Bear
River
Reservoir Sedimentation
Site Summary:
During the California Gold Rush,
mercury was used in mining
operations to aid in gold recovery.
Today, storm events wash sediment
and mercury from contaminated legacy
hydraulic mine sites into creeks and
rivers. This material flows downstream
and accumulates in reservoirs, where
sediment reduces water storage
capacity and elemental mercury
methylates and enters the food web,
bioaccumulating and biomagnifying in
fish. Fish consumption is the primary
pathway of human exposure to
mercury which is a known neurotoxin.

Background:
Numerous legacy hydraulic mines exist in the Bear River
watershed and as a result the watershed is significantly impacted
by sediment and mercury. Nevada Irrigation District (NID) owns
and operates two reservoirs on the Bear River which are listed
under Clean Water Act section 303(d) as impaired for mercury:
Rollins Reservoir and Combie Reservoir.
Reservoirs impound winter precipitation and Sierra snowmelt
for use in agriculture, irrigation, drinking water, hydropower and
recreational activities. Over the decades, upper watershed erosion
and downstream sedimentation have influenced NID efforts in
maintaining reservoir storage capacity, potentially affecting NID’s
operational activities.

Notable Features:
• Combie Reservoir
originally stored
approximately 5,500 acrefeet of water fed by the
Bear River and Wooley
Creek. Sedimentation has
reduced the lake’s volume
to approximately 3,500 Acrefeet.
• Rollins Reservoir
originally stored 66,000
acre-feet of water fed
by Greenhorn Creek and
Steephollow Creek and has
lost approximately 20% of
its water storage capacity.

Sediment & Mercury Removal Projects:
Reservoir maintenance includes sediment removal
to maintain water storage space and operational
capacity. Sediment carried in the Bear River contains
mercury that originates from historical gold mining
performed in the Bear River watershed over a
century ago. The presence of mercury has previously
precluded reservoir maintenance dredging activities
as it stirred-up and distributed mercury within the
sediment. Removal of sediment in the dry, when
the reservoir is low, is the most economical way to
maintain reservoir capacity, however, some deposits
cannot be accessed in this way.
To address sediment removal in wet conditions, an
innovative approach is being developed, whereby
sediment is removed using a suction dredge and
the sediment “slurry” is treated offshore to remove
mercury before clean water is returned to the
reservoir. Due to the presence of mercury, reservoir
sediment removal projects need to integrate
technical expertise and environmental monitoring.
These projects have great potential to model ways
to restore water storage capacity throughout Sierrabased reservoirs, while remediating mercury left in
watersheds from legacy mining.

Sediment
and Mercury
Removal
Combie Reservoir
Site Summary:

For more than 30 years, Nevada Irrigation District (NID) contracted with private aggregate mining companies to
remove sediment that accumulates in the reservoir. At Combie Reservoir, dredging was used to remove sediment.
Dredging operations in Combie Reservoir were halted in 2003 as a result of mercury levels found in dredge
effluents, affecting NID’s efforts to maintain reservoir storage capacity and operations.
Because of mercury contamination, there is a need to develop an innovative approach to sediment removal from
reservoirs impacted by mercury. NID’s Combie Reservoir Sediment and Mercury Removal Project is a three step
process: (1) sediment removal, (2) sediment treatment, and (3) water treatment.
1) At Combie Reservoir, sediment removal can be done in the dry or in the wet. In the dry, earth moving equipment
is used to remove accumulated sediments during low water conditions when the deposit is exposed. In the wet, a
suction dredge is used to suck up material from the bottom of the reservoir and transport that material in a slurry
to a treatment plant on the shore.
2) The sediment is treated using a centrifuge to remove elemental (“free liquid”) mercury.
3) The slurry water is then treated by using a combination of coagulants and polymers to settle out the fines and
return clean water to the reservoir.
NID began removal of accumulated sediment in 2018 under a Department of Water Resources grant, using
both removal in the dry and removal in the wet methods. On-going reservoir maintenance of sediment removal
is needed to maintain reservoir capacity. The project is operating under a water quality permit that requires
monitoring to ensure that no water quality standards are being violated at any time in the process.

Conclusion:

NID’s pilot project demonstrates emerging technology and improved understanding of mercury that will inform
sediment removal efforts in other locations where mercury-contaminated sediment accumulates. In time, a
reduction of mercury contamination in reservoirs will benefit streams and rivers in the headwaters all of the way to
the San Francisco Bay-Delta.
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Monitoring
Plan
Combie Reservoir
Summary:

To evaluate the effect of excavating mercurycontaminated sediment from the Combie Reservoir and
processing it, a four-part monitoring plan was developed
that includes:
1. Regulatory compliance monitoring being conducted by
NV5 and Nevada Irrigation District (NID)
2. Effectiveness Monitoring being conducted by NV5,
NID, and Great Lakes Environmental and Construction
3. Reservoir Ecosystem Monitoring being conducted by
United States Geological Survey (USGS)
4. Real-Time Monitoring being conducted by The Sierra
Fund (TSF)
This work is partially funded by the Department of
Water Resources and is key to developing best-practices
that can be scaled up and replicated. The results of the
monitoring efforts will enable a thorough evaluation of
the project, lessons learned and tools that can be applied
to other sediment and mercury removal projects.
Evaluating the methods proposed in this project and
documenting its impact provides a path to clean up other
similarly impacted contaminated sediments in miningimpacted Sierra Nevada watersheds and elsewhere,
and to reduce the threat of mercury exposure across
California. The project will serve as a reference to
managers, engineers, scientists and regulators involved
with maintenance dredging and mercury source
reduction.

Monitoring
Components:
1. Regulatory Compliance: The water quality
permits require that a suite of parameters that
might be effected by the process be evaluated prior
to the start of the project. The Anti-Degradation
Report identifies the constituents that need to be
monitored during the project. The Clean Water Act
Section 401 certification specifies the frequency
that these parameters need to be monitored to
ensure that the project is within all water quality
regulations during operation.
2. Project Effectiveness: The amount of sediment
that is treated and the amount of mercury removed
from the treatment process is being evaluated
throughout the process. Liquid elemental mercury
and the particulate-bound mercury associated with
the fines are being removed by this process. Liquid
elemental mercury is removed by the centrifuge
and particulate-bound mercury is removed with
the coagulants and polymers. The effectiveness
of sediment and water treatment steps will be
monitored so that an adaptive management
approach can be used to improve the engineering
processes throughout the project.
3. Reservoir Ecosystems: The ecosystem
monitoring is being conducted before, during and
after the project to see if by removing mercurycontaminated sediment there is a measurable
effect on the aquatic food web. Simply put, “are the
fish less contaminated?” The dynamic processes
in the food web means that many different steps
are monitored to be able to detect a difference
including: five size classes of phytoplankton,
young-of-the-year-fish, and methylmercury in the
water near the bottom of the reservoir (benthic
exchange).
4. Real-Time Model: Real-time monitoring is being
used to predict mercury levels in the water based
on a suite of parameters that can be monitored
continuously. The multivariate predictive model is
being developed using parameters that are known
to have associations with mercury concentrations
including: total suspended solids, total dissolved
solids, turbidity, and fluorescence of dissolved
organic matter. Real time monitoring enables the
project to adaptively manage the removal process if
an issue were to ever arise.

