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Water Quality and Aquatic Resources Monitoring
Program for the Ralston Afterbay
Sediment Management Project­

2004 Annual Report

Executive Summary
Placer County Water Agency (peWA) is implementing a sediment management
project at Ralston Afterbay Reservoir (Ralston Afterbay) on the Middle Fork
American River (MFAR) to address continued sedimentation ofthe reservoir and
potential long-term impacts on hydroelectric power generation. The sediment
management project has two components. The first component consists of
dredging approximately 75,000 cubic yards of sediment from the upstream end of
the reservoir and placing the dredged material downstream of Ralston Dam on
Indian Bar. The sediment would be configured to allow high flows to mobilize
and transport it to the river downstream of the dam. The second component.
termed sediment-pass-through (SPT), consists of reoperating the dam during
high-flow events to transport greater quantities of fine sediment past the dam.
SPT operations would be conducted when river flows exceed. approximately
3.500 cubic feet per second (cfs) at Ralston Dam.

A secondary objective of the sediment management project is to restore the
natural migration of sediment past the reservoir to improve habitat conditions in
the reaches below the dam. A continuous supply of sediment, especially
intermediate-sized material (gravel. pebble, and cobble). is critical for
maintaining spawning habitat, shelter. and living space for fish. benthic
invertebrates. and other stream organisms (Waters 1995). Following the
construction ofa dam, these materials continue to be transported from the
reaches below the dam but without replacement from upstream sources, resulting
in habitat loss (Kondolfand Matthews 1993). Other adverse effects include
scouring and deepening of the channel below the dam and associated increases in
substrate size (channel amloring), a process that has been occurring below
Ralston Dam since construction (Stiehr pers. COtnm.).

The combination of SPT operations and sediment disposal at Indian Bar has been
identified as a viable and economical approach for managing sediment at Ralston
Afterbay while mitigating the long-term effects ofsediment retention on aquatic
habitat downstream of the dam. Past efforts to mitigate the effects of sediment
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retention in reservoirs on salmon and trout streams in California have focused
primarily on augmenting the supply ofspawning-size gravels (Parfitt and Buer
1980). These efforts, which include placing gravel on bars and riffies and
installing artificial and natural gravel-retaining structures downstream ofdams,
can be costly and ineffective over the long term. A more satisfactory alternative
is to attempt to maintain natural channel features below dams by managing water
releases and sediment in ways that preserve as much as possible the geomorphic
processes that existed before dam construction (Ligon et at 1995).

In 2002, PCWA implemented the Indian Bar Pilot Project to evaluate the first
component of the sediment management project and address concerns regarding
recreational uses at Indian Bar (Jones & Stokes 20028). In September 2002,
PCWA placed 45,000 cubic yards ofsediment on Indian Bar and an additional
28,900 cubic yards at PCWA's disposal site at Ralston Ridge. The pilot project
includes consideration ofpotential strategies for increasing the sediment volume
at Indian Bar while maintaining or enhancing recreational opportunities.
Additional sediment placement locations (e.g., Junction Bar) may be considered
in the future.

hl 200 I, PeWA initiated a monitoring program to ensure compliance ofthe
sediment management project with established water quality objectives and to
evaluate potential project effects on aquatic habitat and benthic
macroinvertebrates (BM!) in the MFAR downstream ofRalston Dam. The
primary objectives of the monitoring program are to:

• quantitatively evaluate project compliance with the water quality objectives
established by the Central Valley Regional Water Quality Control Board in
its Water Quality Control Plan (Basin Plan) (1998);

• quantitatively evaluate project effects on aquatic habitat and BMI
communities downstream ofRalston Dam; and

• provide PCWA with annual monitoring results to evaluate project effects and
implement appropriate corrective measures if necessary.

The monitoring program was designed to meet these objectives by using a
conunon sampling design in which key parameters are sampled in locations
upstream and downstream of the project site before and after the initiation of
project activities. This design relies on preproject (baseline) patterns and trends
in resource conditions in the treatment and control reaches to detect and measure
potential project effects during the postprojeet phase. In 2001, four treatment and
three control reaches (Table 1) were selected for aquatic habitat and BMI
monitoring based on several criteria designed to maximize the ability of the
monitoring program to detect project effects (Jones & Stokes 2002b). The
monitoring plan proposes a minimum of 1 year ofpreproject water quality
monitoring, 2-3 years ofpreproject aquatic habitat and BMI monitoring, and 2-3
years ofpostproject water quality, aquatic habitat, and BMl monitoring.

Two years ofpreproject aquatic habitat and BMI monitoring have been
conducted thus far. The first year ofmonitoring was conducted in 2001 in
accordance with the June 2002 monitoring plan (Jones & Stokes 2002b). The
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second year ofpreproject monitoring was conducted in 2002 in accordance with
the August 2002 pIan. which includes revisions based on permit requirements
and agency requests (Appendix A). Because flows in the winter and spring of
2001 and 2002 did not reach the levels needed to fully characterize preproject
water quality, aquatic habitat, and BMI communities, a third year ofpreproject
monitoring was recouunended, subject to the occurrence of flows within the
target range for SPT operations (>3,500 cfs at Ralston Dam). Consequently, no
monitoring was conducted in 2003. Baseline monitoring was again postponed in
2004 following the lack of target flows in winter and spring of2003.

On the morning ofAugust 5, 2004, a gate malfunction at Ralston Dam resulted in
the release ofa large volume ofwater over a period ofseveral hours. At the
request ofPCWA, Jones & Stokes conducted reconnaissance surveys
innnediately after the event to qualitatively assess the effects ofthe spill on
aquatic resources in the MFAR. downstream ofRalston Dam. To further evaluate
these effects, Jones & Stokes conducted aquatic habitat and BMI sampling in
August and October 2004 following the monitoring methods used in 2001 and
2002. Interpretation of these effects was based on a comparison ofhabitat and
BMI parameter values between monitoring reaches (treatment versus control),
seasons (August and October), and years (2001, 2002, and 2004).

The gate malfunction and resulting spill event at Ralston Dam on August 5,
2004, provided the fll'St opportunity since baseline monitoring began in 2001 to
examine the effects ofa relatively large discharge event. However, this event
was not representative ofproposed project operations (SPT operations) because
ofdistinct differences in flow timing, duration, and magnitude relative to natural
high-flow events. Therefore, the observed effects of the spill on aquatic
resources are not likely indicative of future project effects. Nevertheless,
monitoring in 2004 provided an opportunity to evaluate predictions of sediment
dynamics in the MFAR (including erosion of the Indian Bar sediment pile),
docwnent the responses of invertebrate communities to high flows and sediment
inputs, and reexamine general patterns and trends in community metrics observed
in 2001 and 2002.

Conclusions are swnmarized below:

• The spill event demonstrated that flows within the target range for SPT
operations (>3,500 cfs) are capable ofmobilizing sediment from the Indian
Bar Sediment Disposal Site as predicted. The volume of entrained sediment
was relatively small but consistent with predictions based on the quantity and
location ofsediment on Indian Bar and the briefduration ofpeak flows
compared to natural runoff events.

• The spill resulted in substantial scour, sediment transport, and deposition in
the reaches of the MFAR inunediately below Ralston Dam. This sediment
included a broad range ofparticle sizes from the Indian Bar sediment pile
and an unknown quantity offine sediment from Ralston Afterbay.

• Themagnitude and extent ofchannel disturbance caused by the spill were
highest in the reaches immediately below Ralston Dam (Indian Bar and
Junction Bar). Farther downstream, evidence ofchannel disturbance was
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limited to localize; scour and sedimentation of the streambed in natural
erosional and depositional areas between Junction Bar and Volcano Creek.

The initial impact of the spill on benthic invertebrates, as indicated by
reductions in the diversity and abundance immediately following the event,
was generally correlated with the observed severity and extent ofchannel
disturbance.

• The impact of the spill on benthic invertebrates in the MFAR below Ralston
Dam was temporary. Recolonization of the monitoring rimes during the first
few months following the spill event resulted in complete or nearly complete
restoration of the densities, dominant taxa, and community attributes
observed in previous years.

• Pebble counts in 2004 detected a measurable increase in the proportion of
fme sediments (sand, gravel, and pebble substrates) and embeddedness
throughout the project area (in both the treatment and control reaches),
suggesting that other watershed sources (e.g., Star Fire) may have
contributed to the observed increases in fme sediment in the reaches below
Ralston Dam in 2004.

• No evidence ofmortality or displacement offoothill yellow-legged frogs was
detected in the MFAR below Ralston Dam immediately after the spill event.
Potential impacts were low because of the absence ofsignificant breeding
populations in this portion of the MFAR.

• No evidence ofstranding or mortality of fish was detected in the MFAR
below Ralston Dam immediately after the spill event. Long-tenn impacts on
fish populations are not expected because of the absence ofsignificant
spawning habitat, the temporary nature ofeffects on invertebrate
communities, and the absence ofsignificant effects on pool habitat.

Preproject monitoring for the sediment management project since 200I has
revealed several consistent patterns and trends in aquatic habitat and BMI
communities in the project area that will be important in interpreting future
project effects. However, an additional year ofpreproject monitoring ofwater
quality, aquatic habitat, and BMI monitoring is recommended to meet the
objectives of the monitoring plan and improve the ability of the monitoring
program to detect and measw-e potential project effects.

Recommendations for future monitoring are summarized below:

• Conduct preproject water quality monitoring (turbidity and suspended
sediment levels) during the next stonn event or series of events that generate
flows within the target range for SFT operations (>3,500 cfs at Ralston
Dam).

• Conduct a final year ofpreproject habitat (substrate conditions, channel cross
sections, and water temperatures) and BMI monitoring following flows
within the target range for SPT operations.
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• Following the fmal year ofpreproject monitoring, conduct 2-3 years of
postproject water quality, aquatic habitat, and BMI monitoring after each
oCCUITence of SPT operations in accordance with the flow conditions
identified in the California Department ofFish and Game's (CDFG's)
streambed alteration agreement.

Introduction
PCWA operates the Middle Fork Project, a series ofreservoirs and powerhouses
on the MFAR and the Rubicon River in the central Sierra Nevada (Figure I).
The Middle Fork Project includes Ralston Afterbay, a reservoir created by the
constnlction ofRalston Afterbay Dam in 1966. The dam and reservoir are
located on the MFAR. at the confluence of the MFAR and the Rubicon River, on
the border ofPlacer and EI Dorado Counties. Ralston Aftcrbay serves as the
afterbay for the two largest powerhouses of the Middle Fork Project (Middle
Fork and Ralston Powerhouses) and the forebay for Oxbow Powerhouse.

PCWA is implementing a sediment management project at Ralston Afterbay to
address continued sedimentation of the reservoir that threatens the reliability of
power generation at the Ralston and Oxbow Powerhouses. The primary
objectiVes ofthe sediment management project are to create sediment storage
capacity in Ralston Afterbay, maintain operational flexibility ofRalston Dam and
Oxbow Powerhouse, and delay the complete sedimentation ofRalston Afterbay.
PCWA issued and adopted an initial study/mitigated negative declaration for the
Ralston Afterbay Sediment Management Project in August 200 I.

The sediment management project has two independent components. The first
consists ofdredging approximately 75,000 cubic yards ofsediment from the
upstream end ofthe reservoir and placing the dredged material downstream of
the dam on a 7-acre portion of Indian Bar. The sediment would be configured to
allow high flows to mobilize and transport it to the river downstream ofthe dam.
The second component consists of reoperating the dam during high-flow events
to pass greater quantities of fme sediment beyond the dam. SPT operations
would be conducted whenever river flows exceed approximately 3,500 cfs at
Ralston Dam.

111 2002, PCWA implemented the Indian Bar Pilot Project to evaluate the tirst
component ofthe sediment management project and address concerns regarding
recreational uses at Indian Bar (Jones & Stokes 2002a). In September 2002,
PCWA placed 45,000 cubic yards ofsediment on Indian Bar and an additional
28,900 cubic yards at PCWA's disposal site on Ralston Ridge. The pilot project
includes consideration ofpotential strategies for increasing the sediment volume
at Indian Bar while maintaining or enhancing recreational opportunities.
Additional sediment placement locations (e.g., Iunction Bar) may be considered
in the future.

A secondary objective of the sediment management project is to restore the
natural migration of coarse and fine sediment that occwT'Cd in the project area
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before the dam was constructed. The transport of sediment. especially
intermediate-sized material (gravel, pebble, and cobble), is critical for
maintaining suitable habitat for fish and benthic invertebrates in gravel-bed
streamS (Waters 1995). Following dam construction, these materials continue to
be transported from the reaches below the dam but are not replaced from
upstream sources, resulting in the loss of important habitat (Kondolf and
Matthews 1993). Other effects include scouring and deepening of the channel
below the dam and associated increases in substrate size (channel armoring), a
process that has been occuning below Ralston Dam since construction (Stiehr
pers. comm).

Efforts to mitigate the effects of sediment retention in reservoirs on salmon and
trout streams in California have focused primarily on augmenting the supply of
spawning-size gravels (Parfitt and Buer 1980). These efforts, which include
placing gravel on bars and riffles and installing artificial and natural gravel­
retaining structures downstream ofdams, can be costly and ineffective over the
long tenn. A more satisfactory alternative is to attempt to maintain natural
channel features below dams by managing water releases and sediment in ways
that preserve as much as possible the geomorphic processes that existed before
the dams were constructed (Ligon et al. 1995).

The combination ofSPT operations and sediment disposal at Indian Bar has been
identified as a viable and economical approach for managing sediment at Ralston
Afterbay while mitigating the long-tenn effects ofsediment retention on aquatic
habitat downstream of the dam. These activities would allow the river to
mobilize a broad range ofsediment sizes and carry them downstream, as
occurred naturally before the dam was constructed. TIle reintroduction of
sediment below the dam is expected to have beneficial effects on aquatic habitat
and biota downstream of the dam. No adverse impacts on water quality and
aquatic resources are expected because project effects would likely be limited to
small, temporaI)' increases in turbidity and sedimentation above ambient levels
during high.flow events. Past analyses and modeling of the hydraulic and
sediment transport characteristics of the MFAR indicate that the channel is
inherently stable and therefore relatively insensitive to changes in discharge and
sediment supply (Harvey pees. comm.).

In 200I, PCWA initiated a monitoring program to ensure compliance of the
sediment management project with established water quality objectives and to
evaluate potential project effects on aquatic habitat and 8MI in the MFAR
downstream ofRalston Dam. The primary objectives of the monitoring program
are to:

• quantitatively evaluate project compliance with the water quality objectives
established by the Central Valley Regional Water Quality Control Board in
its Basin Plan (1998),

• quantitatively evaluate project effects on aquatic habitat based 011 changes or
trends in streambed characteristics and BMI populations downstream of the
reservoir (treatment area) relative to changes or trends in Wlaffected areas
(control areas), and
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• provide PCWA with the results ofannual monitoring so that it can evaluate
project effects and implement appropriate corrective measures if the data
indicate that the sediment management project is adversely affecting water
quality and aquatic resources in the MFAR.

The first year ofpreproject monitoring was conducted in 2001 in accordance with
the Water Quality and Aquatic Resources Monitoring Plan (Jones & Stokes
2002b). The plan was revised in August 2002 to comply with pennit
requirements and agency requests. including:

• identifying target flows and conditions for triggering postproject monitoring
and evaluation ofSPT operations and sediment disposal at Indian Bar,

• surveying and conducting pebble counts of the Indian Bar disposal site
before and after significant entrainment events,

• evaluating pebble counts as an alternative method for assessing the size
composition ofriffle substrates at aquatic habitatIBMI monitoring sites,

• modifying and adding to BMI sampling protocols to ensure consistency with
the California Stream Bioassessment Procedure (CSBP),

• monitoring channel cross sections at selected pools upstream and
downstream ofRaIston Afterbay, and

• monitoring water temperature continuously at the water quality monitoring
stations.

The second year ofpreproject monitoring was conducted in 2002 in accordance
with the revised plan (Appendix A). Because flows in the winter and spring of
2001 and 2002 did not reach the levels needed to fully characterize baseline
water quality. geomorphic, and biological conditions, a third year ofpreproject
monitoring was recommended, subject to the occurrence of flows within the
target range for SPT operations (>3,500 cfs at Ralston Dam). Consequently, no
monitoring was conducted in 2003. Baseline monitoring was again postponed in
2004 foltowing the lack oftarget flows in winter and spring of2003 (flows were
in the target range for only one day on May 4. 2003 [see Figure 2]).

On the morning ofAugust 5, 2004 an electronic control malfunction resulted in
the release ofapproximately 1,400 acre-feet of water from Ralston Afterbay.
The event lasted approximately 4 bours and resulted in a peak flow of5,850 cfs
in the MFAR at the Foresthill gage. At the request ofpewA, Jones & Stokes
conducted reconnaissance surveys immediately after the event to qualitatively
assess the effects of the spill on aquatic resources downstream ofRalston Dam
(Jones & Stokes 2004). To further evaluate these effects, Jones & Stokes
conducted aquatic habitat and BMI sampling in August and October 2004
(following the monitoring methods used in 2001 and 2002).

TIlis report describes the results of2004 monitoring activities. The primary
objective of2004 monitoring was to evaluate the effects of the spill event on
aquatic habitat and BMI communities downstream ofRalslon Dam.
Interpretation ofthese effects was based on a comparison ofhabitat and 8MI
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metrics between monitoring reaches (treatment versus controJ). seasons (August
and October), and years (2001,2002, and 2004). Although not representative of
baseline conditions or proposed project operations, the spill event provided an
opportunity to better understand the responses ofthe MFAR and its biota to high
flows and sediment input (including contributions from Indian Bar) and thereby
facilitate interpretation of future project effects.

The approved monitoring plan is contained in Appendix A ofthis report. This
plan includes a detailed description of the objectives, hypotheses, monitoring
parameters. sampling desigo, and analytical methods for water quality, aquatic
habitat, and BM! monitoring. The reach selection process. reach descriptions,
and photographs were presented in the 2001 annual report (Jones & Stokes
2002b).

Monitoring Activities

Reconnaissance Surveys

Reconnaissance surveys of the MFAR were conducted on August 5. 8, and 13,
2004, to qualitatively assess the immediate impacts ofthe spill event on physical
(geomorphic) conditions and aquatic organisms in the four monitoring reaches
downstream ofRalston Dam (Reaches 1-4). These surveys included a visual
inspection ofthe channel bed and adjacent bars for evidence ofchannel
disturbance (bed scour, sediment transport, deposition) and stranding or mortality
of fish. amphibians. and invertebrates. A kick net was used to sample riffles and
examine general taxa composition and abundance of invertebrates in each
monitoring reach.

Aquatic Habitat

Substrate Size Composition and Embeddedness

Substrate size composition and embeddedness were measured at all riffles
(ttansect locations) used in 2001 and 2002 to characterize baseline substrate
conditions and BMI communities in each ofthe monitoring reaches (Table 1). In
2001, substrate size composition and embeddedness were measured using the
methods described by Bain (1999). In 2002, at the request ofthe CDFG, the
pebble count method (Bunte and Abt 2001) was evaluated as an alternative
method for characterizing rime substrates. It was concluded that pebble counts
provide a more objective. repeatable method that is more sensitive to changes in
fine sediment than the Bain method (Jones & Stokes 2003). Therefore, the
pebble count method was used in 2002 and 2004 to measures substrate size
composition and embeddedness in the monitoring riffles.
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Table 1. Aquatic Habitat and Benthic Macroinvertebrate (BMI) Monitoring Reach
l.ocatlons

Primary Substrate BMI
Reach Locatioo Purpose Transects Transects

Reach 1 MFAR above Otter Creek Treatment 1-8 1,3,7

Reach 2 MFAR above Volcano Creek Treatment 9-15 9,11, 13

Reach 3 MFAR at Iunction Bar Treatment 16-19 16,18

Reach 4 MFAR at Indian Bar Treatmeot 2()-24 20,23

Reach 5 MFAR above Ralston Afterbay Control 25-30 25,27,29

Reach 6 North Fork MFAR Control 31-35 31,33,35

Reach 7 Rubicon River above Ralston Control 36-44 36,40,43
Afterbay

Pebble counts were conducted at all monitoring riffles between October 11 and
November 8, 2004. Pebble counts were conducted in the reaches below Oxbow
Powerhouse (Reaches 1-3) during October 11-14, when flows downstream of
the Oxbow Powerhouse were at minimwn levels (approximately 100 cis).

Pebble counts were conducted according the methods described by Bunte and
Abt (2001). Individual particles were sampled at regular intervals along two
transects extending the width ofthe active channel in each monitoring riffle. The
spacing between sampling points was set at the longest diameter (a-axis) of the
largest particle to avoid double-counting large particles. A metal pin, held
vertically at each sampling point, was lowered until it contacted the substrate.
The first particle touched by the metal pin was selected. In areas where the bed
was submerged, a facemask was used to identify particles that could not be
clearly seen from above the water's surface. The selected particle was picked up
and measured using a template with square holes ranging from 2 to 181
millimeters (mm) on a side (Wentworth scale). The particle's sieve diameter was
recorded in terms of the largest hole size through which the particle could not
pass. If the particle could not be dislodged from the bed, a roler was used to
measure or approximate the length ofthe b-axis (the axis that defines sieve
diameter). The embeddedness of pebble-sized and larger particles (>16 mm) was
measured as the percentage ofthe total vertical extent ofa particle below the bed
surface. Embeddedness was scored as negligible «5%), low (5-25%), moderate
(25-50%), high (50-75%), or very high (>75%).

The pebble count method also was used to determine the size composition of
sediment at the Indian Bar Sediment Disposal Site following the gate
malfunction and associated erosion of the pile in August 2004. As in 2002,
pebble counts were made along three transects perpendicular to the longitudinal
axis of the pile. The pile was divided into three segments ofequal length, and
one transect was randomly placed in each segment. Each transect started at the
toe of the pile (nearest to the river), extended up the face ofthe pile, and ended at
the far edge of deposited material. At each transect location, a measuring tape
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was laid on the surface of the pile and anchored at both ends with metal stakes.
Pebble counts were conducted along each transect as described above.

Substrate size composition was described quantitatively using particle-size
frequency distributions and percentile values (DI6. 025. D50. 075. and D84).
The percentile values are the particle sieve diameters for which a certain
percentage of the sample is flner. For example, D50 is the median particle size
because 50% of the sample is finer and 50% is coarser than this diameter.
Percentile values were calculated using linear interpolation methods (Bunte and
Abt 2001). Embeddedness was described and compared using frequency
distributions ofembeddedness scores.

Channel Cross Sections

In 2002. the U.S. Department ofAgriculture (USDA) Forest Service and CDFG
requested monitoring ofchannel cross sections downstream ofRalston Afterbay
to detect potential deposition ofsediment in pools during the postproject
monitoring period. Because the potential for filling ofpools is highest in the
depositional reaches selected for substrate and BMI monitoring, channel--cross
section monitoring locations were established in several representative pools in
the MFAR near Otter and Volcano Creeks (Reaches 1 and 2) and the Rubicon
River (Reach 7).

Between October 11 and November 8. 2004, standard surveying teclmiques were
used to reswvey channel cross sections established in 2002. All transect
locations were re-marked in the field with permanent benchmarks (expandable
anchors drilled into bedrock). Site maps were updated for each transect location.
In some cases. the horizontal distance ofa transect increased as permanent
benchmarks were moved farther out onto the floodplain or against a canyon wall
to protect against loss or theft. All cross sections. except the first pool in Reach 1
(where no permanent benchmarlcs could be found). were resurveyed in 2004.

Measurements were taken with an auto level and stadia rod. Measurements were
first taken above the active chamel at an average horizontal distance of
approximately 10 feet and average vertical distance ofapproximately 5 feet from
the water surface. Bed elevations were measured every 2 feet along the transect
to produce a detailed cross section ofthe channel at each location. In some
cases. measurements were taken at more frequent intervals to accurately define
changes in channel contours associated with bedrock ledges, large rocks, and
other significant features.

Water Temperatures

Since July 2001. automated water temperature loggers (Onset Corporation Optic
StowAway Tempa) have been operated continuously in the MFAR below
Ralston Dam (at the Foresthill gage). the MFAR above Ralston Afterbay
(approximately 0.5 mile upstream of its confluence with the Rubicon River). the
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North Fork MFAR (approximately 2.2 miles above its confluence with the
MFAR), and the Rubicon River (approximately 0.5 mile upstream ofRalston
Powerhouse). The hourly data from these loggers are retrieved every 3 to 6
months and summarized in terms ofmean, minimwn, and maximum daily water
temperatures. Additional temperature loggers were installed in the Otter Creek,
Volcano Creek, and Indian Bar reaches (Reaches 1,2, and 4) in August 2004.

Benthic Macroinvertebrates

BMI monitoring was conducted on August 12-16 and October 5-8 in accordance
with the sampling and laboratory procedures described in the 2003 monitoring
plan (Appendix A). These procedures included several modifications of the
original monitoring plan to ensure consistency with the CSBP and California
Aquatic Bioassessment Laboratory Network (California Department of Fish and
Game 1999, 2003a).

Field Methods

BMI samples were collected from the riffles (transect locations) used in 2001 and
2002 to characterize baseline BMI conununities (Table 1). BMI samples were
collected. in August and October only; no sampling was conducted in June.
Samples were collected in the field according to the CSBP non-point source
sampling design (California Department ofFish and Game 1999, 2003a).

A square-frame kick net with 500-micrometer. Nitex mesh was used to collect
benthic invertebrates from three I-by-l-foot areas along each transect. Samples
were placed in Corning Snap-Seal™ jars containing 90% ethanol. Labels
indicating the reach, site, stream, and date were placed in each sample jar and on
each lid. Samples were then transferred to the Jones & Stokes laboratory in
Sacramento, California. A standardized. chain-of-custody form was used to
document each sample transfer.

Laboratory Methods

Each BMI sample was processed in the Jones & Slokes laboratory according to
the CSBP Professional (Levell) Laboratory Procedures. Invertebrates were
distributed. evenly in a tray marked with a l-by-l-inch-square grid. Invertebrates
were then removed from randomly selected grids and counted until 300
individuals were removed. Each 300-count subsample was stored in 70% ethanol
and labeled with the original sample data and sub~ple size. Each invertebrate
in the 300-cowlt subsamples was identified to the required standard taxonomic
level as described in the revised CSBP (California Department ofFish and Game
2003b). Differences in the procedures from previous monitoring years included
identifying non-biting midges to family (Chironomidae) and identifying
segmented wonns to order (Oligochaeta). Taxonomic data were recorded on
standardized data sheets along with the date subsampled, date identified,
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subsample size, total number ofgrids used in tray, number ofgrids selected, and
number of invertebrates removed from each grid. Standardized sample-tracking
logs were used to track the progress ofeach sample through the laboratory
process.

8MI Metrics

The following metries were used to characterize BMI communities in 2001,
2002, and 2004. These metrics were compared between monitoring reaches,
seasons, and years to describe longitudinal trends, seasonal patterns, and annual
variation in community attributes and habitat conditions, and to evaluate the
response ofthe BMI community to the August 5 spill event. A summary of the
metrics used and their expected response to habitat conditions or disturbance is
provided inTable 2.

BMI Density: BMI- density is calculated by dividing the total number of
invertebrates in a sample by the area ofstreambed sampled (number of
individuals per square meter). Although BMI density can be highly variable and
difficult to interpret (Karr and Chu 1999), this metric may be helpful in
interpreting trends or changes in other variables (e.g., California tolerance
values). This metric was calculated using the procedure described in the CSBP
(California Department ofFish and Game 1999, 2003)

Taxa Richness: Taxa richness describes the number of distinct taxonomic
groups (family, genus, etc.) in a sample and is a measure ofcODUUunity structure.
It is commonly used in bioassessment monitoring because it has been found to
vary consistently and systematically with human influence (Karr and Chu 1999).
Taxa richness for 2001 and 2002 was calculated using a revised methodology
based on CAMLnet recommendations (California Department of Fish and Game
2003). Consequently, the 2001 taxa richness values in this report differ slightly
from the values reported in the 2001 annual report (Jones & Stokes 2002b).

EPT Index: EPT stands for the insect orders Epherneroptera (mayflies),
Plecoptera (stoneflies), and Trichoptera (caddisflies). The EPT index is
calculated by dividing the combined number of individuals in these three orders
by the total number ofindividuals in the sample. The orders included in the EPT
index were selected because of their relative intolerance to human disturbance.
Two common genera, Hydropsyche (Trichoptera) and Baetis (Ephemeroptera),
demonslrate a high tolerance to human influence that is uncharacteristic of their
respective orders. Hydropsyche and Baetis are therefore not included in the
calculation ofthe EPT Index metric.

California Tolerance Value: The California tolerance value is a metric based
on the HilsenhoffBiotic Index, which uses a set of taxon-specific tolerance
values to calculate a community-level tolerance (California Department ofFish
and Game 2003). The tolerance value is used as a general index oftolerance to
pollution and disturbance. Tolerance values range from 0 (highly intolerant) to
10 (highly tolerant); higher tolerance values indicate a greater amount of
environmental disturbance. Like taxa richness, the percentages of tolerant and

•
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Table 2. Summary of Benthic Macroinvertebrate Metrics

BMI Metric Description
Response to
Impainnent

Increase

Decrease

Decrease
... -~ .~.~' ---~.,

. -:f.' ;;~~-

Percent of mayfly, stonefly, and caddisfly latVae in sample

Percent ofmidge larvae in sample

Total number ofindividual taxa

Percent Cbironomidae

R1chn~sMeasnre­

Taxa Richness

Composi~on'Measnres

EPTIndex

Tillcl':anceJlntolernnee·Me~surcs .-

Tolerance Value (TV) Value between 0 and 10 weighted by abundance of taxa designated as
pollution-tolerant (higher values) or -intolerant (lower values)

Functional FccdJng Groups (FFG)

Percent Collectors Percent of individuals that collect fme particulate matter

Percent Fiherers Percent of individuals that filter fme particulate matter

Percent Scrapers Percent of individuals that graze on periphyton

Percent Predators Percent of individuals that feed on other organisms

Percent Shredders Percent of i.ndividuals that Shred coarse particulate matter

Abundance Measure

Increase

Increase

Increase

Variable

Variable

Decrease

BMI Density Estimated number of BMI per sample Variable
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intolerant individuals in a sample have been found to vary consistently and
systematically with human influence (Karr and Coo 1999). The tolerance value
metric is found by calculating a weighted average of the known tolerance values
based on the relative abundance ofeach taxa.

Dominant Taxa: Dominant taxa are taxonomic groups (family, genus, etc.) that
are highly abundant in a conununity relative to other taxa. Dominant taxa are
typically generalists that occur in great abundance throughout their range. The
level ofdominance ofthese taxa can be an indicator ofthe level ofdisturbance in
aquatic systems. The abundance of the most dominant taxon in a habitat is
expected to increase in response to enviromnental disturbance or impairment. A
relatively undisturbed enviromnent would be expected to have a more even
distribution of taxa in the community. The relative abundance of the five most
dominant taxa, calculated by dividing the number of individuals ofeach taxon by
the total number of individuals in the sample, was calculated for each monitoring
reach.

Functional FeediDg Groups: Functional feeding groups are groups of taxa that
are similar in the way they obtain food. The relative abundance ofeach
functional feeding group is a measure of community strocture and composition.
CDFG developed a list ofCalifornia taxa and grouped them into the following
major categories: predator, collector-gatherer, collector-filterer, scraper,
shredder, and others. The category "others" includes parasites, macrophyte
herbivores, piercing herbivores, omnivores, and wood eaters.

Quality Assurance Procedures

In 2004, the Jones & Stokes laboratory performed quality assurance measures
throughout the field and laboratory processes to ensure a high level of data
quality and integrity. Each Jones & Stokes employee who contributed to the
collection or processing effort was trained by the project supervisor on CSBP
methodologies, sampling techniques, and laboratory techniques. The laboratory
supervisor perfonned routine checks during the sorting and identification process
to ensure CSBP procedures were implemented accurately and appropriately.
Approximately 10% of the samples collected were checked by the laboratory
supervisor for taxonomic and enumeration accuracy.

In 2002, approximately 10% of the samples collected were sent to EcoAnalysts,
Inc. in Moscow, Idaho, for an independent taxonomic inventory. The results of
the two independent efforts were compared to validate the taxonomic
determinations and enumeration conducted by Jones & Stokes. Jones & Stokes'
and EcoAnalysts' taxonomists discussed the results of the taxonomic validation,
and discrepancies were corrected. No major discrepancies were found during the
validation effort. The infonnation obtained from the 2002 taxonomic validation
was applied to the 2004 monitoring effort.
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Results

Aquatic Habitat

Reconnaissance Surveys

Reconnaissance SWVey8 of the MFAR downstream ofRalston Dam immediately
after the August 5 spill event indicated that the magnitude and extent ofchannel
disturbance were greatest in the reaches immediately below the dam. The rapid
increase in flow resulted primarily in scour in the relatively steep. confined
channel immediately downstream of the dam (Reach 4), resulting in lateral
erosion and entrainment of sediment from the Indian Bar disposal site
(Photograph I). It appeared that much of the transported sediment (coarse sand
and gravel) was deposited in Reach 3, where the flow encountered the wider.
lower gradient channel associated with Junction Bar. At American Bar. where
the channel becomes steeper and more confined, the most obvious effect was
localized scour, although some deposition ofcoarse sand was evident. Between
Horseshoe Bar and Volcano Creek (including Reach 2), the most noticeable
changes in bed conditions were localized deposits ofsand in nanual deposition
zones upstream of rimes and channel constrictions. No signs ofsignificant
channel disturbance were observed in Reach I (above Otter Creek).

Substrate Size Composition and Embeddedness

Monitoring Riffles

Figure 3 presents the frequency distribution ofWentworth particle size classes in
each monitoring reach in 2002 and 2004. The pebble COWlt data were also
consolidated into broader size classes corresponding to those used in 2001 (Bain
method) to allow comparison ofsubstrate size composition among all years
(Figure 4). It is important to note that the differences in partide size distributions
between 2001 and 2002 were caused largely by differences in the Bain and
pebble count methods (Jones & Stokes 2003). Consequently, the actual
differences in particle size distributions between 2001 and 2002 are smaller than
those shown in Figure 4. indicating little or no change in substrate size
composition between 2001 and 2002. However, the 2002 and 2004 results are
directly comparable.

Riffle substrates in the project area continue to be dominated by cobbles and
boulders (>64 nun diameter) (Figures 3 and 4). As in 2001 and 2002, the highest
proportions ofcobble and boulder substrate (75%) were observed in the reach
immediately below Ralston Dam (Reach 4). Downstream of Ralston Dam
(treatment reaches), pebble CO\Ults confIrmed a general increasing trend in the
proportion oflarge cobbles and boulders (>181 nun diameter) with increasing
proximity to the dam. In 2004, the proportions ranged from 19% in the Otter
Creek reach (Reach 1) to 55% in the Indian Bar reach (Reach 4) (Figure 3).
Among the control reaches, the proportions of large cobbles and boulders ranged
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Photo 1. Indian Bar before and after August 5, 2004, gate failure (Source: Gary Hobgood. DFG)
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from 23% in the Rubicon River (Reach 7) to 50% in the North Fork MFAR
(Reach 6).

Increased proportions offines, gravels, and pebbles were evident throughout the
project area in 2004. On average, fines, gravels, and pebbles comptised goAl,
13%, and 21%, respectively, ofriffie substrates in 2004. This represents a 6%,
3%, and 4% increase in these size classes in both the treatment and control
reaches since 2002.

The D16, D2S, D50, D75, and D84 particle sizes (particle sizes for which a
certain percentage of the sample is finer) also reflect the general differences and
trends in substrate size composition among the reaches and the general shift
toward smaller particle sizes in 2004 (Tables 3 and 4).

Table 3. Diameter PartiCle Sizes (In mm) for Monitoring Reaches and Indian Bar
in 2002

Reach DI6 D15 D50 D" 0..
I 42.9 61.7 114.5 178.1 203.3

2 10.8 35.6 109.2 197.7 217.0

3 17.9 43.6 184.7 217.5 230.6

4 61.7 101.9 193.7 222.7 234.1

5 9.6 29.3 100.9 .187.6 209.8

6 30.7 56.6 181.0 215.3 229.1

7 11.6 26.1 78.2 178.7 204.3

Indian Bar 2.0 3.0 19.4 89.0 117.4

Table 4. Diameter Particle Sizes (in mm) for Monitoring Reaches and Indian Bar
In 2004

Reacb D I6 Du D50 075 DI4

I 25.8 47.6 97.9 159.7 198.7

2 4.4 16.8 96.4 217.3

3 3.9 13.4 153.5

4 29.0 91.6 208.5

5 7.7 19.8 94.9 220.1

6 13.0 37.1 181.0

7 6.6 20.1 75.8 175.4 203.4

Indian Bar 2.4 4.0 20.5 66.3 90.2
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Increased embeddedness ofriffie substrates was evident throughout the project
area in 2004 (Figure 5). This was generally characterized by a shift from
predominantly negligible values (<5% embedded) in 2002 to predominantly low
values (5-25% embedded) and smaller increases in the proportion ofmoderate,
high, and very high values (25-50%,50-75%. and >75%) in 2004. On average.
particles with low, moderate, high, and very high values made up 420/0, 11%,
13%. and 13%. respectively, ofrifDe substrates in 2004. This represents a 20%.
0%, 8%, and 10% increase in these values since 2002. Increases in the
proportion oflow embeddedness values were greatest in the treatment reaches
(30%). and increases in the proportion ofbigh and very high values were greatest
in the control reaches (11-12%).

Indian Bar Sediment Disposal Site

An estimated 893 cubic yards, or about 2% of the total amount ofsediment
placed at the Indian Bar Sediment Disposal Site in 2002. was removed by the
August 5 spill event (Jones pers. comm). High flow during the event eroded the
toe and face ofthe sediment pile, resulting in a steep, scoured slope along the
lateral and downstream margins ofthe pile (Jones & Stokes 2004).

The particle size distribution and associated percentile values ofthe surface layer
ofthe hldian Bar sediment pile in 2002 and 2004 are shown in Figures 3 and 4
and Tables 3 and 4. The sediment pile is composed ofa relatively unifonn
distribution ofparticle sizes ranging from sand to boulders. Fines. gravel,
pebble, and cobble-boulder substrates made up 18%,34%,32%. and 16%,
respectively, of the total pebble count in 2004, indicating a somewhat higher
proportion ofgravel and pebble substrates (and a lower proportion ofsand and
cobble-boulder substrates) since 2002.

Channel Cross Sections

No significant changes in channel contours or bed elevations were evident in
pools in the Otter Creek, Volcano Creek, and Rubicon River reaches following
the August 5 spill event (Figure 6). Minor mid-chalUlel and near-bank
aggradation and degradation were apparent based on comparison with the 2002
channel cross sections; however, overall changes were negligible, as little or no
change in average bed elevations occurred (fable 5).
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Table 6. Change In Average Channel Bottom Elevation between 2002 and 2004

Pool

2

3

4

5

6

Average Channel
Bottom Elevation­

2002 (feel)

-11.83

-13.95

-12.88

-18.05

-J 1.56

Average Channel'
Bottom Elevation­

2004 (feet)

-12.46

-13.67

-12.77

-17.78

-11.03

Change in Average
Channel Bottom
Elevation (feet)

-0.63

+0.28

+0.11

+0.27

+0.53

Note: Average channel bottom elevations were calculated between left and right
edges ofwatcr.

Surveys of the MFAR at the Foresthill gage before (March 4 and June 9,2(04)
and after (August 11,2004) the August 5 spill event also detected no significant
change in channel contours and bed elevations at this location (Jones pers.
comm.).

Water Temperatures

Daily mean, minimum, and maximum water temperatur~s in the MFAR below
Ralston Dam (at the Foresthill gage), the MFAR above Ralston Afterbay
(approximately 0.5 mile upstream of its confluence with the Rubicon River), tile
North Fork MFAR (approximately 2.2 miles above its confluence with the
MFAR), and the Rubicon River (approximately 0.5 mile upstream ofRalston
Powerhouse) for water years 2002 and 2003 are presented in Figures 7-10.

Benthic Macroinvertebrates

Reconnaissance Surveys

Reconnaissance surveys of the MFAR downstream ofRalston Dam immediately
after the August 5 spill event indicated that the magnitude ofbiological effects
(as indicated by reductions in species diversity and abundance relative to 2002
levels) was generally correlated with the degree of charmel disturbance.

Qualitative samples from the Indian Bar reach (Reach 4) were dominated by
Oligochaete worms. Midge larvae (Chironomidae), mayflies (Dae/is sp.), and
stoneflies (Skwala sp.) were observed in moderate abWldance. Evidence of the
effects ofscour and bed movement in this reach was the absence of large-bodied
species ofcaddisflies and mayflies that are not adapted to high water velocity
(iliese taxa were observed in this reach in August 2002). The largest invertebrate
observed was Rithrogena sp., a mayfly adapted to high water velocity.
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BMI communities in the Junction Bar reach (Reach 3) appeared to have been
highly disturbed by the spill event. Oligochaete WOJDlS were the only
invertebrates observed in riffles where newly deposited sediment was evident.
None of the mayfly, stonefly, or caddisfly species observed in 2001 and 2002
was observed.

Initial observations after the spill event indicated that the diversity and
ablUldance ofBM! in the MFAR above Volcano Creek (Reach 2) was lower than
observed in previous swmncrs. especially in areas ofnewly deposited sediment.
However, modemte levels ofdiversity, attributable in part to the presence of
mayflies, stoneflies, and caddisflies, indicated that the level ofdisturbance was
lower than that experienced by 8MI in Reaches 3 and 4.

The abundance and diversity ofBM! in the MFAR above Otter Creek (Reach 1)
appeared to be similar to that observed in 2002.

BMI Metrics

8MI Densities

In August and October 2004, BMI densities were highly variable between
reaches and seasons, ranging from 601 to 7,298 invertebrates per square meter
(Figure 11). This range is similar to the range observed in previous years. In
August 2004, however, BMI densities in the treatment reaches (601-2,544) were
substantially lower than those in the control reaches (4,072-5,882). In previous
years, August BMI densities in the treatment reaches were generally in the same
range as the control reaches.

By October 2004, BMI densities had increased substantially in the treatment
reaches, especially in the Junction Bar reach (Reach 3) where densities had
increased nearly tenfold (601 to 5,864). Relatively large increases in BMI
densities between August and October were also observed in the Volcano Creek
and Junction Bar reaches (Reaches 2 and 3) in 2001 and 2002.

In general, BMI densities in the control reaches (Reaches 5-7) were less variable
among reaches and seasons than the treatment reaches.

EPTlndex

In August and October 2004, EPT index values ranged from 6 to 53%. These
values are within the range observed in previous years (Figure 12). Longitudinal
trends in EPT index values were similar among years. The lowest EPT values
typically occurred in the reaches immediately below Ralston Dam (Reaches 3
and 4), with higher values in the reaches near Volcano and OUer Creeks (Reaches
I and 2), and the highest values in the control reaches (Reaches S-7). No distinct
seasonal patterns in EPT index values were observed in 2004.
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North Fork MFAR
Oct 1, 2002 - Sep 30, 2003
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MFAR above Ralston Afterbay
Oct 1, 2002 - Sep 30, 2003
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Placer CountyWater Agency

Taxa Richness

In August and October 2004. taxa richness values ranged from 21 to 36 taxa
(Figure 13). These values are within the range observed in previous years. In
general. taxa richness values have been higher in the control reaches (Reaches 5­
7) than in the treatment reaches (Reaches 1-4). No distinct seasonal patterns in
taxa ricJmess were evident.

California Tolerance Values

In August and October 2004, California tolerance values ranged from 3.4 to 5.S.
which is very similar to the range ofvalues observed in previous years (Figure
14). In all years, the highest tolerance values were observed in the reach
immediately below Ralston Dam (Reach 4), and tolerance values generally
decreased with increasing distance downstream from Ralston Dam. In 2004, the
lowest tolenmce values occurred in the Otter Creek reach (Reach 1) and the
control reaches (Reach 5-7).

Dominant Taxa

Most of the dominant taxa observed in 2004 displayed the same general patterns
ofdistribution and relative abundance observed in previous years. As in 2001
and 2002, chironomid midges (Chironomidae, which includes the subfamilies
Chironominae, Orthocladiinae, and Tanypodinae) were one ofthe most common
and widely distributed taxa in the project area (fables 6-8). The relative
abundance ofcbironomids was highest in the MFAR between Ralston Dam and
Volcano Creek (Reaches 2, 3, and 4) where they composed 26-51% of the
samples. Baetis mayflies were also relatively abundant throughout the project
area (6-28%). Oligochaete wonns and blackflies (Simulium) were most
common in the reaches below Ralston Dam; the highest proportions of
Oligochaetes were observed in Reaches 2 and 3 (13-25%), and the highest
proportions ofblackflies were observed in Reaches I and 4 (10-31%).

Hydropsyche caddisflies were relatively abundant in samples collected from
Otter and Volcano Creek reaches (Reach 1 and 2) in 2001 and 2002 (5-28%) but
were absent or present in relatively low nwnbers in these reaches in 2004 (0­
4%). Other taxa that were less common but seasonally dominant in Reaches 1
and 2 in 2001 and 2002 but absent in 2004 were Rhithrogena mayflies and
Glossos.yoma caddisflies.

In general, the distribution and relative abundance ofdominant taxa in the control
reaches were similar among years.

Water Quality and Aquatic ResoutCll$ Monitoring
Program for Ihe Ralston Afterbay
Sediment Management Project 2004 Annual Report

19
April 2005

J&S 02234.02



)

Placer County Water Agency

Functional Feeding Groups

As in 2001 and 2002, collector.gatherers were a dominant functional feeding
group in most ofthe reaches and seasons sampled in 2004 (Figure 15). The
dominance ofcollector-gatherers was attributable primarily to the relatively large
numbers ofchironomid midges and Baetis mayflies in most reaches, seasons, and
years. In all years, the relative abundance ofcollector-gatherers was highest in
the Jwtction Bar reach (Reach 3) and decreased in a downstream direction.

In all years, the lowest proportion ofcollector-filterers consistently occurred in
the Junction Bar reach (Reach 3) (Figure 16). In 2001 and 2002, this pattern was
marked by an increasing trend in colJector-filterers with distance downstream
from Jwtetion Bar. In 2004, however, the relative abundance ofcollector­
fitterers was equally low in the Jwtction Bar and Volcano Creek reaches
(Reaches 2 and 3). The dominance ofcollector-filterers in the Otter Creek reach
was attributable primarily to the relatively high abundance ofblack fly (Sinwlium
sp.) and Hydropsyche caddisflies in most seasons and years.

Scrapers also exhibited a general increasing trend in relative abundance with
distance downstream from Ralston Dam (Figure 17). In all years, the lowest
proportions of scrapers occurred in the treatment rea~hes closest to the dam
(Reaches 2-4) and the highest proportions occurred in the Otter Creek reach
(Reach 1) and the control reaches (Reaches 5-7). Among the control reaches, the
relative abundance ofscrapers was highest in the Rubicon River (Reach 7) and
lowest in the MFAR above Ralston Afterbay (Reach 5). '

In August and October 2004, predators exhibited a longitudinal trend similar to
that ofcollector-filterers and scrapers (Figure 18). In 200I and 2002, no distinct
trends or patterns in the relative abundance ofpredators were evident.

Shredders exhibited substantial year-to-year variability in relative abundance
(Figure 19). Shredders were a relatively COlIUllon component of the samples
collected in most reaches in 2002, but were absent or present in relatively low
numbers in 2001 and 2004.

Other taxa, consisting ofmacrophyte herbivores, piercing herbivores, and
onmivores, were dominant in samples collected in the MFAR above Ralston
Afterbay and in the North Fork MFAR in August 2004. The distribution and
relative abwulance ofthese groups was similar to that ohserved in 2002 (Figure
20).

Amphibians

Foothill yellow-legged frogs were observed in the Rubicon River, MFAR above
Ralston Afterbay, and North Fork MFAR (Reaches 5-7) during monitoring
activities in August (adults and larvae) and October (adults only) 2004. No
foothill yellow-legged frogs or other amphibians were observed in the reaches
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Table 6. Relative Abundance of Dominant Taxa by Reach and Month, 2001 Page 1 of2

June August October

Reach 1 Taxa Abundance Taxa Abundance Taxa Abundance

Baetis 29.71% Hydropsyche 19.19% Hydropsyche 33.99%

2 Hydropsyche 10.76% Epeoros 18.33% Rhithrogena 18.51%

3 Simulium 7.56% Chironomidae 13.49% Glossosoma 17.62%

4 Brachycentrus 6.98% Simulium 13.30% Chironomidae 4.98%
americanum

5 Glossosoma 6.58% Baetis 4.35% Cheumatopsyche 3.91%

Reach 2 Taxa Abundance Taxa Abundance Taxa Abundance

Brachycentrus 29.78% Chironomidae 35.82% Oligochaeta 37.90%
americanum

2 Simulium 14.69% Brachycentrus 23.08% EphemereUidae 14.92%
americanum

3 Chirollomidae 14.27% Hydropsydle 8.85% Chironomidae 6.85%

4 Baetis 10.62% Baetis 5.45% Baetis 6.85%

5 Serratella 5.06% Oligochaeta 3.27% Serratella 6.85%

)
Reach 3 Taxa Abundance Taxa Abundance Taxa Abundance

Oligochaeta 81.82% Oligochaeta 70.97% Oligochaeta 47.62%

2 Chironomidae 4.20% Chironomidae 17.74% Simulium 10.32%

3 Simulium 2.10% Turbellaria 6.45% Ephemerella 6.75%

4 Antocha 2.10% Elmidae 3.23% Chironomidae 5.03%

5 Ordobrevia nllbifera 1.40% Empididae 1.61% Baetis 5.03%

Reach 4 Taxa Abundance Taxa Abundance Taxa Abundance

1 Chironomidae 20.43% Chironomidae 41.28% Simulium 32.90%

2 Hydropti/a 19.62% Hydroptila 14.26% Chironomidae 23,76%

3 Simulium 16.21% Ocll1'otrichia 6.75% Acentrella 4.44%

4 Bracllycentrlls 10.58% Optiocervus 5.63% Antocha 2.35%
americanum

5 Baetis 6.07% Brachycentrus 4.75% Gyraulus 2.35%
americcmum



)

Table 6. Continued Page 2 of2

June August October

ReacllS Taxa Abundance Taxa Abundance Taxa Abundance

1 Chironomidae 30.42% OclJrotrichia 38.56% Chironomidae ]8.76%

2 Ochrotrichia 16.67% Chironomidae 18.66% Baetis 16.34%

3 Baetis 6.33% Hydropsyche 6.70% Hydropsyche 11.15%

4 Hydrop:,yche 6.08% Epeol1~s 5.94% Cheumatopsyche 8.06%

5 Epeorus 3.21% Cheumatopsyche 3.88% Optiocervus 6.18%

Reach 6 Taxa Abundance Taxa Abundance Taxa Abundance

1 Ochrotrichia 39.87% Chironomidae 21.90% Hydropsyche 20.06%

2 Chironomidae 10.61% Ochrotrichia 19.17% Chironomidae ]5.54%

3 Hydropsyche 6.35% Hydropsyche 7.79% Baetis 8.76%

4 Baetis 4.08% Baelis 6.36% Cheumatopsyche 8.19%

5 Optiocervus 3.78% Antocha 4.40% Rhithrogena 8.19%

Reach 7 Taxa Abundance Taxa Abundance Taxa Abundance

1 Hydropsyche ]9.80% Hydropsyclle 22.09% Hydropsyche 30.77%

2 Epeorus ]3.17% Epeorus 17.62% Raetis 13.19%

3 Baetis 10.94% Serratella 8.94% Chironomidae 9.16%

4 Chironomidae 7.93% Chironomidae 7.96% Optiocervus 8.42%

5 Serratella 5.33% Baetis 6.7]% Clleumatopsyche 6.59%



Table 7. Relative Abundance of Dominant Taxa by Reach and Monlh, 2002 Page 1 of 2

June August October

Reach 1 Taxa Abundance Taxa Abundance Taxa Abundance

1 Simulium 50.33% Hydropsyche 26.06% Hydropsyche 28.22%

2 Baetis 14.63% Baetis 16.67% Rhithrogena 16.91%

3 Glossosoma 6.32% Simulium 12.98% Chironomidae 11.53%

4 Hydropsyche 5.10% Epeorus 9.17% Baetis 7.17%

5 Epeorus 4.32% Chironomidae 5.70% Isoperla 4.59%

Reach 2 Taxa Abundance Taxa Abundance Taxa Abundance

1 Baetis 36.27% Chironomidae 21.52% Chironomidae 27.81%

2 Simulium 24.89% Baetis 17.39% Hydropsyche 11.23%

3 Epeorus 4.02% Hydropsyche 7.25% Baetis 9.57%

4 Chironomidae 4.02% Glossosoma 6.47% Rhithrogena 8.79%

5 Serratella 3.91% OJigochaeta 5.91% Isoperla 8.57%

Reach 3 Taxa Abundance Taxa Abnndance Taxa Abundanec

1 Baetis 37.75% Chironomidae 63.88% Oligochaeta 28.45%

2 Chironomidae 15.44% Baetis 6.81% Chironomidae 22.56%

3 Epeorus . 10.07% Antocha 5.79% Baetis 7.41%

4 Optiosen'llS 3.86% Simulium 3.75% Serratella 7.07%

5 Hydropsyche 3.86% Epeorus 2.21% Antocha 6.23%

Reach 4 Taxa Abundance Taxa Abundance Taxa Abundance

1 Chironomidae 39.46% Chironomidne 64.02% Chironomidne 43.36%

2 Baetis 14.67% Oligochaeta 7.09% Simulium 9.08%

3 Gyraulus 9.61% Hydroptila 6.08% Acentrella 8.91%

4 Sen'atella 4.89% Gyraulus 2.53% Oligochaeta 6.72%

5 Planariidae 4.55% Limnesiidae 2.36% Gyraulus 6.55%

Reach 5 Taxa Abundancc Taxa Abundance Taxa Abundance

Baetis 25.84% Ochrotrichia 18.82% Baetis 21.41%

2 Chironomidae 21.48% Baetis 18.15% Chironomidae 18.95%

)
3 Ochrotrichia 11.74% Chironomidae 15.48% Hydropsyche 12.22%

4 AcentrelJa 8.28% Simulium 11.69% Epeorus 4.48%



Table 7. Continued Page 2 of 2

June August October

5 Epeorus 4.70% Epeorus 5.01% Cheumatopsyche 4.26%

Reach 6 Taxa Abundance Taxa Abundance Taxa Abundance

Baelis 27.28% Ochrotrichia 23.90% Cbironomidae 18.94%

2 Chironomidae 19.62% Cbironomidae 16.91% Rhithrogena 18.26%

3 Ochrotrichia 7.55% Baetis 9.13% Daetis 11.95%

4 Hydropsyche 6.31% Helicopsyche 6.43% Hydropsyche 7.22%

5 Antocha 5.98% Hydropsyche 6.20% Hydroptilidae 5.52%

Reach 7 Taxa Abundance Taxa Abundance Taxa Abundance

1 Baetis 33.15% Baetis 16.00% Chironomidae 25.93%

2 Epeorus 12.24% Hydropsyche 15.66% Baetis 12.46%

3 Hydropsyche 12.01% Epeorus 14.21% Hydropsyche 7.07%

4 Serra/ella 5.45% Chironomidae 12.86% PsephenusJaW 6.96%

5 Glossosoma 4.78% Serratella 7.61% Argia 5.50%

)



)
TableS. Relative Abundance of Dominant Taxa by Reach and Month, 2004 Page 1 of2

June August October

Reach 1 Taxa Abundance Taxa Abundance Taxa Abundance

1 Baetis 19.37% Simulium 31.22%

2 Simulium 12.59% Baetis 18.22%

3 Chironomidae 11.26% ChirOllomidae 6.00%

4 Epeorus 6.17% Oligochaeta 5.89%

5 Hydropsyche 4.12% Sweltsa 5.44%

Reach 2 Taxa Abundance Taxa Abundance Taxa Abundance

1 Chironomidae 26.00% Chironomidae 28.56%

2 Oligochaeta 22.51% Oligochaeta 16.87%

3 Baetis 11.00% Raetis 15.99%

4 Antocha 7.50% Serratella 7.72%

5 Epeorus 4.27% Simulium 4.74%

Rcaeh3 Taxa Abundance Taxa Abundance Taxa Abundance

) 1 Chironomidae 44.48% Chironomidae 37.19%

2 Oligochaeta 25.37% Baetis 17.69%

3 Baetis 6.27% Oligochaeta 12.89%

4 Antocha 2.39% Simulium 6.45%

5 Sweltsa 2.09% Antochn 5.45%

Reach 4 Taxa Abundance Taxa Abundance Taxa Abundance

1 Chironomidae 50.50% Chironomidae 31.83%

2 Baetis 13.38% Simulium 20.83%

3 Simulium 9.70% Oligochaeta 7.17%

4 Antocha 4.35% Baetis 5.50%

5 Oligochaeta 3.68% Hydroptila 3.83%

--....- --
Reach 5 Taxa Abundance Taxa Abundance Taxa Abundance._-_........ -... --

Baetis 24.61% Baetis 26.26%

2 Chironomidae 15.48% Epeorus 15.32%

3 Och"otrich ia 13.81% Chirollomidae 7.66%

4 Epeorus 7.91% Paraleptophlebin 5.36%

5 Simulium 3.67% Simulium 5.14%
. ----- -. -.... - ---p-
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Table 8. Continued Page 2of2

June August October

Reach 6 Taxa Abundance Tan Abundance Taxa Abundance

Ochrotrichia 16.96% Chironomidae 17.31%

2 Cbironomidae 9.82% Rhithrogena 10.58%

3 Baetis 9.26% Optioservus 7.83%

4 Hydropsyche 7.37% Baetis 7.72%

5 Epeorus 7.14% Hydropsyche 5.73%

Reach 7 Taxa Abundance Taxa Abundance Taxa Abundance

1 Baetis 27.78% Bae/is 13.70%

2 Epeorus 16.78% Chironomidae 13.25%

3 Psephenusjalli 16.67% PsephenusJalli 13.14%

4 .Chironomidae 5.22% Hydropsyche 10.24%

5 Rhithrogena 3.67% Epeorus 7.91%
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Appendix A
Water Quality and Aquatic Habitat Monitoring

Plan for the Ralston Afterbay Sediment
Management Project Indian Bar Pilot Project

Executive Summary
Placer County Water Agency (pewA) is proposing to initiate a pilot sediment
management project at Ralston Afterbay Reservoir (Ralston Afterbay), a
component of the American River Hydroelectric Project on the Middle Fork
American River (MFAR). The primary purpose of the sediment management
project is to create sediment storage capacity in Ralston Afterbay, maintain
operational flexibility ofRalston Dam and Oxbow Powerhouse, and delay the
complete sedimentation ofRalstoIi Afterbay.

The sediment management project consists of2 components. The first
component consists of dredging approximately 75,000 cubic yards (yds) of
sediment from the upstream end ofthe reservoir and placing approximately
48,000 yds of this material downstream of the Ralston Dam on Indian Bar. The
sediment will be configured to allow high flows to mobilize and transport the
sediment to reaches downstream of the dam. The second component, termed
sediment-pass-tlrrough (SPT), consists of reoperating Ralston Dam during high
flow events to pass greater quantities of fme sediment past the dam than passes
under current operations.

A secondary objective ofthe project is to restore the natural migration ofcoarse
and fine sediment that occurred in the project area before dam construction. This
sediment, especially the intermediate-sized material (gravel, pebbles, and
cobbles), is critically important for maintaining suitable stream habitat for fish
and benthic macroinvertebrates (BMl) (insects and other aquatic organisms that
live in or on the streambed). Since the construction ofRalston Dam in 1966, a
portion of the total sediment load transported by high flows from the MFAR and
Rubicon River above Ralston Afterbay has accumulated in the reservoir,
requiring periodic dredging of the reservoir to maintain the reliability ofRalston
and Oxbow Powerhouses. As documented for other rivers, the retention of
sediment by dams and corresponding reductions in sediment supply to
downstream reaches can lead to a reduction in habitat quality in these reaches as
high flows continue to transport cobble and fmer materials that are 110t replaced
by upstream sources.

Monitoring Plan for the Ralston Afterbay
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SPT operations and sediment placement on Indian Bar constitute an effective and
economic approach for managing sediment at Ralston Afterbay while
compensating for the long-term effects of sediment retention on aquatic habitat in
potentially sensitive reaches of the MFAR downstream of the dam. The
proposed sediment management activities will allow the river to mobilize
sediments and carry them downstream as they did naturally before dam
construction. The placement ofreservoir sediment, composed largely of gravel
and larger materials, is expected to have beneficial effects on aquatic habitat
downstream of the dam. Analyses of the hydraulic and sediment transport
characteristics of the MFAR indicate that increases in the amount of fine
sediment resulting from SPT operations and sediment placement will not cause
adverse effects on water quality and aquatic resources because the amount of fine
sediment affected by the project is small compared to the total amount of fine
sediment transported by the MFAR.

In 2001, pewA initiated a monitoring program to ensure project compliance
with established water quality objectives and monitor the effects of the project on
aquatic habitat and BMI in the MFAR downstream ofRalston Dam. Potential
project effects will be evaluated by collecting a minimum of 1 year of water
quality data and 2-3 years ofaquatic habitat and BMI data before project
activities begin and a minimum of 2-3 years of water quality, aquatic habitat, and
BMI data after project activities begin. Key water quality, aquatic habitat, and
BMI parameters will be monitored at treatment sites below Ralston Afterbay and
at control sites above the reservoir. These parameters will include turbidity, total
suspended solids, substrate size composition, embeddedness, and several BMI
community and population attributes. Because ofthe high degree ofvariability
of natural systems and lack ofbaseline data, an adaptive monitoring approach
will be used to regularly evaluate the monitoring program and determine whether
modifications are warranted to improve its performance. Evidence for project
effects will be a significant postproject change (adverse or beneficial) in water
quality and aquatic habitat conditions in the treatment reaches relative to changes
in the control reaches. If these changes constitute an adverse effect on water
quality and aquatic habitat conditions downstream. of the dam. the magnitude of
these changes will be compared with established water quality and habitat
thresholds to evaluate project performance and determine whether corrective
actions are warranted. The need for corrective actions will also be based on the
results ofBMI monitoring, which will serve as a key indicator ofthe biological
effects ofobserved water quality and habitat changes. In addition, these changes
will be evaluated in the context ofother watershed events and trends that may
influence the monitoring results and conclusions.

Introduction

pewA operates a series of reservoirs and powerhouses as part of the American
River Hydroelectric Project on the MFAR and Rubicon Rivers (Middle Fork
Project) in the central Sierra Nevada (Figure 1). The Middle Fork Project
includes Ralston Afterbay, created by the construction ofRalston Dam in 1966
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(photo I). The dam and reservoir are located on the MFAR on the border of
Placer and EI Dorado Counties, California.

Ralston Afterbay serves 3 primary purposes. First, it protects public safety and
fisheries by regulating the rate of river stage change downstream. Second, it
allows the 2 largest powerhouses of the Middle Fork Project-Middle Fork and
Ralston Powerhouses--to quickly respond to system electrical needs. Third, it
impounds water for power generation at Oxbow Powerhouse.

PCWA is proposing to initiate sediment management at Ralston Afterbay to
address continuing sedimentation of the reservoir that threatens the reliability of
power generation at Ralston and Oxbow Powerhouses. PCWA issued and
adopted an initial study/mitigated negative declaration for the Ralston Afterbay
Sediment Management Project in August 2001. The prinuuy purposes ofthe
sediment management project are to create sediment storage capacity within
Ralston Afterbay, maintain operational flexibility ofRalston Dam and Oxbow
Powerhouse, and delay the complete sedimentation ofRalston Afterbay.

The sediment management project consists of2 independent components. The
first component consists ofdredging approximately 75,000 cubic yds ofsediment
from the upstream end of the reservoir and placing this material downstream of
the dam on a 1.96-acre portion of Indian Bar (Photo 2). The sediment will be
configured to allow high flows to mobilize and transport it to the river
downstream of the dam. The second component of the project will consist of
reoperating the dam during high flow events to pass greater quantities of fme
sediment beyond the dam. SPT operations will be conducted whenever river
flows exceed approximately 3,500 cubic feet per second (cfs).

PCWA is proposing an initial placement of48,000 cubic yds of sediment on
hldian Bar to evaluate the project at a pilot level and to address concerns
regarding recreational uses at Indian Bar (Jones & Stokes 2002). This evaluation
will include consideration ofpotential strategies for increasing the sediment
volume while maintaining or enhancing recreational opportunities at Indian Bar.
Other sediment placement locations (e.g., Junction Bar) may also be considered.

A secondary objective ofthe project is to restore the natural migration of coarse
and fine sediment that occurred in the project area before dam construction. This
sediment, especially the intermediate-sized material (gravel, pebble, and cobble),
is critically important for maintaining suitable stream habitat for fish and BMI
(Waters 1995). Following collstruction of dams, these materials continue to be
transported from the reaches below dams but without replacement from upstream
sources, resulting in loss of important habitat (Kondolfand Matthews 1993).
Other effects include scouring and deepening of the channel and associated
increases in substrate size (Le., chalUlel amloring), a process that has been
occurring below Afterbay Dam since its construction (Stiehr, pers. comm.).
Efforts to mitigate these effects on salmon and trout streams in California have
focused primarily on augmenting the supply of spawning-size gravels (Parfitt and
Buer 1980). These efforts, which include placing gravel on bars and riffles and
inslalling artificial and natural gravel-retaining structures dowllstream of dams,
can be costly and ineffective over the long tenn. A more satisfaclory alternative
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is to attempt to maintain natural channel features below dams by managing water
releases and sediment in ways that preserve, as much as possible, the predam
geomorphic processes (Ligon et a1. 1995).

SPT operations and placement ofsediment on Indian Bar constitute a viable and
economic approach for managing sediment at Ralston Afterbay while mitigating
for the long-term effects of sediment trapping on aquatic habitat downstream of
the dam. The proposed sediment management activities will allow the river to
mobilize sediments and cany them downstream as occurred naturally before dam
construction. Preliminary analyses indicate that these activities will not cause
adverse effects on aquatic resources. For reasons cited above, the reintroduction
ofsediment below the dam is expected to have beneficial effects 011 stream
habitat and aquatic resources downstream ofthe dam. Both SPT operations and
sediment disposal at Indian Bar are expected to result in relatively small,
temporary increases in turbidity and suspended sediment above ambient levels
during high flow events. In addition, past analyses and modeling of the hydraulic
and sediment transport characteristics of the MFAR indicate that the channel is
inherently stable and therefore relatively insensitive to changes in discharge and
sediment supply (Harvey pers. corom.).

In 2001, PCWA initiated a monitoring program to test these predictions and
ensure compliance ofthe project with established water quality objectives. The
following report presents the monitoring plan and the results of the first year of
baseline monitoring activities.

Purpose and Objectives
The purpose ofthe monitoring program is to evaluate the potential effects of the
Ralston Afterbay Sediment Management Project on water quality, aquatic
habitat, and BMI in the MFAR downstream ofRalston Dam. The primary
objectives ofthe monitoring program are to:

• quantitatively evaluate project compliance with the water quality objectives
established by the Central Valley Regional Water Quality Control Board
(RWQCB) in the Water Quality Control Plan (Basin Plan) (Regional Water
Quality Control Board 1998), and

• quantitatively evaluate project effects on aquatic habitat based on changes or
trends in streambed and BMI populations downstream of the reservoir
(treatment area) relative to changes or trends in unaffected areas (control
areas), and

PCWA will use the results ofannual monitoring to evaluate project effects and
implement appropriate corrective measures if the data indicate that the project is
adversely affecting water quality and aquatic resources in the MFAR.

Monitoring Plan for the Ralston Afterbay
Sediment Management Project
Indian Bar Pilot Project
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Project Area
Ralston Afterbay is located at the confluence of the MFAR and Rubicon Rivers
at an elevation ofapproximately 1,200 feet (ft). Indian Bar is located.
immediately downstream ofRalston Dam. The project area includes the MFAR
watershed from French Meadows Reservoir (5,200 ft elevation) to the confluence
the NFAR (600 ft elevation), the Rubicon River watershed from Hell Hole
Reservoir (4,600 ft elevation) to Ralston Afterbay, and the North Fork of the
MFAR watershed from its headwaters (6,000 ft elevation) to its confluence with
the MFAR (1,000 ft elevation). The North Fork of the MFAR enters
inunediately downstream ofRalston Dam and Oxbow Powerhouse (Figure 1).

Climate

The MFAR watershed is dominated by a Mediterranean-like climate (WanIl, dry
sununers and cool to cold, wet winters). Air temperatures vary widely during the
year and there is no appreciable precipitation in the summer except for scattered
thunderstonns. Average annual precipitation in the fonn of rain and snow ranges
from 60 to 65 inches per year with the majority of it falling between November
and April (El Dorado National Forest 2001a). A portion of the watershed lies in
the transient rain-on-snow zone, which occurs at elevations between 3,500 and
6,000 ft. Areas experiencing rain-on-snow events are considered to have a higher
sensitivity to watershed disturbance than areas with rain- or snow-dominated
climates (El Dorado National Forest 2001a and b).

Geology

The MFAR and North Fork ofthe MFAR watersheds include 2 different geologic
units: the Shoo Fly Complex and the Mehrten formation (California Department
ofConservation 1992). The rocks of the Shoo Fly geologic unit, comprising
approximately 90% of the watershed, are relatively impermeable (El Dorado
National Forest 200 la, b, and c). The Mehrten formation comprises
approximately 10% ofthe watershed.

The Rubicon River watershed includes 5 different geologic Wlits: Paleozoic
metasedimentary undifferentiated rocks, the Mehrten formation, Mesozoic
granitic rocks, Cretaceous~Jurassicplutonic rocks (gabbro), and glacial moraine
deposits (California Department ofConservation 1981 and 1982). Paleozoic
metasedimentary Wldifferentiated rocks, comprising approximately 60% of the
watershed, are relatively erodible, and are especially erodible when unvegetated.
The Mehrten formation comprises approximately 20% of the watershed. The
contact zones between the Mehrten formation and adjacent units are often
locations where landslides occur (£1 Dorado National Forest 2001c). Mesozoic
granitic rocks, Cretaceous-Jurassic plutonic rocks, and glacial moraine deposits
comprise the remaining 20%.

Monitoring Plan for the Ralston Afterbay
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Soils

The MFAR and North Fork MFAR watersheds contain a diverse set of soils with
6 different soil map units described. The major soils in the watershed are the
Hurlbut, Rock OutcroP. and Deadwood series associated with the Shoo Fly
Complex an~ the Waca. Ledmount, and McCarthy series associated with the
Mehrten fonnation. With the exception ofRock Outcrop, these soils have a
moderate to very high erosion hazard, depending on the slope.

The Rubicon River watershed contains 7 different soil map units. Major soils in
the watershed are the Hurlbut and Deadwood series associated with the Shoo Fly
Complex; the Waca, Ledmount, and McCarthy series associated with the
Mehrten formation; and the Chaix and Zeibright series associated with the
granitic rocks and glacial deposits. These soils have a moderate to very high
erosion hazard, depending on the slope.

Vegetation

Vegetation within the MFAR, Rubicon River, and North Fork of the MFAR
watersheds consists mostly ofmixed conifers with true fIrs at higher elevations.
Major species ofmixed conifer include ponderosa pine, sugar pine, incense
cedar. white fir, Douglas-fir, big leafmaple, California black oak, and interior
live oak. Shrub species include deerbmsh. mountain whitehorn, Sierra mountain
misery. green leaf manzanita, thimble berry, and Sierra currant.

Hydrology

The MFAR watershed upstream ofRalston Afterbay covers approximately
115 square miles. The nearest U.S. Geological Survey (USGS) flow gage, 10
miles upstream at Interbay Dam, represents flow from 90 square miles ofthe
watershed. Flows in the MFAR are substantially attenuated by upstream
reservoir storage facilities, including French Meadows Reservoir. A full-range
gaging station was in service 500 feet downstream from Interbay Dam from
October 1965 until the February 1986 flood, which destroyed the gaging station.
According to the 1985 USGS yearbook, the maximum discharge was 9,900 cfs
on January B. 1980. USGS flow records indicate that the average daily flow in
the MFAR is about 50 cfs (Hydrosphere Data Products 2000).

The Rubicon River watershed covers about 315 square miles and provides the
majority of flow to Ralston Afterbay with an average daily flow of332 cfs. The
unregulated portion of the Rubicon River watershed extends 32 miles upstream
to Hell Hole Reservoir. Flows in this reach exhibit large annual and seasonal
variation. An historical peak flow ofapproximately 300,000 cfs occurred when
Hell Hole dam failed in December 1964. The North Fork MFAR has a 92­
square-mile watershed and enters immediately downstream ofRalston Dam and
Oxbow Powerhouse. The North Fork MFAR is unregulated by reservoirs and
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contributes a substantial amount of-flow to the MFAR with an average daily flow
of285 cfs, a 1% exceedance flow of 2,400 cfs, and a peak flow 000,100 cfs
recorded in 1980.

PCWA operates a flow gage on the MFAR immediately downstream of the North
Fork MFAR confluence and upstream ofHorseshoe Bar. The flow records for
this site indicate that the average daily flow is 1,150 cfs and the 1% exceedance
flow is 6,900 cfs. The January 1997 storm was considered to generate peak
flows in the American River basin and its tributaries that were nearly as large as
the projected 100-year flood event; however, peak flows were not recorded for
the Rubicon River, North Fork MFAR, or MFAR at the Horseshoe Bar gage.
PCWA estimated the peak 1997 flow passing Ralston Dam to be about 100,000
cfs. The highest recorded peak flow at the Horseshoe Bar gage, excluding the
peak caused by the December 1964 Hell Hole Dam failure, was 123,000 cfs on
January 2, 1997.

Geomorphology

The MFAR, Rubicon River, and North Fork MFAR are characterize primarily by
steep, canyon-bound channels with a step-pool morphology. Average stream
gradient ranges from <1 % in the lower reaches ofthe MFAR to 2% in the MFAR
and Rubicon River above Ralston Afterbay. Sediment transport capacity in these
systems generally exceeds sediment supplied by eroded canyon walls and upper
portions of the watershed. Consequently, fine sediments are easily transported
through the system even during relatively small storm events. The channel bed
consists largely of bedrock, boulders, and cobbles. The presence ofthese larger
bed materials indicates that transport of larger material occurs only during large
storm events (Bechtel Corporation 1997). The sediment transport and
geomorphic characteristics of the MFAR watershed are further described below.

Sediment Transport and Geomorphic
Characteristics of the Middle Fork American River

For large river basins like the MFAR basin, the amount of suspended sediment
carried in tlle river will depend on a number of hydrologic and hydraulic
characteristics as well as the source of sediment. Particles larger than
1.0 millimeter (rom) typically travel as bedload sediment close to or on the
bottom; particles less tl1an 0.1 rom generally travel suspended in the water as
total suspended solids (TSS); particles between 0.1 mm and 1.0 mm may travel
as either bedload or TSS. Sediment sources include organic litter on the soil
surface, soil erosion, landslides, and other mass wasting of debris, as well as
scouring of existing channel substrate. Sediment transport will vary during a
storm in relation lo rainfall, runoff, and streamflow conditions. As streamflow
increases during a storm, the TSS load and associated turbidity carried in the
flow will rise and then typically decrease as the stonn passes and streamflow
slarts to recede (Environmental Proteclion Agency 1991). Bedload sediment
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may be mobilized and transported only during extremely high and infrequent
flows. The MFAR has sufficient gradient and hydraulic energy to transport
sediment at a faster rate than the natural rate of sediment input from watershed
sources (Harvey pers. COlTUn.). Consequently, there is very little deposition of
sediment in the high gradient reaches of the river.

Potential sources of sediment transport to Ralston Afterbay vary in space and
time and include the Rubicon Rivers and MFAR.. upstream of the reservoir. The
project area that may be affected by the proposed project also includes the
MFAR downstream ofRalston Dam. Additional sources of sediment to the
project area include sediments residing in Ralston Afterbay, the North Fork
MFAR, smaller tributaries downstream of the North Fork MFAR. and the
downstream slopes of the MFAR canyon. Oiven the large watershed area and
variability in flows and erosion rates, backgroWId variation in sediment transport
is expected to be large. Bathymetric surveys ofAfterbay indicate that about
1,205,000 yds ofcourse and flne sediments currently reside in the reservoir
(Bechtel Corporation 1997). The estimated annual rate ofaccumulation since
1966 was estimated at 56,000 yds annually (EA Engineering, Science, and
Teclmology 1990); however, a more recent evaluation indicates that the annual
rate between 1987 and 1995 was only 36,250 yds (Bechtel Corporation 1997). It
was preswned that the higher rate in previous years was a result ofresidual
contribution ofsediments to MFAR from the 1964 failure ofHell Hole Dam,
which released large quantities ofsediment to the river (Bechtel Corporation
1997). Current estimates of annual sediment transport in the MFAR downstream
ofRalston Afterbay from natural sources are about 11,000 cubic yds ofbedload
sediment and 18,000 cubic yds ofsuspended sediment annually (Ayres
Associates 1997). Field observations indicate that there is no accumulation of
sediment upstream of the tunnel at Horseshoe Bar, suggesting that tlle existing
sediment load passes through the tunnel (Mussetter Engineering 2001).

The quantity ofmaterial proposed to be placed at Indian Bar is approximately
48,000 yds. It is unknown how much fme sediment will be transported
downstrea1n during SPT operations; however, only about 20% of the total
amoWlt of suspended sediment reaching Ralston Afterbay is currently estimated
to be deposited in the reservoir (Ayres Associates 1997). Consequently, the
amoWIt ofsediment affected by the proposed project is a relatively small amount
of the total amoWIt transported in the river. Additionally, not all ofthe sediment
stored in Ralston Afterbay Or placed at Indian Bar will be transported in any 1
year, so the potential for project-related effects will most likely be further
reduced relative to the existing annual sediment transport rates in the river.

The MFAR downstream of Ralston Afterbay is characterized by a steep, canyon­
bound channel that is inherently stable and tllerefore relatively insensitive to
changes in discharge and sedi.ment supply (Harvey pers. comm.). hI general, the
channel fonn and processes of such rivers are related to infrequent flood events
(50-year or greater recurrence interval), structural controls, landslides, human­
induced impacts (e.g., hydraulic and placer mining), and discharges that occurred
WIder different climatic regimes. The MFAR exhibits significant bedrock control
of channel position, geometry, and gradient. Landslides, rock falls, and tributary­
derived debris flows have placed materials with a wide range ofsizes in the
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channel. In addition, mining practices and failure ofHell Hole Dam on the
Rubicon River in 1964 (Resource Consultants and Engineers 1993) have
modified the terraces and higb-elevation boulder bars between Ralston Dam and
the North Fork: American River (NFAR) confluence.

The MFAR has a step-pool morphology composed ofsteep, coarse-grained
(predominantly bedrock and boulder) reaches interspersed with lower-gradient,
alluvial reaches associated with tributary alluvial fans, landslide debris, and
bedrock outcrops. These features fonn localized constrictions that create
upstream zones ofsediment deposition during flood events. The steeper reaches
act as conduits that convey most of the supplied sediment to downstream reaches
during floods while the lower-gradient reaches act to temporarily store sediments
between flood events. These lower-gradient, alluvial reaches generally exhibit a
pool-rime morphology (alternating pools, riffles, and bars) formed by flne- to
coarse-grained alluvial deposits.

Monitoring Approach
The proposed monitoring approach is based on general principles and design of
environmental impact studies (e.g., Bernstein and Zalinski 1983, Green 1979).
Potential project effects are evaluated by collecting preproject and postproject
water quality, aquatic habitat, and BMI data at monitoring sites located upstream
and downstream ofRalston Afterbay. The downstream locations serve as
treatment sites (areas potentially affected by the project) and the upstream
locations serve as control sites (areas unaffected by the project). In this design,
preproject (baseline) monitoring of the parameters of interest is conducted to
characterize differences or relationships between these parameters in the
treabnent and control sites before the project begins. After the baseline
monitoring period, the project is initiated and monitoring will continue to
determine whether the differences or relationships between the treatment and
control sites significailtly change relative to those measured during the baseline
period. Such a change will be evidence of a project effect. This is considered an
effective design for detecting environmental impacts because it offers, with
proper pairing of treatment and control reaches, a means of separating the effect
ofa given action from other extraneous sources ofvariation (e.g., climatic
factors).

The monitoring plan proposes acquiring a minimum of 1 year ofpreproject water
quality data and 1-2 years ofpreproject aquatic habitat and BMI data, followed
by 2-3 years ofpostproject water quality, aquatic habitat, and BMI data. The
potential effects of SPT operations and Indian Bar sediment disposal will be
monitored concurrently, although the sequence ofproject activities may pennit
independent evaluations ofthese project components. The schedule for
postproject monitoring will be subject to the occurrence ofSPT operations,
significant entrainment of sediment from tlle Indian Bar disposal site, and an
appropriate range of flows for evaluating tlle performance ofsediment disposal
relative to model predictions. Accordingly, the target flows for postproject
monitoring are 3,500 cfs, 5,000 cfs, and 8,000 cfs. These flows are expected to
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occur within a reasonable time frame (statistically, every 1 to 3 years), are
sufficient to meet the flow threshold for 8PT operations (3,500 cfs), and
correspond to the flows used to model sediment entrainment from Indian Bar.
Because hydrologic conditions needed to achieve these flows cannot be predicted
or controlled from year to year, the minimwn requirement for postproject
monitoring will be the occurrence of at least one year in which flows reach or
exceed 3,500 cfs (and SPT operations occur) and at least one year in which flows
reach or exceed 8,000 cfs (and SPT operations occur). No post-project habitat or
BMI monitoring will be conducted in years following runoff seasons when such
events do not occur (e.g., dry years or extended droughts).

The decision to conduct postproject aquatic habitat and BMI monitoring in any
given year will also be based on the magnitude ofsediment entraiwnent (i.e.,
volume of entrained sediment) from Indian Bar following flow events large
enough to cause spills over Ralston Dam. Using ground-based surveying
techniques, pewA will survey the Indian Bar sediment disposal site after initial
sediment placement (fall 2002) and after each subsequent flow event capable of
mobilizing significant quantities ofsediment from the site (or after re-grading or
moving sediment into the entrainment zone following such an event). The
magnitude ofsediment entrainment will be determined by PCWA and DFG
based on comparisons ofphotographs ofthe Indian Bar disposal site (taken at a
fixed location) before and after major spill events. If it is concluded that
significant entrainment has occurred, the disposal site will be surveyed to
document changes in area and cross-section of the site, and to estimate the
volume of entrained sediment. Pebble counts (following the methods described
in Section 4.1.1 ofBunte and Abt [200 I]) will be conducted at the Indian Bar
disposal site at the time ofsurveys to monitor particle size distributions over
time.

Monitoring will be terminated after 2-3 sampling events (triggered by the
occurrence of the target flows [as described above] necessary to evaluate the
performance ofsediment disposal relative to model predictions, and following
the occurrence of SPT operations and significant entraiwnent of sediment from
Indian Bar) ifno significant adverse project effects on water quality, aquatic
habitat, and BMI are detected. If such effects are detected, monitoring will be
continued for a period of time mutually agreed to by PCWA and DFG to evaluate
corrective measures to be implemented by PCWA.

An adaptive monitoring strategy is proposed to address the uncertainties related
to the complex behavior of natural river systems. Factors that increase
uncertainty and affect the ability of the monitoring program to detect project
effects include:

• large natural variability (both spatial and temporal) in water quality, aquatic
habitat, and BMI populations and communities;

• lack of sufficient baseline data and limited time frame in which to
characterize preproject variability in the monitoring parameters; and
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• local variation in flows, sediment loads, and sediment transport capacity that
may differentially affect the monitoring parameters in the treatment and
control areas.

Detecting the effect of a given management activity on water quality and aquatic
habitat requires a demonstration that the change lies outside the normal range of
the variable and that the change is attributable to the management activity. Thus,
sufficient preproject data are required to adequately characterize preproject
conditions and provide a meaningful basis for detecting project effects. In
addition, because habitat monitoring sites will be located downstream ofthe
project area and will be influenced by other sediment sources (North Fork MFAR
and smaller tributaries), establishing a link between observed changes and the
project may be difficult. Accordingly, monitoring data will be analyzed regularly
to evaluate the monitoring program and determine whether any modifications can
be made to improve its overall effectiveness.

A primary objective in developing the monitoring approach was to maximize the
ability of the monitoring program to detect project effects. Accordingly,
knowledge ofhydraulic, sediment transport, and channel characteristics of the
MFAR watershed will be used to select monitoring sites that are most sensitive to
changes ill sediment loads. Concurrent monitoring ofseveral key water quality,
aquatic habitat, and BMI parameters will also provide a more comprehensive and
reliable indicator ofoverall trends in sediment and habitat conditions than I or 2
parameters alone. To further address uncertainty, the relative effects of the
sediment management program will be evaluated in the context ofother
management activities or disturbances in the watershed. This task will involve
continued coordination with federal, state, and local resource agencies to gather
and update information on land management activities and watershed events
(e.g., fires, landslides) that may significantly affect sediment loads in the MFAR,
North Fork MFAR, and Rubicon Rivers.

After project activities begin, evidence for project effects will consist of
significant changes (adverse or beneficial) in the relationships or differences
between key water quality and aquatic habitat parameters established between
treatment and control sites before project activities begin. If these changes
constitute an adverse effect on water quality and aquatic habitat conditions
downstream ofRalston Dam, the magnitude of these changes will be compared
with established water quality and habitat thresholds to evaluate project
perfonnance and determine whether corrective actions are warranted. The need
for corrective actions will also be based on the results ofBMI monitoring, which
will serve as a key indicator of the biological effects ofobserved water quality
and habitat changes. In addition, these changes will continue to be evaluated in
light of other watershed events and trends that may influence the monitoring
results and conclusions.

A current limitation in determining an optimum sampling design and appropriate
statistical model for detecting project effects is the lack ofsufficient baseline data
to adequately characterize natural variability in water quality, aquatic habitat, and
BMI conununities in the project area. Therefore, as mOre data become available,
the monitoring program will continue to be evaluated to determine whether allY
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changes in the sampling design or methods are warranted to improve the
program's ability to achieve the objectives.

Water Quality and Aquatic Resources
Monitoring Plan

Water Quality Monitoring

Objectives

The water quality monitoring program is designed to monitor project compliance
with the water quality objectives established by the RWQCB in the Basin Plan
(Regional Water Quality Control Board 1998). The Basin Plan objectives
constitute allowable changes in water quality from project-related disturbances.
Therefore, the main objectives ofthe monitoring program include quantifying
water quality differences between sampling stations located upstream and
downstream of Ralston Afterbay and ensuring that project-related changes in
TSS and turbidity do not exceed the applicable Basin Plan water quality
objectives. The water quality monitoring program will be most useful for
evaluating project-related effects from SPT operations. SPT operations have a
greater likelihood ofaffecting fine sediment transport that travels as suspended
material because coarse material settles out at the upper end of the reservoir.
Placement of reservoir sediments at Indian Bar is presumed to have little effect
on backgroUIl(i concentrations of suspended sediment because excavated
reservoir sediments will consist mostly of coarse material that will be transported
as bedload. The effects of the project on the coarser material traveling as
bedload sediment will be addressed by the habitat monitoring program.

The RWQCB Basin Plan includes ~umerical water quality objectives for
turbidity; however, there are no numerical standards for TSS. The narrative
water quality objective for suspended sediment states that the load and discharge
rate shall not be altered in such a manner as to cause nuisance or adversely affect
beneficial uses. The turbidity water quality objectives vary in relation to the
background levels as follows:

• where natural turbidity is between 5 and 50 nephelometric turbidity units
(NTUs), increases shall not exceed 20%;

• where natural turbidity is between 50 and 100 NTUs, increases shall not
exceed 10 NTIJs; and

• where natural turbidity is greater than 100 NTUs, increases shall not exceed
10%.

These objectives will serve as thresholds for evaluating project performance.
Accordingly, the water quality monitoring results will be used to test the
following null hypotheses.

Monitoring Plan for the Ralston Afterbay
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• ~: During SPT operations, increases in turbidity downstream ofRalston
Dam do not exceed 20% of ambient levels when natural turbidity is between
5 and 50 NTUs.

• H o: During SPT operations, increases in turbidity downstream ofRalston
Dam do not exceed 10 N1Us of ambient levels when natural turbidity is
between 50 and 100 NTUs.

• Ho: During SPT operations, increases in turbidity downstream ofRalston
Dam do not exceed 10% of ambient levels when natural turbidity is greater
than 100 NTUs.

Based on limited TSS data available for the MFAR., background conditions may
vary considerably during stonn events and all 3 ranges of the numerical turbidity
objectives may apply to the proposed project. Preproject monitoring will be
conducted to establish this range and determine the relationship between turbidity
and TSS at stations upstream and downstream ofRalston Afterbay.

Monitoring Parameters

Turbidity levels are generally correlated to the TSS concentrations, typically
accounting for roughly 80% ofthe variability observed in simultaneous TSS
measurements (EnvirolUnental Protection Agency 1991). The relationship
between turbidity and TSS va ues is not typically linear and must be detennined
on a site-specific basis because the relationship can vary as a result ofstorm size,
water color, organic matter, and algae growth. Collecting TSS samples that
accurately represent average river conditions depends on hydraulic characteristics
such as CWTent patterns, flow velocity, and eddies. A composite sample
collected over vertical and lateral intervals in the channel will typically provide a
better representation of the average river TSS concentration than a single sample
(Environmental Protection Agency 1985).

Turbidity measurements are less sensitive to the sampling location because
turbidity is primarily a function offmer materials (silt and clay) that are more
readily held in suspension and evenly distributed throughout the water. The time
required to transport samples to a lab and conduct the analytical procedures for
TSS effectively precludes its use as a real-time monitoring tool. Given the
practical limitations ofTSS sampling methods, need for correlation analysis with
turbidity, and lack ofregulatory objectives, this monitoring program will be
focused 011 intensive automated turbidity monitoring; TSS data will be collected
on a supplemental basis. The site-specific relationship between turbidity and
TSS will be determined after sufficient monitoring data have been collected.

Few water quality data are available for the MFAR downstream of Ralston Dam.
Simultaneous grab sample data for TSS are available from the MFAR at
Foresthill and Aubum (47 miles downstream) for 25 scattered dates, collected
during high flow periods between the years 1956 and 1962 (EarthInfo 1993).
Other scattered grab samples are available up to 1985. Given that flow and TSS
data are available for a variety ofyears with differing precipitation patterns, the
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available data may provide a reasonable estimate of the range ofconditions that
will be observed under current conditions and when the proposed project is
implemented. The data represent sediment transport that is affected by several
primary watersheds within the project area, including the Rubicon River (315
square miles), MFAR above Ralston Afterbay (94 square miles), and NMFAR
(92 square miles) watersheds. Streamflow and TSS values at Foresthill and
Auburn are reasonably correlated with each other (Figure 2). TSS values range
up to a maximum of about 120 milligrams per liter (mg/l), and values at Auburn
are generally lower than at Foresthill. Table 1 presents descriptive statistics for
TSS data from all MFAR sample dates. The maximwn value recorded at
Foresthill and Auburn of397 mg/l and 537 mg/I, respectively, are considerably
larger than the paired data in Figure 2. The coefficient of variation (Le., standard
deviation/mean) is large and indicates that variability in the values is high.

Table 1. Summary Descriptive Statistics for TSS Data in MFAR

MFAR at Foresthill MFAR at Auburn
Statistic (mgll) (mgll)

Mean 54.6 45.6

Median 30.0 12.0

Standard deviation 71.3 85.5

Minimum 2 1

Maximwn 367 537

95% confidence interval of mean :t 25.3 ± 19.7

Sample Size 33 75

Real-time automated turbidity monitoring data will serve as the primary tool for
evaluating water quality conditions during SPT operations. Appropriate
numerical turbidity objectives for long-tenn evaluation of water quality
conditions during SPT were estimated from the variability in existing TSS data
for the MFAR. Nwnerical data quality objectives are generally stated in tenns of
a specific level ofprecision and confidence that is desired in the collected data.
Based on the Basin Plan objectives for allowable project-related increases in
turbidity and lack ofexisting turbidity values for the MFAR, the monitoring
program may need to be able to detect differences between npstream and
downstream samples as low as 5 NTUs. Consequently, turbidity monitoring is
designed to produce data capable of detecting differences of 5 NTUs with a 95%
confidence level. Data will be collected that are sufficient to identify differences
in TSS with a precision of 30 mgll at a 95% confidence interval. Approx.imately
70-100 samples per year for the range of flows shown in table 1 may be needed
to detect significant annual differences between upstream and downstream
samples at this recommended level ofprecision.
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Sampling Design

Table 2 presents sampling locations and protocols for the water quality
monitoring program, including collection schedule and sampling methods.
Figure 3 shows the location of the water quality monitoring stations. It is
hypothesized that during SPT operations, water quality conditions will not differ
appreciably between upstream and downstream monitoring stations. Therefore,
this monitoring program is designed to evaluate the proposed sediment
management activities and ensure that adverse water quality effects do not occur.
An initial 3-year monitoring period is recommended, consisting of 1 year of
preproject monitoring followed by 2 years ofmonitoring to evaluate the water
quality effects of SPT operations. The need for follow-on monitoring after year 3
will be evaluated after the initial data are collected and evaluated. Preproject
monitoring data will be used to develop relationships between turbidity and TSS
concentrations at stations upstream and downstream ofRalston Afterbay.

To obtain as many data values as possible during stonn events and SPT
operations, turbidity will be monitored on a real-time basis with automated
sensors that can collect data at any desired time interval and relay the data by
telemetry to the Ralston Powerhouse and PCWA's Foresthill office. Two
sampling locations were selected for installation of automated turbidity
monitoring probes to provide the primary compliance J;Ilonitoring data. The
Rubicon River, approximately 200 feet upstream from the Ralston Powerhouse
(which is generally discharging about 1,000 cfs to the river), will serve as the
primary upstream sample site. The Rubicon River has the largest contributing
watershed and generates most of the sediment input to the reservoir (Bechtel
Corporation 1997). PCWA's river-gaging station immediately upstream of
Horseshoe Bar will serve as the principal downstream compliance moni toring
location. The Horseshoe Bar gaging station records river stage and has a
telemetry unit with radio link to Ralston Powerhouse. The gage can also be
monitored from PCWA's Foresthill office.

Supplemental grab samples will be collected for both turbidity and TSS in the
MFAR upstream ofRalston Afterbay at the bridge crossing, MFAR bridge
crossing, and in the MFAR between Ralston Dam and the Oxbow Powerhouse
tailrace. Samples for TSS will be collected manually by field personnel. Grab
sample locations will serve as additional indicators ofwater quality conditions
during the initial years of monitoring and allow site-specific correlation between
turbidity and TSS values.
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Table 2. Summary of Water Quality Monitoring Locations, Schedule, and Methods

Schedule ofSampling
Monitoring Locations Activities

Rubicon River Year 1 preproject
monitoring

Upstream from Years 2 & 3 monitoring
Ralston Powerhouse

MFAR Upstream from
reservoir at bridge

MFAR Upstream from
Oxbow Powerhouse
tailrace

After year 3 follow-on
monitoring

Year 1preproject
monitoring

Years 2 & 3 monitoring

Year 1 preproject
monitoring

Constituents Monitored & Frequency of Activity

Total Suspended Turbidity
Solids (Grab

Samples Onlyl) Grab Samples' Automated2

X X

X X

X (as needed) X (as needed)

X X

X (as needed) X (as needed)

X X

North Fork of the
MFAR at bridge

MFAR at Downstream
gage house

Years 2 & 3 monitoring

Year 1 preproject
monitoring

Years 2 & 3 monitoring

Year 1 preproject
monitoring

Years 2 & 3 monitoring

After year 3 follow-on
monitoring

X (as needed)

X

X (as needed)

X

X

X (as needed)

X (as needed)

X

X (as needed)

X

X

X (as needed)

Notes:

I Grab samples for turbidity and total suspended solids (TSS) will be collected at a minimum of4-hour
intervals during storm events when water level is rising and starting when streamflow is 3,000 cfs or
greater. Sampling should be targeted to include sufficient stonn events that provide data from as wide a
range ofhigh streamflows as possible. Sampling in successive years should be targeted at storm events
that generate flow conditions similar to those sampled during the pre-project monitoring.

2 Automated turbidity probe and telemetry system can be adjusted as needed based on available battery
power. Data will be monitored during storm events and downloaded by telemetry at a minimum of4­
hour intervals. Turbidity recorders need be used only during storm events and at a frequency sufficient
to generate at least 70 samples per year. Sampling should be targeted to include sufficient storm events
that provide data from as wide a range ofstreamflows in excess of3,000 cfs as possible. Sampling in
successive years should be targeted at storm events that generate similar flow conditions similar to those
sampled during the pre-project monitoring.

If the initial monitoring data indicate that turbidity and TSS data are closely
correlated and,turbidity measurements are effective for monitoring compliance of
SPT operations, compliance monitoring for TSS will be discontinued and the
real-time turbidity data will be used as the primary indicator for SPT operations
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compliance. The TSS data will be used primarily for long-term evaluation of
SPT opemtions and for additional confirmation of real-time water quality
conditions as indicated with the automated turbidity sensors.

SPT operations will commence when river flows exceed 3,500 cfs. Therefore,
preproject monitoring of turbidity and TSS will be conducted when storms
generate river flow rates that exceed 3,000 cfs. Preproject data for low flow
events will not be conducted because natural variability in TSS and turbidity will
be much lower and not representative ofconditions during SPT operations. Both
automated tUrbidity and grab sample data will be collected at a minimum of4­
hour intervals during storm events commencing when streamflows begin to rise
and ceasing when the hydrogmph has begun to recede or SPT operations are
discontinued, whichever occurs first. The trigger for commencing sample
collection can be water level in the reservoir or flow at the Horseshoe Bar gage.
An additional automated water level recorder is recommended for the Rubicon
River site to determine when streamflow starts to increase during stonn events
and provide time to prepare for the necessary manual sampling activities. This
gage does not have to be an approved USGS-type stilling well. The system can
be a simple enclosure with a pressure transducer for monitoring water level. A
flow-rating curve does not need to be calculated. For monitored storm-flow
events, sampling should be targeted to include data from as wide a range of
streamflows as possible that exceed 3,000 cfs. Sampling in successive years
should be targeted to storm events that generate flow conditions similar to those
sampled during the preproject monitoring.

During SPT opemtiolls, PCWA staffwill monitor the real-time upstream and
downstream turbidity monitoring data to evaluate compliance of opemtions with
Basin Plan water quality objectives. All grab sample data collected at field sites
will be recorded on a field data form. TSS and turbidity samples will be
collected by hand using an appropriate bottle sampling device (e.g., Van Dom,
Kemmerer). Sample bottles will be specified by the laboratory performing the
analyses. Samples will be analyzed to provide the lowest practical detection
limit for TSS (less than or equal to 5 mgll) and turbidity (less than or equal to I
NTU). Field samples will be refrigerated for sample preservation and shipped to
a commercial laboratory after each sampling event. A field blank ofdeionized
water and field duplicate samples should be collected once for every 20 samples,
with a minimum of I replicate per stOITIl event. Automated turbidity probes
installed at the Rubicon River and Horseshoe Bar sites will have a minimum
detection limit of I% of full-scale reading. The probe should be capable of
measuring a range of turbidity measurements up to 500 Nru.

Data Analysis

Standard data control charting methods will be used to identify the rate and
direction of change in real-time turbidity concentrations in the river and detect
significant excursions from the Basin Plan water quality objectives.
Supplemental information regarding TSS concentration conditions will be
evaluated from the grab sample data. The long-term perfonnance ofSPT
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operations with respect to water quality objectives will be evaluated with
standard statistical testing of the mean differences between preproject and
postproject conditions. Linear regression analysis will also be used for year-to­
year evaluations ofproject-related effects on water quality based on the
relationship between values collected at the primary upstream and downstream
sample sites. If routine patterns of turbidity and TSS in the tributary streams are
constant over the duration ofthe monitoring program, regression analysis will
allow the detection ofchanges between the Rubicon and the Horseshoe Bar
gaging site attributable to the project without explicitly evaluating changes in the
tributaries. Consequently, until the initial data collected from the tributaries
prove otherwise, it is assumed that the automated turbidity data will be sufficient
to establish a statistically significant relationship reflecting differences in water
quality conditions between the upstream and downstream sites.

Following collection of the first year ofpre-project data, results will be evaluated
for statistical variability in turbidity and TSS concentrations. Descriptive and
exploratory analysis of the data will be necessary to ensure that the proper
statistical tools are applied to the analyses. Issues that may need to be addressed
include transformation ofdata to approximate a nonnal data distribution and
evaluation for autocorrelation among the data points. The estimated number of
samples necessary to achieve the desired data quality objectives will be
confumed. Following the second and third years ofdata collection, means
testing and linear regression analysis of turbidity and TSS data will be conducted
to identify the differences between preproject and postproject data and the
statistical significance ofthe differences. Adjustments to the data based on
related variables such as background TSS and turbidity concentrations or
streamflow may be used to improve the sensitivity of the data analyses.

The procedures for detennining water quality conditions necessitating corrective
actions will be defined in advance in coordination with RWQCB and California
Department ofFish and Game (DFG). When the data indicate that downstream
turbidity values exceed the water quality objectives, possible corrective actions
may include immediately taking additional samples for both turbidity and TSS to
provide additional data on the water quality conditions. If SPT operations are
presumed to be causing a water quality compliance problem, other possible
corrective actions may include reducing the flow through the gates, increasing
flow through the spillway gates, or both. As a fmal action, the low level outlet
gate may be closed to cease SPT until more favorable conditions occur. The
procedure for ceasing and restarting SPT operations will also be defined before
starting SPT.

Two issues described below merit consideration when interpreting project-related
water quality monitoring data for SPT operations and to avoid taking corrective
actions when they are not necessarily warranted: (a) evaluating effects of water
residence time in the reservoir at varying levels of streamflow; and, (b)
evaluating the direction ofchange in turbidity and TSS concentrations.

• Hydraulic residence time: Based on the volume ofthe reservoir, the
residence time ofa slug of water passing from the upper end of the reservoir
to the downstream end will be short at high flows (approximately 40 minutes

Monitoring Plan ror the Ralston Afterbay
Sediment Management Project
Indian Bar Pilot Project

A-18
August 5. 2002

J&S 01-335



I

Placer County Water Agency Power System

at 50,000 cfs) and samples collected simultaneously at upstream and
downstream locations will presumably be adequately comparable to each
other. When SPT operations first begin at a flow of3,500 cfs, however, the
residence time will be approximately 10 hours. TSS values typically rise and
fall in correlation with streamflow. Therefore, it is likely that when upstream
turbidity concentrations start to decrease as the stormtlows recede.
simultaneous measurement made downstream may indicate continued
increasing concentrations and regulatory exceedances because of the time
delay ofpreviously high turbidity water moving downstream. In order to
account for water residence time in the reservoir, data charting procedures
should account for the time delay at varying flow rates to establish whether
an exceedance in the thresholds is truly occuning. The transport time can be
reasonably predicted with empirical calculations from bathymetric profile
data of the reservoir. In addition, dye tracer tests can be conducted to more
accurately characterize flow through the reservoir. The need for dye tracing
will be evaluated after the first year of monitoring to determine whether such
precision is necessary for the program.

Direction of changes in monitored constituents: As noted above, TSS will
typically rise and fall with the streamflow pattern. Following the passage of
peak flows and corresponding TSS and turbidity transport during stonn
events, high variability in upstream and downstream TSS and turbidity may
continue despite an overall decreasing trend in their values. Consequently,
the absolute differences between upstream and downstream values during the
receding period ofa storm event may exceed the numerical water quality
objectives. Compliance evaluations should account for whether the
concentrations at upstream and downstream locations are rising or falling
when interpreting the data with respect to this criteria. If concentrations are
decreasing overall, yet downstream values are higher, it will indicate that the
flush ofsediment resulting from initial mobilization and transport is nearing
completion. Concentrations at this point in the storm may be relatively low
compared to the higher peak values occurring earlier in the storm and should
not constitute a violation ofthe water quality objectives.

Aquatic Habitat Monitoring

Objectives

The primary objective of aquatic habitat monitoring is to quantitatively evaluate
project effects on aquatic habitat based on changes or trends in key substrate and
BMI parameters upstream and downstream ofRalston Afterbay. The results will
be used to test the following null hypothesis:

• Ho: Differences between mean substrate size in the treatment reaches and
that in the control reaches during preproject years do not change during
postproject years.

TIllS hypothesis also may be stated as follows:

Monitoring Plan for the Ralston Afterbay
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• Ho: The relationship between mean substrate size in the treatment reaches
and that in the control reaches during preproject years does not change
during postproject years.

Rejection of either hypothesis will be evidence ofsignificant projeet effects
(adverse or beneficial). The biological significance ofthese changes will be
evaluated based on the general trout- and BMI-substrate relationships and
observed changes in BMI population or community attributes measured in the
treatment and control reaches.

Stream and laboratory studies have shown that excessive amounts of fine
sediments can adversely affect aquatic habitat and the capacity ofthat habitat to
support trout and aquatic invertebrates. Although the results vary with species,
life stage, and season, significant declines in fish and aquatic invertebrates were
generally associated with rimes in which 50% or more of the coarse particles
(gravels and larger materials) were covered or surrounded by fmc sediment
(embeddedness). This level will serve as a preliminary threshold for evaluating
habitat quality during the preproject monitoring period. Additional years of
preproject data will be necessary to adequately characterize annual variation in
substrate conditions and establish an impact threshold (Le., change in substrate
conditions) that would trigger the need for corrective actions. This impact
threshold will also be based on the results ofBMI monitoring and any observed
relationships between the BMI parameters and substrate conditions during the
preproject monitoring period.

The BMI monitoring data will indicate seasonal and annual patterns of
abundance, composition. and diversity associated with the ecology and natural
history ofBMI communities. These patterns will be compared from year to year
to detect any change or shift that would indicate a response to an environmental
change. More importantly, BMI monitoring will be useful in evaluating the
biological effects (beneficial or adverse) ofany changes in water quality and
substrate conditions observed during the monitoring program.

In addition to monitoring the size composition ofriffle substrates, the U.S. Forest
Service and DFG requested monitoring ofchannel cross sections downstream of
Ralston Afterbay to detect potential deposition of sediment in pools during the
postproject monitoring period. The U.S. Forest Service also requested that water
temperature loggers be installed upstream and downstream of Ralston Afterbay.

Monitoring Parameters

Substrate size composition and embeddedness will be used as key monitoring
parameters for assessirig project effects on aquatic habitat. These parameters
were selected because they are sensitive indicators of changes in sediment loads,
can be rapidly measured in the field, and provide a direct or indirect measure of
factors known to affect the abundance and production of fish and invertebrates in
streams.
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Substrate Size Composition

The size composition ofstreambed substrates is a major factor determining the
quality of stream habitat for trout and aquatic invertebrates. Changes in substrate
size can affect the productive capacity of trout streams by affecting the suitability
ofsubstrate for spawning, the availability of suitable cover and shelter for
juvenile and adult trout, and the amount of living space for aquatic invertebrates
(Waters 1995, Bjornn and Reiser 1991).

Substrate Embeddedness

Embeddedness is the percentage to which coarse sediments (gravel and larger
particles) are surrowlded or covered by fine sediment (silt/clay and sand). This
parameter provides a measure of the amount of interstitial space between coarse
sediments and thus reflects the suitability ofthe streambed for incubation,
emergence, and overwintering of trout, and the amount of living space for BMI.
Excessive amounts of fine sediments and embeddedness have been shown to
affect the abundance ofjuvenile salmonids and aquatic invertebrates in
laboratory and natural streams (Hillman et a1. 1987, Bustard and Naever 1975,
Bjomn et a1. 1977). Although the results vary depending on species. life stage,
and season. a general obselvation was that significant declines in fish and
invertebrate abundance were generally associated with embeddedness levels of
50% or more.

Sampling Design
Because of the high degree of spatial and temporal variability in habitat
cbnditions in natural river systems, several criteria were developed to guide
selection of monitoring sites. These criteria were based on the need to minimize
differences between treatment and control sites, increase sampling efficiency.
and maximize the ability ofthe monitoring program to detect potential project
effects. Foremost among these criteria is the need for all monitoring sites.
especially those that serve as primary treatment and control reaches, to be equally
sensitive to changes in sediment loads and respond similarly to these changes.
Second, monitoring sites should have similar channel and substrate
characteristics that provide important aquatic habitat for trout and aquatic
invertebrates. Third, monitoring sites should be located as close as possible to
Ralston Afterbay to reduce the confounding effects ofother sediment sources
(e.g., tributaries). Finally, as a practical consideration. all sites should be
accessible and provide safe conditions for field measurements.

Based on the hydraulic and sediment transport characteristics of the river, these
criteria appear to best be met by localized alluvial portions of the river where
sediment deposition occurs in response to local charUlel and valley constrictions
that include tributary alluvial fans. landslide debris, and bedrock constrictions
(Mussetter Engineering 2001). Mussetter Engineering identified 5 such reaches
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between the Ralston Dam and the North Fork of the American River confluence
(Table 3).

Before selecting monitoring sites, a Jones & Stokes fisheries biologist will
conduct an aerial survey of the MFAR by helicopter to examine the 5 reaches
identified by Mussetter Engineering and identify other potential treatment and
control reaches upstream and downstream ofRalston Afterbay. The aerial survey
will include the first 5 miles of the MFAR and Rubicon River upstream of
Ralston Afterbay, the MFAR from Ralston Dam to Louisiana Bar, and the
lowennost 5 miles of the North Fork MFAR. The goal of this initial survey is to
evaluate the suitability ofpotential treatment and control reaches based on the
criteria presented above. Preference will be given to those reaches that are
closest to the project area and are reasonably accessible by foot. All potential
monitoring reaches will be delineated on 7.5-minute topographic maps.
Photographs will be taken ofrepresentative portions ofthe potential monitoring
reaches.

Table 3. Locations and Characteristics of Hydraulic Controls for Sediment Transport in the Middle Fork of
the American River

)

Location

Louisiann Bar

Manunoth Bar

Cherokee Bar

Canyon Creek

Other sites:

Otter Creek

Volcano Creek

River Mile

50.4

52.4

59.0

61.44

64.65

71.4

Conunents

Pool and riffle upstream of bedrock control; road
accessible

Pool and rime upstream of bedrock constriction at
Murderer's Gulch; road accessible

Head ofalluvial reach that extends from Greenwood
Bridge to Mammoth Bar, pools and rimes; road
accessible

Pool formed by alluvial fan constriction and backwater
from Ruck-A-Chucky landslide; not road nccessible
but can be reached by track in about 20 minutes

Pools and riffles upstream ofalluvial fan-induced
cOlltractions; neither site is readily accessible but they
are closer to Ralston Dam.

Note: River mile 50.37 is the confluence with the North Fork of the American River.

Table 4 presents the proposed locations and schedule for aquatic habitat and BMI
monitoring. Two reaches will be established irrunediately downstream of
Ralston Afterbay between the dam and the confluence of the North Fork MFAR
and between the confluence of the North Fonn MFAR and Horseshoe Bar.
These reaches will be used primarily to evaluate changes in substrate
composition associated with coarse sediment input from the Indian Bar disposal
site. One or more treatment reaches will be established on the MFAR
downstream ofHorseshoe Bar to evaluate potential changes in fine and coarse
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sediment associated with SPT operations and Indian Bar sediment disposal. One
or more control areas will be established on the Rubicon River upstream of
Ralston Afterbay, the MFAR upstream of the reservoir, and on the North Fork
MFAR.

Table 4. Summary of Aquatic Habitat and 8MI Monitoring Locations, Activities, and Schedules

Aerial Survey and
Monitoring Reach Monitoring Site

Monitoring Reach Purpose Selection Selection Field Measurements

Rubicon River Control for SPT
upstream ofRalston operations
Powerhouse

MFAR upstream of Control for SPT
Ralston Afterbay operations Sample in 2-3

preproject years and 2-
MFAR between Treatment for 3 postproject years
Ralston Dam and Indian Bar following each
North Fork of the sediment disposal

Conduct in first year
occurrence of SPT

MFAR Conduct in first year
operations. Schedule

Treatment for SPT
ofpreproject of preproject

subject to changeMFAR between monitoring period monitoring period
North Fork of the operations and and in subsequent and in subsequent

depending on project

MFARand Indian Bar years only if years only if
schedule, the

Horseshoe Bar sediment disposal warranted warranted
occurrence ofSPT-
triggering flows, and

North Fork of the Control for SPT the occurrence of
MFAR operations and significant sediment

Indian Bar entrainment from
sediment disposal Indian Bar.

MFAR downstream Treatment for SPT
ofHorseshoe Bar operations and

Indian Bar
sediment disposal

Following selection ofmonitoring reaches, ground surveys will be conducted to
more closely examine the reaches and identify specific habitats that meet the
selection criteria above. Riffles will likely be key habitats because they are
considered relatively sensitive indicators of bed conditions, provide important
habitat for trout and invertebrates, and allow safe conditions for collecting
substrate data across the entire channel.

Aerial surveys and monitoring site selection will be conducted in the fIrst year of
preproject monitoring. Substrate sampling will be conducted in the first year of
preproject monitoring and in subsequent preproject and postproject years.
Because substrate conditions are not expected to change signifIcantly after winter
and spring storm events, substrate sampling will be conducted once a year during
the summer or fall when flows are low enough to pennit sampling. Sampling
will be conducted at the same time each year to minimize the effects of possible
seasonal changes in fme sediments.

Monitoring Plan for the Ralston Afterbay
Sediment Management Project
Indian Bar Pilot Project

A-23
August 5. 2002

J&SOl·33S



)

Placer County Water Agency Power System

Preproject monitoring should begin as soon as possible and be conducted in
selected years during the preproject monitoring period to characterize baseline
variation in substrate conditions among and within reaches. Ideally, preproject
data should include measurements ofstreambed conditions following flow events
equal in magnitude and duration to those that will trigger 8PT operations. A
minimum of2-3 years ofpreproject monitoring may be necessary to provide a
meaningful basis for evaluating potential changes in substrate conditions during
postproject years.

Monitoring ofproject effects will be conducted in 2-3 sampling events triggered
by the occurrence of the target flows necessary to evaluate the perfonnance of
sediment disposal relative to model predictions, and following the occurrence of
8PT operations and significant entrainment of sediment from Indian Bar (see
Monitoring Approach).

Substrate Composition and Embeddedness

Five to 10 riffles will be established as monitoring sites in each reach. All rimes
or a random sample of riffles in each reach will be selected for monitoring. Two
transects will be established at each riffle. One transect will be established at a
random location in the upstream third ofthe riffle, and the other transect will be
established in the riffle crest or pool tail (immediately upstream ofthe head ofthe
riffle) in an area equal in length to one-third the riffle length.

Field measurements of substrate composition and embeddedness will follow the
methods described by Bain (1999). The location of each transect will be marked
with paint and flagging above the high-water mark. Cloth or metal measuring
tapes will be suspended above the wetted channel (perpendicular to the channel)
between 2 metal stakes secured at the edge of the low-flow channel. Substrate
composition will be measured with a I-meter (m) metal ruler, divided into ten
IO<entimeter (cm) sections painted contrasting colors. The first sampling
location along each transect will be selected randomly and subsequent locations
selected at regular intervals from the first. Sampling locations will be separated
by at least 1 m. A maximum of 15 sampling locations will be evenly distributed
across the transect, depending on channel width.

At each sampling location, the ruler will be lowered across the stream substrate
(perpendicular to the current) and the dominant substrate class under each IO<m
segment will be recorded using the modified Wentworth scale (Table 5).
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Table 5. Modified Wentworth Classification of Substrate Types by Size

Substrate Type Particle Size Range (millimeters) Code

Silt and clay <0.059 0

Sand 0.06-1 1

Gravel 2-15 2

Pebble 1/Hi3 3

Cobble 64-256 4

Boulder >256 5

Embeddedness will be visually determined at each transect by examining the
coarse sediments (gravel, pebble. cobble, boulder) in the deepest portion of the
channel and recor4ing the dominant level of embeddedness (Table 6).

Table 6. Embeddedness Rating for Stream Channel Materials*

Level of
Embeddedness Description Code

High

Moderate

Very High

Negligible Gravel, pebble. cobble, and boulder particles have 0
<5% oftheir surface covered by sediment.

Gravel, pebble, cobble, and boulder particles have 5­
25% of their surface covered by sediment.

Gravel, pebble. cobble•.and boulder particles have 2
25-35% of their surface covered by sediment.

Gravel, cobble, and boulder particles have 50-75% 3
oftheir surface covered by sediment.

Gravel, pebble, cobble, and boulder particles have 4
>75% of their surface covered by sediment

... Fine sediment includes materials less than 2 mID in diameter: sand, silt. and clay.

Low
)

As requested by DFG, pebble counts will be evaluated as an alternative method
for assessing the size composition of riffle substrates. In fa112002, pebble counts
(following the methods described in Section 4,1.1 of Bunte and Abt [2001]) will
be conducted at existing transects in addition to the Bain method. A squareholed
template will be used to measure substrate particles based on the standard
Wentworth scale (rather than the modified scale used in 2001). The
embeddedness of gravel and larger material will be measured as the percentage
of the total vertical extent of a particle below the bed surface. Following data
collection. Jones & Stokes and DFG will compare the particle size distributions
resulting from the two methods. If the particle size distributions produced by the
Bain method are reasonably consistent with those produced by the pebble eounl
method. the Bain method will continue to be used to characterize riffle substrates.
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Otherwise, the pebble count method will be used for the remainder of the
monitoring program.

Channel Cross-Sections

Standard swveying tecluliques will be used to measure channel cross-sections at
several pools upstream and downstream of Ralston Afterbay during pre- and
postproject monitoring years to detect potential changes in pool habitat that may
occur following project activities. Pool cross-sections will be measured at three
representative pools downstream ofRalston Dam (in Reaches 1 and 2) and three
representative pools above Ralston Afterbay in the Rubicon River (Reach 7).
Two to three transect locations will be established in each pool depending on the
variability in channel profile along the length of the pool. All transect locations
will be marked in the field with permanent markers and recorded with global
positioning system unit. Channel cross sections will be measured in October
when flows are at minimum levels (100 cfs, approximately).

Water Temperature

Automated water temperature loggers will be installed above and below Ralston
Afterbay near the proposed water quality monitoring stations (MFAR at
Horseshoe Bar gage, MFAR above Ralston Afterbay, North Fork MFAR, and
Rubicon River. The loggers will be programmed to continuously record water
temperatures at hourly intervals. The loggers will be installed in July 2002 and
the data will be downloaded in the field every three months.

Data Analysis

Substrate composition and embeddedness data will be analyzed quantitatively
using statistical techniques developed for control-treatment designs (e.g.,
Bernstein and Zalinski 1983). As discussed earlier, the applicability of the
proposed design depends on proper pairing of the treatment and control reaches
and sufficient preproject data to characterize the differences or relationship
between streambed conditions in these reaches. Alternatively, the data can be
analyzed graphically using descriptive statistics (e.g., means, confidence
intervals) and/or regression techniques to characterize trends in streambed
parameters overtime (e.g., Adams and Beschta 1980).

Because the sampling design may not be able to effectively discern project
effects from those of other sediment sources in the MFAR watershed, it will be
necessary to complement the monitoring program with additional infonnation to
assess the relative magnitude ofeffects related to SPT and other sources. For
example, bathymetric surveys ofRalston Afterbay before and after SPT
operations will provide valuable infOllJ1ation on the preproject and postproject
quantities of fine sediment in the reservoir. In the event that a large amount of
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sedimentation is detected downstream ofRalston Dam, bathymetric surveys will
provide a measure of net changes in reservoir sediment conditions, which will
help assess the extent to which SPT operations contributed to the supply of fine
sediment. The data then may help in the assessment ofwhether any net
contribution to fine sediment supply in the river is attributable to the reservoir.
Other sources of information include ongoing watershed monitoring programs
and assessments being conducted by the U.S. Forest Service (Forest Service),
U.S. Geological Survey, and other federal and state agencies responsible for
resource and land management in the MFAR, Rubicon, and North Fork MFAR
watersheds.

In addition, annual reports, maps, and interviews with resource managers will be
used to monitor the occurrences of major events (e.g., fires, landslides, intense
land use activities) that could influence erosion and sedimentation processes in
these watersheds. This information will be used to further evaluate the.relative
effects ofthese sediment sources on habitat conditions in the monitoring reaches.
The interpretation ofmonitoring results will also include an analysis of
hydrologic parameters that may differentially affect geomorphic conditions in the
monitoring reaches from year to year.

Benthic Macroinvertebrate Monitoring

Objectives

The primary objective ofBM! monitoring is to provide biological indicators of
aquatic habitat health and functionality to be used in conjunction with the water
quality and substrate data to evaluate potential project effects on aquatic habitat.
Quantitative bioassessment based on BM! was developed by the Enviromnental
Protection Agency (EPA) as a tool for monitoring and assessing the impacts of
watershed management activities on water quality, fish, and stream productivity.
Quantitative bioassessment has become the legal standard in most states for
mitigation and restoration projects. Justifications for the use ofBMI as
indicators of water and habitat quality have been described by Hutchinson
(1993), Resh and Jackson (1993), Rosenburg and Resh (1993), and others.
Additional advantages ofBMI-based biological assessment include long storage
life for preserved samples and the establishment ofBM! voucher collections.
Voucher collections may be evaluated by other investigators and serve as a
source of infonnation for taxonomists and resource managers.

Monitoring Parameters

The following parameters will be used to monitor the overall health and
functionality ofaquatic habitat in the treatment and control reaches during
preproject and postproj ect periods.
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Invertebrate Density

Invertebrate density is the number of individual invertebrates per square meter.
This is a measure ofoverall habitat utilization by BMI, as well as a measure of
forage available to flsh. Typically, BMI density remains fairly stable. Sudden
BMI density fluctuations are indicative of impacts on habitats and water quality.
Disturbed systems also may exhibit high BMI densities attributed mainly to
opportunistic species. Some opportunistic species include Philippine clam. some
crawdad species, chironomid midges (e.g., Chironomus), culicids, and some
wonns.

Taxa Richness

Taxa richness is the total number of individual taxa and is used as a means of
determining the overall health of an aquatic habitat {Plafkin et al. 1989}. In
general, the higher the water quality, habitat suitability, and variety, the higher
the taxa richness. Similarly, sudden drops in taxa richness will indicate a
negative impact within the system.

8MI Productivity

BMI productivity is dermed as the grams of living invertebrates per square meter
withiu the study area. This measurement yields the biomass per unit area that the
habitat is able to support. Diverse, highly functional habitats typically produce
higher biomass than is produced by impaired systems. Alternately, disturbed
systems that are overrun by opportunistic species may have abnormally high
biomass.

Ephemeroptera, Plecoptera, Trichoptera Ratios

By measuring the abundance of invertebrate families most sensitive to changes in
water quality and habitat suitability, the relative habitat health can be examined.
The Ephemeroptera, Plecoptera, Trichoptera (EPT) index examines nymphal
Ephemeroptera {mayflies}, Plecoptera (stoneflies), and Trichoptera (caddisflies),
which as a group are generally considered to be pollution sensitive. The
abundance index ofthese families increases with increasing water quality
(Plafk.in et a1. 1989).

Jaccard Coefficient of Community Similarity

Jaccard Coefficient of Conunwuty Similarity and Community Loss indices
(Barbour el. aI. 1999) will be used to determine similarities between the
lreatment and control reaches and belween preproject and postproject years.
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Jaccard Coefficient of
Community Similarity

# of taxa common to both samples

# of taxa in both samples

The Jaccard Coefficient ofCommunity Similarity estimates the degree of
similarity between samples, based on presence or absence of taxa. The
coefficient values range from 0 to 1.0. The higher the coefficient, the greater the
similarity between the samples.

Community Loss Index

The Community Loss index estimates the loss oftaxa between comparison
samples and reference samples.

Conununity =
Loss

[# of taxa in reference sample] - [# of taxa common to both samples]

# of taxa in comparative sample

The index identifies the differences in sample composition. The higher the index
value, the greater the dissimilarity between the comparison sample and the
reference sample.

Sampling Design

The sampling design for BMI monitoring was based on EPA's quanititative
bioassessment protocols for streams and wadeable rivers (Barbour et a1. 1999).
BMI populations will be sampled in the same pre- and postproject years as
substrate monitoring and in 3 of the same riffle transects used for substrate
sampling in each monitoring reach. (Table 4). Samples will be collected in the
late spring (June), midsununer (August), and fall (October). Sampling 3 times
per year is a standard protocol to adequately characterize seasonal changes and
assess potential seasonal impacts on species and life stage composition ofBMI
communities. Littoral sampling from Ralston Afterbay will not be necessary
because the water in the reservoir fluctuates sufficiently during nonnal yearly
maintenance practices to limit colonization of the littoral zone by BMI.

A standard lcick seine will be used to sample BMI at 3 locations along selected
transects. These locations were selected to provide samples from a representative
range ofvelocities along each transect. A kick is accomplished by placing the
kick net in a stationary position and disturbing 0.33 square meter of substrate
immediately upstream of the net. Large cobble and boulders will be dislodged
and cleaned by hand to remove attached organisms. Sand, gravel, and pebble
substrates will be disturbed by hand and with the toe or heel of a boot and the
current will carry dislodged organisms into the net. Sample material from each
kick will be combined into a single composite sample, which represents one
square meter ofsubstrate area. The material will be placed in an airtight
container and preserved immediately in 95% ethanol. All samples will be
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labeled with the collection number, station, date, and collector. The samples will
then be transported to the Jones & Stokes laboratory for analysis. After 24 hours,
the ethanol in each sample will be replaced with fresh 95% ethanol.

In the laboratory, chain ofcustody forms will be used to track the samples. The
contents ofeach sample will be placed into a 300-micrometer (J.1m) sieve, gently
rinsed, and then placed in a Pyrex pan with 30% ethanol. The sample contents
will then be examined for BMI by a technician using illuminated magnifying
glasses. All BMI will be removed from debris with forceps and placed in
containers filled with 70% ethanol. Once a sample presumably has all BMI
removed, a second technician will then review the sample to ensure that all BMI
are removed. After 2 technicians have searched the sample and found no more
BMI, all debris will be discarded. If the second technician fmds 4 or more BMI
remaining in the sample, the original sorter will repeat the search of the entire
sample.

Invertebrate biomass will be estimated using volumetric displacement. BMI
specimens from all samples will be dried at room temperature for 15 minutes on
size 613 qualitative filter paper and then placed in a 25 ml graduated cylinder
with 15 ml of 1SoC deionized water. The volumetric displacement will then be
determined and recorded.

Specimens collected from each sample will be identified by taxonomists to the
lowest justifiable taxon using an Olympus SZ-ST40 zoom stereo scope and the
appropriate taxonomic references (Arnett 1968; Edmunds et a1. 1976; McAlpine
et al. 1981; Merritt and Cununins 1984; PelUlak 1978; Usinger 1956; Wiggins
1977) in order to establish diversity, EPT ratios, opportunistic taxa ratios, taxa
richness, and abundance, and to develop community indexes.

Starting in 2002, modifications and additions will be made to BMI sampling
protocols to ensure consistency with the California Stream Bioassessment
Procedure (www.dfg.ca.gov). These modifications include subsampling 300
organisms from each sample for identification pwposes and complete counts of
the remaining organisms, sending at least 10% oftbe samples to an independent
quality assurance taxonomist to ensure taxonomic accuracy and enumeration, and
using the California Bioassessment Worksheet.

Data Analysis

All data analyses will be conducted following the protocols for quantitative
bioassessment established by EPA and the scientific community (plafkin et aI.
1989; Reshand Rosenberg 1984; Merritt and Cummins 1984; Hutchinson 1993;
Resh and Jackson 1993;'Rosenburg and Resh 1993).
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Data Management and Reporting
Successful implementation of the water quality and aquatic resoW'ce monitoring
program requires proper data reduction and analysis procedl.U'eS, routine quality
control checks during sampling and data processing, and annual reporting of
results for permit compliance, impact assessment, and performance evaluation.
The chain ofcustody for data handling, storage, and processing will be clearly
established. It is best to have a single person responsible for the monitoring
program to ensure that all field and laboratory teclmiques, data entry, quality
control and assurance methods, and analytical methods are coordinated and
follow established protocols.

Standard field and laboratory data fonus will be prepared for each monitoring
component. All completed field and laboratory data forms will be kept in a
central location or logbook. Duplicates will be made and stored in a separate
location. The lead technician will proofall data forms at the end ofeach day of
field or laboratory work. All data will be entered into Microsoft Excel

.spreadsheets (or equivalent) and maintained in a central database. The original
spreadsheets will be checked for errors by comparing all entries in the electronic
spreadsheets with the raw field and laboratory entries. The central database will
be write-protected and maintained on a main computer server. Working copies
of the spreadsheets will be used for data reduction, analysis, and reporting. The
results of the preproject and project operation monitoring will be presented in
annual reports prepared at the end ofeach annual monitoring period. The reports
will summarize the methods and results of the current and previous years'
monitoring activities. Data and statistical analyses will be presented in swnmary
graphs and tables. The reports will present and update conclusions regarding
permit compliance, impact assessment, and monitoring performance and will
include recommendations for modifications of sampling design and other
program elements, ifwarranted.
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