) span the full
range of DO concentration, which indicates that factors other
than DO may be more important in controlling MeHg distribu-
tion within CFWR.

Organic Carbon

Plots showing the relations between dissolved organic
carbon (DOC) and Hg, in unfiltered water (fig. 24A) and
filtered water (fig. 24B) indicate no apparent correlations;
DOC concentrations do not vary seasonally to the same extent
as Hg, concentrations. A plot showing the relation between
particulate Hg, and particulate organic carbon (POC; fig. 24C)
also indicates little to no correlation.

The relations between DOC and MeHg in unfiltered
water (fig. 24D) and filtered water (fig. 24E) also show no
apparent correlations. These results are in contrast to other
systems, such as freshwaters in Minnesota, Michigan, and
Wisconsin, where a strong association was found between
MeHg and filterable organic carbon (Babiarz and others,
2001). A plot of the relation between POC and particulate
MeHg (fig. 24F) shows a single, summer hypolimnion sample
from the Bear River Arm containing elevated concentrations
of both constituents, but no apparent correlation among the
other samples.

Suspended Solids

The relation between concentrations of suspended
solids and trace elements in unfiltered water samples can be
useful for evaluating the apparent concentration of the trace
elements on the suspended material. For Hg., a set of four

plots illustrates different ways of evaluating apparent Hg..
concentration in suspended particles. On the plot of unfiltered
Hg. concentration and total suspended solids (fig. 25A),
diagonal contour lines of constant concentration of Hg, in
the suspended solids are shown. During spring and fall,
apparent Hg.. concentrations for most stations are between
0.4 and 1.0 pg/g (equivalent to part per million, or ppm).
This range of concentrations is similar to that observed for
the top 4 cm of bed sediment, sampled at six locations on six
occasions between fall 2001 and winter 2003. The apparent
Hg, concentrations in suspended solids during winter are
considerably higher, with most of the samples indicating
values greater than 1.0 ppm. In contrast, most of the data
for summer samples indicate apparent Hg,. concentrations in
suspended solids less than 0.4 ppm, with some samples less
than 0.1 ppm. The winter and summer data are anomalous, and
warrant further investigation. (Some possible explanations for
these observations are offered in the Discussion section of this
report.) A similar plot (fig. 25B) using suspended silt and clay
(material passing through a 63 micrometer sieve) gives results
similar to those of the plot for total suspended solids.

Using unfiltered water samples for plots such as
figures 25A-25B can lead to misleading conclusions because
material passing though the filter is considered part of the
suspended material and is counted toward the apparent
concentration in the suspended solids. To the extent that the
material passing through the filter is colloidal (very fine
particulate material), this leads to a consistent interpretation.
However, another approach is to consider the particulate
concentration, operationally defined as the material that
does not pass through a filter of a certain pore diameter.
For this study, we have used pore diameters of 0.45 and
0.7 micrometer, so the particulate concentrations of Hg_ and
MeHg are defined as relating to particles that did not pass
through these filters. Plots of particulate Hg, versus total
suspended solids (fig. 25C) or versus suspended silt and
clay (fig. 25D) indicate similar apparent concentrations and
a similar seasonal pattern. Using particulate concentrations
instead of unfiltered ones reduces the concentration by the
filtered amount, which shifts the points to the right on the
diagrams and results in lower apparent concentrations of Hg.
in the suspended solids. The shift tends to be greater (on a
logarithmic scale) for data with lower Hg, concentrations.

A similar analysis of apparent MeHg concentrations
in suspended solids is presented in figures 26A—26D.
Using MeHg concentrations in unfiltered water samples,
apparent MeHg concentrations in suspended solids ranged
from about 2 to 100 ppb for samples in which MeHg was
detected (figs. 26A—26B). Maximum apparent suspended-
solid-MeHg concentrations for most non-detects ranged from
about 1 to 10 ppb. When particulate MeHg concentrations
are used (figs. 26C—26D), apparent suspended-solid-MeHg
concentrations are considerably lower for most samples,
although a small number of the winter and summer samples
exceed 10 ppb.
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Figure 24. Relations between concentrations of mercury and carbon species in water samples from Camp Far West
Reservoir, California, 2001-03: (A) Unfiltered total mercury and dissolved organic carbon (DOC),
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corresponding symbol plotted at 50 percent of MDL.
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Figure 25. Relations between
concentrations of total mercury and
suspended solids in water samples from
Camp Far West Reservoir, California, 2001-03:
(A) Unfiltered total mercury (Hg,) and total
suspended solids, (B) Unfiltered total mercury
and suspended silt plus clay, (C) Particulate
total mercury and total suspended solids, (D)
Particulate total mercury and suspended silt
plus clay. Diagonal lines represent contours
of the ratio of total mercury to suspended
solids, which is equal to the apparent
concentration of total mercury in the
suspended solids, in ppm (parts per million),
equivalent to micrograms per gram. Best
values of total mercury used, as explained in
text and in table 6. Concentrations of silt plus
clay in (B) and (D) calculated from suspended
solids concentration (SSC) and percentage
of material passing through 0.063 micrometer
screen, as described in text and in table 2.
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Figure 26. Relations between
concentrations of methylmercury and
suspended solids in water samples from
Camp Far West Reservoir, California,
2001-03: (A) Unfiltered methylmercury

and suspended solids, (B) Unfiltered
methylmercury and suspended silt plus
clay, (C) Particulate methylmercury

and suspended solids, (D) Particulate
methylmercury and suspended silt plus clay.
Diagonal lines represent contours of the
ratio of methylmercury to suspended solids,
which is equal to the apparent concentration
of methylmercury in the suspended solids,
in ppb (parts per billion) equivalent to
nanograms per gram. Concentrations

of silt plus clay in (B) and (D) calculated
from suspended solids concentration and
percentage of material passing through
0.063 micrometer screen, as described in
text and in table 2. Error bars represent
measurements less than method detection
limit (MDL), with corresponding symbol
plotted at 50 percent of MIDL.
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Nutrients

The relations between concentrations of total phosphorus
(P), total mercury (Hg,), and methylmercury (MeHg) provide
some insights into possible links between the cycling of
mercury and nutrients within CFWR. In unfiltered water, Hg,
and P appear to have a positive correlation (fig. 27A), which
is not surprising because these constituents followed similar
seasonal trends (figs. 18A and 13A, respectively). Most of the
summer samples were low in both Hg, and P, with the notable
exception of a hypolimnion sample from the BRA station
(site 5). Most fall samples were relatively elevated in both Hg,
and P concentrations, whereas winter and spring samples had
intermediate Hg, and P concentrations. A linear least-squares
regression of the log-transformed data in figure 27A, from
sites 1-7 (excluding the DFP and DFI stations [fig. 5]), has an
R? value of 0.48. A plot of the relation between particulate Hg,.
and particulate total P (fig. 27B) shows a similar trend to the
unfiltered data, On a plot of total P and MeHg concentrations
in unfiltered water (fig. 27C), a seasonal pattern can also
be identified. Starting with intermediate P concentrations in
the winter and spring, there is a general decline in P into the
summer with the exception of two hypolimnion samples from
the BRA station with relatively high concentrations of both
total P and MeHg. The fall samples had lower concentrations
of MeHg but were still relatively high in total P. A plot of
particulate MeHg and particulate total P (fig. 27D) shows a
better correlation than that for the analogous unfiltered data
(fig. 27C).

The relations between ammonia plus organic nitrogen
(NH,+N-org), Hg,, and MeHg also show systematic seasonal
patterns. For most unfiltered samples, there is a general
decline in both Hg, and NH,+N-org from fall and winter
to spring, and then Hg_ declines further to summer as the
range in NH,+N-org remains about the same in spring and
summer (fig. 28A). A similar seasonal pattern is evident for
Hg, and NH,+N-org concentrations in filtered water samples
(fig. 28B); a systematic decline in Hg, was observed from
winter to spring to summer with NH_+N-org concentrations
in a fairly narrow range (0.06 to 0.2 mg/L), then in the fall the
NH,+N-org concentrations increased at most stations (0.15
to 0.3 mg/L) and especially at the DFP and DFI stations (1 to
3 mg/L). The relation between particulate Hg, and particulate
NH,+N-org (fig. 28C) shows some seasonal variation but
overall there is no apparent correlation. The relation between
MeHg and NH,+N-org in unfiltered water (fig. 28D) is similar
to that observed between for total P and MeHg (fig. 27C) in
unfiltered water.

Sulfur Isotopes

Concentrations of Hg_ in both unfiltered and filtered
water show systematic decline from fall to winter to spring to
summer (figs. 18A-18B), a pattern that is somewhat similar
to the seasonal shift in sulfur isotopes of aqueous sulfate
(fig. 11B). Plots showing the relations between sulfur isotopes
in aqueous sulfate and Hg, concentrations in unfiltered water
(fig. 29A) and filtered water (fig. 29B) are useful in terms of
understanding seasonal variations. The fall is characterized
by large values of 6*S,, elevated concentrations of Hg, in
unfiltered water, and relatively low concentrations of Hg,.
in filtered water at most sampling sites. Concentrations of
Hg, in both filtered and unfiltered water generally decrease
during from winter to spring and from spring to summer, and
the values of 6*S, also decrease slightly during this period.
The increase of 6*'S,, between summer and fall corresponds
to an increase in Hg, concentration in filtered water. On
the basis of correlations of 6**S_, with concentrations
of sulfate and calcium (figs. 12B-12C), and correlations
among sulfate, calcium, and other major cations and anions
(fig. 9), the principal source of aqueous sulfate causing the
fall increase in 6*S, appears to be the Bear River input to
CFWR. The correlation between 6*S,, and Hg, in unfiltered
water (fig. 29A) may indicate that the principal source of the
increased Hg, concentration is also the Bear River input.

Mercury and sulfur cycling are linked by the role that
sulfate-reducing bacteria play in methylating mercury, a
process that likely takes place in shallow sediments and
possibly also in anoxic parts of the water column. It is possible
that hydrogen sulfide produced by sulfate-reducing bacteria
combines with available inorganic mercury to make mercury
sulfide, a relatively insoluble precipitate that would effectively
scavenge dissolved mercury from the water column,
explaining the relatively low concentrations of Hg_ in filtered
water in the summer and fall when this process appears to be
most active. Microbially mediated sulfate reduction tends to
cause a shift to larger values of *S, because the microbes
preferentially reduce *2S rather than %S (Seal and others,
2000). The shift to larger values of §*S_, in the CFWR water
column in the fall may be partly influenced by this process;
however, such effects are expected to be confined to the
hypolimnion prior to destratification. Because the fall samples
were taken before destratification (figs. 6, 7A-7B) and the shift
in 6*S,, values is seen in both hypolimnion and epilimnion
samples throughout the reservoir, it is unlikely that microbial
sulfate reduction within CFWR is the principal cause of the
S-isotope shift. Nevertheless, microbial sulfate reduction and
its seasonality within CFWR sediments play an important role
in Hg methylation. However, the seasonal changes in 6*S,
of Bear River input water coupled with the extreme drawdown
of CFWR during fall confounds the use of sulfur isotopes to
track sulfate reduction processes in the reservoir.
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Figure 27. Relations between
concentrations of mercury species and
phosphorus in water samples from Camp
Far West Reservoir, California, 2001-03:
(A) Total mercury and total phosphorus

in unfiltered water, (B) Particulate total
mercury and particulate total phosphorus,
(C) Methylmercury and total phosphorus
in unfiltered water, (D) Particulate
methylmercury and particulate total
phosphorus. Best values of total mercury
used, as explained in text and in table 6.
Particulate total phosphorus concentrations
calculated as difference between total
phosphorus in unfiltered water and total
phosphorus in filtered water. Line in (A) is
linear least-squares regression in log-log
transform coordinates. Error bars represent
measurements less than method detection
limit (MDL), with corresponding symbol
plotted at 50 percent of MDL.
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Bioaccumulation Factors

Bioaccumulation factors (BAF) were computed using
data from linked studies of mercury bioaccumulation in seven
biological taxa: spotted bass, bluegill, threadfin shad, crayfish,
mayfly nymphs, midge larvae, and zooplankton (Stewart and
others, 2008). A simplified approach to assigning pelagic biota
to trophic levels that was used by the U.S. Environmental
Protection Agency (1997) in its assessment of mercury
bioaccumulation factors is used and extended in this report for
BAF analysis. The USEPA approach makes the simplifying
assumption that aquatic food chains can be adequately
represented using four trophic levels. According to the U.S.
Environmental Protection Agency (1997),

“These trophic levels are the following: level

1 - phytoplankton (algal producers); level 2 -
zooplankton (primary herbivorous consumers); level
3 - small forage fish (secondary consumers); and
level 4 - larger, piscivorous fish (tertiary consumers).
This type of food chain typifies the pelagic
assemblages found in large freshwater lakes, and has
been used extensively to model bioaccumulation of
hydrophobic organic compounds. It is recognized,
however, that food chain structure can vary
considerably among aquatic systems resulting in
large differences in bioaccumulation in a given
species of fish. In addition, this simplified structure
ignores several important groupings of organisms,
including benthic detritivores, macroinvertebrates,
and herbivorous fishes.”

According to the USEPA classification system, spotted
bass are considered trophic level (TL) 4, bluegill and
threadfin shad are TL 3, and zooplankton are TL 2. Although
invertebrates such as those sampled in CFWR are not strictly
addressed in the USEPA classification system, midge larvae
and mayfly nymphs are largely detritivores and would be
analogous to TL 2, and crayfish are secondary consumers that
would be analogous to TL 3.

Significant variations of total mercury in tissue and
organism length were observed for all three fish species
(figs. 30A-30C) and for total mercury and length in crayfish
(fig. 30D). Samples for these four taxa were divided into
size classes, and average concentrations and standard
deviations were computed for each size class (figs. 31A-31D).
Bioaccumulation factors (BAF) were computed (table 10, and
appendix H, tables H1-H6) using the average methylmercury
concentration (wet) in biota divided by the mean concentration
of methylmercury in filtered water (0.04 nanogram per liter).
For the three fish species, total mercury concentrations in
fillet tissue were used as an approximation of methylmercury
concentrations. Analyses of fish from CFWR and elsewhere
indicate that MeHg/Hg_. in fish tissue is usually between 0.61
and 0.95 (Bloom, 1992; Mason and others, 2006). Average
MeHg/Hg, values for spotted bass and bluegill from CFWR
were 0.87 and 0.93, respectively. As expected, the BAF values
increased systematically with trophic level. Values of BAF
were 190,000 for zooplankton (TL 2); 470,000 to 930,000 for
three taxa of invertebrates (analogous to TLs 2 and 3); 2.7
million for threadfin shad (whole body; TL 3); 4.2 million
for bluegill (fillet; TL 3); and 10 million for spotted bass
(fillet; TL 4). The U.S. Environmental Protection Agency
(1997) computed MeHg BAF values for TL 4 by a number of
methods using carefully screened data from a small number

Table 10. Summary of methylmercury bioaccumulation factors, Camp Far West Reservoir, California, 2002—-03.

[BAF, bioaccumulation factor; L/kg, liter per kilogram; —, not determined]

Minimum BAF  Maximum BAF

Organism Sample Trophic Total number (()‘:’vi';al:::il:;: Overall log BAF (smallestsize  (largestsize maza:r:LomOLAF
g type level of samples (wetbasis) class or season) class or season) L

(L/kg) (L/kg) (L/kg) to minimum BAF
Spotted Bass Fillet 4 180 1.0x107 7.0 2.9x10° 2.5x107 8.6
Spotted Bass Wholebody 4 180 8.0x10° 6.9 2.5%x108 1.9x107 7.8
Bluegill Fillet 3 120 4.2x108 6.6 2.9x10° 5.5%x108 1.9
Bluegill Wholebody 3 120 3.2x108 6.5 2.2x108 4.3x10° 2.0
Threadfin Shad ~ Wholebody 3 104 2.7x108 6.4 1.7x10° 4.1x10°8 24
Crayfish Wholebody - 44 9.3x10° 6.0 6.7x10° 1.1x10¢ 1.6
Mayfly nymphs ~ Composite - 7 5.9x10° 5.8 - - -
Midge larvae Composite - 9 4.7x10° 5.7 - - -
Zooplankton Composite 2 21 1.9x10° 5.3 2.0x104 3.9x10° 19.3
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Figure 30. Plots showing relations of total length and total mercury in tissue of selected fishes and crayfish, Camp Far West Reservoir,
2002-03: (A) Spotted bass, (B) Bluegill, (C) Threadfin shad, (D) Crayfish. Dashed vertical lines represent boundaries hetween size

classes selected for calculation of methylmercury bioaccumulation factors. Concentrations of mercury in fillet tissue of spotted bass
and bluegill calculated from whole body concentrations using results of linear least-squares regression (20 samples for spotted bass,

15 samples for bluegill).

of studies around the country and derived a recommended

value of 6.8 million. The BAF value for spotted bass at CFWR

(10 million) is around the 80th percentile of the distribution
presented by U.S. Environmental Protection Agency (1997)

for TL 4. For TL 3, the U.S. Environmental Protection

Agency (1997) computed a BAF of 1.6 million. The BAFs
for threadfin shad and bluegill at CFWR were higher than
this value. The threadfin shad BAF (2.7 million) is between

USEPA’s 50th and 85th percentiles for TL3 and the bluegill

BAF (4.2 million) is between USEPA’s 87.5th and 95th
percentiles. The BAFs from CFWR also are somewhat higher
than those observed in other reservoirs in northern California
(for example, Kuwabara and others, 2005), indicating a
relatively efficient biomagnification of mercury in Camp Far
West Reservoit.
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Figure 31. Plot showing relation of average and standard deviation of total length and total mercury in fillet tissue in selected size
classes of fishes and crayfish from Camp Far West Reservoir, California, 2002—03: (A) Spotted bass, (B) Bluegill, (C) Threadfin shad, (D)
Crayfish. Dashed vertical lines represent boundaries between size classes selected for calculation of methylmercury bioaccumulation
factors. Average and standard deviation for individual size classes shown in black; average and standard deviation for all samples of
each species shown in blue. Concentrations of total mercury in fillet tissue of spotted bass and bluegill calculated from whole body
concentrations using results of linear least-squares regression (20 samples for spotted bass, 15 samples for bluegill).



Summary and Conclusions

The water quality in Camp Far West Reservoir (CFWR)
was characterized by eight quarterly sampling events over
a 2-year period (fall 2001 through summer 2003) at several
locations within the reservoir as part of a multi-disciplinary
project focused on mercury transport, transformation, and
bioaccumulation in the Bear River watershed. Robust seasonal
variations were observed in several water-quality constituents
including major cations and anions, total mercury (in both
filtered and unfiltered samples), nitrogen (ammonia plus
organic), and total phosphorus. A strong seasonal signal
also was observed for the sulfur isotope composition of
aqueous sulfate from filtered water. The reservoir experienced
severe drawdown to less than 8 percent of its total storage
during October and November 2002, which had the effect
of accentuating seasonal trends in water quality caused by
variations in the chemistry of input water from the Bear River.

The reservoir is monomictic, with thermal stratification
developing in the summer and continuing into the early
fall. During stratified conditions, low concentrations of
dissolved oxygen generally were observed in the lower, cool
zone (hypolimnion) and occasionally in the transition zone
(metalimnion). Because of extreme drawdown during late
summer and early fall, the hypolimnion was available for
sampling only at the deepest sites in the thalweg (original river
channel). Evaporative effects are seen by a shift of about 2
permil in 3**0, ., confined to the epilimnion (surface layer) in
the summer and fall. The Dairy Farm Mine pit lake becomes
hydrologically separated from CFWR during low stage
(summer and fall), during which time it becomes acidic and
metalliferous. When water levels rise in winter, the sulfate-
rich, acidic water of the pit lake mixes with CFWR, so the
mine acts a source of sulfate and metals to CFWR.

Highest concentrations of total mercury (filtered and
unfiltered water) were observed during fall and winter; these
concentrations declined at most stations during spring and
into summer. Aqueous methylmercury concentrations were
highest during summer sampling at deep-water stations in the
anoxic, hypolimnion zone, especially in the Bear River arm
of the reservoir. The ratio of methylmercury to total mercury
(MeHg/Hg,) increased systematically from winter to spring to
summer, largely in response to the decrease in total mercury
concentrations, but also to some extent because of increases in
MeHg during the summer.
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It is hypothesized that MeHg is produced in the
anoxic parts of the water column and also in shallow bed
sediment by sulfate-reducing bacteria. Conditions are
optimal for this during late summer and early fall when the
reservoir is thermally stratified. This coincides with the
timing of a phytoplankton bloom. Primary production of
phytoplankton in CFWR is phosphate-limited. Concentrations
of orthophosphate were very low or below detection at all
stations. It has been hypothesized that iron-reducing bacteria
release phosphorus from iron-rich sediments in CFWR during
summer and early fall, stimulating the phytoplankton bloom.
When the reservoir destratifies (turns over) in the late fall,
the MeHg produced in the hypolimnion (and perhaps also the
metalimnion) is released to the entire water column.

Stable isotopes of sulfur in aqueous sulfate indicate
a shift toward larger values of 3*S in the fall. Based on
correlations of 3*S, , with concentrations of sulfate and
calcium and correlations among the major cations and
anions, the principal source of aqueous sulfate causing the
fall increase in 6*S_, appears to be the Bear River input
to CFWR. Microbially mediated sulfate reduction and its
seasonality within CFWR sediments likely plays an important
role in Hg methylation; however, the seasonal changes in
8%S,,, of Bear River input water coupled with the extreme
drawdown of CFWR during fall precludes the use of sulfur
isotopes to track sulfate-reduction processes in the reservoir.

Bioaccumulation factors were computed using data
from linked studies of mercury bioaccumulation in seven
biological taxa over a range of trophic levels: zooplankton,
midge larvae, mayfly nymphs, crayfish, threadfin shad,
bluegill, and spotted bass. Significant increases in total
mercury in fillet tissue with fish size were observed for all
three fish species and for crayfish. Bioaccumulation factors
(BAF) were computed using the average total mercury or
methylmercury concentration (wet) in biota divided by the
mean concentration of methylmercury in filtered water (0.04
nanograms per liter). As expected, the BAF values increased
systematically with increasing trophic level (TL, based on
U.S. Environmental Protection Agency, 1997). Values of BAF
were: 190,000 for zooplankton (TL 1); 470,000 to 930,000
for three taxa of invertebrates (TL 2); 2.7 million for threadfin
shad (whole body; TL 3); 4.2 million for bluegill (fillet; TL 3)
and 10 million for spotted bass (fillet; TL 4). The BAF values
are somewhat higher than those observed in other reservoirs
in northern California, indicating a relatively efficient
biomagnification of mercury in Camp Far West Reservoir.
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Glossary
auriferous Gold-bearing.

benthos Forms of aquatic life that are bottom dwelling.
bioaccumulation factor (BAF) The concentration ratio of a
constituent in biological tissue divided by the concentration of
that same constituent in water. In the case of methylmercury,
BAF values presented in this report are computed as the
concentration in fish or invertebrate tissue divided by the
concentration of methylmercury in filtered water.

demethylation (of methylmercury) The process of
converting methylmercury to an inorganic form of mercury.
Demethylation may be caused by abiotic processes (such as
exposure to ultraviolet light) as well as biotic processes (such
as microbial activity).

elemental mercury The pure form of mercury, the only
element to be stable as a liquid at room temperature; also
known as quicksilver.

epilimnion In thermally stratified lakes or reservoirs, the
upper, more or less uniformly warm, circulating, and fairly
turbulent water.

flux Transport of a constituent. Bed sediment flux in a
reservoir refers to transport of a constituent from the pore
water of the bed sediment to the overlying water column by
the process of aqueous diffusion.

impaired beneficial use The condition of a water body that
is not meeting water-quality standards, according to the federal
Clean Water Act of 1972.

hypolimnion In thermally stratified lakes or reservoirs, the
deep, cold, and relatively undisturbed region.

load The quantity of material carried by a natural
transporting agent per unit time. For aqueous constituents in
rivers, the load (mass per time) is computed as the product
of the aqueous concentration (mass per volume) and the
discharge rate (volume per time). Typical units for sediment
loads are tons per day and for mercury loads are grams or
kilograms per year.

lognormal distribution The probability distribution of any
random variable whose logarithm is normally distributed. If
x is a random variable with a normal distribution, then exp(x)
has a log-normal distribution.

metalimnion In thermally stratified lakes or reservoirs, the
transition zone between the upper, warm zone (epilimnion)
and lower, cold zone (hypolimnion).
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methylation (of mercury)  The process of converting an
inorganic form of mercury to methylmercury, an organic
(carbon-bearing) form. It is generally accepted that mercury
methylation is largely caused by the activity of microbes,
particularly sulfate-reducing bacteria.

methylmercury (MeHg) An organic form of mercury
(formula CH,Hg") that is readily bioaccumulated. It is more
toxic to humans and other biota than native (elemental)
mercury.

micromole per liter Concentration unit for aqueous
constituents. Conversion of concentration data from
milligrams per liter (mg/L) to micromoles per liter (umol/L) is
by the formula 1,000*(mg/L)/MW= pmol/L, where MW is the
molecular weight of the constituent in units of grams per mole.

monomictic lake (or reservoir) A water body that is
thermally stratified during one part of the year and circulates
freely during the remainder of the year. Warm monomictic
lakes (those with temperatures that do not drop below

4° Celsius) typically stratify in the summer (Wetzel, 1975).

placer gold Gold grains or flakes in an unconsolidated
sediment deposit. Also known as alluvial gold.

Relative Percentage Difference (RPD) Quantity computed
for the evaluation of precision (or variability) of laboratory
analytical data using randomly submitted split samples.

RPD = 100 x (absolute value of difference between reported
values) / (average reported value)

Relative Standard Deviation (RSD) A quantity computed
for the evaluation of precision (or variability) of data. Relative
standard deviation is the standard deviation of a series of
measurements divided by the average of those measurements
times 100

RSD = 100 x (standard deviation) / (average reported value)

thalweg The submerged river channel that represents the
deepest water in a reservoir at a given distance from the dam.

total mercury (Hg,)  The sum of all forms or species of
mercury in a sample of water, sediment, or biota.
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