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REPORT SUMMARY 

Significant historic and current gold mining, hydropower generation, and industrial 
activities in the upper Feather River watershed could contribute metal and organic 
contaminants to project waters. Sediments laden with metals and organic contaminants 
could undergo biochemical conversion in the reservoirs, become available to biota, and 
subsequently bioaccumulate in the food web within project waters. A variety of wildlife, 
including threatened and endangered species, prey on fish from project waters, which 
also receive significant activity from sport fishermen. This study was undertaken to 
determine the significance of contamination in fish, crayfish, and sediments in project 
waters, and evaluate the effect to prey species and humans. The study was divided 
into two phases. Phase 1 evaluates contaminants in biota and sediments in the project 
area, while Phase 2 evaluates sources of contaminants, extent of downstream effects, 
and provides additional information within the project area. This report presents the 
results of the first phase of the study. 

Eleven organic compounds, including two PCB aroclors, were detected in fish from the 
project area. The contaminants detected in fish include chlordanes (cis-chlordane, 
trans-chlordane, cis-nonachlor, and trans-nonachlor), dichloro-diphenyl-trichloroethane 
(DDT) breakdown products (DDD,opJ, DDD,p,pl, DDE,p,pl, and DDMU,p,p'), dieldrin, 
hexachlorobenzene, and polychlorinated biphenyl (PCB) arochlors 1254 and 1260 and 
congeners. The organophosphate chlorpyrifos was also detected. Only the DDT 
breakdown product DDE,p,pl and PCB arochlor 1254 were found in crayfish. 

Metals detected in fish tissues include arsenic, cadmium, chromium, copper, nickel, 
lead, selenium, silver, zinc, and mercury. All the metals were also detected in crayfish, 
except arsenic, cadmium, nickel, and selenium which were not analyzed from these 
organisms. 

Several of the organic and metal contaminants exceed various guidelines or criteria 
developed to evaluate the significance of contamination and protect wildlife or humans 
that may eat contaminated fish. Results from this phase of the study will be used to 
determine analyses required from sediment samples collected during Phase 1, and 
additional monitoring requirements upstream, within, and downstream from the project 
area for Phase 2 of the study. 
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1.0 INTRODUCTION 

The Environmental Work Group identified contaminant accumulation in fish, sediment, 
and the aquatic food chain as an issue of concern. Contamination of fish from mercury 
and other metals and organic contaminants is a significant issue in many areas of 
California, including the Feather River watershed. 

Lake Oroville tributaries in the upper Feather River watershed experienced significant 
gold mining activity during the Gold Rush era, and continue to experience significant 
recreational gold mining activity. Numerous large mercury mines were developed in the 
Coast Range to supply mercury as an amalgam for gold extraction in the Feather River 
and other areas. Mercury .lost to the tributaries during gold mining operations is slowly 
being transported downstream with sediments. Though the Gold Rush era has long 
since passed, significant quantities of mercury still remain in the streams tributary to 
Lake Oroville. 

Potentially occurring anoxic conditions beneath the sediment-water interface at the 
bottom of project reservoirs create ideal conditions for biologically mediated liberation of 
methylmercury by sulfate-reducing bacteria. The redistribution of methylmercury in the 
water column during lake mixing in the fall and winter may facilitate bioaccumulation into 
the food web, including plankton, fish, and piscivorous birds and other animals, 
including humans. 

In addition, other industrial activities in the upper Feather River watershed have 
contributed metal and organic contaminants, including polychlorinated biphenyls, which 
also have an affinity for sediments and bioaccumulate in the food web. Re-suspended 
sediments and recycled metals and organic contaminants in Lake Oroville can be 
transported downstream to other project waters, including the Diversion Pool, 
Thermalito Forebay and Afterbay, Oroville Wildlife Area ponds, and Feather River, 
where uptake and bioaccumulation in aquatic organisms can occur. 

Sediments trapped behind the dam are potentially laden with metals and organic 
contaminants, which may bioaccumulate in the food web. Sediments carried into Lake 
Oroville initially deposit into the upper tributary arms. Sediment deposits are 
transported further into the reservoir due to natural high flow hydrologic events, reduced 
reservoir levels, and periodic discharge surges from upstream hydropower generation. 

1.1 BACKGROUND INFORMATION 

Sediments in Feather River tributaries are known to carry metal and organic 
contaminants. Prior to construction of Oroville Dam, sediments carried by the tributaries 
and the main stem of the Feather River in the reservoir footprint were transported 
downstream. Subsequent to completion of the dam, sediments carried by the tributaries 
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settle into the upper arms of Lake Oroville, but are reworked by stream flows as 
reservoir levels drop throughout the summer and are re-deposited further into the 
reservoir area. Thermal stratification in,the reservoir during the summer can facilitate 
leaching of metals and organic contaminants from the sediments into the water column, 
where they become available for uptake by aquatic life or release downstream. In 
addition, sediment dwelling organisms (e.g., crayfish, insects) ingest the sediments and 
can absorb contaminants. Contaminants in lower trophic levels are bioaccumulated in 
higher trophic level organisms, and may reach levels that are deleterious to other 
organisms (including listed species and humans) that ingest them. 

Impoundment of the reservoir created conditions in which sediments possibly laden with 
contaminants are trapped, which could then allow bioaccumulation of contaminants in 
the food web. Water with bio-available forms of metals and organic contaminants that is 
released from the reservoir may contribute to bioaccumulation in downstream 
organisms. Bioaccumulation may not have been significant downstream from the dam 
prior to its construction because the metals and organic contaminants were bound to 
the sediment particles, not readily available for uptake, and transported out of the 
system with higher flows. 

The California Department of Water Resources and State Water Resources Control 
Board had conducted limited sampling for metals in some fish from the reservoir and 
Feather River downstream from the dam. Analyses of the few fish from Lake Oroville 
and the Feather River had detected mercury at concentrations that exceed current U.S. 

Assessment criteria. These data are not sufficient to determine the magnitude and 

7 
Environmental Protection Agency and California Office of Environmental Health Hazard 2 
extent of mercury contamination in fish and other organisms, nor the source. 

A variety of wildlife species prey on fish or other aquatic species from project waters. 
These wildlife species could suffer adverse physiological or reproductive responses 
from ingestion of prey species containing elevated levels of certain contaminants. 
Contaminants ingested by wildlife species that prey on aquatic species from project 
waters can also be bioaccumulated and passed on to other predatory fish and wildlife 
species that in turn prey on them. 

In addition, some contaminants are not strong bioaccumulators (e.g., some metals such 
as copper and arsenic), but may be mobilized and made available to the biota under 
certain environmental conditions (e.g., re-suspension of sediment deposits from the 
arms to the main body, depressed oxygen and pH conditions, etc.) found in the 
reservoir. Organisms can become re-exposed to contaminants as the lake level drops 
and deposited sediments are re-suspended and transported further into the reservoir. 
The shallow, relatively warm, organic rich waters of the Thermalito Forebay and 
Afterbay could contribute to the methylation of mercury and dissolution of other metals 
and organic contaminants. Environmental conditions such as these in project water 
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bodies may promote mobilization of sediment bound contaminants and transport out of 
the "project area" where they could affect threatened and endangered species. 

1 .I .I StatutorylRegulatory Requirements 

Demonstration of compliance with basin plan objectives is necessary for the SWRCB to 
issue a water quality certification. Basin plan objectives include provisions against 
increases in suspended sediment discharges and deposition of material that adversely 
affect beneficial uses, and toxic substances that produce detrimental effects to humans, 
plants, animals, and aquatic life. The water quality certification is needed for license 
renewal with the Federal Energy Regulatory Commission. 

1 .I .2 Study Area 

The study area is generally within the FERC project boundary, but also includes lands 
adjacent to the project boundary where piscivorous species may occur. The first phase 
of this study focused on evaluation of contaminants in project waters. Phase 2 will 
evaluate contamination in reservoir tributaries, additional fish species or areas within 
project waters, and the Feather River downstream from the project area. 

7.7.2.7 Description 

Water bodies sampled for Phase 1 of the study included Lake Oroville, Diversion Pool, 
Thermalito Forebay and Afterbay, low flow section of the Feather River, Feather River 
immediately downstream from the Afterbay Outlet, and two Oroville Wildlife Area ponds. 

1.2 DESCRIPTION OF FACILITIES 

The Oroville Facilities were developed as part of the State Water Project, a water 
storage and delivery system of reservoirs, aqueducts, power plants, and pumping 
plants. The main purpose of the SWP is to store and distribute water to supplement the 
needs of urban and agricultural water users in northern California, the San Francisco 
Bay area, the San Joaquin Valley, and southern California. The Oroville Facilities are 
also operated for flood management, power generation, to improve water quality in the 
Delta, provide recreation, and enhance fish and wildlife. 

FERC Project No. 2100 encompasses 41,100 acres and includes Oroville Dam and 
Reservoir, three power plants (Hyatt Pumping-Generating Plant, Thermalito Diversion 
Dam Power Plant, and Thermalito Pumping-Generating Plant), Thermalito Diversion 
Dam, the Feather River Fish Hatchery and Fish Barrier Dam, Thermalito Power Canal, 
Oroville Wildlife Area, Thermalito Forebay and Forebay Dam, Thermalito Afterbay and' 
Afterbay Dam, and transmission lines, as well as a number of recreational facilities. An 
overview'of these facilities is provided on Figure 1.2-1. The Oroville Dam, along with 
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two small saddle dams, impounds Lake Oroville, a 3.5-million-acre-feet capacity storage 
reservoir with a surface area of 15,810 acres at its normal maximum operating level. 

The hydroelectric facilities have a combined licensed generating capacity of 
approximately 762 megawatts. The Hyatt Pumping-Generating Plant is the largest of 
the three power plants with a capacity of 645 MW. Water from the six-unit underground 
power plant (three conventional generating and three pumping-generating units) is 
discharged through two tunnels into the Feather River just downstream of Oroville Dam. 
The plant has a generating and pumping flow capacity of 16,950 cfs and 5,610 cfs, 
respectively. Other generation facilities include the 3-MW Thermalito Diversion Dam 
Power Plant and the 114-MW Thermalito Pumping-Generating Plant. 

Thermalito Diversion Dam, four miles downstream of the Oroville Dam creates a tail 
water pool for the Hyatt Pumping-Generating Plant and is used to divert water to the 
Thermalito Power Canal. The Thermalito Diversion Dam Power Plant is a 3-MW power 
plant located on the left abutment of the Diversion Dam. The power plant releases a 
maximum of 61 5 cubic feet per second of water into the river. 

The Power Canal is a 10,000-foot-long channel designed to convey generating flows of 
16,900 cfs to the Thermalito Forebay and pump-back flows to the Hyatt Pumping- 
Generating Plant. The Thermalito Forebay is an off-stream regulating reservoir for the 
1 14-MW Thermalito Pumping-Generating Plant. The Thermalito Pumping-Generating 
Plant is designed to operate in tandem with the Hyatt Pumping-Generating Plant and 
has generating and pump-back flow capacities of 17,400 cfs and 9,120 cfs, respectively. 
When in generating mode, the Thermalito Pumping-Generating Plant discharges into 
the Thermalito Afterbay, which is contained by a 42,000-foot-long earth-fill dam. The 
Afterbay is used to release water into the Feather River downstream of the Oroville 
Facilities, helps regulate the power system, provides storage for pump-back operations, 
and provides recreational opportunities. Several local irrigation districts receive water 
from the Afterbay. 

The Feather River Fish Barrier Dam is downstream of the Thermalito Diversion Dam 
and immediately upstream of the Feather River Fish Hatchery. The flow over the dam 
maintains fish habitat in the low-flow channel of the Feather River between the dam and 
the Afterbay outlet, and provides attraction flow for the hatchery. The hatchery was 
intended to compensate for spawning grounds lost to returning salmon and steelhead 
trout from the construction of Oroville Dam. The hatchery can accommodate an 
average of 8,000 adult fish annually. 

The Oroville Facilities support a wide variety of recreational opportunities. They include: 
boating (several types), fishing (several types), fully developed and primitive camping 
(including boat-in and floating sites), picnicking, swimming, horseback riding, hiking, off- 
road bicycle riding, wildlife watching, hunting, and visitor information sites with cultural 
and informational displays about the developed facilities and the natural environment. 
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There are major recreation facilities at Loafer Creek, Bidwell Canyon, the Spillway, 
North and South Thermalito Forebay, and Lime Saddle. Lake Oroville has two full- 
service marinas, five car-top boat launch ramps, ten floating campsites, and seven 
dispersed floating toilets. There are also recreation facilities at the Visitor Center and 
the Oroville Wildlife Area. 

The Oroville Wildlife Area comprises approximately 11,000-acres west of Oroville that is 
managed for wildlife habitat and recreational activities. It includes the Thermalito 
Afterbay and surrounding lands (approximately 6,000 acres) along with 5,000 acres 
adjoining the Feather River. The 5,000 acre area straddles 12 miles of the Feather 
River, which includes willow and cottonwood lined ponds, islands, and channels. 
Recreation areas include dispersed recreation (hunting, fishing, and bird watching), plus 
recreation at developed sites, including Monument Hill day use area, model airplane 
grounds, three boat launches on the Afterbay and two on the river, and two primitive 
camping areas. DF,G1s habitat enhancement program includes a wood duck nest-box 
program and dry land farming for nesting cover and improved wildlife forage. Limited 
gravel extraction also occurs in a number of locations. 

Preliminary Information - Subject to Revision - For Collaborative Process Purposes Only 
1-5 

Oroville Facilities Relicensing Team January 29,2004 
C:\Documents and Settinas\Test user\Local Settinas\Ternp\3305-1. d o c c  



Contaminant Accumulation In Fish, Sediments, And The Aquatic Food Chain 
Study Plan W2, Phase 1 Draft Report 
Oroville Facilities P-2100 Relicensing 

PLUMAS NATIONAL 

WILDLIFE AREA 

Figure 1.2-1. Oroville Facilities FERC Project Boundary 
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1.3 CURRENT OPERATIONAL CONSTRAINTS 

Operation of the Oroville Facilities varies seasonally, weekly and hourly, depending on 
hydrology and the objectives DWR is trying to meet. Typically, releases to the Feather 
River are managed to conserve water while meeting a variety of water delivery 
requirements, including flow, temperature, fisheries, recreation, diversion and water 
quality. Lake Oroville stores winter and spring runoff for release to the Feather River 
as necessary for project purposes. Meeting the water supply objectives of the SWP has 
always been the primary consideration for determining Oroville Facilities operation 
(within the regulatory constraints specified for flood control, in-stream fisheries, and 
downstream uses). Power production is scheduled within the boundaries specified by 
the water operations criteria noted above. Annual operations planning is conducted for 
multi-year carry over. The current methodology is to retain half of the Lake Oroville 
storage above a specific level for subsequent years. Currently, that level has been 
established at 1,000,000 acre-feet; however, this does not limit draw down of the 
reservoir below that level. If hydrology is drier than expected or requirements greater 
than expected, additional water would be released from Lake Oroville. The operations 
plan is updated regularly to reflect changes in hydrology and downstream operations. 
Typically, Lake Oroville is filled to its maximum annual level of up to 900 feet above 
mean sea level in June and then can be lowered as necessary to meet downstream 
requirements, to its minimum level in December or January. During drier years, the lake 
may be drawn down more and may not fill to the desired levels the following spring. 
Project operations are directly constrained by downstream operational constraints and 
flood management criteria as described below. 

1.3.1 Downstream Operation 

An August 1983 agreement between DWR and the California Department of Fish and 
Game entitled, "Agreement Concerning the Operation of the Oroville Division of the 
State Water Project for Management of Fish & Wildlife," sets criteria and objectives for 
flow and temperatures in the low flow channel and the reach of the Feather River 
between Thermalito Afterbay and Verona. This agreement: ( I )  establishes minimum 
flows between Thermalito Afterbay Outlet and Verona which vary by water year type; (2) 
requires flow changes under 2,500 cfs to be reduced by no more than 200 cfs during 
any 24-hour period, except for flood management, failures, etc.; (3) requires flow 
stability during the peak of the fall-run Chinook spawning season; and (4) sets an 
objective of suitable temperature condition's during the fall months for salmon and 
during the later springlsummer for shad and striped bass. 

1.3.1.1 lnstream Flow Requirements 

The Oroville Facilities are operated to meet minimum flows in the Lower Feather River 
as established by the 1983 agreement (see above). The agreement specifies that 
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Oroville Facilities release a minimum of 600 cfs into the Feather River from the 
Thermalito Diversion Dam for fisheries purposes. This is the total volume of flows from 
the diversion dam outlet, diversion dam power plant, and the Feather River Fish 
Hatchery pipeline. 

Generally, the instream flow requirements below Thermalito Afterbay are 1,700 cfs from 
October through March, and 1,000 cfs from April through September. However, if runoff 
for the previous April through July period is less than 1,942,000 af (i.e., the 191 1-1960 
mean unimpaired runoff near ~rovi'l le), the minimum flow can be reduced to 1,200 cfs 
from October to February, and 1,000 cfs for March. A maximum flow of 2,500 cfs is 
maintained from October 15 through November 30 to prevent spawning in overbank 
areas that might become de-watered. 

1.3.9.2 Temperature Requirements 

The Diversion Pool provides the water supply for the Feather River Fish Hatchery. The 
hatchery objectives are 52 OF for September, 51 OF for October and November, 55 OF for 
December through March, 51 OF for April through May 15,'55 OF for last half of May, 56 
OF for June 1-1 5 6 0  OF for June 16 through August 15, and 58 OF for August 16-31. A 
temperature range of plus or. minus 4 OF is allowed for objectives, April through 
November. 

There are several temperature objectives for the Feather River downstream of the 
Afterbay Outlet. During the fall months, after September 15, the temperatures must be 
suitable for fall-run Chinook. From May through August, they must be suitable for shad, 
striped bass, and other warmwater fish. 

The National Oceanic and Atmospheric Administration Fisheries has also established 
an explicit criterion for steelhead trout and spring-run Chinook salmon. Memorialized in 
a biological opinion on the effects of the Central Valley Project and SWP on Central 
Valley spring-run Chinook and steelhead as a reasonable and prudent measure; DWR 
is required to control water temperature at Feather River mile 61.6 (Robinson's Riffle in 
the low-flow channel) from June 1 through September 30. This measure requires water 
temperatures less than or equal to 65 OF on a daily average. The requirement is not 
intended to preclude pump-back operations at the Oroville Facilities needed to assist 
the State of California with supplying energy during periods when the California IS0 
anticipates a Stage 2 or higher alert. 

The hatchery and river water temperature objectives sometimes conflict with 
temperatures desired by agricultural diverters. Under existing agreements, DWR 
provides water for the Feather River Service Area contractors. The contractors claim a 
need for warmer water during spring and summer for rice germination and growth (i.e., 
65 OF from approximately April through mid May, and 59 OF during the remainder of the 
growing season). There is no obligation for DWR to meet the rice water temperature 
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goals. However, to the extent practical, DWR does use its operational flexibility to 
accommodate the FRSA contractor's temperature goals. 

1.3.1.3 Water Diversions 

Monthly irrigation diversions of up to 190,000 (July 2002) af are made from the 
Thermalito Complex during the May through August irrigation season. Total annual 
entitlement of the Butte and Sutter County agricultural users is approximately 1 maf. 
After meeting these local demands, flows into the lower Feather River continue into the 
Sacramento River and into the Sacramento-San Joaquin Delta. In the northwestern 
portion of the Delta, water is pumped into the North Bay Aqueduct. In the south Delta, 
water is diverted into Clifton Court Forebay where the water is stored until it is pumped 
into the California Aqueduct. 

I. 3. I. 4 Water Quality 

Flows through the Delta are maintained to meet Bay-Delta water quality standards 
arising from DWR's water rights permits. These standards are designed to meet 
several water quality objectives such as salinity, Delta outflow, river flows, and export 
limits. The purpose of these objectives is to attain the highest water quality, which is . 
reasonable, considering all demands being made on the Bay-Delta waters. In 
particular, they protect a wide range of fish and wildlife including Chinook salmon, Delta 
smelt, striped bass, and the habitat of estuarine-dependent species. 

1.3.2 Flood Management 

The Oroville Facilities are an integral component of the flood management system for 
the Sacramento Valley. During the wintertime, the Oroville Facilities are operated under 
flood control requirements specified by the U.S. Army Corps of Engineers. Under these 
requirements, Lake Oroville is operated to maintain up to 750,000 af of storage space to 
allow for the capture of significant inflows. Flood control releases are based on the 
release schedule in the flood control diagram or the emergency spillway release 
diagram prepared by the USACE, whichever requires the greater release. Decisions 
regarding such releases are made in consultation with the USACE. 

The flood control requirements are designed for multiple use of reservoir space. During 
times when flood management space is not required to accomplish flood management 
objectives, the reservoir space can be used for storing water. From October through 
March, the maximum allowable storage limit,(point at which specific flood release would 
have to be made) varies from about 2.8 to 3.2.maf to ensure adequate space in Lake 
Oroville to handle flood flows. The actual encroachment demarcation is based on a 
wetness index, computed from accumulated basin precipitation. This allows higher 
levels in the reservoir when the prevailing hydrology is dry while maintaining adequate 
flood protection. When the wetness index is high in the basin (i.e., wetness in the 
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watershed above Lake Oroville), the flood management space required is at its greatest 
amount to provide the necessary flood protection. From April through June, the 
maximum allowable storage limit is increased as the flooding potential decreases, which 
allows capture of the higher spring flows for use later in the year. During September, 
the maximum allowable storage decreases again to prepare for the next flood season. 
During flood events, actual storage may encroach into the flood reservation zone to 
prevent or minimize downstream flooding along the Feather River. 
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2.0 . NEED FOR STUDY 

lnformation derived from this study will be used to demonstrate compliance with water 
quality standards and other appropriate requirements in the application for water quality 
certification. lnformation from the study is also needed to address DFG, U.S. Forest 
Service, U.S. Fish and Wildlife Service, and NOAA Fisheries concerns related to fish 
and wildlife species that feed on potentially contaminated aquatic organisms in the 
project area. 

Analyses of fish tissue for mercury and other metals and organic contaminants are 
necessary to determine project effects and compliance with Basin Plan objectives. 
Since recreation, including fishing, is a major beneficial use at project facilities, analysis 
of fish tissues provides valuable information for fish consumption advisories. 

Sediment analysis will help determine whether contamination of biota is attributable to 
contaminant sources located within the reservoir or upstream from the project area, and 
if contamination is local or widespread. Certain areas may be less contaminated than 

' 

others and not warrant the same restrictions as other reservoir locations for 
consumption of fish. Identification of the location and extent of sediment contamination 
will be used to develop reservoir management practices (licensing conditions) designed 
to improve the overall water quality and natural and recreational resources of the 
reservoir. In addition, sediment contamination information will be used to focus efforts 
to reduce sediment loading for improvement of water quality in the reservoir. 
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3.0 STUDY OBJECTIVE(S) 

The objectives of the study are to: 1) determine the magnitude and extent of 
bioaccumulation of metals and organic contaminants in aquatic organisms within the 
project area, 2) identify'sources and potential pathways of contamination that contribute 
to bioaccumulation including contaminated sediments deposited as a result of project 
features, operations, and .maintenance, and 3) provide information that could be used to 
develop potential protection, mitigation and enhancement measures. 

3.1 APPLICATION OF STUDY INFORMATION 

lnformation from the study will be used to determine compliance with basin plan 
objectives, which is necessary for the SWRCB to issue a water quality certification. The 
water quality certification is needed for license renewal with the FERC. 

In addition, information from the study will be used to evaluate effects to fish and wildlife 
species that feed on potentially contaminated aquatic organisms in the project area, 
which is a concern to several agencies, including the CDFG, USFS, USFWS, and 
NOAA Fisheries. 

OEHHA will use information developed from the study to determine whether risks to 
human health exist due to consumption of contaminated fish from affected waters. 
OEHHA may request additional studies to more accurately determine human health 
risks, or may decide to issue a health advisory suggesting that certain demographic 
groups limit consumption of fish from the affected waters. 

The study will also provide information that may be useful in determining sources of 
contaminants so that the role of the project in contributing to contamination may be 
ascertained and remedial measures developed to improve water quality. 
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4.0 METHODOLOGY 

The study was designed to be conducted in phases. The first phase emphasized 
analysis of metals and organic contaminants in fish, crayfish, and sediments in the 
project area. The first phase collected fish tissues and sediment samples from 16 
locations in the project area, while crayfish were collected from four sites. Sediment 
samples have been frozen for later analysis. The Environmental Work Group will use 
the fish tissue and water quality data from Study Plan SPWl to select a minimum of six fl$ 
sites for sediment samples to be analyzedfor methylmercury, total mercury, and PCBs. 
Additional constituents may be analyzed from these six and any or all of the other ten 
sediment.sampling sites based upon results from fish tissue and water quality analyses. 
.Other sediment may be collected to augment the 16 samples. 

The environmental compartments analyzed in subsequent phases, if needed, will be 
determined in consultation with appropriate resource and health agencies and the 
Environmental Work Group or Task Force. Analyses in subsequent phases in 
tributaries to the reservoir would provide background data needed to evaluate the role 
of the reservoir in bioaccumulation. Subsequent analyses of sediments and additional 
fish in the project area would provide information to determine the extent and sources of 
contamination, and species affected. The extent of project related impacts to fish, 
crayfish, and sediments downstream from the project area would also be analyzed in 
subsequent phases. 

4.1 STUDY DESIGN 

Water bodies sampled for Phase 1 of the study include Lake Oroville, Diversion Pool, 
Thermalito Forebay and Afterbay, low flow section of the Feather River, Feather River 
immediately downstream from the Afterbay Outlet, and two Oroville Wildlife Area ponds. 
Tasks undertaken in Phase 1 included sample collection, laboratory analyses, and data 
interpretation. 

Specific fish species sampled was dependent on the types resident in the water body 
being investigated. Collection of newly planted fish (i.e., less than one year residency) 
was avoided. Fish species originally targeted from each sampling site included one 
larger size class of a black bass and a catfish species. Attempts were made to collect 
ten large bass that are a 'keepable' size as defined in the fishing regulations (i.e., 
greater than 15 inches in total length), and five catfish from each site. However, not all 
sites contained the originally targeted species, nor could the desired numbers of fish be 
collected at each site. The Environmental Workgroup Task Force suggested, based on 
similar trophic activity, that pikeminn'ow could be substituted for the bass species, and 
carp could be substituted for the catfish. The Task Force also determined that sufficient 
fish had been collected for analysis, though the targeted number was not caught. 
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Fish were collected beginning in the late spring of 2002 with electroshockers, gill nets, 
hooks and lines, and seines. Fish were weighed and measured, wrapped in aluminum 
foil, and immediately frozen for transport to the laboratory. 

Crayfish were also collected from several sites within the project area at approximately 
the same time that the fish were collected. Larger (older) crayfish were targeted. Ten 
crayfish of similar size from each sampled site were composited. Crayfish were 
collected by hand, nets, and baited traps. Crayfish were wrapped in aluminum foil and 
frozen for transport to the laboratory. 

Sediments were collected from sites where fish were collected. Sediments were 
collected with a sediment core sampler in deeper waters, and with a hand corer or teflon 
spoons in shallower waters following methods of the U. S. Geological Survey (USGS 
1994). The top six inches of sediments in ten cores were composited and subsampled 
into teflon bottles. Sediments collected with teflon spoons from ten areas at shallow 
monitoring sites were also composited and subsampled into teflon bottles. The bottles 
have been frozen for later analyses (Dave Crane, DFG Water Pollution Control 
Laboratory, pers. comm.) 

All bass were individually analyzed for total mercury. Subsequently, composites 
according to species were made of five of the bass and the other fish species at each 
site for other analyses following the protocol of OEHHA. Each composite was 
composed of fish with no greater than 25 percent difference in fork length between the 
largest and smallest individual. 

4.1 .I Sampling Sites 

Sampling sites for fish, crayfish, and sediments were selected from each of the water 
bodies associated with the Oroville Facilities. Sampling sites were selected to be 
representative of the particular water body. 

4.1.1.1 Lake Oroville 

Screening for fish contamination in Lake Oroville required multiple sampling sites in 
each arm and the main body due to the size of the reservoir. Fish were collected from 
two different sampling sites in each of the North, Middle, and South Fork arms and from 
both the east (Bidwell Marina arm) and west (Spillway arm) sides of the main body of 
the reservoir (Figure 4.1-1). Bottom sediments were collected at each of these sites. In 
addition, bass and catfish were collected near the Lime Saddle Marina for polynuclear 
aromatic hydrocarbon contamination analysis, since the marina environment is the most 
likely site for PAH accumulation. Fish species caught at these sites included spotted 
bass, channel and white catfish, and carp (Table 4.1-1). 
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River downstream 
from A f t e r b ~ ~ L u M  

&@war P a m  Heiahts Pond 
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Figure 4.1-1. Fish, Sediment, and Crayfish Sampling Sites 
Table 4.1 -1. Fish Collected for Contaminant Analyses from Project Waters 

Sampling Location 
SF Lake Oroville (McCabe Cove) 
SF Lake Oroville (Lower) 

MF Lake Oroville (Upper) 
MF Lake Oroville (Lower) 
NF Lake Oroville (Bloomer Canyon) 
NF Lake Oroville (Foreman Creek) 
Lime Saddle Marina (West Branch Arm) 
Lake Oroville (Spillway Arm) 
Lake Oroville (Bidwell Arm) 
Diversion Pool 
North Thermalito Forebay (Swim Area) 
North Thermalito Afterbay 
North Thermalito Afterbay (Potter's Pond) 
South Thermalito Afterbay 
Feather River US from Afterbay Outlet 
Feather River DS from Afterbay Outlet 
Feather River DS Hwy 70 
Mile Long Pond 
Lower Pacific Heights Pond 

Bass 
9 SB 
7 SB 

7 SB 
5 SB 
10 SB 
10 SB 
10 SB 
7 SB 
7 SB 

8 LM 
8 LM 
5 LM 
10 LM 

-8 LM 

Pikeminnow 

10 

Catfish 
3 CHC 
5 CHC 

3 CHC 
3 CHC 
4 CHC 

5 CHC, 3 WHC 
4 CHC 
4 CHC 
5 CHC 

4 BRB 
1 5CHC 

Carp 

2 

5 

3 
5 

Crayfish 

10 

10 

10 

10 

~ ~ - s ~ o t t e d  bass, LM-largemouth bass, CHC-channel catfish, WHC-white catfish, BRB-brown bullhead 

4. I. I. 2 Diversion Pool 

The Diversion Pool was sampleb near the Diversion Dam. Though bass, catfish, carp, 
or pikeminnow were targeted for collection, none could be obtained. Habitat conditions 
in the Diversion Pool are not appropriate for the targeted species (Eric See, DWR, pers. 
comm.). Only crayfish were collected from this site. 

4.1.1.3 Thermalito Forebay and Atlerbay 

Fish could not be obtained from the main Thermalito Forebay. However, collection 
activities in the North Forebay Recreation Area (swim area) did yield carp and 
pikeminnow. The Thermalito Afterbay was sampled in both the northern and southern 
regions, but fish could only be obtained from the south Thermalito Afterbay where 
largemouth bass and carp were obtained, in addition to crayfish. However, crayfish 
were obtained from the north Thermalito Afterbay, and largemouth bass and carp were 
obtained from a waterfowl brood pond, called Potter% Pond, formed in one of the fingers 
of the north Thermalito Afterbay. 
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4, l .  1.4 Lower Feather River 

The Feather River downstream from Oroville Dam was sampled at one site in the low 
flow section between the fish hatchery and Afterbay Outlet and at another site 
downstream from the outlet within the project boundary. Largemouth bass were 
collected from both sites. Crayfish were collected from the low flow section downstream 
from the Highway 70 bridge. 

4.1.1.5 Oroville Wildlife Area 

Two representative ponds were sampled in the Oroville Wildlife Area. Warmwater fish 
species collected from these ponds include largemouth bass and brown bullhead from 
Mile Long Pond, and channel catfish from the Lower Pacific Heights Pond. 

4.1.2 Laborato'w Analvses 

Analytical procedures generally followed those used in the Toxic Substances Monitoring 
Program conducted by the SWRCB and DFG (SWRCB 1996). Metals, pesticides, 
polychlorinated biphenyls, and polynuclear aromatic hydrocarbons were analyzed from 
fish or crayfish tissues for this study (Table 4.1-2). 

I 

Table 4.1-2. Metals and Organic Contaminants Analyzed from Fish and Crayfish 

aldrin I 1 I dieldrin I 1 
alpha-BHC 

, beta-BHC 
gamma-BHC 
delta-BHC 
alpha-chlordane 
gamma-chlordane 
alpha-chlordene 
gamma-chlordene 
chlorpyrifos 
chlorthal (dacthal) 
2,4'-DDD 
2,4'-DDE 
2,4'-DDT 
4,4'-DCBP 

Reporting Limit 
P P ~  (ng/g) 

Analyte 

endosulfan I 
endosulfan II 
endosulfan sulfate 
endrin 
endrin aldehyde 
endrin ketone 
heptachlor 
heptachlor epoxide 
Kelthane (dicofol) 
methoxychlor 
mirex 
nonachlor, cis 
nonachlor, trans 
oxadiazon 

Reporting Limit 
P P ~  (ng/g) 
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tetradifon (tedion) 

benzo(a)anthracene 3-methylcholanthrene 
I -methylnaphthalene 

benzo(g,h,i)perylene 2-methylnaphthalene 
1 methylphenanthrene 

dibenzo(a,h)anthracene 

dimethylnaphthalene trimethylnaphthalene 

Congener 

8 
15 
18 
27 
28 
29 
31 
44 
49 
52 
66 
70 
74 
77 
81 
87 
95 
97 
99 

Reporting Limit 
P P ~  (ng/g) 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 ' 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

Congener 

128 
132 
137 
138 
149 
151 
153 
156 
157 
158 
167 
169 
170 
1 74 
177 
180 
183 
187 
189 

Reporting Limit 
P P ~  (ng/g) > 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
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parathion, ethyl 2 
parathion, methyl 4 

0.01 
0.005 nickel 0.01 

selenium* 0.02 
0.006 silver 0.005 
0.007 zinc 0.06 

* analysis with methanol addition 

Methylmercury is assumed to be the form of mercury available for bioaccumulation in 
the food web. Most mercury in fish tissues is in the methylmercury fraction. Total 
mercury, however, is typically analyzed from fish tissue and is assumed to represent the 
methylmercury content of tissues. Fish muscle tissue (filet) is typically analyzed for 
arsenic, cadmium, nickel, mercury, and selenium, while fish liver is ,analyzed for copper, 
zinc, chromium, lead, and silver. The laboratory performed these typical analyses, as 
well as analyses of all the metals from most filet samples. All organic chemicals in the 
fish were analyzed from filets. Whole body analyses of metals and organic chemicals 
were performed on the crayfish. -Crayfish were shelled at the laboratory prior to analysis 
for methylmercury. All analyses for organic contaminants were performed'at the 
California DFG Water Pollution Control Laboratory in Rancho Cordova, while metals 
analyses were performed at the DFG Moss Landing Marine Laboratories in Monterey. 

Bass obtained from each sampling site were individually analyzed for total mercury 
contamination. Subsequently, up to five fish from each site were composited following 
OEHHA guidelines (Margie Gassel, OEHHA, pers. comm.). The bass and catfish - 
composites were analyzed for organic and metal contaminants. The composites of 
bass and catfish collected near the Lime Saddle Marina were analyzed for polynuclear 
aromatic hydrocarbons. The composited crayfish samples were analyzed for organic 
and metal contaminants. 
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Sediment samples from a minimum of six sites will be submitted for organic and metal 
contaminant analyses following review by the Environmental Work Group or Task Force 
of the fish and crayfish analysis results. Sediments from these six and possibly other 
sites will be analyzed for mercury, PCBs, and other metal or organic contaminants 
identified from the fish or crayfish samples at a level of concern. The sediments will be 
analyzed at the DFG laboratory. 

4.2 DATA INTERPRETATION 

Criteria and guidance values for protection of human health and wildlife from 
contaminant accumulation or ingestion were researched and reviewed for those 
contaminants identified in the fish from this study. Criteria and guidance values 
reviewed include numerical criteria and guidance values of the USEPA, OEHHA, 
SWRCB, U.S. Food and Drug Administration, Food and Agriculture Organization of the 
United Nations, USFWS, Environment Canada, National Academies of Sciences and 
Engineering, and New York Department of Environmental Conservation. Unfortunately, 
few criteria or guidelines have been developed for protection of predatory wildlife 
species from ingestion of prey containing metal or organic contaminants, though the 
USFWS and USEPA are beginning efforts to evaluate toxicity data, which may 
eventually lead to development of protective criteria (Dan Russell, Senior Environmental 
Contaminant Specialist, USFWS, Sacramento, pers. comm.). 

4.2.1 USEPA and OEHHA 

The USEPA has recommended screening values for 25 chemical contaminants that 
have been observed to bioaccumulate in fish tissues (Brodberg and Pollock 1999). The 
screening value approach is recommended by the USEPA to identify chemical 
contaminants in fish tissue at concentrations that may be of human health concern for 
frequent consumers of sport fish. Screening values are not intended to be used for 
issuance of health advisories, but to identify fish species and contaminants for which 
more intensive information is needed. The USEPA screening values were calculated 
for a 70 kg (155 Ib.) adult with a fish consumption value of 6.5 g (0.23 oz.) per day. 
Screening values for use in California lakes were calculated by OEHHA according to 
USEPA guidance for a 70 kg adult, but using a consumption value of 21 g (0.74 oz.) per 
day. 

As required by Section 304(a) of the Clean Water Act, the USEPA revised the water 
quality criteria for mercury in 2001 to reflect the latest scientific knowledge on effects to 
health (USEPA 2001). The USEPA determined that the major pathway for human 
exposure to methylmercury was through consumption of contaminated fish. Therefore, 
the USEPA concluded that a fish tissue residue water quality criterion for methylmercury 
was more appropriate than a water column based water quality criterion. The fish tissue 
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residue criterion for protection of human health was calculated to be 0.3 mg 
methylmercurylkg of fish. 

4.2.2 Toxic Substances Monitoring Program 

The SWRCB has conducted the Toxic Substances Monitoring Program since 1976 to 
provide information on the occurrence of toxic substances in fish and other aquatic life. 
Results from the TSMP are used by the SWRCB and Regional Water Quality Control 
Boards in Water Quality Assessment reports to identify impaired waterbodies. The 
TSMP uses several "criteria" for evaluation of impairment, including the maximum tissue 
residue level, elevated data level, USFDA action level, NAS guideline, and median 
international standard. 

Maximum tissue residue levels were developed by SWRCB staff from human health 
water quality objectives in the November 16, 1990 draft Functional Equivalent 
Document - Development of Water Quality Plans for Inland Surface Waters of 
California and Enclosed Bays and Estuaries of California, the April 9, 1991 draft 
Supplement to the Functional Equivalent Document, and the 1997 California Ocean 
Plan (SWRCB 1996). The MTRLs were calculated by multiplying the draft human 
health water quality criteria by the bioconcentration factor for each substance, and are 
an assessment tool for indicating water bodies with potential human health concerns 
rather than compliance or enforcement criteria. MTRLs are compared only to filet or 
edible tissue samples and not whole body or liver samples. 

Elevated data levels are used by the.SWRCB to compare results of current studies with 
results from previous studies. The EDL is calculated by ranking all of the results for a 
given chemical from the highest to the lowest concentration measured, including those 
records where the chemical was not detected. A cumulative distribution is constructed 
and percentile rankings are calculated. The 85th percentile was chosen b the SWRCB Y, as an indication that a chemical is elevated from the median, while the 95 percentile 
was chosen to indicate values that are highly elevated above the mean. These 
measures provide a guide to determine if a chemical has been found in unusually high 
concentrations, and are not directly related to potentially adverse human or animal 
health effects. 

The USFDA has established maximum concentration levels, termed action levels, for 
some toxic substances in human foods based on assumptions of the quantities of food 
consumed by. humans and upon the frequency of their consumption (SWRCB 1996). 
The action levels are intended to protect humans from the chronic effects of toxic 
substances consumed in foodstuffs. , 
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The NAS and NAE have established recommended maximum concentrations of toxic 
substances in freshwater fish tissues (NAS 1972). These guidelines established water 
quality recommendations to protect aquatic organisms as well as the predators of the 
organisms. 

Median international standards for metals were developed from a survey by the FA0 of 
health protection criteria used by member nations. These standards do not apply within 
the United States, but provide an indication of concentrations of metals that other 
countries have determined to be elevated in fish tissues. 

4.2.3 New York Guidelines 

The NYDEC developed guidelines for the protection of fish-eating wildlife. The 
guidelines are based on the laboratory animal toxicology database used to derive 
criteria for protection of human health, but were extrapolated from laboratory animals to 
wildlife. From all target species, the bird and mammal with the greatest ratios of daily 
food consumption to body weight were used to derive the wildlife criteria (Newell et al. 
1987). Because several birds consume about 20 percent of their body weight per day, 
a generic bird, with a body weight of 1 kg (2.2 Ibs.) and food consumption of 0.2 kg (7 
oz.) per day, was selected. The mink, with an average body weight of 1 kg and food 
consumption of 0.15 kg (5.3 oz.) per day, was used to represent fish-eating mammals. 

4.2.4 Canadian Tissue Residue Guidelines 

Canadian tissue residue guidelines were developed by the National Guidelines and 
Standards Office of Environment Canada to protect wildlife that consume aquatic biota 
(EC 2000). The guidelines were calculated from the most sensitive of the available 
toxicity tests and applied to Canadian species with the largest food intakelbody weight 
ratio, and therefore are conservative guidelines. 

4.2.5 U.S. Fish and Wildlife Service 

The USFWS published a series of Contaminant Hazard Reviews from 1985 to 1998. 
Each review evaluated hazards to fish, wildlife, and invertebrates for a specific 
contaminant. The reviews discuss sources and uses, chemical properties, mode of 
action, background concentrations, lethal and sub-lethal effects where known, and 
recommendations of contaminant levels in fish to protect birds and wildlife. 

The USFWS also evaluated the USEPA human health criterion for mercury to 
determine the protectiveness for threatened and endangered wildlife in California 
(USFWS 2003). The USEPA in 2001 developed a recommended water criterion based 
on a tissue residue concentration of 0.3 mglkg in edible portions of fish tissue to protect 
human health. As part of Endangered Species Act consultation for promulgation of this 
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criterion in California, the USEPA agreed that the human health criterion should be 
sufficient to protect federally listed aquatic and aquatic-dependent wildlife in California. 
The.USFWS conducted a biological evaluation of the effects of the proposed action on 
federally listed and proposed threatened and endangered species within California. A 
"wildlife value" was calculated to protect wildlife species that is analogous to the tissue 
residue concentration for human health protection. A wildlife value was determined for 
each species of concern using body weight, total daily food ingestion rate, and a 
protective reference dose. 
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5.0 STUDY RESULTS 

Eleven organic compounds and two PCB aroclors were detected in fish from Phase 1 of 
this study (Table 5.0-1). The contaminants detected include several organochlorines, 
including chlordanes (cis-chlordane, trans-chlordane, cis-nonachlor, and trans- 
nonachlor), dichloro-diphenyl-trichloroethane (DDT) breakdown products (DDD,op', 
DDD,p,p9, DDE,p,p3, and DDMU,p,p'), dieldrin, hexachlorobenzene, and polychlorinated 
biphenyl (PCB) arochlors 1254 and 1260 and congeners. The organophosphate 
chlorpyrifos was also detected. Only the DDT breakdown product DDE,p,p9 and PCB 
arochlor 1254 were found in crayfish. 

Metals detected in fish tissues include arsenic, cadmium, chromium, copper, nickel, 
lead, selenium, silver, zinc, and mercury (Table 5.0-2). The metals were also detected 
in crayfish, except arsenic, cadmium, nickel, and selenium which were not analyzed 
from these organisms. 

5.1 RELATIONSHIP OF RESULTS TO CRITERIA AND GUIDELINES 

Organic compounds and metals detected were compared to the guidelines and criteria 
to determine whether elevated or harmful levels were present in fish from project area 
waters. 

5.1 .I Organic Contaminants 

5.1..1.1 Chlordane 

The chlordane compounds cis-chlordane and cis-nonachlor were detected in 
pikeminnow and carp from the North Forebay Recreation Area swim area, carp from the 
south Thermalito Afterbay, and channal catfish from the Lower Pacific Heights Pond. 
Trans-chlordane was detected from these same fish, except those from the south 
Thermalito Afterbay. Trans-nonachlor was detected in channel catfish from all sampling 
sites in Lake Oroville, and in carp from both North Fork Arm sampling sites. Trans- 
nonachlor was also detected in Sacramento sucker collected from the Diversion Pool, 
pikeminnow and carp from the North Thermalito Forebay swim area, carp from the 
south Thermalito Forebay, and channel catfish from the Lower Pacific Heights Pond. 
No chlordane compounds were detected in bass or crayfish species from any of the 
project waters. 

None of the individual chlordane compounds exceeded the guidance values, which 
consist of elevated data levels. However, the sum of the individual chlordane 
compounds (i.e., total chlordane) exceeded the maximum tissue residue level at each 
site where any chlordane compounds were detected. No other guidelines or criteria 
were exceeded. 
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Table 5.0-1. Detected Pesticides in Fish from the Orovi 
chlordane, chlordane, nonachlor, nonachlor 

cis bans cis trans 

Maximum Tksue Residue L w  
(MTRLs) (for Fileb or Edible? for Carcinwens in Inland Surlace,~ates 1 1 1 1  

~ssues)  (a) I I I I I 
NAS Remmmended Guideline 

for Fresmvater Fish (b) 

FDA Action Level for Freshwater 
and Marine Fsh (c) 

OEHHA Screening values and 
h n  levels in ish tissues (d) 

Median Internamnal Standards (I(exdudes liver) 
New York DEC Fish Flesh Cntwiafor fis-nq wildlife 
Canadian Tissue Resaue Guidelines 

(Whole Fish) 

(Edible PoMn) 

lJSEPA Value 
OEHHA Value 

Elevated Data Lw& (a) 

USFWS Contaminant Hazard ~ e v i -  recvmmendation I  

Fsh T y p e  (h) 

Whole Freshwater Fish Calculated Using EDL 85 30.7 
1978 - 1995  Data (ppb. wel weight) EDL 95 57.9 

Freshwater Fish Filek Calculated Using EDL 85 12 
1978 - 1995  Data (ppb. wet weight) EDL 95 36.4 

2038.39 2242 
21362148 

chlordane. 
S W n  Name Spffies' cis 

SF Arm Lake Omville (McCabe Cove) SPB ND 
SF Arm Lake Oroville ( M a b e  Cove) CHC rRL 
Lower S F  Lake Omville CHC cRL 

2139-2236 

2125-2135 
21262132 
2075-2089 
2088-2092 

20452049 
2188-2209 
2175-2207 
2150-2163 
2152-2172 
2155-2158 

Lower S F  Lake Omville SPB 

Upper M F  Lake Omville CHC 
Upper M F  Lake Omville SPB 
Lower M F  Lake Omville SPB 
Lower M F  Lake Oroville CHC 

NF L. On3ville (Blwmer Cnyn) SPB 
NF L. Omvil le (Blwmer Cnyn) CHC 
NF L. Omvil le (Blmmer Cnyn) CP 
NF L. Omvil le (Foreman C) CHC 
NF L. Omvil le (Foreman C) SPB 
NF L. Omvil le (Foreman C) WHC 

2159-2160 

2064-2068 
2061-2073 

2100-2106 

chlordane. nonachbr. nonachlor * 
NF L. Omvil le (Foreman C) CP cRL 

Lake Omvil le Spilhvay arm CHC <RL 
Lake Omvil le Spil@ay arm SPB ND 

Lake Omvil le B i M l  Arm CHC <RL 
2105-2114 

2300-2305 
5003 

2210-2216 

cRL cRL 2.69 
ND cRL 

1.09 2.61 7.04 

Lake Omvil le W i l l  Arm SPB ND 

Diversion Pool SS cRL 
Diversion P w l  a a y f c s h  ND 
North Thermalito Forebav (swim area) PM 227 - - 

2222-2226 l ~ o r t h  Thermalito ~ o r e b a i  (swim area) I CP 1 2.86 1 1.17 1 2.40 1 6 64 
\ 5WO INorth Afterbay I wish 1 ND I ND I ND I <RL 

2247-2251 ISouth Thermalito Afterbay (Ski Cove) I LMB 1 ND I ND I ND I <RL 

2227.2241 l~o l ters  Pond 

' 2011-2015 
5002 

South Thermalito Aflerbay (Ski Cove) cF! 1.01 cRL 1.26 4.31 
South ThermalitoAfterbay(SkiCove) craflsh ND ND ND ND 

le Facilities (Fresh Weight ppb ( 
I I I I I I  I 

2183-22326 lPolters Pond I LMB 1 -  ND I <RL I ND 1 <RL 

2182 
5001 
FRO105 

2308-2322 
2311-2320 

chlordane DDD. ODD, DDE. DDMU. 
(total) (e) chlorpyrifos o.p' p.p' p.p' p.p' DDT (total) (9 dieldrin 

Polters Pond LMB ND cRL ND cRL 
Feather R. OS from Hwy 70 #2 crayr~h ND ND ND <RL 
Feather R US fmm Afterbay Outlet LMB <RL <RL ND <RL 

Feather R DS Aflerbay Outlet LMB ND ND ND cRL 
Feather R DS Afterbay OuUet LMB ND ND ND <RL 

I  I I I I I  I  
500 1 I 200 1 120 

(USFWS (USFWS I  : I I I I I  I 
2.31 (j) 

1.51 ti) I ND I ND 1 1.16 1 12.9 1 <RL I 14.06(n) 1 0.525 
1.88 0) ND ND 1.76 16.6 CRL 18.36 (n) 0.598 

ND ND <RL 2.29 ND 2.29 <RL I <RL 1.37 15.2 \4 <6.5.5(n) ri Ml;; ND 2.72 33.7 <RL 36.42 (j) 0.775 (i 
ND CRL 2.43 

2.37 (j) ND 2.23 20.5 <RL 22.73 (n) 0.591 
ND ND <RL cRL 

2.69 (j) ND cRL 2.13 19.2 <RL 21.33 (n) <RL 

~d The Aquatic Food Chain 
W2, Phase 1 Draft Report 
m e s  P-2100 Relicensing 

1 AE~AZ%~ (g) 1 PCB (toblxh) 

Wildlife <lCO. Wildlife 400.  
avian < 3 . m  avian <3.WO 

(USFWS 1986a) (UsFws  1986a) I l l  I 
I I I I 

hexachlom- 1 Amdor I  ~ m d o r l  I 

- .  
ND I <RL ( <RL I 1 5.596 

0.832 1 55 (k) 1 34 1 89 (j,l,m) 4 66.365 
ND <RL <RL 1 3.894 

1.05 180 (k) 104 (k) 284 (j,k.l.m.o.p)~ 186.81 (0.P) ' 
0.956 166 (k) 215 (k) 381 (j.k.l.m.0.p) '281.386 (0.p) / 
ND <RL <RL 7.272 
ND cRL <RL 112.397 (0.p) ' 
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Table 5.0-1. Continued. 

2019-2025 Mde Long  Pond LMB ND ND ND ND ND ND ND <RL ND <RL ND <RL ND 2.379 
202728 2243.44 Mae Long Pond BRB ND <RL ND cRL ND ND ND <RL ND 1.670) ND <RL <RL 2.366 

2117-2123 Lower P a H c  H e ~ h k  Pond CHC 1-04 <RL 1.02 3.12 5.17 0) 4.18 ND 2.25 562 <RL 58.45 0.n) 0.836 0) <RL 54 (k) 27 81 I 48.893 / 
2117-2123 D u p l i i  Lower P a H c  Heighk Pond CHC 1.03 <RL 1.01 2.94 4.98 0) 3.97 ND 225 532 <RL 55.45 0.17). 0.627 <RL 52 (k) 27 79 0.l.m) 46.66 

' SPB - spotted bass a. Fmrn SWRCB 1995. To* Subslances Monbring Program. 1994-95 Data Report State Water Resouces Conbol Board. Sacramemo. Califoma. 
CHC - channel d 6 h  b. NatDnal Academy of SdencesNatonal Academy of Engineern. 1973. Water Quality Critwia. 1972 (Blue Bmk). U.S. EnvbDnmental PmtectDn Agency, Embgical Research Serb. 
CP -common cam c FDA 20W Admn L&s for P o n o ~ u s  or Deleternus Substances n Human Food and Anrnal Feed U S Food and Drug 
WHC - whte cadsh a OEHHA 1999 Prevalence of seleded tarnet chemlcal mntamnank n sran fah fmm M Callomla Lakes Publc Health Assessment. SacramendD Caldomw 
SS - Sacramenm sucker e. Sum of alpha and gamma chlordane, c& and eanmonachlor and oxychlordane 
PM - pLemhnaw f. Sum of ortho and para DDTs. DDDs, and ODES 

- - I. ~ . .  

LMB - largemoulh bass g. Expressed as the sum of Amclon 
BRB - brwm bullhead h. Expressed as sum of mngene'n 

1 
?/ze; & 

I. A tolerance, ratherthan an actan level, has been established for PCBs (21CFR 109. published May 29.1984). An acbbn level is rewked when a regulaton establishes a blerance for the same substance and use. 
j. Exceeds MTRL 
k. Exceeds EDL for fsh Rets 
I. Exceeds OEHHA screening I& 
m. Exceeds USEPA screening l e d  
n. Exceeds Canadian T s u e  Residue guidelime 
o. Exceeds New York DEC fsh flesh criieria for fsheafing wildlife 
p. E x c e d s  USFWS Contaminant Harard Review proposed uiWia h die of wildlife (based on suscepWd'tyof rnhk) 
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Metals Results for Fish Collected in 2002 from the Oroville Facilities (criteria and results in 

I Arsenic I Cadrnium l Chmmiuml Copper I Lead I Mercury 1 Nickel I Selenium 1 Silver I Zinc 

Upper MF Lake Omville 

Lower MF Lake Omville 

NF A m  L. Omville (Bloomw Cnyn) 

Elevated Data Levels (a) 

Median International Standards (a) 

0.3 (aa) 
Chmmium C o ~ ~ e r  Lead Mercury Nickel 

0.134 (u) 029 4.002 r.s,u.w,bb,cc.dd) <0.002 

0.477 (1) 4.07 0.038 0.022 0.047 
0.123(u) 0.24 ~ 0 . 0 0 2 ~ . s , w . b b . c c . d d )  e0.002 
0.125 (1) 6.33 0.005 0.556 <0.002 

0.3 (1) 2.13 0.943 (t) 

p.q.r.s.u.w,bb.cc,dd) 0.006 
0.27 (1) 2.82 0.070 

~ r . s ,w .bb .cc .dd )  0.007 

0.48 (t) 2.87 2.581 (t) 
@s,bb.cc,dd) -a302 

Canadian Tissue Residue guidelines 0.033 (y) 
NA (2) NA (2) NA (2) NA (2) wildlife:500; NA (2) 6 300 (2) 

(USFWS 0.1 (USFWS (USFWS (USFWS (USFWS wildlife: 1 .l. avian: 0.1 avian: 200 (USFWS (USFWS (USFWS 
USFWS Contarrrinant Hazard Reviews 1988b) 1985a) 1986b) 1998a) .1988c) (USFWS 1987) (USFWS1998b) 1985b) 1996) 1993) 

Fish Livers EDL 85 
EDL 95 

Whole Fish EDL 85 

EDL 95 

Fish Filets EDL 85 

EDL 95 
(exdudes liver) 

0.024 

0.021 

0.124 (u) 0.018 
0.057 (t 0.009 0.591 4.002 

0.56 (1) 0.089 . , 

@.bb,cc.dd) 0.135 (u) 

0.231 (bb.dd) 0.007 
0.096 (u) 0.21 <0.002 m s . b b . c c . d d )  <0.002 

0.21 
0.68 

0.41 
0.88 
0.14 

0.43 
1.5 

Selenium 

0.11 
1.72 
0.27 
0.77 

0.16 

0.28 

0.12 

0.3 

0.13 

2.23 
0.27 
0.94 

0.16 
0.27 
0.27 

Silver - 
<0.002 
0.006 
<0.002 
0.005 - 
0.003 

<.002 

0.36 

0.99 
0.12 
0.19 

<0.01 (i) 
0.01 

0.3 

Zinc 

6.78 
18.6 
5.00 
22.1 

19.2 

19.0 
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0.03 
0.07 

0.23 
0.54 

<0.02 (i) 
<0.02 (i) 

1 

12 1 170 
33 1 230 

3.3 
4.3 

0.69 
0.99 

20 

0.1 
0.2 
0.2 
0.46 

<0.10 (i) 
<0.10 

2 

ID 0 )  
ID 

0.11 
0.22 

0.8 
1.7 
0.5 

4.10 (i) 
0.2 
0.21 

0.56 
<0.10 (i) 
<0.10 (i) 

3.32 
4.74 
1.4 

1.9 
1 

1.8 
2 

0.26 
0.76 

0.02 
0.04 

<0.02 (i) 
e0.02 (i) 

- 28 
38 
42 
49 

21.4 

30.2 
45 
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Table 5.0-2. Continued. 

I Arsenic I Cadmium 1 Chmmiuml Copper I Lead I Mercury I Nickel I Selenium 1 Silver I Zinc 
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Maximum Tissue Residue Levels (MTRLs) 

Elevated Data Levds (a) 

Median International Standards (a) 

Fish Livers EDL 85 
EDL 95 

Whde Fish EDL 85 

EDL 95 

Fish Filets EDL 85 

EDL 95 
(exdudes liver) 

Canadian Tissue Residue guidelines 0.033 (y) 
NA (2) NA (2) NA (2) NA (2) wildlfe:500; gZ) 7 300 (2) 

(USFWS 0.1 (USFWS (USFWS (USFWS (USFWS wildlife: 1.1, avian: 0.1 avian: 200 (USFWS (USFWS (USFWS 
USFWS C h t a m i ~ n t  Hazard Reviews 1988b) 1985a) 1-3 1998a) 198&) (USFWS 1987) (USFWS1998b) 1985b) 1996) 1993) 

0.21 

0.68 
0.41 

0.88 
0.14 
0.43 

1.5 

USFWS ptection of threatened and 

Station Name 

NF Arm L. Oroville (Foreman C) 
NF Arm L. Omville ( F m n  C) 
NF A n  L. Omville (Forerran C) 
NF Arm L. Oroville (FwemanC) 
NF Arm L, Oroville (Foreman C) 
NF Am L. Omville (Foreman C) 
NF Am L. Omville (Foreman C) 
Lake Omville Spilhvay arm 
Lake Omville Spillway arm 
Lake Omville Spillway arm 
Lake Omville Bidwell Arm 
Lake Omville Bidwell Ann 
Lake Omville Bidwell Ann 
Lake Omville Bidwell Ann 

NorUl F w b y  (Swim Area) 
North Forebay (Swim Area) 
South Thenralito Afterbay (Ski Cove) 
South T h m l i t o  Af lday (Ski Cove) 
South Thefmlito Aftday (Ski Cove) 

0.36 

0.99 
0.12 

0.19 
~0.01 (i) 

0.01 

0.3 

endangered'wildlife 
Species (k) 

CHC 
CHC 
CP 

SPB 
SPB 
WHC 
WHC . 
CHC 
SPB 
SPB 

CHC . 
CHC 
SPB 
SPB 

CP 
PM. 

LMB 
LMB 
CP 

0.03 

0.07 

0.23 
0.54 

c0.02 (i) 

4.02 (i) 
1 

Type 
liver 
flesh 
flesh- . 
liver 
flesh 
liver 
flesh 
flesh 
flesh 
liver 

flesh 
liver 
flesh 
liver 

flesh 
flesh 

12 1 170 

33 1 230 

3.3 
4.3 

0.69 
0.99 

20 

Arsenic 

0.030 

0.110 

0.100 

0.030 

0.029 
0.228 (o,u) 
0.772 (1) 

~0.025 
0.108 

0159 (u) 
0.673 (1) 

0.060 
0.25 (0.u) 

0.1 

0.2 
0.2 

0.46 

~0.10 (i) 
<0.10 

2 

flesh 0.080 
liver 0.291 (1) 
flesh 0.126 

~0.002 
~0.002 0.399 

l,0.234)bb.dd) 
V / 

~0.002 0.077 (u) 0.19 
0.293 (bb) 0.074 (1) 29.5 (1) 

0.007 

Cadmium 

c.002 
0.005 

<.MI2 

c.002 

~0.002 
~0.002 
0.087 

~0.002 

0.096 
. ~0.002 

0.19 @b) 

c.002 
c.002 

0.3 (aa) 

ID (j) 
ID 

0.1 1 
0.22 

0.8 
1.7 
0.5 

Lead 
0.015 

c.002 

0.005 

c0.002 

0.006 

c0.002 
0.219 (1) 
CO.002 
0.012 

Nickel 

c.002 

0.007 

c.002 

c.002 

<0.002 

<0.002 
4.002 

c0.002 

<0.002 
4.002 
~0.002 

c.002 
c.002 

Chromium 

0.48(1) 

0.26 (1) 

0.63 (1) 

0.175 (u) 
0.073 (u) 
0.169 (1) 
0.094(u) 
0.296 (1) 
0.141 (u) 

0.024 

M m r y  

.34 s.bb.a,dd) 29 0.7 (r.s.w.bb.cc.dd) 

0.143 (bb.dd) 

s.bb.cc.dd) 3 (bb.dd) 
469 ,bb.cc,dd) 

0.299 

@973r,s.u.w.bb.cc.dd) 
2.025 

e g i a d d )  

0.031 
0.025 
0.014 

CO.10 (i) 

0.2 
0.21 

0.56 
c0.10 (i) 
4.10 0) 

Copper 
2.73 

1.91 . 

1.85 

0.10 

0.24 

4.39 

0.23 
3.99 

0.21 
8.36 

-- 

Selenium 

0.18 
0.45 

0.13 

0.15 

0.06 
0.26 
1.10 

0.13 
1.45 

0.27 
1.03 

0.27 
-0 .17  

023 
0.90 

0.18 

3.32 

4.74 

1.4 
1.9 
1 

z 
Silver 

c.002 

c.002 

<.002 

<0.002 
<0.002 
~0.002 

<0.002 
0.002 

<0.002 
0.013 

Zinc 

M.7 

18.4 

19.3 

4.14 
4.68 
22.3 

6.28 

20.4 
4.85 
25.9 

<0.002 
0.018 

0.26 
0.76 

0.02 
0.04 

~0.02 6) 
co.02 m 

4.78 
29.6 (1) 

28 
38 

42 
49 

21.4 
30.2 
45 
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Table 5.0-2. Coritinued. 

Maximum Tissue Residue Levels (MTRLs) 
(for Filets or Edible Tissues) (a) 

NAS Recommended Guideline for 
Freshwater Fish (b) 

FDA Action Level for Freshwater and Marim 
Fish (c) 

OEHHA Screening values and action levels 
in fish tissues (e) 

Elevated Data Levels (a) 

Median International Standards (a) 

1 Arsenic 
for Carcinooens in Inland I 

Surface Waters 
for Non-carcinogens in 
Inland Surface Waters I 

(Whole Fish) 

I 
Edible Portion 

OEHHA Value 

Fish Livers 
EDL 95 

Whole Fish EDL 85 
EDL 95 

Fish Filets EDL85 ' 
EDL95 1 0.43 

(excludes liver) 1 1.5 

Cadmium 

All 

0.36 

0.99 . 
0.12 

0.19 

<0.01 (i) 

0.01 

0.3 

8 Chromium 

All 

0.03 

0.07 

0.23 

0.54 

<0.02 (i) 

<0.02 (i) 

1 

Copper Lead 

Canadian Tissue Residue guidelines 0.033 (Y) 
NA (2) NA (z) NA (z) NA (z) . wildlife:500; NA (z) 6 300 (z) 

(USFWS 0.1 (USFWS (USFWS (USFWS (USFWS wildlife: 1.1, avian: 0.1 avian: 200 (USFWS (USFWS (USFWS 
USFWS Contaminant Hazard Reviews 1988b) 1985a) 1986b) 1998a) 1988c) (USFWS 1987) (USFWS1998b) 1985b) 1996) 1993) 

All 

0.1 

0.2 

0.2 
0.46 

cO.10 (i) 

~0.10 

2 

Mercury 
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All 

ID (j) 
ID 

0.11 

0.22 

0.8 

1.7 

0.5 

Diversion Pool 

N. Aflerbay 

S. Aflerbay 

Feather R DS Hwy 70 

Nickel 

All 

cO.10 (i) 

0.2 

0.21 
0.56 

~0.10 (i) 

<0.10 (i) 

crayfish (I) 

crayfish (I) 

crayfish (I) 

crayfish (I) 

Selenium 

All 

3.32 

4.74 

1.4 

1.9 

1 

1.8 

2 

crayfish 

crayfish 

crayfsh 

crayfish 

Silver Zinc 

All 

0.26 

0.76 
0.02 

0.04 

<0.02 (i) 

<0.02(i) 

0.25 (v) 
0.25 (v) 

0.32 (v) 

0.26 (v) 

Al l  

2 8  

38 

4 2  

4 9  

21.4 

30.2 

4 5  

20.3 (v.w) 

34.3 (v.w) 

27.6 (v.w) 

22.2 (v,w) 

0.012 
0.023 

0.035 

0.025 

0.0325 (dd) 

0.02210.0249 

0.0263 

0.0416 (dd) 

0.006 

0.011 

0.010 

0.016 

19.7 

19.8 

23.0 

22.5 
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Table 5.0-2. Continued 

a. From SWRCB 1995. Toxic Substances Monitwing Program, 1994-95 Data Report. State Water Resouces Control Board. Saaamento. California. 
b. National Academy of Sciences-National Academy of Engineering. 1973. Water Quality Criteria. 1972 (Blue Book). U.S. Environmental Protection Agency. Ecological Research Series. . .  
c. FDA 2000. Action Levels for Pdsonous or Deleterious Substances in Human Food and Animal Feed. U.S. Food and Drug Administration. Industry Activities Staff Booklet. Washington, D.C. 
d. as methyl mercury. 

e. OEHW 1999. Prevalence of selected target chemical contaminants in sport fish from two California Lakes: Public Health Designed Screening Study. Office of Environmental Health Hazard Assessment, Saaamento. California 
f. measured as total arsenic 
g. measured as total rnerucay 
h. Non = Indudes all non-salmonid species. Salmo = Family Salmonidae (trouts). All =All fish species. 
i. c = €DL lies below the indicated detection limit. 
j. ID = Insufficient data to calculate the EDL. 
k CHC - channel ca f~h .  SPB - spotted bass, CP - carp, WHC - whie catfish. PM - pikeminnow. LMB - largemouth bass, BRB - bmwn bullhead 

2 I. Analyzed as awnposites 
m. Duplicate 
n. As methylmercury, f rom USEPA 2001. Water Quality Criterion for the Protection of Human Health:Methylmercury. EPA-823-R41001. 
o. Exceeds MTRL for carcinogens 
p. Exceeds MTRL for nonardnogens 
q. Exceeds FDA action level 
r. Exceeds USEPA screening level 
s. Exceeds OEHHA screening level 
t. Exceeds EDL fw fish l iven 
u. Exceeds EDLfwfish filets 
v. Exceeds EDL for whole fish 
w. Exceeds MIS 
x. Exceeds NAS guideline 
y. As methylmercury 
z. No aiteria proposed 
aa. USFWS 2003. Evaluation of the Clean Water Act Section 304(a) Human Health .Criterion for Methylmercuty: Protectiveness for Threatened and Endangered Wildlife in Cali-fomia. U.S. Fish and Wildlife Service. Sacramento. 
California. 
bb. Exceeds recommended limit in USFWS Contaminant Hazard Review 
cc. Exceeds recommendation of USFWS Evaluation of CWA Section 304(a) for Methytymercury 
dd. Exceeds Canadian Tissue Guideline 

/ - 

c/lrruut&[b LA*&&** $ 'g,/fl 
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5. 1. I .  2 Chlorpyrifos 

Chlorpyrifos was detected only in fish from the Lower Pacific Heights Pond. The 
concentration of chlorpyrifos in the channel catfish collected from this site did not 
exceed the levels of any guidelines or criteria. 

5.1.1.3 DDTlsomers 

DDT isomers were detected in fish from all sites except Mile Long Pond, and in all 
species collected except spotted bass from the Bidwell Arm of Lake Oroville, crayfish 
from the Diversion Pool, and largemouth bass from Potters Pond, though other species 
collected from these waters contained detectable levels. 

Criteria or guidelines for DDT isomers consist of EDLs, which were not exceeded. Total 
DDT, which is the sum of the ortho and para isomers, exceeded the MTRL and 
Canadian tissue residue guidelines in channel catfish from Lake Oroville collected near 
the spillway and the Lower Pacific Heights Pond. The MTRL and Canadian tissue 
residue guidelines and OEHHA screening value were exceeded in pikeminnow and carp 
from the North Thermalito Forebay swim area and carp from the south Thermalito 
Afterbay. The bass and crayfish species from these same waters contained only a 
fraction of the level of DDT isomers that were identified in the catfish, pikeminnow, and 
carp. 

5. I. 1.4 Dieldrin 

Dieldrin was detected in channel catfish, carp, pikeminnow, or brown bullhead from all 
of the Lake Oroville sampling sites (except those in the South Fork Arm), the North 
Thermalito Forebay swim area, south Thermalito Afterbay, and Mile Long and Lower 
Pacific Heights ponds. Dieldrin was not detected in any bass or crayfish species. 

The MTRL guideline for dieldrin was exceeded in channel catfish from Lake Oroville in 
the Bloomer Canyon area of the North Fork Arm and near the spillway, and from the 
Lower Pacific Heights Pond. Dieldrin also exceeded this guideline in carp collected 
from the North Thermalito Forebay swim area and south Thermalito Afterbay. Brown 
bullhead from Mile Long Pond also had dieldrin levels that exceeded the MTRL. 

5.1.1.4. Hexachlorobenzene 

Hexachlorobenzene was detected in channel catfish from Lake Oroville from the South 
Fork Arm near McCabe Cove and from the main body near the spillway as well as the 
Bidwell arm. Sacramento sucker from the Diversion Pool, pikeminnow and carp from 
the North Thermalito Forebay swim area, and carp from the south Thermalito Afterbay 
also contained detectable levels of hexachlorobenzene, but none was detected in any 
bass or crayfish species. 
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None of the fish contained hexachlorobenzene at levels that exceeded any guidance 
values or criteria. 

5.1.1.5 PCB 

PCBs were detected in all fish and crayfish species from all water bodies that were 
sampled, while PCB Aroclors were detected in at least some fish in all water bodies 
(except Mile Long Pond) and in crayfish in the Feather River downstream from the 
Highway 70 bridge. The EDL for Aroclor 1254 was exceeded in Sacramento sucker 
collected from the Diversion Pool, pikeminnow and carp from the North Thermalito 
Forebay swim area, carp from the south Thermalito Afterbay, crayfish from the Feather 
River downstream from the Highway 70 bridge, and channel catfish from the Lower 
Pacific Heights Pond. The EDL for Aroclor 1260 was exceeded in  channel catfish from 
both South Fork Arm collection sites and the lower Middle Fork Arm of Lake Oroville, 
pikeminnow and carp from the North Thermalito Forebay swim area, and carp from the 
south Thermalito Afterbay. 

Bass contained PCBs at much lower levels than found in other fish species. However, 
spotted bass collected from both South Fork arms of Lake Oroville and largemouth bass 
collected from the Feather River both upstream and downstream from the Afterbay 
Outlet to the river contained total PCBs (as the sum of Aroclors) that exceeded the 
MTRL and screening values of the USEPA and OEHHA, while spotted bass from the 
lower Middle Fork Arm of Lake Oroville contained total PCBs that exceeded the MTRL 
and were at the same concentration as the USEPA screening value. Total PCBs (as 
the sum of Aroclors) exceeded the MTRL and USEPA and OEHHA screening values in 
channel catfish from all sites where this species was collected, which included all the 
Lake Oroville sampling sites and Lower Pacific Heights Pond. In addition, channel 
catfish from the lower Middle Fork Arm of Lake Oroville exceeded the USFWS 
contaminant hazard recommendation for wildlife (USFWS 1986a), while those from both 
South Form Arm collection sites also exceeded the EDL, New York criteria for fish- 
eating wildlife, and USFWS contaminant hazard recommendation for wildlife. Both 
pikeminnow and carp collected from the North Thermalito Forebay swim area exceeded 
the MTRL, EDL, USEPA and OEHHA screening values, New York criteria for fish-eating 
wildlife, and USFWS contaminant hazard recommendation for wildlife. Carp collected 
from both North Fork arms of Lake Oroville, south Thermalito Afterbay, and Potters 
Pond, Sacramento sucker collected from the Diversion Pool, and crayfish collected 
downstream from the Highway 70 bridge exceeded the MTRL and USEPA and OEHHA 
screening values for total PCBs as the sum of Aroclors. In addition, the EDL, New York 
criteria for fish-eating wildlife, and USFWS contaminant hazard recommendation for 
wildlife were exceeded in carp collected from the south Thermalito Afterbay. 
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5.1.2 Metal Contaminants 

5.1.2.1 Arsenic 

The MTRL for arsenic was exceeded in spotted bass from the lower South Fork Arm, 
Bloomer Canyon area of the North Fork Arm, and spillway arm of Lake Oroville, and in 
pikeminnow from the North ~her'malito Forebay swim area. Arsenic was detected at 
levels that exceeded the EDL for filets in spotted bass from all of the Lake Oroville 
sampling areas, except the Foreman Creek area of the North Fork Arm, and in 
pikeminnow from the North Thermalito Forebay swim area. The EDL for liver was 
exceeded in spotted bass from the McCabe Cove area in the South Fork Arm, lower 
Middle Fork Arm, spillway arm, and Bidwell arm'of Lake Oroville, and in largemouth 
bass from the south Thermalito Afterbay ski cove. Channel and white catfish and carp 
contained the lowest arsenic levels in tissues. 

Arsenic is a relatively common element that occurs in air, water, soil, and all living 
tissues (USFWS 1988b). While arsenic is carcinogenic in humans, evidence of arsenic- 
induced carcinogenicity in other mammals is scarce. Evidence also indicates that 
arsenic is nutritionally essential or beneficial. Arsenic deficiency effects, such as poor 
growth, reduced survival, and inhibited reproduction, has been observed in mammals 
fed diets containing less than 0.05 mg arseniclkg, but not in those fed diets with 0.35 
mglkg. In addition, while arsenic may be bioconcentrated by organisms, it is not 
biomagnified in the food chain. Criteria for the protection of wildlife have not been 
developed (EC 2000, Newell et al. 1987, USFWS 1988b). 

I 

Arsenic detected in fish from the South and North Fork arms and spillway area of Lake 
Oroville, and the North Thermalito Forebay are considered to be at levels that may pose 
a potential human health concern (SWRCB 1996), but did not exceed any compliance 
or enforcement criteria. Arsenic was present in fish from most lake sampling sites that 
exceeded the 85th percentile EDL, which indicates that this element is elevated from the 
median found in other water bodies sampled by the TSMP, but these concentrations are 
not directly related to potentially adverse human or animal health effects. Arsenic levels 
in fish filets were less than levels found to be nutritionally beneficial in mammals, which 
suggests that arsenic levels in fish from project area waters may not pose undue risk to 
wildlife. Arsenic levels in liver from some fish were elevated from the median found in 
other water bodies sampled by the TSMP and greater than levels found to be 
nutritionally beneficial. However, liver represents only a small portion of the whole fish 
that wildlife would consume, and thus would not be expected to be of concern. 

5.1.2.2 Cadmium 

Cadmium was detected in liver in spotted bass from the McCabe Cove area of the 
South Fork Arm of Lake Oroville that exceeded the EDL. The USFWS recommended 
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that wildlife dietary levels exceeding 0.1 mg of cadmiumlkg fresh weight of prey on a 
sustained basis should be viewed with caution (USFWS 1985a). 

Cadmium is a relatively rare heavy metal. No evidence is available to indicate that 
cadmium is biologically essential, but cadmium is a known teratogen and carcinogen, a 
probable mutagen, and has been implicated as causing severe deleterious effects to 
fish and wildlife (USFWS 1985a). Freshwater aquatic organisms can accumulate 
measurable amounts of cadmium from water containing low levels of cadmium. 

Cadmium levels in fish flesh tissue from all sampling sites were always at low levels, 
either below or near detection levels. However, cadmium levels in liver from spotted 
bass from the McCabe Cove area and Bidwell Arm, and in channel catfish from the 
lower Middle Fork Arm of Lake Oroville exceeded the USFWS (1 985a) recommendation 
for cadmium levels in prey species for protection of wildlife. The recommended level for 
wildlife protection was also exceeded in liver in largemouth bass from the Thermalito 
Afierbay near the ski cove. Since liver represents only a small portion of a fish, the 
amount of cadmium that wildlife would ingest from eating fish from project waters should 
be well below the level recommended by the USFWS for their protection. 

5.1.2.3 Chromium 

The EDL for fish filets is less than the 0.02 detection level for chromium. All fish filets 
and livers from all sampling sites, except liver from spotted bass from the Bidwell Arm of 
Lake Oroville, exceeded EDLs. The EDL for chromium in whole fish was exceeded in 
crayfish from each of the four sites sampled. 

Chromium is an essential trace element in humans and some species of laboratory 
animals, but data are incomplete to determine chromium needs of other species 
(USFWS 1986b). At high environmental concentrations, chromium is a mutagen, 
teratogen, and carcinogen. Biomagnification has not been observed in the food web, 
and highest concentrations are usually observed at the lowest trophic levels. One of the 
difficulties in establishing criteria for the protection of wildlife is that sensitivity to 
chromium varies widely, even amongst closely related species. Adverse effects to 
sensitive species of wildlife have been documented at chromium levels of 5 to 10 mglkg 
of diet. 

No guidelines or recommendations are available for levels of chromium to protect 
wildlife (EC 2000, Newell et al. 1987, USFWS 1986b). However, chromium levels 
detected in fish from project area waters were only a fraction of the levels identified as 
harmful to sensitive species of wildlife. Therefore, adverse effects to wildlife from 
chromium levels in fish from project area waters is not expected to result in deleterious 
effects. 
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5.1.2.4 Copper 

Copper levels in fish only exceeded the EDL for liver from largemouth bass collected 
from the ski cove area of the Thermalito Afterbay. Copper concentrations in crayfish 
from all four sampling sites exceeded the EDL for whole fish as well as the median 
international standard. 

Copper is abundant in the environment and essential for normal growth and metabolism 
of all living organisms (USFWS 1998a). Copper is amongst the most toxic of the heavy 
metals in freshwater biota, and often accumulates to levels causing harm that are just 
above those required for growth and reproduction. Birds and mammals, in comparison 
to lower forms, are relatively resistant to copper. Bioavailability and toxicity of copper to . 
aquatic organisms is dependent upon the total copper concentration and speciation. 
Toxicity to aquatic life is related primarily to the dissolved cupric ion and possibly 
hydroxy complexes. Cupric ion accounts for less than a percent of the dissolved copper 
in fresh water. Numerous and disparate copper criteria have been proposed for 
protecting the health of agricultural crops, aquatic life, terrestrial invertebrates, poultry, 
laboratory white rats, and humans, but no copper criteria are available for protection of 
avian and mammalian wildlife. 

Exceedence of the EDL in the fish and crayfish indicates that copper levels are higher 
than the median found in other water bodies, but is not directly related to,potentially 
adverse human or animal health. The levels of copper found in crayfish are higher than 
levels that other countries have determined to be elevated in fish tissues, but this 
standard does not apply within the United States. 

5.1.2.5 Lead 

Lead was generally not detected or detected only at low levels. However, liver samples 
from channel catfish collected from the lower South Fork, upper Middle Fork, and 
Bidwell arms of Lake Oroville exceeded the EDL for lead. 

Lead is neither essential nor beneficial to living organisms, and may adversely affect 
survival, growth, reproduction, development, behavior, learning, and metabolism 
(USFWS 1988~). Food web biomagnification of lead is negligible, and younger 
organisms are more susceptible than older individuals. Guidelines for protection of 
wildlife from lead levels contained in prey have not been developed (EC 2000, Newell et 
al. 1987, USFWS 1 9 8 8 ~ ) ~  though reduced survival has been documented in sensitive 
species of birds at doses of 50 to 75 mg of leadlkg of body weight. Data are 
unavailable for toxic and sublethal effects of lead to mammalian wildlife. 
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5.1.2.6 Mercury 

Fish composites exceeded the OEHHA screening value or USEPA criterion for 
protection of human health for mercury in filets from every sampling site except Mile 
Long and Potter's ponds. Highest levels of mercury in fish filets, which exceeded the 
MTRL, were found in the lower South Fork and Middle Fork arms of Lake Oroville. The 
EDL was exceeded in fish from both sampling sites in the South Fork, lower Middle 
Fork, and Bidwell arms of Lake Oroville, while the MIS was exceeded in both of the 
South Fork and Middle Fork, the Foreman Creek area of the North Fork, and the Bidwell 
arms of Lake Oroville, the North Thermalito Forebay swim area, and the Feather River 
downstream from the Afterbay Outlet. Both the Canadian tissue (EC 2000) and 
USFWS (1987) guidelines for protection of wildlife from ingesting contaminated prey 
were exceeded at all stations except Mile Long Pong. The USFWS recommendation for 
protection of wildlife from methylmercury ingested from prey (USFWS 2003) was 
exceeded in fish from all sampling sites except Mile Long and Potter's ponds. Mercury . . 
levels in-a+l-&e crayfish composites was at or exceeded . . .  . . 

n E D A  
. . 

're=- 1- 

-from the Diversion Pool and Feather 
River downstream from Hiqhwav 70. However, total mercurv was analvzed from the 
crayfish, while the guideline is for methvlmercuty. While the total mercurv in fish is 
assumed to represent methvlmercurv, sufficient analvses are not available to determine 
if a similar relationship exists in crayfish. 

Analyses of mercury from individual fish show the OEHHA screening value and USEPA 
criterion for protection of human health was exceeded at most sampling sites, as was 
the recommendation of the USFWS for protection of threatened and endangered wildlife 
(Figure 5.1.2-1). Most fish from the Thermalito Afterbay, which was sampled in the area 
of the ski cove and Potter's Pond, had levels of mercury that were less than the 
screening value, health criterion, and protection guideline. 

Mercury has no known beneficial biological function, and can be bioconcentrated in 
organisms and biomagnified though the food web (USFWS 1987); Mercury is a 
mutagen, teratogen, and carcinogen, and causes embryocidal, cytochemical, and 
histopathological effects. Earlier studies have indicated that total mercury 
concentrations in prey items for the protection of sensitive species of mammals and 
birds that regularly consume fish and other aquatic organisms should not exceed 0.1 
mglkg fresh weight for birds and 1 .I mglkg for small mammals. Criteria for 
methylmercury in fish of 0.3 mglkg have been developed for protection of human health 
(USEPA 2001). The USEPA, in consultation with the USFWS, concluded that this 
criterion should also be protective of federally listed aquatic and aquatic dependent 
wildlife species in California (USFWS 2003). However, evaluation of this criterion 
indicates that certain species may be protected, depending upon which trophic level 
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analysis approach is used, but that others are still susceptible to adverse effects at 
concentrations of mercury less than the criterion. 

Figure 5.1.2-1. Mercury levels in individual fish from project waters (species included 
spotted bass from Lake Oroville, pikeminnow from the Thermalito Forebay, and 
largemouth bass from the Thermalito Afterbay, Feather River, and ponds) 

5.1.2.7 Nickel 

Nickel was either not detected or detected at low levels in fish tissues, except in filets 
from channel catfish from the Bloomer Canyon area of the North Fork Arm of Lake 
Oroville and largemouth bass from the Potter's Pond brood pond in the north Thermalito 
Afterbay, and in liver from brown bullhead collected from Mile Long Pond. The nickel 
levels detected in these fish exceeded the EDL. 

Nickel is abundant in the environment, and is essential for the normal growth of many 
species (USFWS 1998b). At high levels, nickel may be carcinogenic. Bird diets should 
contain at least 50 mglkg of ration to prevent nickel deficiency but less than 200 mglkg 
of ration for young birds and 800 mglkg of ration for adults to prevent adverse effects on 
growth and survival. Most species of mammals evaluated had normal growth and 
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survival during chronic exposure in diets containing 0.8 to 40 mglkg. Sensitive species 
of wildlife sometimes exhibited reduced growth and survival when fed diets containing 
500 to 2,500 mg of nickellkg ration. However, further research is needed to clarify the 
role of nickel in mammalian nutrition and health effects. Nickel levels detected in fish 
from project waters were well below levels recommended for protection from ingestion 
of prey by avian species and levels found to be acceptable in mammals (USFWS 
1 998 b). 

5.7.2.8 Selenium and Silver 

Selenium was detected in fish at low levels, while silver was either not detected or 
detected only at low concentrations. * 

Neither selenium nor silver exceeded any'of the guidelines or criteria, including those 
developed to protect avian and wildlife predators from prey containing elevated levels of 
silver (USFWS 1996); predator protection guidelines have not been developed for 
selenium (EC 2000, Newell et al. 1987, USFWS 1985b). 

5.1.2.9 Zinc 

Zinc was detected in all fish samples, but only the EDL was exceeded for liver in 
largemouth bass from the Thermalito Afterbay ski cove. 

Zinc is naturally present in the environment, but often is found at elevated levels due to 
anthropogenic sources (USFWS 1993). Zinc deficiency occurs in many species of 
plants and animals, which has severe adverse effects on all stages of growth, 
development, reproduction, and survival. Avian diets should contain at least 25 mg of 
zinclkg of ration to prevent zinc.deficiency but less than 178 mglkg of ration to prevent 
marginal sublethal effects. Mammals are comparatively resistant to zinc as evidenced 
by tolerance to extended periods on diets containing over 100 times the minimum daily 
zinc requirement. The most sensitive species of mammals were adversely affected at 
dietary concentrations of 90 to 300 mg of zinclkg ration. 

Zinc levels found in fish were well below the guideline suggested for protection of 
wildlife from ingestion of prey containing zinc (USFWS 1993). 

5.2 COMPARISON OF FISH TISSUE TO WATER QUALITY RESULTS 

Contaminants can bioaccumulate in the aquatic food web through both water-borne and 
sediment-borne sources. Sediments collected for Phase I have not yet been analyzed 
for contaminants. ,Results from fish tissue analyses were compared to concentrations of 
organic compounds and metals that have been found in project area waters in Study 
Plan SPWl to evaluate water-borne contaminants as a source to the food web. 
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Water samples for organic and metal contaminant analyses were collected from project 
area waters near many of the locations that were sampled for fish tissue analyses. 
Water quality monitoring sites that correspond to fish sampling sites include the North 
Fork Arm near Bloomer Canyon, upper Middle Fork Arm, South Fork Arm near McCabe 
Cove, and near the dam of Lake Oroville. Water samples for organic and metal 
contaminant analyses were also collected from the Diversion Pool, north Thermalito 
Forebay, north and south Thermalito Afterbay, Feather River upstream and downstream 
from the Afterbay Outlet, and Mile Long and Lower Pacific Heights ponds. 

5.2.1 Oraanic Contaminants 

Samples for organic analyses were collected in November 2002, and February and 
November 2003. Sample analyses were conducted by the DWR Bryte Chemical 
Laboratory in Sacramento. 

Organic contaminants were not reported from any of the sampled waters at levels that 
exceeded the detection level. 

Though potential organic contaminants were not detected in the water samples, water 
could still be a source of some contamination of food web organisms. Phytoplankton 
can accumulate low concentrations of contaminants from the surrounding water. As 
these organisms are eaten by other species, the low levels of contaminants assimilated 
by phytoplankton can bioaccumulate in the food web. Over time, sufficient 
bioaccumulation can occur in higher trophic levels so that even negligible 
concentrations of contaminants in water can become detectable in higher trophic level 
organisms. 

5.2.2 Metal Contaminants 

Metals analyses have been conducted monthly since initiation of monitoring for SPWl 
in March 2002. Metals were analyzed by Frontier Geosciences in Washington and 
Bryte Chemical Laboratory in Sacramento. 

While some metals were detected from each of the project area waters that were 
sampled, only arsenic, cadmium, copper, and lead were at levels in at least some of the 
water bodies that exceeded water quality criteria for the protection of human health or 
aquatic life (Appendix A). 

5.2.2.1 Arsenic 

Arsenic exceeded the OEHHA cancer potency factor for drinking water (CVRWQCB 
2003) and USEPA (1 999) water quality criteria for protection of human health through 
ingestion of water as well as aquatic organisms in every water sample that was 
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collected. The highest arsenic level reported in water was 2.81 ug/L from the Lower 
Pacific Heights Pond, which is well below the 150 ug/L chronic criterion of the California 
Toxics Rule for the protection of freshwater aquatic life (CVRWQCB 2003). Arsenic in 
some project area waters apparently is-bioaccumulating in some fish, but not to 
particularly elevated levels. 

5.2.2.2 Cadmium 

Cadmium was generally not detected or detected only at very low levels in all project 
area waters. However, several water bodies exhibited elevated cadmium levels in 
single samples. The public health goal and California Toxics Rule criterion to protect 
freshwater aquatic life for total recoverable cadmium (SWRCB 2003) were exceeded in 
one bottom sample from the Middle Fork Arm of Lake Oroville, north Thermalito 
Forebay, and south Thermalito Afterbay. The public health goal was also exceeded in a 
bottom water sample from the Diversion Pool as well as a water sample from the 
Feather River downstream from the Afterbay Outlet. All other analyses from each of 
these sites reported cadmium at non-detectable levels or levels just above the detection 
limit, which is well below any criterion. Cadmium was either not detected or reported at 
low levels in fish flesh from project area waters, except in liver from some fish collected 
from the Middle and South forks and Bidwell arm of Lake Oroville and the south 
Thermalito Afterbay, in which the recommended limit in fish tissue was exceeded. 
Though generally reported at very low levels in water samples, cadmium apparently is 
bioaccumulating in fish livers, but not to a significant amount in fish flesh. Since fish 
livers represent only a small portion of a fish that a predator would eat, adverse effects 
to wildlife from eating fish from project area waters should not pose any undue risk. 

5.2.2.2 Chromium 

Reported levels of chromium did not exceed any water quality criteria in project area 
waters. Chromium concentrations in project area waters were either below detection 
limits or at low levels. Since chromium does not biomagnify in the food web, adverse 
effects to food web organisms are not anticipated from those levels identified in project 
area waters. 

5.2.2.4 Copper 

Copper was usually reported at low levels from project area waters, but was.sometimes 
reported at levels that exceeded the California Toxics Rule criterion to protect 
freshwater aquatic life in bottom water samples collected from the North, Middle, and 
South Fork arms of Lake Oroville, Diversion Pool, north Thermalito Forebay, and north 
and south Thermalito Afterbay, and mid-depth samples from Lake Oroville near the 
dam. The public health goal, maximum contaminant level for drinking water, agricultural 
goal, and California Toxics Rule for protection of human health were also exceeded in 
some water samples from the north Thermalito Forebay, while the public health and 
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agricultural goal were exceeded in a bottom water sample from the South Fork Arm of 
Lake Oroville. Though significant concentrations of copper were reported in some water 
samples from many project area waters, levels in fish tissue were higher than fish from 
most other water bodies sampled by the TSMP only from the south Thermalito Afterbay, 
which may indicate that most copper found from project area waters is not in a 
bioavailable form. 
5.2.2.5 Lead 

Lead also was usually reported at low levels in water samples from project area waters. 
However, total recoverable lead levels exceeded the California Toxic Rule for protection 
of aquatic life in a bottom water sample from the Middle Fork Arm of Lake Oroville and 
north Thermalito Forebay, and a surface water sample from the south Thermalito 
Afterbay. Lead was not detected in fish at significant levels, except in liver samples 
from channel catfish at higher levels than most other lakes sampled by the TSMP. 
Generally low levels of lead in water, insignificant concentrations of lead in fish tissue, 
and reported negligible food web biomagnification indicate that lead is not a critical 
contaminant in project area waters. 

5.2.2.6 Mercury 

While total mercury and methylmercury levels in project area waters did not exceed any 
criteria, significant contamination in fish was identified. Mercury was reported in fish at 
levels that exceed criteria to 6rotect human health as well as wildlife. Though levels in 
project area waters are low, biomagnification apparently has resulted in significant 
mercury concentrations in fish from all project area waters. 

i 

5.2.2.7 Nickel 

Though nickel was detected from all water quality monitoring sites, no criteria were 
exceeded. Nickel levels in fish tissue were also generally at non-detectable or low 
levels, and was only elevated in a few fish compared to fish from other studies 
conducted by the TSMP but were still well below levels recommended for protection of 
predators. Nickel, therefore, is not considered to be a significant contaminant in project 
area waters. 

5.2.2.8 Selenium, Silver, and Zinc 

Selenium, silver, and zinc were all present in project area waters at low levels, and did 
not exceed any water quality criteria. Other than the south Thermalito Afterbay from 
which largemouth bass liver was at higher levels than found in other water bodies 
evaluated by the TSMP, these three metals also did not exceed any guidance values or 
criteria for the protection of human health or wildlife species. The low levels of 
selenium, silver, and zinc present in project area waters do no appear to be causing any 
adverse effects to the food web. 
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6.0 ANALYSES 

The purpose of Phase 1 is to determine the magnitude and extent of bioaccumulation of 
metals and organic contaminants in aquatic organisms within the project area, and to 
determine the sources and potential pathways of contamination that contribute to 
bioaccumulation including contaminated sediments deposited as a result of project 
features, operations, and maintenance. A second phase is to be initiated if significant 
contamination is found in the biota. The purpose of Phase 2 is to determine the role of 
project waters in bioaccumulation by assessing contaminants in tributaries to the 
project, determine the distribution of contamination in project waters and extent of 
species affected, including other sport species (such as salmon, trout, and sunfish) and 
prey species eaten by other fish and wildlife (such as delta smelt, threadfin shad, and 
crayfish), and determine the extent of contamination in the river downstream from the 
project. This information could be used to develop potential protection, mitigation and 
enhancement measures. 

Subsequent to receiving fish tissue analyses data from the DFG laboratory for mercury 
levels in some of the fish sampled for Phase 1, a Task Force composed of 
representatives from the SWRCB, NOAA Fisheries, DWR, and OEHHA met to 
determine the sampling regime for Phase 2. Recommendations were made to collect 
trout and bass species from the major tributaries to Lake Oroville, additional collection 
of bass and coho salmon, catfish, and sunfish from the three arms and main body of 
Lake Oroville, and bass and carp from the Thermalito Afterbay and Mile Long Pond. 
However, it was recognized that additional sampling may be necessary following receipt 
of the complete mercury, other metal, and organic contaminant data from the DFG 
laboratories. In addition, sediment samples collected as part of the Phase 1 study were 
preserved, pending analysis of the fish tissue samples, to determine for which 
parameters and from which locations sediments should be analyzed. 

Therefore, following review of this report, the Task Force will convene to determine 
whether additional fish or locations should be sampled for Phase 2, and which sediment 
samples should be analyzed for which parameters. Subsequently, the data from Phase 
1 and Phase 2 will be analyzed to describe existing conditions upstream from the 
project, within the project area, and downstream from the project, and evaluate project 
related effects to metal and organic compound contamination in fish. 
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Appendix A. Continued. 

Lake Oroville Middle Fork- Surface (A5R93351272) 

RIS Reference Dose8 

Lake Oroville Middle Fork - Bottom (A5R93351272) 
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Appendix A. Continued. 

Lake Oroville South Fork - Surface (A5R93221226) 

RIS Reference Doses 
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Appendix A. Continued. 

Lake Oroville At Dam - Surface (A5R93251286) 
I Methvl I 

RIS Reference Doses 

Lake Oroville At Dam - Midde~th (A5R932512861 
I Methvl I 

Primary MCLZ 
Secondary MCLZ 
Agricultural Goal3 
CallEPA Cancer Potency Factof 
CTRS Humans 
CTRSAquatic Life 
NTR6 
NAWQC7 Humans 
NAWQC7 Aquatic Life 
USEPA IRIS Reference Dosea 
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Appendix A. Continued. 
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Appendix A. Continued. 

Thermalito Afferbav. South - Surface (A5R92921412) 

Agricultural Goal3 
CallEPA Cancer Potency Factof 
CTRS Humans 
CTR5Aquatic Life 
NTR8 
NAWQC7 Humans 
NAWQC7 Aquatic Life 
USEPA IRIS Reference Doses 

Thermalito Afferbav. South - Bottom (A5R929214121 

CTRSAquatic Life 
NTR8 
NAWQC7 Humans 
NAWQC7 Aquatic Life 
USEPA IRIS Reference Dose8 
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Appendix A. Continued. 

Mile Lonq Pond lA5L92541377) 
I Methvl I I Anenic 1 Cadmium 

D T I D  - - 
Maximum concentration 1. 0.771 0.751 <O.O~<O.OO 
Minimum concentration I : *0.181 0 .171~0 .0~~0 .00  
Number of samples Ifid4 1 14 1 14 1 14 
Number of samples exceeding 

Public Health Goal' 
Primary MCL2 
Secondary MCL2 
Agricultural Goal3 
CaVEPA Cancer Potency FactoP 
CTR' Humans 

Lower Pacific Heiqhts Pond (A5L92551372) 

CTRSAquatic Life 
NTR' 
NAWQC7 Humans 
NAWQC7Aquatic L ie 
USEPA IRIS Reference Dosea 

1 Arsenic 

%*""" 

" 14 
- - 

1::~"~ I D 
- 

Maximum concentration 1. -2.811 2.8 

- 

- 
14 

Minimum concentration 0.09 0.0 
Number of samples 14 14 
Number of samples exceeding 

0 

- 

- 

Public ~ e a l t h - ~ o a l '  
Primary MCL2 
Secondary MCL2 
Agricultural Goal3 
CallEPA Cancer Potency FactoS 
CTR' Humans 
CTRBAquatic Life 
NTR~ 
NAWQC7 
NAWQCO 
USEPA IRIS Reference Dose'' 

Chrc 
T - 

1.4E 
~0.07 - 

14 

0 

0 

0 

0 

nium 
D 

0.31 
~0.07 

14 

0 

rer 

Zinc 

- - 

- - 

Methyl 
Mercury 

T 
0.00018 
<0.00002 

14 

0 

T 
0.007 

~0.004 
14 

0 

0 
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Footnotes 
1. California Environmental Protection Agency (CallEPA), Office of Environmental Health Hazard Assessment, Public Health Goals for Chemicals in Drinking Water 
2. California Department of Health Services, California Code of Regulations, Title 22, Division 4, Chapter 15, Domestic Water Quality and Monitoring 
3. Food and ~griwiture Organization of the United Nations, 1985. Water Quality for Agriculture. 
4. CallEPA, Office of Environmental Health Hazard Assessment, CaUEPA Toxicity Criteria Database 
5. California State Water Resources Control Board. Policy for Implementation of Toxics Standards for Inland Surface Waters. Enclosed Bays, and Estuaries of California 

(2 March 2003) 
6. U.S. Environmental Protection Agency, Federal Register, Volume 64, No. 216 (Tuesday, 9-November 1999) [National Toxics Rule revisions] 
7. U.S. Environmental Protection Agency, Quality Criteria for Water. 1986 (May 1986) phe Gold Book] plus updates (various dates) 
8. U.S. Environmental Protection Agency, Integrated Risk Information System [IRIS] database 
9. Chronic (4 day average) 
10. Awte (1 hr average) / 
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Results for Fish collected in 2002 from the Oroville Facilities (criteria and results in 

'Elevated aata Levets (a) 

Canadii Tssue Residue guidelines 0.033 (y) I 

NA (2) NA (2) (2) NA (2) wi!dl&500; NA (2) 6 300 (2) 
( v s w s  0.1 (UsFWs (uSFWS (USFWS (USFWS wildlife: 1.1, avian: 0.1 avian: 200 (USFWS (USFWS (USFWS 

USFWS Contaminant Harard Reviews r e )  r-) 198Sb) 1998a) 1988~) (USFWS 1981) (USFWSl998b) 19W~)  1996) 1993) 

SF A m  lake Omlle (Lower) 
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Table 5.0-2. Continued. 
-- 

0- mta (a) 

Canadiin T w e  Residue guidelines 

s o u t h ~ A f l e J m ( ~ * )  LMB 1 liver 1 0.291 (1) 1 0293@b) 1 0.074 (I) 1 29.5 (1) 1 C0.002 1 0.399 1 0.025 . 1 0.90 
south memralito ~ e r t a y  (Ski Cwe) CP I nesh 1 0.126 1 0.007 1 I I I 1,0.234>b.dd) I 0.014 I 0.18 

/ 
&. 

0.018 29.6 (I) 

Preliminary Information - Subject to Revision - For Collaborative Process Purposes Only - 

5-6 c ,  

Oroville Facilities Relicensing Team January 29,2004 
C:\Documents and Settinas\Test useNocal S e t t i n a s \ T e m ~ \ 3 3 0 5 1 . d 0 ~  , . . . - ?' - 2?b&6 



Contaminant Accumulation In Fish, Sediments, And The Aquatic Food Chain 
Study Plan W2, Phase 1 Draft Report 
0rohle Facilities P-2100 ~elicensing 

Table 5.0-2. Continued. -. 

Arsenic Cadmium 
for Carcinogens in Inland 

Maximum Tissue Residue Levels (MIRLs) 0.2 
(for Filets or Edible Tissues) (a) for Nowcardnogens in 

Elevated Data Levels (a) 

Chmmiuml Copper 1 Lead I Mercury I Nickel I Selenium Silver I Zinc 

I 1 . 1  

Canadian Tissue Residue guidelines 0.033 (y) 

, 
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Diversion Pool 
N. Afterbay 
S. Afteffxiy 
Feather R DS Hwy 70 

aayfish (1) 
ctay55hfl) 
aayfish(l) 

crayfish 
crayfish 
m s h  

aaflsh(1) 1 c w s h  

0.25 (v) 
0.25 (v) 
0.32 (v) 

0.26 (v) 

20.3 (v.w\ 
34.3 (v.w) 
27.6 (v.w) 
22.2 (v.w) 1 0.025 

0.012 
0.023 
0.035 

0.0416 (dd) 

I 0.0325 (dd) 
0.02210.0248 

0.0263 I 
0.016 22.5 

0.008 
0.011 
0.010 

19.7 
19.8 
23.0 
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Table 5.0-2. Continued 

a. Fmm SWRCB 1995. Tmdc Substances Monilceing Rogram, 1994-95 Data RepaL Stale Water Rescuces Control Board. Sacramento. CaSf~fflb. 
b. National Academy of Sciences-Natianal Academy of Engineering. 1973. Water Qualii'cr~lerla. 1972 (Blue Book). U.S. Envimnmental Pmtectnn Agency, EccWcaI alearch Secies. 
c. FDA 2000. ARIon Levels fa Pdsonous or Weterints Substances in Human Food and Animal Feed. U.S. Food and Dmg Adminisbation. IndUSW Adivities Staff B W  W~Shingtcn. D.C. 
d. as methyl msrarry. 

e. OEHHA 1999. Prevalence of selected target chemical um~aminsnts in sport fish fhn two Cdfomh Lakes: Public Heallh Designed m n g  S W .  ORice of Environmental Health Hazard Assessment. Sacramemo. California 
f. measured as total arsenic 
g. measured as total m a y  
h. Non = Includes aR n o r t - s a m  species. Salmo = Family Salmonidae (bouts). All= Ail fish species. 
1. < = EDL I&$ below the ind'mted delection UmK 
j. ID = InsuRtdent data to calculate lhe EDL 
k CHC - chanml catfish. SPB - sponed bass. CP - carp. WHC -white catfish. PM - pikeminnow. LMB - krgemdh bass. BRB - bmwn bullhead 

3 I. Ana~asaxnpcsi les 
.m. DW-te 
R AS methylmerany; from USEPA 2001. Water Quari Critericn far the Protection of Human Heallh:Methylmetwty. EPA-823-RO1-00j. 
o. Exceeds MTRL fa carcinogens 
p. Exceeds ?JTRL for noncarcinogam 
.q. Exceeds FDA action level ' 

r. Exceeds USEPA saeening level 
s. Exceeds OEHHA swening level 
t EX- EDL fa fish r i m  
u. Exceeds EDL for fish filets 
v. Exceeds EDL for whole fih 
w. Exweds MIS 
r Exceeds NAS guideline 
Y. As methylmaw 

- r No criteria proposed 
aa. USFWS 2003. Evalualion of the Clean Water Act Sedion 304(a) Human Health.~riterion for Methylmemry. Protecliveness far Thmatened and Endangered Wildlife in CaMcmia. U.S. F s h  and W m  Service. Sauamento. 
California. 
bb. ~xceebs'reccmmanded limit in USFWS Contaminant Hazard Review 
cc. Exceeds reammendarn of USFWS Evaluation of CWA Sedian -a) for m - r y  
dd. Ex* Canadian Tssue Guideiine 

Lhk&&, g &-fl 
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analysis approach is used, but that others are still susceptible to adverse effects at 
concentrations of mercury less than the criterion. 

, - 

Figure 5.1.2-1. Mercury levels in individual fish from project waters, (species included 
spotted bass from Lake Oroville, pikeminnow from the Thermalito Forebay, and 
largemouth bass from the Thermalito Afterbay, Feather River, and ponds) 

5.1.2.7 Nickel 

Nickel was either not detected or detected at low levels in fish tissues, except in filets 
from channel catfish from the Bloomer Canyon area of the North Fork Arm of Lake 
Oroville and largemouth bass from the Potter's Pond brood pond in the north Thermalito 
Afterbay, and in liver from brown bullhead collected from Mile Long Pond. The nickel 
levels detected in these fish exceeded the EDL. 

Nickel is abundant in the environment, and is essential for the normal growth of many 
species (USFWS 1998b). At high levels, nickel may be carcinogenic. Bird diets should 
contain at least 50 mglkg of ration to prevent nickel deficiency but less than 200 mglkg 
of ration for young birds and 800 mglkg of ration for adults to prevent adverse effects on 
growth and survival. Most species of mammals evaluated had normal growth and 
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3.1.4 Fish and Crayfrsh Tissue Analysis 

The resource agencies and NGOs in early 2001 expressed concern regarding the potential 

for' bioaccumulation of silver (from the Licensee's cloud seeding operations, see Water 

Quality Section E2), methyl mercury (fiom historic mining op6rations in the Seneca 

Reach), and PCBs in Belden Forebay (from a landslide and spill in 1984) and in the Belden 

Reach below the forebay's dredge diiposa'l pile (from remediation of the forebay following 

the spill). Based on these concerns, the Licensee agreed to collect fish and crayfish fiom 

both the forebay and fiom the Belden Reach below the dredge disposal pile for tissue 

analysis. Specifically, the Licensee was requested and agreed to collect and analyze 
. . 

Sacramento, sucker and crayfish from Belden Forebay for silver, methyl mercury, and 

PCBs and for only PCBs :in the Belden Reach below the dredge disposal pile located a 

short distance below Belden Dam (Figure E3.1.4-1). 

Fish and crayfish were collected in Belden Forebay on the night of August 14,2001 using 

two 100-foot long by 8-foot deep variable mesh gdl nets, and the following day in the 

Belden Reach below the dredge disposal pile using backpack electrofishers. In addition to 

collecting and analyzing Sacramento sucker and crayfish in the forebay, the Licensee also' 

elected to include one rainbow trout, one brown trout, and two smallmouth bass that had 

also been caught by the gdl nets. About 12 crayfish (Pacifiticus leniusculus) collected 
P 

as part of the.gdl net sampling effort were also saved for tissue analysis. In addition to 

collecting four Sacramento sucker-and six crayfish (P. leniusculus) in the Belden Reach, 

the Licensee also collected four rainbow trout for PCB analysis. All collected fish and 

E3.1-95 
Upper North Fork Feather River Project, FERC No. 2105 

O 2002, Pacific Gas and Electric Company 



crayfish were identified to species, measured to the nearest mm (fork length, fish only), 

and wrapped in aluminum foil, each with a unique identification number (all crayfish 

collected at each site were composited, resulting in only two crayfish samples, one for 

each site). All samples were then placed in an ice chest with dry ice for transport to the 

laboratory for analysis. All field collection and preservation techniques followed protocols 

supplied by the laboratories for tissue analysis. A chain of custody formwas Hed out on 

site and was included with the samples prior to shipping. 

Silver, methyl, and inorganic mercury analyses were performed by Frontier Geosciences, 

Seattle WA., and PCB analysis was performed by Axys Analytical Services Ltd, Sydney, 

B.C. using ultra-clean sample handling techniques. All fish and crayfish were analyzed as 

whole specimens, i.e., the entire fish or craytish was homogenized. The tissue analysis 

results for collected fish and crayfish are presented in Table E3.1.4-1. Included in this 

table are sample criteria from various agencies, including the Food and Drug 

Administration (FDA), Environmental Protection Agency (EPA), and the San Francisco 

Estuary Institute (SFEI) for the substances analyzed in this study. 

The level of silver in all of the fish and crayfish sampled ranged from a low of 0.002 parts 

per million (pprn) in a smallmouth bass to 0.023 ppm in the.composited crayfish sample in 

Belden Forebay. These levels are from 5 to 50 times lower than the listed California 
P 

drinking water standard maximum concentration level of 0.1 ppm. 

E3.1-96 
Upper North Fork Feather River Project, FERC No. 21 05 

O 2002, Pacific .Gas and Electric Company 



Table E3.1.4-1 
Fish and crayfish tissue analysis for silver, mercury, and PCB's in Belden Forebay and Belden Reach 
and Belden Reach below dredge disposal pile and various sample action, allowable, and screening levels. 

Sample action, advisory, and screening levels 

Legend: P 

CA= Caribou Afterbay BR= Belden Reach 
ppm = parts per million and ppb = parts per billion 
FDA Allowable Level for commercial interstate commerce. 
ODH = Oregon Health Division 
SFEI = San Francisco Estuary Institute, Delta Fish Contaminant Monitoring (2000) 
CDWS = California Drinking Water Standards; MCL = Maximum Concentration Level 

E3.1-99 
Upper North Fork Feather River Project, FERC No. 21 05 

O 2002, Pacific Gas and Electric Company 



Methyl mercury ranged from 3 1.5 parts per billion (ppb) in the cornposited crayfish sample 

to 1 1 1.0 ppb in a smallmouth bass in the Belden Forebay. With the exception of the single 

smallmouth bass sample, the rest of the samples were below the FDA action level of 100 

ppb, and all were below the SF'EI screening level of 300 ppb and the EPA advisory level 

of 350 ppb. Both inorganic and total mercury levels are also reported; however, there are 

no current criteria for these constituents. 

Total PCB levels (a summation of the 209 separate congeners for each sampled organism) 

ranged fiom 0.8 ppb in the crayfish to 14.9 ppb in a smallrn6uth bass in the Belden 

Forebay and from 0.2 ppb in crayfish to, 7.3 ppb in a Sacramento sucker in the Belden 

Reach below the dredge disposal pile. All PCB levels were below the FDA allowable level 

of 2000 ppb. Although four. fish (all of the suckers and one smallmouth bass collected 

i%om,the. forebay) were above the EPA screening level of 10 ppb, they were still below the 

SFEI screening level of 20 ppb. Due to changes in analytical methodologies in the elapsed 

time between the PCB contaminated oil spill into the Belden Forebay in 1984 and this 

evaluation, it is not possible to directly compare the results from the fish tissue sampling 

conducted in 1984 and 1988 with this effort. 

3.1.5 Sensitive Aquatic Species F 

The following section provides information on sensitive fish, amphibian, and aquatic 

reptile species that are either known to occur in the project vicinity or which have been 

identified as a sensitive species by either the Plumas National forest (PNF) and/or the 

E3.1-100 
Upper North Fork Feather River Project, FERC No. 2105 

O 2002, Pacific Gas and Electric Company 





Pi 
(FERC PROJECT NO. 2 1 00) 

SP-W1 Project Effects on Water Quality Designated Beneficial Uses for 
Surface Waters 

October 25, 2002 

The Environmental Work Group identified as an issue the effects of existing and future project operations on 
the physical, cheinical, and biological co~nponents of water quality in the Feather River, affected tributaries, 

and downstream waters. The project was considered to have potential for direct and indirect water quality 
effects on aquatic ecosystem health, recreational opportunity, and domestic and agricultural water supply. 
Concern was expressed about the potential effects of the project on compliance with water quality objectives 
identified in the Regional Water Quality Control Board's Water Quality Control Plan (Basin Plan) 
(CVRWQCB 1998), and effects on designated beneficial uses of the water. The beneficial uses for the 
reservoir and Feather River as defined in the Basin Plan include municipal and domestic supply, agriculture 
irrigation, electrical power production, contact and non-contact recreation, canoeing and rafting recreation, 
wann and cold freshwater habitat, wann and cold fish migration and spawning, and wildlife habitat. 

Some physical, cheinical, and biological data have been collected from the North, Middle, and Soutl~ forks of 

,! the Feather River near their confluences with Lake Oroville, from the reservoir itself, and downstreain from 
Oroville Dain in the Feather River, Tbennalito Power Canal, and Thermalito Afterbay. However, these data 
are not, nor were expected to be, sufficient to determine compliance of project waters with all Basin Plan 
objectives, goals, and criteria for protection of the designated beneficial uses. Some of the existing data also 
indicate potential areas of concern for adverse water quality conditions. These data are identified and 
sunl~narized in the Initial Information Package for Relicensing of the Oroville Facilities (DWR 200 1). 
Additional physical, cheinical, and biological data are needed to demonstrate project compliance wit11 Basin 
Plan standards. 

Relicensing of the Oroville Facilities by the Federal Energy Regulatory Coilmission (FERC) requires 
certification from the State Water Resources Control Board (SWRCB) that the project coinplies with Section 
401 of the Federal Clean Water Act. The water quality certification signifies compliance with water quality 
standards and other appropriate requirements for any discharge or discharges to waters of the United States 
resulting froin an activity that requires a federal license or permit. Information required by the SWRCB for 
certification includes evidence of compliance with appropriate requirements of the Basin Plan. 

2.0 Study Objective 

The objective of the study is to evaluate the physical, cheinical, and biological integrity of water quality in 
Lake Oroville, its tributaries, the Feather kver ,  Diversion Pool, Thermalito Power Canal, Forebay and 
Afterbay, and other project-affected surface waters. Infonnation obtained froin the study will be used to 
detennine whether project-affected waters meet Basin Plan objectives and are protective of beneficial uses 
designated in the Basin Plan. 

O r o \ ~ i l l e  F a c i l i t i e s  ~ e l i c e n s i n ~ ' ( ~ ~ ~ ~  P r o j e c t  N o .  2 1 0 0 )  O c i o b e r  2 5 ,  2 0 0 2  

S P - W I  P r o j e c t  E f f e c t s  o n  W n t e r  Q u a l i t y  D e s i g n a i e d  Bene f i c ia l  

u s e s  for S u r f a c e  W a t e r s  

P a g e  I 



3.0 Relationship to Relicensing /Need for the Study 

Construction of Oroville Dan,  impoundment of water to form Lake Oroville, and associated facilities of the 
project have affected the physical, chemical, and biological characteristics of water in the Feather River. These 
changes in water quality characteristics may affect beneficial uses of the water. 

Prior to issuance of a new license for the project, FERC will require a water quality certification by the 
SWRCB or a waiver of such certification. The certification requires a determination by the SWRCB that the 
project complies with appropriate requirements of the CVRWQCB Basin Plan, which includes water quality 
objectives for protection of designated beneficial uses. The CVRWQCB has established surface water quality 

objectives for a variety of water quality,constituents, for which both numerical and narrative standards have 
been developed. Nun~erical objectives have been established for parameters which can be measured 
quantitatively (such as mgL of a chemical contaminant), while narrative objectives have been established for 
parameters that may not be readily quantifiable (such as toxicity). Both numerical and narrative objectives are 
applicable in detennining impacts to beneficial uses. Demonstration of conlpliance with water quality 
standards and other appropriate requirements is needed in the application for water quality certification. While 
compliance with numerical objectives will be detennined by comparison of data to the numerical value of the 
objective, compliance with narrative objectives will be detennined by comparison of data to other applicable 
criteria or standards that are recognized as levels protective of beneficial uses. Data obtained from this study 
will be used to determine coinpliance with standards, objectives, and criteria for those factors controllable by 
the project. 

4.0 Study Area 

The study area is generally within the FERC project boundary, but also includes the Feather River downstream 
to the confluence with the Sacramento b v e r  for project-related effects. Specific water bodies included in the 
study plan are the North, Middle, and South forks of the Feather Rver and the West Branch and Concow 
Creek just above their confluences with the reservoir, Lake Oroville, Feather b v e r  downstream from Oroville 
Dam to the confluence with the Sacramento River, Thennalito Diversion Pool, Forebay, and Afterbay, and 
Oroville Wildlife Area ponds. 

Study plans approved by the Environnlental Work Group define the limits of the study area. If initial study 
results indicate that'the study area should be expanded or contracted, the Environmental Work Group will 
discuss the basis for change and revise the study area as appropriate. 

5.0 General Approach 

This study will evaluate those parameters potentially affected by the project for which the CVRWQCB has 
established water quality objectives in the Basin Plan. These parameters include physical constituents 
(temperature, dissolved oxygen, pH, turbidity, electrical conductivity), chemical constituents (minerals, 
nutrients, and metals), pesticides, pathogens (bacteria), biostimulatory substances which promote aquatic 
growths (phytoplankton, periphyton), toxicity (aquatic macroinvertebrate indicators and toxicity 

Oroi~ iY le  F a c i l i t i e s  R e l i c e n s i n g  ( F E R C  P r o j e c t  N o .  2 1 0 0  O c t o b e r  2 5 ,  ZOO2 
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bioassays), sediment, settleable and suspended material, color, floating material, oil and grease, and tastes 
and odors. The study generally relies on monthly collection of data since water quality parameters vary 
with environmental conditions throughout the year, though some parameters are targeted to specific times 
of the year due to parameter specific factors. In addition, some parameters will be collected to coincide 
with the first flush following significant fall rains as well as during some subsequent storm events since the 
higher runoff associated with these events often elevate certain parameters. Data obtained from this study 
will be compared to numerical or narrative objectives to determine compliance with the water quality 
standards for factors controllable by the project. If initial study results indicate that the methods and tasks 
should be modified, the Environmental Work Group will discuss the basis for change and revise the study 
plans as appropriate. 

Task I-Proiect Effects on Surface Water 

Monitoring will be conducted at sites within and adjacent to the study area to assess physical, chemical, and 
biological water quality characteristics in major inflows, discharges, impounded waters, and ponds, and to 
assess effects of various land use activities within the Feather River watershed project area (Figures SPWl-1 
and 2, Table SPW1-1). Monitoring sites were identified in Environmental Workgroup Task Force meetings, 
which included participation by federal and State agencies and members of the public. Exact monitoring sites 
will be determined in the field during initial sampling. Site coordinates will be obtained with hand-held GPS 
units, and data input into the project GIs system. Adjacent areas included in the monitoring program are 
primarily the tributaries entering Lake Oroville and stations on the Feather River downstream to the confluence 
with the Sacramento River Monitoring of these tributaries at their confluences with the reservoir will establish 
a baseline for determining any changes in water quality induced by the project. Additional inonitoring stations 
may be added if data indicate the need to determine sources and effects of any detected adverse habitat or 
water quality conditions. 

Physical, chemical, and biological components of water quality will be assessed in study area waters (Table 
SPW1-2). Some parameters, such as temperature, will be obtained.with recording instruments, while others 
(such as inorganic chemistry) will be sampled during monthly visits to the monitoring site. 

Water Temperature-Water temperatures in the study area will be assessed since this parameter controls the 
rate of chemical and biological processes, and is important in determining suitability of project waters for 
survival and reproduction of aquatic organisms, including anadromous fish. These data will also be necessary 
for development of a temperature model in other study plans. This information will be collected in Study Plan 
SP-W6. 

Field Parameters-Basic water quality parameters, including temperature, dissolved oxygen, conductivity, 
pH, and turbidity, will be measured with properly calibrated field instrumentation at each visit to every 
monitoring station. Stream samples or measurements will be collected about one foot below the surface in 
flowing, well-mixed riffle or run areas. Dissolved oxygen will be measured in streams by titration (azide 
modification of the iodometric method). Basic water quality parameters will be measured in lentic waters 
(lakes and ponds) from the surface to the bottom at meter intervals when differences in individual parameters 
are observed between successive depths, and at three to five meter intervals when there are no differences in 
successive values. Temperature and dissolved oxygen in lentic waters will be measured at intervals 

O r o v i l l e  Fac i l i t i es  Re l icens ing  (FERC Projec t  N o .  2 1 0 0  October  25. 2002 
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Figure SPllrJ1'-2, h8orrit0r;ilng Sites in the Lower F~ealthef Rivoa 
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Table SPW1-1. Monitoring Site Number System for Maps 

using meters and membrane electrode probes calibrated at the surface using the iodometric method. 
Conductivity and pH will be measured with meters and probes in samples collected at intervals with a van 
Dorn water bottle. Turbidity will be measured with a nephelometer from samples collected using the van Dorn 
water bottle. 

1. West Branch at Oroville Reservoir 
2. Concow Creek at Jordan Hill Road 
3. North Fork downstream from Poe Power House 
4. French Creek at Oroville Reservoir 

5. Middle Fork at Milsap Bar Road 
6. Fall Rver upstream from Feather Falls 
7. South Fork upstream from Ponderosa Reservoir 
8. Ponderosa Reservoir near Dam 
9. Sucker Run near Forbestown 

10. North Fork Arm Lake Oroville 
11. Middle Fork Arm Lake Oroville 
12. South Fork Arm Lake Oroville 
1 3. Lake Oroville Main Body 
14. Lake Oroville near D a n  
15. Diversion Pool upstream from Kelly Ridge PH 
16. Kelly Ridge PH Discharge 
17. Diversion Pool downstream from Kelly Ridge PH 
18. Glen Pond 
19. Glen Creek 
20. Diversion Pool near Diversion Dam 
21. Feather River nr Fish Barrier Dam 

22. Feather River upstream from Hatchery 
23. Feather River downstream from Hatchery 
24. Feather k v e r  downstream from Hwy 162 
25. Feather River at Robinson Riffle 
26. Feather River upstream from Afierbay Outlet 
27. Feather River pool at Afterbay Outlet 

Dissolved oxygen will also be measured in pools near the sampling stations downstream from the Fish Barrier 
Dam to the mouth of the Feather River. Dissolved oxygen (and temperature in conjunction with SP-W6) 
profiles will be measured at half-meter intervals from the surface to the bottom of pools with meters and 
probes every other week from May through October, and monthly from November through April. 

28. Feather River downstream from Afterbay Outlet 
29. Feather River downstream from SCOR Outfall 
30. Feather River near Mile Long Pond 
3 1. Feather River downstream from Project boundary 
32. Feather River nr Gridley 
33. Wildlife Area ponds 
34. Afterbay Outlet Canal to Feather River 
35. Sutter Buttes Canal at Afterbay Outlet 

36. Thermalito Afterbay (south) 
37. Thennalito Afterbay (north) 
38. Western Canal at Afterbay Outlet 

39. Thennalito Forebay (south) 
40. Thermalito Forebay nr Wastewater Holding Tank 
41. Thermalito Forebay (north) 
42. Feather River upstream from Honcut Creek 
43. Honcut Creek 
44. Feather fiver near Live Oak 
45. Feather River supstreain from Yuba fiver 
46. Yuba River at Marysville 
47. Feather River at Shanghai Bend 
48. Feather River at Star Bend 

49. Bear h v e r  
50. Feather River nr Nicolaus 
5 1. Feather River near Verona 
52. Sacramento River upstream from Feather River 
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At some stations, the basic water quality field paralneters may also be recorded with data loggers. Data loggers 
may also be installed where data indicate potential water quality degradation or where water quality parameters 
could be expected to experience wide diurnal variations. Loggng instrumentation will be calibrated no less 
frequently than monthly, or more often if data indicate significant instrument drift. 

Inorganic Chemistry-Water inorganic chemistry will be assessed since these parameters influence beneficial 
uses of water and may become elevated due to contamination, which often results in deleterious effects to 
aquatic life and other beneficial uses. Lirnnological processes in project water bodies inay alter the chemical 
state of some parameters, and include potential release of soluble metals from bottom sediments and 
methylation of nlercury due 

Table SPW1-2. Water Quality Monitoring Schedule for the Oroville Relicensing Project 

Station Temper Field Inorganic Pesticides Coliforrn Phyto- & Macro- Aquatic 
-ature Parameters Chemistry bacteria Periphyton Inverte- Toxicity 

zoo- 
(a) (b) (c) (d,f) (t) plankton brates 

1 West Branch at Oroville Res R rn (e)(t) m (t) F & W m(t) rn I o 
2 Concow Creek at Jordan Hill Rd R m (t) rn (t) F & W - rn(t) rn I o 
3 North Fork d/s Poe Power R In (t) rn (t) F & W rn(t) rn I o 

House 
4 FrenchCreek at Oroville R rn 

Res 
, 5 Middle Fork at Milsap Bar Rd R rn (t) rn (t) F & W . rn (t) m I o 

6 Fall River u/s Feather Falls R m (t) , rn (t) F & W rn (t) rn I o 
7 South Fork uls Ponderosa Res R m (t) rn (t) F & W rn (t) rn I o 
8 Sucker Run nr Forbestown R rn (t) rn (t) F & W rn (t) m I o 
9 Ponderosa Res nr Dam P rn mT~;gbT~zLw$3Km~&Th Lake Oroville 
10 North Fork Arm P rn m ( r )  F & W ( i )  m m 
11 Middle Fork Arm P m m ( r )  F & w ( ~ )  rn m 
12 South Fork Arm P rn m ( r )  F & W ( i )  rn rn 
13 Main Body P rn rn( r )  F & W ( i )  rn m . , 
14 Dam r n '  m 

Diversion Pool 
15 uls from Kelly Ridge Power P rn rn F & W ( i )  m m 

House 
16 Kelly Ridge Power House R 

discharge 
17 d/s from Kelly Ridge Power P 

House 
18 Glen Pond P m rn 
19 Glen Creek R rn rn F & W  rn rn I 
20 Diversion Pool nr DIV. Dam P rn Ill ( r) rn 

Feather River in Project Boundary ~dTdm~~$~~&~~xz&~~s v m v ~ , - r - a  &&~~&A:o&f ig~&Lf f~ .w8  *%;-rwq 

21 nr Flsh Barrier Dam Ru m (g,t,u) rn (g,t) F & W m (t) m (9) I m 
22 uls from Hatchery Ru rn (gd) IT (g) rn m (9) I 
23 dls from Hatchery Ru m (g,t,u) rn (g,t) F & W m (t) m (g) I m 
24 dls from Hwy 162 bridge Ru m (g,u) rn (g) rn In (g) I 
25 Robinson Riffle Ru m ( g ~ )  m (g) rn m (g) I 
26 uls from Afterbay Outlet Ru m (g,t,u) rn (gl)  F & W m (t) In (9) I rn 
27 pool at Afterbay Outlet u u 
28 d/s from ~ f t e r b a ~  Outlet R u rn (g,t,u) rn (g,t) F & W rn (t) m (9) I rn 
29 dls from SCOR Outfall (q )  R m (g,t) m (g,t) F & W rn (t) m. (g) I rn 
30 nr Mile Long Pong Ru rn (g,t,u) rn (g,t) F & W' rn (t) m (9) I 
31 d/s from Project boundary Ru m(t,g,u) rn(g,t) F & W rn (t) rn I rn 
32 nr Gridley u u 
33 Oroville Wildlife Ar,ea ponds P m rn F & W ( i )  rn rn I P 
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Thermalito Complex 
34 Outlet to Feather River 
35 Sutter Buttes Canal 
36 South Afterbay 
37 North Afterbay 
38 Western Canal 
39 South Forebay 
40 Forebay nr Wastewater 

Holding Tank 
41 North Forebay P m 

Feather River Downstream from Project Boundary 

42 uls from Honcut Creek Rg,u m(t,g,~) m(t) F & W m (t) m 1 
43 Honcut Creek R m(t) m(t) F & W m (t) m I 
44 nr Live Oak Ru m(t,u) m(t) F & W rn (t) m I 
45 uls from Yuba River Ru m(t,u) m(t) F & W m (t) m I 
46 Yuba River R m(t) m(t) F & W m (t) I 
47 at Shanghai Bend Ru m(t,u) m(t) F & W  m(t) I 
48 at Star Bend u u 
49 Bear River R m(t) , m(t) F & W m (t) 
50 nr Nicolaus u u 
51 nr Verona Ru m(t,u) m(t) F & W m (t) 
52 Sacramento R ab FR R m(t) m(t) F & W m (1) 

Table SPW1-2. Water Quality Monitoring.Schedule for the Oroville Relicensing Project, continued 

a. R = recorder, P = profile; from study plan SP-W6 
b. Includes dissolved oxygen, conductivity, pH, turbidity 
c. minerals (calcium, sodium, potassium, magnesium, sulfate, chloride, boron, and alkalinity), nutrients 

(nitrate plus nitrite, total and dissolved ammonia, dissolved orthophosphate, and total phosphorus), total and 
dissolved metals (aluminum arsenic, cadmium, chromium, copper, iron, lead, manganese, nickel, selenium, 
and zinc), total recoverable mercury, total methyl mercury, total and dissolved solids, total hardness, 
settleable and suspended materials (solids), color, floating material, oil and grease, taste and odor, and total 
and dissolved organic carbon 

d. includes chlorinated organic pesticides, organic pl~ospl~orus pesticides, chlorinated phenoxy acid herbicides, 
volatile organic pesticides, carbamate pesticides, and glyphosate. 

e. m = monthly measurement or sample collection 
f. F = fall (after significant runoff), W = winter (after dornlant spray season) 
g. nutrients, field parameters, and periphyton at two week intervals from September through December 
i. surface sanlples 
1. benthic inacroinvertebrate samples collected in September 2002 
o. seasonal analysis of toxicity (July, September, first flush, February, AprilJMay 
p. spring and summer toxicity analyses 
q. Sewerage Con-mission Oroville Region discharge 114 mile downstream from Afterbay Outlet 
r. surface and bottom samples 
s. surface, intake structure withdrawal elevation, and bottom 
t. additional samples during four storm events 
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u. temperature and dissolved oxygen biweekly froin May through October and monthly from November 
through April. 

to wanner water and organic content in the Thermalito Afterbay. Water samples will be collected monthly for 
chemical analyses at the monitoring stations. 

Inorganic chemical analyses will include minerals (calcium, sodium, potassium; magnesium, sulfate, chloride, 
boron, and alkalinity), nutrients (nitrate plus nitrite, ammonia, dissolved orthophosphate, and total 
phosphorus), metals (aluminum arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, 
selenium, and zinc), and total and dissolved organic carbon. For all metals except mercury, samples will be 
collected for both total recoverable and dissolved metals. Mercury will include both total recoverable and total 
methyl fractions. Total and suspended solids and hardness will also be analyzed from samples collected at each 
site. Analyses may also be conducted at other locations to detennine sources of constituents found at the 
primary monitoring stations that may degrade the beneficial uses of the water. 

Samples for chemical analyses from streams will be collected by wading into the channel and dipping sample 
containers to a depth of approxinlately one foot into the well-mixed channel flow. Mineral and nutrient 
sanlples will be collected into clean polyethylene containers. Samples for trace metals analyses at water 
quality criteria levels will be collected into polyethylene or glass bottles according to U.S. EPA Method 1669 
(USEPA 1996). Samples for mineral, nutrient, and metal analyses from lakes and ponds will be collected from 
the surface by dipping an inverted container to approximately 0.5 meters below the surface. Water samples at 
greater depths will be collected with a van Dom water bottle for minerals and nutrients and teflon bomb or 
Keimnerer style bottles for trace metals. Samples will be collected from near the surface and bottom of lakes 
and ponds during periods of stratification or when differences in field parameters occur between the surface 
and bottom, but only at mid-depth during those portions of the year when field parameters indicate uniform 
conditions throughout the water column in the shallower water bodies, such as Oroville Wildlife Area ponds. 

Chemical analyses of minerals, nutrients, and metals will be performed at the DWR Bryte Chemical 
Laboratory in West Sacramento using U.S. EPA approved techniques, equipment, and methods (Appendix 
SPW1-1). . 

Pesticides-A variety of pesticides may be used within the watershed that may affect the aquatic resources in 
the Feather fiver watershed. Silviculture and agriculture pesticide uses are well regulated, but some 
application practices still contribute to pesticide contamination in streams and lakes. A significant source of 
pesticides in many areas has been identified as runoff from urbanized areas. Urban use of readily available 
household pesticides is unregulated and significantly more pesticides may be applied by homeowners than is 
applied for similar products by the regulated community. 

Water samples will be collected from the monitoring stations in the fall after rains produce the first significant 
runoff and again during February or March., Samples will be analyzed at the Bryte Chemical Laboratory for 
chlorinated organic pesticides, organic phosphorus pesticides, chlorinated phenoxy acid herbicides, volatile 
organic pesticides, carbanate pesticides, and glyphosate. 
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Presently, the EPA has not approved methods for analyses of pyretl~roid pesticides, though either GC-MS or 
HPLC methods have been used in various laboratories for their analyses. Since methods for analysis vary 
according to the specific pyrethroid pesticide, the Department of Pesticide Regulation will be contacted for a 
list of pyrethroid pesticides used within the watershed, including those that may replace diazinon and 
chlorpyrifos for home use by the public. Subsequently, suitable methods for analyses of these compounds will 
be identified and, if available, incorporated into the monitoring protocols. 

Pathogens-Fecal colifonn bacteria in aquatic ecosystems are indicative of fecal contamination. Though 
these bacteria generally do not themselves pose adverse risks, their presence indicates the possible presence of 
far more serious microorganisins, which may impact human health, and nutrient loading that may adversely 
affect the aquatic environment. 

Bacteria levels will be screened monthly at the monitoring stations using membrane filter procedures for both 
fecal and total coliform bacteria. Analyses may be conducted at additional sites to identify sources of fecal 
contamination indicated by the presence of these bacteria. In addition, a focused colifonn bacteria sampling 
program will be conducted. Selective stations at intensively used recreation areas, such as the North Forebay 
Recreation Area, will be inonitored during a major holiday event (Independence or Labor day) according to 
requirements in the Basin Plan (i.e., not less than five samples for any 30-day period). This list of coliform 

sampling stations (approximately twelve) will be developed in consultation with SWRCB staff and other 
members of the Environmental Work Group. 

Phytoplankton and Zooplankton-Phytoplankton form the basis of the food web in lakes and reservoirs. 
Phytoplankton respond to nutrient enrichment by increasing in numbers of organisms as well .as type of 
organism dominance. Zooplankton subsequently graze on phytoplankton, and may exhibit changes in 
populations due to nutrient enrichment or contamination. Populations of these organisms vary throughout the 
year in response to environmental variables. 

Both phytoplankton and zooplankton will be sampled from impounded project waters. Phytoplankton and 
zooplankton will be sampled with a Clark-Bumpus plankton net towed from 30 feet in depth to the surface in 
Lake Oroville, and from the bottom in the other impounded waters. Samples will be collected during monthly 
visits to the monitoring stations. Analyses of phytoplankton will include identification, enumeration, and 
chlorophyll determination. Zooplankton will be identified, enumerated, and measured voluinetrically. 

Periphyton-Periphyton are attached algae in streams that contribute to the basis of the food web along with 
organic input (e.g., leaves) from terrestrial sources. As with phytoplankton, periphyton also respond to nutrient 
enrichment by clianges in types and abundance of species. 

Periphyton will be sampled monthly from riffle substrates in streams. A cylindrical sampler will be used to 
enclose the periphyton, which will then be brushed from the substrate and aspirated into collection jars. Ten 
sanlples from each site will be conlposited. Analyses of the periphyton will include species identification and 
counts, and chlorophyll determination. 
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Aquatic Macroinvertebrates-Aquatic macroinvertebrates form the basis of the aquatic food web and are 
excellent indicators of long-tenn water quality conditions since specific conlrnunities develop in response to 

specific stream conditions and perturbations. The Department of Fish and Game modification (California 
Stream Bioassessment Procedure) of the U.S. EPA rapid bioassessment method (USEPA 1989) will be used to 
assess aquatic macroinvertebrates communities. 

Decreasing reservoir levels during the suimner results in exposure of former stream channels that may become 
habitat for fish and other aquatic organisms. Two to three riffle areas in each of these types of habitats in the 
major tributaries to Lake Oroville will be sampled in September of 2002 to determine the benthic coimunity 
structure. Organisms will be collected using a kick screen and metal fiame delineating a two square foot 
sampling area. Three transects will be established across each monitoring site. Three samples will be 
collected along each transect and combined into one sample, resulting in ihree samples per monitoring site. 
Organisms will be removed from samples using the DFG rapid bioassessment method protocols, identified to 
the lowest practical taxon (generally genus), and enumerated. The areas will again be sampled during the 
spring when the riffles are inundated to evaluate changes in aquatic macroinvertebrate composition. Spring 
samples will be collected with an Ekman dredge. 

Habitat conditions downstream from major dams generally result in significant changes to macroinvertebrate 

community structure and function due to altered temperature, flow, food, and substrate regimes. Aquatic 
macroinvertebrates will be assessed at the monitoring stations in the Feather River upstream from Lake 
Oroville and downstream from the Fish Barrier Dam during September of 2002 to determine effects from 
~rov i l l e  Dam on community structure and Eunction. Organisms will be collected from riffle substrate areas 
using a kick screen and metal frame delineating a two square foot sampling area. Two or three closely spaced 
riffles or one extensive riffle will be sampled at each monitoring station. Three transects will be established 
across each monitoring site. Three samples will be collected along each transect and combined into one 
sample, resulting in three samples per monitoring station. Organisms will be removed from samples following 
the DFG rapid bioassessment method protocols, identified to the lowest practical taxon (generally genus), and 
enumerated at the DWR Aquatic Macroinvertebrate Laboratory in Red Bluff. 

\ 

Aquatic macroinvertebrates will be sampled in four ponds in the Oroville Wildlife Area using an Elunan 
dredge. Ten dredged samples will be collected from areas within a pond and composited Samples will be 
processed using procedures similar to those for samples collected from the Feather River. 

Stream Sediments-Sedimentation is a major impairment in many streams, including those upstream fiom 
Lake Oroville. Fine sediments in gravels adversely affect salmonid reproduction and survival of aquatic 
macroinvertebrates and other organisms that are important as food for fish. 

Stream gravels fiom riffle areas will be analyzed for laboratory determination of particle size distribution in 
study plan SP-G2, Task 2. 

Aquatic Toxicity-The direct measurement of toxicity to aquatic organisins of stream water may be indicative 
of the ability of the stream to support aquatic life. The Basin Plan'has an objective that: "all waters shall be 
maintained free of toxic substances in concentrations that produce detrimental physiological responses . . . in 
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aquatic life." The Basin Plan stipulates that "compliance with this objective shall be determined by . . . 
biotoxicity tests." Water colunm toxicity assessment will be used to identify direct impacts to fish and 

zooplankton from toxic substances that may be either dissolved or suspended in the water column. 

Water column toxicity testing will use Ceriodaphnia and the fathead minnow. Toxicity tests will measure 
survival and growth forthe minnow, and reproduction and survival of Ceriodaphnia over a seven-day test 
period (USEPA 1994). Water samples will be analyzed during the high temperature months of July and 
September, following the first flush in the fall, following winter dormant spraying in February, and again 
during the high runoff period in April or May in tributaries to Lake Oroville. Samples will be analyzed 
monthly for toxicity ,analyses from the monitoring sites downstream from the Fish Barrier Dam to Honcut 
Creek. If significant toxicity is detected at these sites, identification of the causative agent for the toxicity will 
be attempted through toxicity identification evaluation procedures. Additional analyses will also be conducted 
at sites W h e r  downstream to determine the extent of project related effects. Several Oroville Wildlife Area 
ponds will be sampled in the spring and again in mid-summer. Toxicity tests will be conducted at the Pacific 
Ecohsk Laboratory or U.C. Davis Toxicology Laboratory. 

Settleable and Suspended Material-Settleable and suspended materials in water may affect the beneficial 
uses of water and impart an aesthetically unpleasant appearance. Suspended materials may interfere with 

respiration of fish and other aquatic organisms, while settle'able materials may smother eggs of fish and benthic 

organisms. . 

Water samples will be collected for settleable and suspended materials analyses during monthly visits to the 
sites designated for inorganic chemistry analyses. Setteable materials will be determined by settling the water 
sample in an Imhoff cone, while suspended material will be determined by filtration. 

Color--Color is defined as either true or apparent color. True color in water may result from the presence of 
metallic ions, humus and peat materials, plankton, weeds, and industrial wastes in solution, while apparent 
color includes the effects from turbidity caused by suspended materials. 

Water samples will be collected for color analyses during monthly visits to the sites designated for inorganic 
chemistry analyses. Color will be detennined by comparing samples filtered to remove apparent color to 
calibrated glass disks (colorimetry). 

Floating Material and Oil and Grease-The Basin Plan stipulates that floating material shall not be present 
in amounts that cause nuisance or adversely affect beneficial uses, and that oil, grease, waxes, or other 
materials shall not be present in concentrations that cause nuisance, result in a visible film or coating on the 
surface of the water or on objects in the water, or otl~erwise adversely affect beneficial uses. 

Floating materials and oil and grease will be determined through visual observation during each visit to each 
monitoring site. Floating materials will be estimated as a percent cover of the water. If oil, grease, or related 
compound are sighted, water samples will be collected for laboratory determination of the type of compound. 
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Tastes and Odors-The Basin Plan states that water shall not contain taste or odor producing substances in 
concentrations that impart undesirable tastes or odors to domestic or municipal water supplies or to fish flesh 
or other edible products of aquatic origin, or that cause nuisance or otherwise adversely affect beneficial uses. 

Sanlpling water for taste requires that a sample be taken into the mouth for sensory analysis. However, raw 
water is not safe for taste testing due to the potential presence of bacteria, viruses, hazardous chen~icals, and 
other factors. Therefore, water froin the project area will not be subjected to taste tests. However, aquatic 
organisms (fish and crayfish) sampled for other studies during the spring (i.e., SP-W6) will be obtained for 
determination of any undesirable taste to the edible portion of these organisms. 

Water can be analyzed for odor simply by smelling a sample. At least two individuals will smell water 
samples from each site visit to determine the presence of odors. The samplers will describe the type of any 
odor detected to attempt determination of the causative agent. 

Specific Effects Analyses-Some aspects of the project may have water quality effects related to specific 
parameters or require additional monitoring for specific parameters. As these potential effects are identified in 
this or other studies or information from the public or other agencies, appropriate monitoring programs will be 
developed to evaluate their significance. 

An issue that has been raised is the effect of the unnatural concentration of carcasses from over 100,000 

salmon that spawn each year in the low flow section of the Feather River. Following spawning, the salmon die 
and, begin decomposition. The decomposition process provides food for scavenger macroinvertebrates, 
bacteria, .and other animals. Decomposition releases nutrients that may be used by periphyton and higher 
plants, but also may decrease oxygen levels in the water and contribute ammonia which is toxic to aquatic life, 
including fish eggs and fry, in sufficiently high concentration. Reduced oxygen and elevated ammonia levels 
may contribute to the low egg survival identified in the IIP in the upper river. Additional nutrient and 
periphyton monitoring will be conducted at two week intervals from September through December at the 
monitoring sites within the project boundary downstream from the Fish Barrier Dam to Honcut Creek to 
determine effects from decomposing salmon carcasses. Dissolved oxygen levels, as well as temperature, 
conductivity and pH, in the water and within the gravels will be measured with field instruments or recorders at 
several of these sites. Subsequently, the data will be reviewed by the Environmental Workgroup to determine 
the need to continue this monitoring past December. 

Additional nutrients and other waste treatment byproducts are discharged to the Feather River a quarter mile 
downstream from the Afterbay Outlet by the Sewerage Commission Oroville Regon, which treats sewage froin 
the Oroville area. Monitoring of nutrients, periphyton, dissolved oxygen, temperature, conductivity, and pH in 
the water and within the gravels will be conducted with field instruments at monthly intervals or recorders in 
the Feather River upstream and downstream from the SCOR discharge.. 

Task 2-Proiect Effects on Water Qualitv Obj'ectives 

Data for this analysis will be obtained from Task 1. The data will be evaluated for coinpliance to applicable 
criteria and objectives for protection of beneficial uses, most of which have been sunmarized by the 
CVRWQCB (CVRWQCB 2000). The CVRWQCB has established numerical objectives for parameters which 
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can be ineasured quantitatively (such as mg/L of a chemical contaminant) and narrative objectives for 
that are not readily quantifiable. Both nunierical and narritive objectives are applicable in 

determining impacts to beneficial uses. The criteria and objectives used for evaluating the data include: 

numerical and narrative objectives identified in the CVRWQCB Basin Plan; 
criteria of the U.S. EPA California Toxics Rule (USEPA 1998); 
criteria of the National Recommended Water Quality Criteria (USEPA 1999); 
criteria of the nutrient criteria guidance Documents (USEPA 2000a); 
drinking water standards and health advisories (USEPA 2000b); 
drinking water criteria (CDHS 2000a); 
agriculture water quality (Ayers and Westcot 1985); 
draft bacterial limits guidelines (CDHS 2000b); and 
contaminant action levels established by the California Office of Environmental Health Hazard Assessment. 

Task 3-Proiect Effects on Designated Beneficial Uses 

Information for this analysis will be obtained fiom Task 2. Comp1iancewit11 numerical and narrative water 
q&ality objectives will be evaluated to determine project effects to clesignated beneficial uses. Designated 
beneficial uses potentially affected ,by parameters that do not meet water quality objectives will be identified in 
this study. A summary table will be prepared showing designated beneficial uses, water quality criteria or 
objectives, and range of values obtained from the study. In addition, a report will be prepared discussing 
results, compliance issues, and potential mitigation. 

Task 4. Effects from Future Proiect Operations 

As the Engneering and Operations Workgroup identifies potential future operations of the project that differ 
from those currently experienced, potential effects to water quality and beneficial uses froin those operations 
will be evaluated in this study. 

Task 5. Progress Report-A progress report will be prepared at the conclusion of the first year of study. 
Interim output products will be identified through coordination with other workgroups to meet their data 
needs. 

'Task 6.' Final R ~ P O ~ A  final report will be prepared following cdinp~etion of the second year of the 
sthdy. 

6.0 Results and Products/Deliverables 

Results 

Results from this study will be presented in a detailed report that evaluates effects of the project to water 
quality. Data obtained from this study will be compared to applicable numerical and narrative water quality 
objectives and criteria established for the protection of beneficial uses. Data obtained from the study will be 
presented in tables and graphs depicting concentrations of the various parameters and associated criteria. The 
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graphs will illustrate variations in parameter concentrations tl~roughout the period of collection. Parameters 
that exceed criteria will also be compared in graphs to concentrations of associated parameters, such as metal 
concentration association with turbidity levels, to help understand potential causes of elevated parameters. 
Temperature data from study plan SP-W6 will be summarized in tables and graphs depicting conditions in the 
Feather River downstream from Oroville Dam, and will illustrate daily maximum and minimum and mean 
daily temperature variations (based on 15-minute data collected to compute hourly values). 

Compliance with water quality objectives will be used to evaluate effects on designated beneficial uses for 
Lake Oroville and the Feather River downstream from the Fish Barrier Dam as defined in the Basin Plan. The 
beneficial uses include municipal and domestic supply, agriculture, electrical power production, contact and 
non-contact recreation, warm-water and cold-water fish spawning, rearing and migration, warm and cold 
freshwater habitat, and wildlife habitat. Designated beneficial uses potentially affected by parameters that do 
not meet water quality objectives will be identified. Water quality data within the project area will be 
compared with that for waters entering the project as well as downstream fiom the project to determine 
whether the project has any affect on water quality objectives. The data from this study will also be used to 
evaluate effects to water quality of any proposed operational alternatives. 

Aquatic macroinvertebrate data will be analyzed using various metrics to determine the health of this 
component of the aquatic ecosystem. Metrics used to evaluate the data will include organism abundance, taxa 
richness, species diversity and equitability, modified Hilsenhoff Biotic Index, ratio of scraper and filtering 
collector functional feeding groups, ratio of EPT (Ephemeroptera, Plecoptera, Tricoptera) and Chironomidae 
abundances, percent contribution of dominant taxon, and ratio of shredder functional feeding group and total 
number of individuals (USEPA 1989). The data will also be used to evaluate the effects of the dam on 
downstream community structure and function due to altered temperature, flow, and food regmes, effects of 
relatively sudden flow changes (ramping) on stranding macroinvertebrates and contributing to catastrophic 
drift, and effects of concentrated salmon spawning in the low flow section. Benthic macroinvertebrate 
community species composition and structure will be compared upstream and downstream from potential 
impacts to assess effects. Comparisons will include tables and graphs comparing various metrics used to 
analyze community structure. Literature information'on substrate size, flow, and depth preferences will be 
reviewed and an assessment made for effects in the Feather Rver using habitat information from Study #G2 
and Study #F10. 

Toxicity test results will be used to identify parameters that may be adversely affecting aquatic life. The data 
will be presented in tables and graphs showing levels of toxicity during the monitoring period. 
Information derived from this study will be used by the SWRCB to determine conditions in the water quality 
certification to comply with Section 401 of the Federal Clean Water Act. Information fiom this study will also 
be used by others in the Environmental, Recreation and Socioecono~nics and Land Use, Land Management and 
Aesthetics Work Groups. 
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7.0 Coordination and Implementation Strategy 

~oordination with Other Resource Areas/Studies 

This study plan will also provide most of the data needed in study plan SP-W4 for evaluation of effects of the 
hatchery to water quality, and will be coordinated with water quality studies in study plan SP-W3 for 
evaluation of recreation facilities and activities on water quality. Temperature data from study plan SP-W6 
will provide information to this study plan for evaluation of effects to water temperature beneficial use 
designations. This study will rely on sediment information collected in study plan SP-G2. Study plan SP-W5 
will provide information for determination of project effects to groundwater. 

This study plan provides the information for evaluation of Issue Statements W1 (project effects on designated 
beneficial'uses), W2 (project effects on water quality objectives), and W3 (project effects on Feather River and 
tributaries), and will provide information for determination of project coinpliance with water quality standards 
and other appropriate requirements in the application for water quality certification. This study fully or 
partially addresses the following Stakeholder issues: 

Stakeholder issues fully addressed by SP- Wl  Project Effects on Water Quality Designated Beneficial Uses for 
Surface Waters . WE1 . Look at project effects on all designated beneficial uses of the waterway 

WE2. Water quality objectives, including levels for bacteria, chemical constituents, dissolved oxygen, pH, 
oil and grease, pesticides, sediment, temperature, toxicity, and turbidity will be evaluated for 

compliance with the Basin Plan standards 
WE3. General concerns include all parameters of water quality as flow enters the project boundaries, 

passes through facility features, and discharges downstream. Direct and indirect effects of the 
project on aquatic ecosystem health, on recreational opportunity, and on domestic and agricultural 
supply will be considered . WE4. Specific issues will need to be addressed for the issuance of 401 Certification and for disclosure in 
the Applicant Prepared Environmental Assessment 

WE10. Maintain or improve water quality to protect beneficial uses and meet or exceed State objectives. . WE24. Warm water release requirements for agricultural production . WE30. Are dissolved oxygen levels in the Feather bve r  from ~hermalito Afterbay to Live Oak a problem 
during the spring, summer, and fall months 

WE3 1. How have turbidity levels been affected by project operation 
WE32. Thermalito Afierbay acts as a thermal retention basin for project water prior to delivery to water 

districts outside the project boundary. How do releases from this water body affect the stream 
temperature and dissolved oxygen content of Feather River receiving waters. 

, WE33. Relationship between hatchery and water quality . WE47. Effects of lake level changes on cultural resources due to water quality contaminants 
WE48. Macroinvertebrates as an indicator of water quality 
WE50. Conversion from lotic to lentic environment and accompanying changes in water quality 
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WE53. ,Consider water quality downstream of Oroville 'facilities and the effect of low flows on dilution of 
contaminants entering the Feather River downstream 

FE36. Under existing conditions, does the diversity and abundance of benthic macroinvertebrates in the 
low-flow section and in the river downstream of Thermalito Afterbay suggest a healthy stream 
channel; 

FE83. Macroinvertebrates as an indicator of water quality; 

Stakeholder issues partially addressed by SP- W1 Project Efects on Water Quality Designated Beneficial Uses 
for Surface Waters 

WE19. Is the availability of a cold-water pool in Lake Oroville adequate under present and future 
operational demands to meet the existing downstream cold fresh-water habitat requirements of 
steelhead and fall, late-fall, and spring-run Chinook salmon 

WE25. Does the present temperature model have the ability to forecast average daily water temperatures, 
under present and future operational demands, in the low-flow channel and in the river from the 
Thermalito Afterbay outlet down to Verona 

WE36. Both cold-water and warm-water habitat, spawning, and migration uses have been designated for 
surface waters potentially affected by the project. A determination must be made as to the specific 
thermal habitat that may be reasonably provided in each water body within project boundaries and 
downstream of the project 

WE37. Dredging of lower river to make suitable fish habitat 

WE40. Minimum level of draw-down effect on water temps 

WE46. Spawning habitat in tributaries as they relate to operations 
WE54. Impact of project structures and operations on water quality conditions necessary to sustain 

anadromous salmonids and their habitat. Adequacy of current project operating regimes and 
structures to optimize water quality conditions for anadromous salmonids and their habitats. 

F1. Effects of existing and future project operations (including power generation, water storage, ramping 
rates, and releases, pump-back, water levels, and water level fluctuations) during all water year types 
on the behavior (e.g., migration timing, rnicrohabitat selection, vulnerability to predators), 
reproduction, survival and habitat of warm- and cold-water fish and other aquatic resources (e.g., 
macroinvertebrates), wbich include in project waters and tributaries withm the project boundaries 
(Lake Oroville, Diversion Pool, Fish Barrier Pool, Forebay, Afterbay, Oroville Wildlife Area), and in 
project affected waters 

F6. Effects of existing and future project operations on sediment deposition, erosion, and recruitment 
through the system (including downstream sediment supply) and associated changes in water quality 
on the quantity and quality of aquatic habitats within project affected waters 

FE64. Effect of project on available upstream fishery habitat (Incorporate all project facilities) 
FE89. Impact of project structures and operations on water quality conditions necessary to sustain 

anadromous salmonids and their habitats; 
FE96. The lower Feather River provides habitat to support a variety of resident native and resident 

introduced species including coldwater species such as rainbow, brook, and brown trout, and warm 
water species such as bass, catfish, bluegill, green sunfish, carp and others. Potential changes in 
license conditions could adversely impact habitat supporting these species or upset habitat conditions 
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such that less desirable species are favored. Habitat investigations should evaluate the existing 
quality and quantity of habitat and determine alternative improvements for the various life history 
needs of these resident native and non-native species including flow, water temperature, instream and 
riparian cover, substrate and spatial area; 

FE97. The habitat for fishes in the lower Feather River is affected by the flow releases from the project. 
Seasonal timing, volume, and rate of release all have an affect on fish habitat conditions. Potential 
changes in license conditions for flow releases could adversely affect habitat conditions for one or 
more fish species. Fishery investigations should examine the adequacy of flows for maintaining all 

life history needs for anadromous and resident species. There should be evaluation of potential for 
flow improvements in the low-flow section. Fishery investigations should be sufficient to determine 
how best to meet the combined needs of the various anadromous and resident fish species; . TI. Effects of project features, existing and future operations (including power generation, water 
storage and releases, ramping rates, pump-back, water levels and water level fluctuations) and 
maintenance on wildlife and wildlife habitat. Specific concerns include deer winter range, 
band-tailed pigeon winter habitat, designated emphasis and harvest species, wintering and 
nesting waterfowl, and other wildlife use of project and project-affected waters. 

8.0 Study Schedule 

Monitoring for Task 1 of the study will begin in March of 2002 and continue for two years. Subsequently, data 
will be analyzed for con~pletion of Tasks 2,3,  and 4. Information developed will be presented quarterly to 

the Environmental Workgroup and Task Force for review to evaluate the adequacy and progress of the study. 
A progress report will be prepared in early 2003 after completion of the first year of monitoring. The progress 
report will review results, evaluate the adequacy of the monitoring program, and recommend changes to the 
second year of the monitoring program, which may include reduction or elimination of certain parameters and 
addition or increased frequency of monitoring for others. A draft final report discussing results of the two-year 
study will be prepared by June of 2004. 
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10. Appendices 

Appendix SPWI-1. Analytical methods and detection levels for sampling schedule in Table SPWI-2 
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3.5 
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1 
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0.1 
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Method 

Minerals 

EPA 200 7 (D) 

EPA 200.7 (D) 

EPA 200.7 (D) 

EPA200.7 (D) 
EPA 300.0 (28d hold) 

EPA 300.0 28d Hold 
EPA 200.7 (D) 
Std Method 2320 B 

Analysis 

Dissolved Calcium 

Dissolved Sodium 

Dissolved Potassium 

Dissolved Magnesium 

Dissolved Sulfate 
Dissolved Chloride 
Dissolved Boron 

Alkalinity 

Units 

m d L  

mg/L 

mg/L 
mg/L 

mg/L 
mg/L 
mg CaC03lL 



O r o v i l l e  F a c i l i t i e s  R e l i c e n s i n g  ( F E R C  P r o j e c t  No .  2 / 0 0  O c t o b e r  2 5 ,  2002 

S P - W l  P r o j e c t  E f fec t s  o n  Water  Quali t ) ,  D e s i g n a t e d  B e n e f i c i a l  

U s e s  f o r  S u r f a c e  W a t e r  

P a g e  20  

0.05 

0.02 

0.02 

0.01 

0.01 

0.0002 

0.005 

0.005 

10.004 

12.2 
10.4 

0.003 

10.03 

10.01 

10.005 
I 

10.02 
10.01 

0.1 
0.03 

I 
1 
1 

1 
1 

0.1 

0.1 
I 

0.1 
0 1 

1 

mg/L as N 

mg/L as N 

mg/L as N 

pg/L as P 
mg/L 

cldL 

I P ~ L  
I.& 
&g~. 
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IP~/L 
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Mg/L 
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degree Celcius 
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umhoslcm 

cldL 
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Std Method 4500-N03-F 
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EPA 350.1 

Std Method 4500-NH3 

EPA 365.1 

EPA 365.4 

Metals 
EPA 1631 

EPA 163 1 
EPA 163 1 

EPA 1632 
Std Method 3500-Fe D 

EPA 1638 

EPA 1638 

EPA 1638 

EPA 1638 

EPA 1638 

EPA 1638 
EPA 1638 
EPA 1638 

EPA 1638 

Miscellaneous 
Parameters 
Std Method 2540 D 
Std Method 2540 C 

Std Method 2540 F 
Std Method 2340 B 

Std Method 5520 

Std Method 2550 B 1 ,2  

Std Method 4500-0 C 

Std Method 4500-H+ B 
Std Method 25 10 B 
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EPA 600-4-9 1-002 
Std Method 2120 B 

Dissolved Nitrite 3- Nitrate 

Dissolved Ammonia 

Total Ammonia 

Dissolved Ortho-phosphate 

Total Phosphorus 

Total Mercury 

Total Methyl Mercury 
Dissolved Methyl Mercury 

'Total and Dissolved Arsenic 
Total and Dissolved Iron 

Total and Dissolved Aluminum 

Total and Dissolved Cadmium 

Total and Dissolved Chromium 

Total and Dissolved Copper 

Total and Dissolved Lead 
I 

potal and Dissolved Manganese 
Total and Dissolved Nickel 
Total Selenium 

Total and Dissolved Zinc 

Total Suspended Solids (Suspended material) 
Total Dissolved Solids 
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Hardness 

Oil and Grease 

Temperature 
Dissolved oxygen 

pH 
Conductivity 
Chlorophyll 
Toxicity 

Color 
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0.01 
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P ~ / L  
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p a  

cldL 
P ~ L  

Std Method 2 15012160 

EPA 415.1 (D) 

Pathogens 
Std Method 9222 B 

Std Method 9222 D 
Table SPW1-3. 
Analytical methods and 
detection levels, continued 

Pesticides 
Chlorinated Organic 
Pesticides 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 
EPA 508 
EPA 508 

EPA 508 
EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 

EPA 508 
EPA508 ' ' 

EPA 508 
EPA 508 

Taste and Odor , , 

Dissolved Organic Carbon 

Total Colifonn bacteria 

Fecal Coliform bacteria 

Alachlor 

Aldrin 

Atrazine 

BHC-alpha 

BHC-beta 

BHC-delta 

BHC-ga~luna (Lindane) 

Captan 
Chlordane 
Chlorothalonil 

Chlorpropham 
Chlorpyrifos 

Cyanazine 
Dacthal (DCPA) . 
Dichloran 

Dicofol 

Dieldrin 

Diuron 

Endosulfan sulfate 

Endosulfan-I 

Endosulfan-I1 

Endrin 
Endrin aldehyde 

Heptachlor 
Heptacl~lor epoxide 

Methoxychlor 
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EPA 508 
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Dimethoate 
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Ethion 

Malathion 
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PdL 

I@ 
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P& 
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PdL 

PdL 

PdL 
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PdL 

P& 
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0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 
0.5 
0.5 

0.5 

0.5 

0.5 

10.5 

10.5 

10.5 

0.5 

10.5 

10.5 

0.5 

10.5 

0.5 

0.5 

0.5 

0.5 

0.5 
0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 
~- - - - - 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 
EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 8260 

EPA 502.2 
EPA 502.2 
EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 
EPA 502.2 

EPA 502.2 
EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

EPA 502.2 

Chlorinated Phenoxy Acid 
Herb~cides 

Broinobenzene 

Bromochloron~ethane 

Broinod~chloroinetl~ane 

Bromofonn 

Brolnomethane 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 
cis-l,2-Dichloroethene 

cis-1,3-Dichloropropene 

D~bromochloroinethane 

D~bromomethane 

Dicl~lorodifluoro~nethane 

bthyl benzene 

Fluorobenzene 

Hexachlorobutadiene 

Isopropylbenzene 

m + p Xylene 

Methyl tert-butyl ether (MTBE) 
Methylene chloride 
a-Butylbenzene 

n-Propylbenzene 

Naphthalene 

o-Xylene 

sec-Butylbenzene 
Styrene 
tert-Butylbenzene 

Tetrachloroethene 
Toluene 

trans- l,2-Dichloroethene 

trans-1,3-Dichloropropene 

Tnchloroethene 

Trichlorofluorometl~ane 

Vlnyl chloride - - 

PdL 

PdL 

Pg/L 

PdL  

Pg/L 

PdL 

P@ 
La 
PdL 

h a  
I P S ~  
P @  

I P ~ L  
I P S ~ .  
~Ps~L 

b g i ~  

la@ 
I P ~ L  
l P d ~  
!P~ /L  

IPdL 

I P a  

Ill& 
l ~ d ~  
PdL 
P ~ / L  

PdJ- 

Pg/L 

PdL 

PdL  ' 
P ~ / L  
PdL 

- - - - 
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0.1 

0.1 

0.1 

0.1 

0.1 
0.1 

0.1 

cldL 

cldL 

cldL 

cldL 

I@ 

cldL 

EPA 515.1 

EPA 515.1 

EPA 515.1 

EPA 515.1 

EPA 515.1 
EPA 515.1 

EPA 515.1 

2,4,5-T 

2,4,5-TP (Silvex) 

2,4-D 

2,4-DB 

2,4-Dichlorophenylacetic acid (DCAA) 
Dacthal (DCPA) 

Dicarnba 

EPA 515.1 Dichlorprop 0.1 - 
EPA 515.1 

EPA 515.1 

EPA 515.1 

EPA 515.1 

EPA 515.1 

EPA 515.1 

Gl yphosate - 
EPA 547 

EPA 547 

Carbamate Pesticides 

EPA 531.1 

EPA 531.1 
EPA531.1 
EPA 531.1 

EPA 531.1 

EPA 53 1 .'I 
EPA 531.1 

EPA 531.1 

EPA 531.1 

EPA 531.1 

Pyrethrins 

P a  

P& 

P& 

l d L  

cl& 

Dinoseb (DNPB) 

MCP A 

MCPP 

Pentachlorophenol (PCP) 

Picloraq 

Triclopyr 

Aminomethylphosphonic Acid (AMPA) 

Glyphosate 

3 -~~drox~carbofuran  

Aldicarb 
Aldicarb sulfone 

Aldicarb sulfoxide 

Carbaryl 

Carbofuran 
Formetanate hydrochloride 

Methiocarb 

Methomyl 

Oxknyl . 

will be analyzed if a suitable method 
becomes available 

0.1 

0.1 

0.1 

0.1 

0.1 

l P g l ~  .1 
I 

~ P S ~ L  

& ~ n  
hg/~ 

I P ~ ' L  
l P g / ~  

p a  

Pg/L 
clg/L 

PdL 

P ~ L  
pg/L 

I 

1100 

1100 

b 

2 
2 

2 

2 

100 

4 

2 

12 


