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Beverly Bell

From: Jessica Wyalt

Sent: Monday, November 2B, 2005 3:56 PM

To: Beverly Bell

Subject: RE: Reports

Steve stated that there is no 2003 report. I believe only 2001, 2002 & 2004 exist.
2002 & 2004?

Thanks.

Iessiea Wyatt
Hydro Clerk
Placer County Water ..Igener
530-.,67-2291
530-367-4440 fax

----Original Message----­
From: Beverly Bell
Sent: Monday, November 2B, 2005 1:03 PM
To: lessica Wyatt
Subject: RE: Reports
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That's exaellY what we had 2000 & 2001. I'll be curious what you find. Thanks.

lIe"ed)' I\ell, :Idminimat.i,·c :\ide
Pincer Count)' \\':Ht.:r ;\gt.:nc:y
Resource DC"cJopmcll(
(530) H23-497.'
(530) R23-496U fax

From: Jessica Wyatt
Sent: Monday, November 28, 2005 12:59 PM
To: Beverly Bell
Subject: RE: Reports

I'll have to ask Jon and Steve as we recently had the 2001-2002 oul. but Jon could not find 2003­
2004 ....will gel back to you.

Jessica \\I)'att
Hydro Clerk
Pincer Count)' Water :Igener
530-367-2291
530-367-4440 fax

-----Origlnal Message----­
From: Beverly Bell
Sent: Monday, November 28, 2005 12:21 PM
To: lessica Wyatt
Subject: Reports
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Power 5yslcm: 24625 H:mison 51. • Mnil: P.O, Do," 667 • foreslhill, C;JJifomili 956) I
(530) 367-2291 (530) 885·6917 FA,"< (530) 367-4440

Mr. Takeshi Yamashita, Regional Engineer
FEDERAL ENERGY REGULATORY COMMISSION
901 Market Street, Suite 350
San Francisco, CA 94103

Re: Gate Opening Incident, Ralston Aflerbay Dam
FERC Project No. 2079-CA

Dear Mr. Yamashita:

ROllRD OF DJRECTOHS
Pauline Ron:l/cc; • :He:( Ferrejm

Otis nbltOl. • LvweU JiI"';J
kJj('hlld R" Lu

Dlu'ili fI, Breni/lgcr. Grncmf Manasel
Ed TIetit!llIl11l11, GCI/t!TIlI COlIJuel

July 19,2005

Enclosed are three copies of the 2004 Annual Report on the Ralston Afterbay Sediment
Management Project, dated April, 2005. by Jones & Stokes. In addition to reporting on the
condition of aquatic habitat and benthic macroinvertebrates (BMl) as was done in prior reports.
the report focuses on the effects ofthe gate opening incident on August 4, 2004 and the
subsequent recovery ofBMl populations in those reaches ofrlle river that were affected by the
spill evenl. .

If you have any questions, please call me at (530) 885-6917.

Sincerely,

PLACER COUNTY WATER AGENCY

.tf/:": -e,.·· ...;"'.,-.,:::~."-" ---. /''-" "-,,,, .-:'

Stephen J. Jones
Power System Manager

Enclosure

cc: David Breninger
Edward Tiedemann
Mal Toy
Gary Hobgood, OFO
Kris Vyverberg, DFG
Malt Triggs, TNF
Timothy Dabney, EDNF
Jann Williams, EDNF

Water C01lm'W1IiOll Is A MaruI Obligation
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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 (PCWA) is implementing a sediment management
project at Ralston Afterbay Reservoir (Ralston Afterbay) on the Middle Fork
American River (MFAR) to address continued sedimentation of the reservoir and
potential long-term impacts on hydroelectric power 'generation. The sediment
management proj ect has two components. The first component eonsisls of
dredging approximately 75,000 cnbic 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), consisls of reoperating the dam during
high-flow events to transport greater quantities of fine sediment past the dam.
3PT operations would be conducted when river flows exceed approximately
3,500 cubic feet per second (cfs) al 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 olher slream organisms (Waters 1995). Following the
construction of a dam, these malerials continue to be transported from the
reaches below the dam but without replacemenl from upstream sources, resulting
in habitat loss (Kondolf and Matthews 1993). Other adverse effects include
scouring and deepening of the channel below the dam and associaled increases in
substrate size (chalmel arrnoring), a process thai has been occurring below
Ralston Dmn since construction (Stichr pers. cornm.).

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
Anerbay while mitigating the long-term effects of sediment retention on aquatic
habitat downstream of the dam. Past efforts to mitigate Ihe effects of sediment

Waler Quality and Aquatic Resources Maniloring
Program for (he Ralston Affelbay
Sedimenl Management Project 2004 Annual Report
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Placer Counly Water Agency

retention in reservoirs on salmon and trout sireams in California have focused
primarily on augmenting the supply ofspawning-size gravels (Parfitt and Buer
1980). These efforts, which include placing grave) on bars and rimes and
installing artificial and natural gravel-retaining structures downstream of dams,
can be cosUy 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 al. 1995).

In 2002, PCWA implemented the Indian Bar Pilot Project to evaluate the first
component of tbe sed.iment 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 at Ralston Ridge. The pilot project
includes consideration of potential strategies for increasing the sed.iment volume
al Indian Bar while maintaining or enhancing recreational opportunities.
Additional sediment placementlocatioDS (e.g., Junction Bar) may be considered
in the future.

In 200 I, PCWA initiated a monitoring program to ensure compliance of lhe
sediment management project with established water quality objectives and 10

evaluate potential project effects on aquatic habitat and benthic
macroinvertebrates (BMI) in the MFAR downstream of Ralston Dam. The
primary objectives of the monitoring program are to:

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

D quantitatively evaluate project effects on aquatic habitat and BMl
communities downstream of Ralston Dam; and

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

The monitoring program was designed to meet these objectives by using a
common sampling design in whicb 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 poslproject phase. In 200I, four trealment and
three control reaches (Table I) were selected for aquatic habitat and BMI
monitoring based on several criteria designed 10 maximize Ihe ability of the
monitoring program to delect project effects (Jones & Slokes 2002b). The
monitoring plan proposes a minimum of 1 year ofpreprojecl water quality
monitoring, 2-3 years of preproject aquatic habitat and BMI monitoring, and 2-3
years of postproject water quality, aquatic habitat, and BMI monitoring.

Two years of preproject aquatic habitat nod BM! monitoring have been
conducted thus far. The first year of monitoring Was conducted in 2001 in
accordancc with the June 2002 monitoring plan (Jones & Slokes 2002b). The

Wafer Qualily and Aquatic Resources Monitoring
Program for the Ralston Afterbay
Sediment Management Project 2004 Annual RepOrl
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Placer County Waler Agency

second year of preproject monitoring was conducted in 2002 in accordance with
the August 2002 plan, which includes revisions based on pennit 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 of preprojecl
monitoring was recommended, subject to Ihe occurrence of flows within the
target range for SPT operations (>3,500 cis at Ralston Dam). Consequently, no
monitoring was conducted in 2003. Baseline monitoring was again postponed in
2004 following the lack oftarget flows in winter and spring of2003.

On the morning of August 5, 2004, a gate malfunction at Ralston Darn resulted in
the release of a large volume of water over a period ofseveral hours. At the
request ofPCWA, Jones & Stokes conducted reconnaissance surveys
immediately after the event to qualitatively assess the effects of the spill on
aquatic resources in the MFAR downstream ofRalston Dam. To further evaluate
these effects, Jones & Stokes conducted aquatic habitat and BMl sampling in
August and October 2004 following the monitoring methods used in 2001 and
2002. Interpretation of these effects was based on a comparison of habitat and
BMl parameter values between monitoring reaches (treatment versus control),
seasons (August and October), and years (200 I, 2002, and 2004).

The gate malfunction and resulting spm event at Ralston Darn on August 5,
2004, provided the frrst opportunity since baseline monitoring began in 2001 to
examine the effects of a reJatively large discharge event. However, this event
was not representative of proposed project operations (SPT operations) because
of distinct differences in flow timing, duration, and magnilude relative 10 natural
high-flow events. Therefore, thc observed effects of the spill on aquatic
resources are not likely indicative of lhture project effects. Nevertheless,
monitoring in 2004 provided an opportunity to evaluate predictions of sediment
dynamics in the MFAR (including erosion oftbe Indian Bar sediment pile),
document the responses of invertebrate communities to high flows and sc-..Jiment
inputs, and reexamine general patterns and trends in community metrics observed
in 2001 and 2002.

Conclusions are swnmarized below:

D The spill event demonstrated that flows within the target range for SPT
operntions (>3,500 cfs) are capable of mobilizing sediment from the lndian
Bar Sediment Disposal Site as predicted. The vohnne of entrained sedimcnt
was relativcly small but consistent with predictions based on the l]Uantity and
location ofsediment on Indian Bar and the brief duration of peak flows
compared to natural runoff events.

D The spill resulted in substantial scour, sediment transport, and deposition in
the reaches of the MFAR immediately below Ralston Dam. This sediment
included a broad range of particle sizes from the lndian Bar sediment pile
and an unknown quantity of tine sediment from Ralston Afterbay.

D The magnitude and extent ofchromel disturbance caused by the spill were
highest in the reaches immediately below Ralston Dam (Indian Bar and
Junction Bar). Farther downstream, evidence of channel disturbance was

Water Quality and Aqualic Resources Monitoring
Program for lhe R<llslon Afterbay
Sediment Management Pro}ect 2004 Annual Report
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Plecer County Water Agency

limited to localized scour and sedimentation of the streambed in natural
erosional and depositional areas between Junction Bar and Volcano Creek.

e 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 of channel
disturbance.

e 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, LJnd community attributes
observed in previous years.

e Pebble COUllts 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., Slar Fire) may have
contributed to the observed increases in fme sediment in the reaches below
Ralston Dam in 2004.

D No evidence of mortality or displacement of foothill yellow-legged frogs was
detected in the MFAR below Ralston Dam immediately aftcr the spill event.
POlential impacts were low because of the absence of significant breeding
populations in this portion of the MFAR.

D No evidence of stranding or mortality of fish was detected in the MFAR
below Ralston Dam irrunediately after the spill event. Long-term impacts on
fish populations are 110t expected because of the absence ofsignificant
spawning habitat, the temporary nature of effecls on invertehrate
communities, and the absence of significant effects on pool habitat.

Preproject monitoring for the sediment managcment project since 2001 has
revealed several consistent patterns and trends in aquatic habitat and BMl
communities in the project area that will be important in interpreting future
project effects. However, an additional year of preproject monitoring of water
quality, aquatic hahitat, and BMI monitoring is recommended to meet the
objectives of the monitoring plan and improve the ability of the monitoring
program to detect and measure potential project effects.

Recorrunendations for future monitoring are SUDllllarized below:

D Conduct preproject water quality monitoring (turbidity and suspended
sediment levels) during the next storm event or series ofevents that generate
flows within the target range for SPT operations (>3,500 cis at Ralston
Darn).

e Conduct a fmal year of preproject habitat (substrate conditions, channel cross
sections, and water temperatures) and BMI monitoring following flows
within the target range for SPT operations.

Waler Quality and Aquatic Resources Monitoring
Program for the Ralston Afterbay
Sediment Managemenl Project 2004 Annual Report
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Placer County Water Agency

o Following the final year ofpreprojeci monitoring, conduct 2-3 years of
postproject water quality, aquatic habitat, and BM! monitoring after each
OCClUTence of SPT operations in accordance with the flow conditions
identified in the California Department ofFish nnd Game's (CDFG's)
streambed alteration agreement.

introduction
PCWA operates the Middle Fork Project, a series of reservoirs and powerhouscs
on the MFAR and the Rubicon River in the cenlral Sierra Nevada (Figure I).
The Middle Fork Projecl includes Ralston Afterbay, a reservoir created by the
construction of Ralston Afterbay Dam in 1966. The dam and reservoir are
located on the MFAR at the confluence of the MFAR and the Rubicon River, on
Ihe border ofPlacer nnd El Dorado Counties. Ralslon Afterbay serves as the
afterbay for the two largest powerhouses of Ihe Middle Fork Project (Middle
Fork and Ralston Powerhouses) and the forebay for Oxbow Powerhouse.

pewA is implementing a sediment management project al Ralston Afterbay to
address continued sedimentation of the reservoir tlJat threatens lhe reliability of
power geoeration at Ihe Ralston and Oxbow Powerhouses. The primary
objectives of the sediment management projeci are to create sediment storage
capacity in Ralston Afterbay, maintain operational "fi""ibility ofRalstnn Dam and
Oxbow Powerhouse, and delay Ihe complete sedimentation of Ralston Afterbay.
pewA issued and adopted an initial study/mitigated negative declaration for the
Ralston Al1crbay Sediment Management Project in August 2001.

The sediment management project has two independent components. The firsl
consists of dredging approximately 75,000 cubic yards of sediment from the
upslream cnd of the reservoir and placing the dredged material downstream of
thc dam on a 7-acre portion of Indian Bar. The sediment would be configured to
allow high flows to mobilize and transport il to Ihe river downstream of the dam.
The second componenl consists of reoperating the darn during high-flow events
to pass greater quantities of fine sediment beyond the darn. SPT operations
would be conducted whenever river llows exceed approximately 3,500 cfs at
Ralston Dam.

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

A secondary objective of the sediment management project is to restore the
natural migration of coarse and tine sediment that occurred in the project area

Water Quality and Aqualic Resources Moniloring
Program for ths RlIlston Afterbay
Sediment Management Project 2004 Annual Report
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before the dam was constructed. The tnmsport 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 babitat (Kondolfand
Matthews 1993). Other effects include scouring and deepening of the channel
below the dam and associated increnses in substrate size (channel armoring), a
process that has been occurring below Ralston Dam since constmction (Stiebr
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 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
Ihe dams were constructed (Ligon et al. 1995).

The combination of SPT operations and sediment disposal atlmlian Bar has been
identified as a viable and economical approach for managing sediment at Ralston
Afterbay while mitigating the long-term effects of sediment retention on aquatic
habitat downstream of the dam. These aClivities would allow the river 10

mobilize a broad range of sediment sizes and carry them downstrenm, as
occurred naturally before the dam was constructed. The reintroduction of
sedimeot 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 \0

small, temporary increases in turbidity and sedimentation above ambient levels
during high-flow events. Past analyses and mndeling ofthe hydraulic and
sedimenttranspnrt characteristics of the MFAR indicate that the channel is
inherently stable and therefore relatively insensitive to changes in discharge and
sediment supply (Harvey pers. comm.).

In2001, 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 BMI in the MFAR
downstream of Ralston Dam. The primary objectives of the morlitoring program
are lO:

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

c quantitatively evaluate project effects on aquatic habitat based on changes or
trends in streambed characteristics and BMl populations downstream of the
reservoir (treatment area) relative to ch~nges or trends in unaffected areas
(control are~s), and

Water Quality and Aqualic Resources Monitoring
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Placer Counly Water Agency

D provide PCWA with the results of annual monitoring so that it can evaluate
project effects and implement appropriate corrective measures jf the data
indicate that the sediment management project is adversely affecting water
quality and aquatic resources in the MFAR.

The first year of preproject 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 permit
requirements and agency requests, including:

D identifying target flows and conditions for triggering postproject monitoring
and evaluation of SPT operations and sediment disposal at Indian Bar,

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

D evaluating pebble counts as an alternative method for assessing the size
composition of rime substrates at aquatic habitatIBMI monitoring sites,

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

D monitoring channel cross sections at selected pools upstream and
downstream of Ralston Afterbay, and

D monitoring water temperature continuously at the water quality IIl{)nitoring
stations.

The second year of preproject 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
waler quality, geomorphic, and biological conditions, a third year of preproject
monitoring was recommended, subject to the occurrence of flows within the
target rangc 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 spriug of 2003 (flows were
in the target range for only one day on May 4,2003 [see Fignre 2]).

On the morning of August 5, 2004 an clectronic control malfunction resulted in
the release of approximately 1,400 acre-feet of water from Ralston Aflerbay.
The event lasted approximately 4 hours and resulted in a peak flow of 5,850 cfs
in the MFAR at the Foresthill gage. At the request ofPCWA, Jones & Stokes
conducted reconnaissance surveys immediately afler the event to qualitalively
assess the effects of tbe spill on aquatic resources downstream ofRalston Darn
(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 200 I and 2002).

lbis report describes the results of2004 monitoring activities. The primary
objective of 2004 monitoring was to evaluate Ihe effects of the spill event on
aquatic habitat and BMI communities dnwnstream of Ralston Dam.
Interpretation of these effects was based on a comparison of habitat and BMI

Water Quality and Aqualic Resources Monitoring
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metrics between monitoring reaches (treatment versus control), seasons (August
and October), and years (2001,2002, and 2004). Altho\lgh not representative of
baseline conditions or proposed project operations, the spill event provided an
opportunity to better understand the responses of the 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 contmned in Appendix A of this report. This
plan includes a detailed description of the objectives, hypotheses, monitoring
parameters, sampling design, and analytical methods for water quality, aquatic
habitat, and BMI 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 of the spill event on physical
(geomorphic) conditions and aquatic organisms in the four monitoring reaches
downstream of Ralston Dam (Reaches 1-4). These surveys included a visual
inspection of the channel bed and adjacent bars for evidence of channel
disturbance (bed scour, sediment transport, deposition) and stranding or mortality
of fish, amphibians, and invertebrates. A kick net was used to smnple riffles and
examine general taxa composition and abundance of invertebrates ill each
monitoring reach.

Aquatic Habitat

Substrate Size Composition and Embeddedness

Substrate size composition and embeddedness were measured at all riffles
(transect locations) used in 2001 and 2002 to characterize ooseline substrate
conditions and BMl communities in each of the monitoring reaches (Table I). In
2001, substrate size composition and embeddedness were measured using the
methods descnoed byBain (1999). In 2002, at the request of the CDFG, the
pebble count method (Bunte and Abt 2001) was evaluated as an alternative
method for characterizing riffle substrates. lt 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.

Water Quality and Aquatic Resources Moniloring
Program for the Ralston Afterbay
Sediment Management Projecl2004 Annual Report

8
April 2005

JlI.S 02234.02



4000

3500

3000

2500
:;;
-"• 2000~•
"'~
i5 1500

1000

500

0

011)4.010011-«105)

MFAR near Foresthill, CA

Oct 1, 2002 - Sep 30, 2003

,
I
I
I,,
I

I
M~ I

\. I
~, III •••~ !J.1/ '\".:~'~ IY ~

IV r
I ....,' IlA n f

VWV I ,
I"--

m Jones & Stokes Figure 2
Daily Flows (Cubic Feet per Second) in the MFAR at

the Foresthill Gage in Water Years 2003 and 2004



Placer County W2ter Agency

Table 1. Aquatic Habitat and Benthic Macroinverlebrate (BMI) Monitoring Reach
Locations

Primary Substrate BMI
Reach Location PtUJlose Trnnsccls Tronsecls

Reacb I MFAR above Otter Creek Treatment 1-8 1.3,7

Rench 2 lvrFAR above Volcano CreeJ~ Treatment 9-15 9,11,13

Reach 3 ?vlFAR al Junction Bar Treatment 16-19 16,18

Reach 4 MFAR at Indian Bar Trenunent 20-24 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 II 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 minimum levels (approximately 100 cfs).

Pebble counts were conducted according the meUlOds described by BWlte and
Abt (2001). Individual particles were sampled at regular intervals along two
transects extending the widUl of the active channel in each monitoring riffle. The
spacing betwcen sampling points was set at lbe 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 melal pin was selected. In areas where the bed
was submerged, D facemask was used to identify particles that could not be
clearly secn from above the water's surface. The selected particle was picked up
and measured using a template witb square holes ranging from 2 to 181
millimeters (mm) on a side (Wentworth scale). The particle's sieve diameler was
recorded in lerms of the largest hole size through which the particle could not
pass. If the particle could not be dislodged from the bed, a ruler was used to
measure or approximate the length of the b-axis (the axis that defmes sieve
diameter). The embeddedness of pebble-sized and larger particles (>16 mm) was
measured as the percenlage of the total vertical extent of a 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 inlo three segments of equal 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 of the pile, and ended al
the far edge ofdeposited 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 (D 16, 025, 050, 075, and 084).
The percentile values are the particle sieve diameters for which a certain
percenlage of lbe sample is finer. For e."ample, 050 is the median particle size
because 50% of the sample is finer and 50% is coarser than this diameler.
Percentile values were calculated using linear interpolation methods (Bunte and
Abt 200]). Embeddedness was described and compared using frequency
distributions of embeddedness scores.

Channel Cross Sections

1n 2002, the U.S. Department of Agriculture (USDA) Forest Service and CDFG
requested monitoring ofchannel cross sections downstream oIRalslon Afterbay
10 detect potential deposition ofsediment in pools during Ihe postproject
monitoring period. Because the potential for filling of pools is highest in the
depositional reaches selecled for substrate and BM] monitoring, cbannel-cross
section monitoring locations were eslablished in several representative pools in
Ihe MFAR near Otter and Volcano Creeks (Reacbes ] and 2) and the Rubicon
River (Reach 7).

Between October] I and November 8, 2004, standard surveying techniques were
used to resurvey channel cross sections established in 2002. A1llransect
locations were re-marked in the field with permanent benchmmks (expandable
anchors drilled into bedrock). Site maps were updaled for each transect location.
In some cases, Ihe horizontal distance ofa transect increased as permanent
benchmarks were moved farther oul onto the floodplain or against a canyon wall
to protect against loss or theft. All cross sections, except the fITst pool in Reach 1
(where no pennanent benchmarks could be found), were resurveyed in 2004.

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

Water Temperatures

Since July 2001, automated water temperature loggers (Onset Corporation Oplic
StowAway Tempa) have been operated conlinuously in the MFAR below
Ralston Dam (at the Foresthill gage), Ihe 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 nrc retrieved every 3 to 6
months and summarized in terms of mean, minimum, and maximum daily water
temperatures. Additional temperature loggers were installed in the Oller Creek,
Volcano Creek, and Indian Bar reaches (Reaches 1,2, and 4) in August 2004.

Benthic Macroinvertebrates

BMI monitoring was conducted on August 12-J6 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 Ihe
original monitoring plan to ensure consistency with the CSBP and California
Aquatic Bioassessment Laboratory Network (California DepartmCDt of Fish and
Game 1999, 2003a).

Field Methods

BMI samples were collected from the rimes (transect locations) used in 2001 and
2002 to characterize baseline BMI communities (Table I). BMI samples were
collected in August and October only; no sampling was conducted in Jlme.
Samples were collected in the field according to the CSBP non-point source
sampling design (Califomia Department of Fish and Game 1999, 2003a).

A square-frame \tick net with 500-micrometer Nite" mesh was used to colleci
benthic invertebrates from three I-by-l-foot areas along each transect. Samples
were placed in Coming Snap-SeatT

.. jars containing 90% ethanol. Lahels
indicating the rench, 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 & Stokes laboratory according to
the CSBP Professional (Level I) Laboratory Procedures. Invertebrates were
distributed evenly in a tray marked with a I-by-I-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 subsample size. Each invertebrate
in the 300-oounl subsamples was identified 10 lhe required standard taxonomic
level as described in the revised CSBP (California Department of Fish and Game
2003b). Differences in tlte procedures from previous monitoring yems included
identifying non-biting midges to family (Chironomidae) and identifying
segmented worms 10 order (Oligochneta). Taxonomic data were recorded on
standardized data sheels along with Ihe dnte subsampled, date identified,
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subsample size. total number of grids used in tray, number of grids selected. and
number of invertebrates removed from each grid. Standardized sample-tracking
logs were used to track the progress of each sample through the laboratory
process.

8MI Metrics

The following metries were used to characterize BM] commWlities in 2001.
2002. and 2004. These melries were compared between monitoring reaches,
seasons. and years 10 describe 10ngilUdinaltrends, seasonal patlerns, and annual
variation in community attributes and habitat conditions, and to evaluate the
response of the BMl community to the August 5 spill event. A summary of the
metrics used and their expected response to habitat conditions or disturbance is
provided in Table 2.

BMl Density: BMI density is calculated by dividing the total number of
invertebrates in a sample by the area of streambed sampled (number of
individuals per square meter). Although BM] density can be highly variable and
difficult to interpret (Karr and Chu 1999), this metric nmy be helpful in
interpreting trends or changes in other variables (e.g., California tolerance
values). This metric was calculated using Ihe procedure described in the CSBP
(California Department ofFish and Game ]999, 2003)

Taxa Richness: Taxa richness describes the number of distinct taxonornic
groups (family, genus, etc.) in a sample and is a measure of community structure.
It is commonly used in bioassessment monitoring because it has becn found to
vary consistently and systematically with human influence (KaIT and Chu 1999).
Taxa richness for 2001 and 2002 was calculated using a revised methodolob'Y
based on CAMLnet recommendations (California Department ofFish and Gamc
2003). Consequently, the 2001 laxa richness values in this report differ slightly
from the valucs reported in the 200] annual report (Jones & Stokes 2002b).

EPT Index: EPT stands for the insect orders Ephemeroptera (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 nwnber of individuals 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 Bae/is (Ephemeroptera),
demonstrate a high tolerance to human influence that is uncharacteristic of their
respective orders. Hydropsyche and Bae/is are therefore not included in the
calculation of the EPT Index metric.

California Tolerance Valuc: The California tolerance value is a metric based
on the HilsenhoffBiotic Index, which uses a set of taxon-specific tolerance
values to calculate a conununity-level tolerance (California Department of Fish
and Game 2003). The tolerance value is used as a general index of tolerance 10

pollution and disturbance. Tolerance values range from 0 (highly inloleranl) 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

BMJ Metric

Richness l\'lcasun

Taxa Richness

Description

Total number of individual taxn

Response to
Jmpairment

Decrease

T olcmnce Value (TV)

Composition Measures

EPT Index Percenl of mnyfly, slonefly, nnd cnddisfly Inrvae in sample

Percent Chironomidae Percent of midg~ Jmvac in sample

Tolcrance/Jntolcr-al1cc l\tIe"surcs

Value between 0 and 10 weighted by nbundance of taxa designnled os
pollution-tolerant (higher vnlues) or -intolerant (lower values)

l~unction:l1 Feel1ing Groups (FFG)

Decrease

lncrease

]ncrease

Percent Collectors

Percent Filterers

Percent Scrapers

Percent Predators

Percent Sluedders

Almnd.mcc !\<!CJlsurc

8MI Density

Percent of individuals thai collect fine particulate matter

Percent of individuals Ihat filter fine particulate mnlter

Percent of individuals tlml graze on periphyton

Percent of individuals thal feed on other organisms

Percent of individuals thal sllred conrse particu)iJle matter

Estimated number ofBMI per sample

Increase

Increase

Vnriablc

Vnriable

Decrease

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

Dominant Taxa: Dominant taxa are taxonomic groups (family, genus, etc.) that
are highly abundant in a cOIJummity relative to other taxa. Dominant taxa are
typically generalists that occur in great abundance throughout their range. The
level ofdominance of these taxa eaa be an indicator of the level of disturbance in
aqnatic systems. The abtmdance of the most dominant taxon in a habitat is
expected to increase in response to environmental disturbance or impairment. A
relatively undistnrbed environment wonld be expected to have a morc even
distribution of taxa in the cormnunity. The relative abundance of the five most
dominant taxa, calculated by dividing the number of individuals of each taxon by
the total number of individuals in the sample, was calculated for each monitoring
reach.

Functional Feeding Groups: Functional feeding groups are groups oftaxa that
are similar in the way they obtain food. The relative abundance of each
functional feeding group is a measure of community structure and composition.
CDFG developed a list ofCalifornia taxa and grouped them into the following
major categories: predator, collector-gatherer, collector-filterer, scraper,
shredder. rmd 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 Ihe
collection or processing effort was trained by the project supervisor on CSBP
methodologies, sampling techniques, and laboratory techniques. The laboratory
supervisor performed 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
validalion effort. The infonnation obtained from the 2002 taxonomic validation
was applied to the 2004 monitoring efforl.
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Results

Aquatic Habitat

Reconnaissance Surveys

Reconnaissance surveys of the MFAR downstream ofRalston Dam immediately
after the AugustS spill event indicated that the magnitude and extent ofcbannel
disturbance were greatest in tbe reaches immediately below the drnn. The rapid
increase in flow resulted primarily in scour in the relatively steep, confmed
channel immediately downstream of the drnn (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 cbannel associated with J1IDction Bar. At American Bar, wbere
tbe channel becomes steeper and more confined, the mosl obvious effect was
localized scour, although some deposition of coarse sand was evident. Between
Horsesboe Bar and Volcano Creek (including Reach 2), the most noticeable
changes in bed conditions were localized deposits of sand in natural deposition
zones upstream of riffles and channel constrictions. No signs of significant
channel disturbance were observed jn Reach 1 (above Otter Creek).

Substrate Size Composition and Embeddedness

Monitoring Riffles

Figure 3 presents the frequency distribution of Wentworth particle size classes in
each monitoring reach in 2002 and 2004. The pebble count dala were also
consolidated into broader size classes corresponding to tbose used in 2001 (Eain
method) to allow comparison of suhstrate size composition rnnong all ycars
(Figurc 4). It is important to note that the differences in particle size distributions
between 2001 and 2002 were caused largely by differences in the Bain and
pebble count mcthods (Jones & Stokes 2003). Conscquently, the actual
differences in particle size distnoutions between 2001 and 2002 are smaller than
those shown in Figure 4, indicating little or no change in substrate size
composition betwcen 2001 and 2002. Howevcr, the 2002 and 2004 results are
directly comparable.

Rime substrates in the projcct area continue to be dominated by cobbles and
boulders (>64 mm 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 ofRalston Drnn
(treatment reaches), pebble counts confumed a general increasing trend in the
proportion of large cobbles and boulders (> J8I rom diameter) with increasing
proximity to the dam. In 2004, the proportions ranged from 19% in the Otter
Creek reach (Reach I) to 55% in the Indian Bar reach (Reach 4) (Figure 3).
Among the control reaches, the proportions oflarge cobbles and bouldcrs ranged
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Photo 1. Indian Bar before and after August 5. 2004. gale 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 of fines, gravels, and pebbles were evident throughout lbe
project area in 2004. On average, fines, gravels, and pebbles cornptised 9%,
]3%, and 21 %, respectively, of riffle substrates in 2004. This represents a 6%,
3%, and 4% increase in these size classes in bOUllbe treatment and control
rcaches since 2002.

The D 16, D25, D50, D75, and D84 pnrticle sizes (particle sizes for which a
certain percentage of lbe sample is finer) also reflect lbe 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 Sar
in 2002

ReLlch D" Dn D" D" D"
42.9 61.7 114.5 J78.1 203.3

2 10.8 35.6 109.2 197.7 217.0

3 17.9 43.6 18'1.7 217.5 230.6

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 t78.7 204.3

lndilln Bar 2.0 3.0 t9.4 89.0 117.4

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

Rench D" 0>-, D" D71 D..

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 t9.8 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 of riffle substrates was evident throughout the project
area in 2004 (Figure 5). This was generally characterized by a shift from
predomiml1111y negligible vaJues «5% embedded) in 200210 predominantly Jow
values (5-25% embedded) and smaller increases in the proportion of moderate,
high, and very high values (25-50%, 50-75%, and >75%) in 2004. On average,
particles with Jow, moderate, high, and very high values made up 42%, 11%,
13%, and 13%, respectively, of riffle substrates iu 2004. This represents a 20%,
0%, 8%, and 10% increase in these values since 2002. Increases in the
proportion of low embeddedness values were greatest in the treatmeot reaches
(30%), and increases in the proportion of high and very higb values were greatest
in the controJ reaches (J 1-12%).

Indian Bar Sediment Disposal Site

An estimated 893 cubic yards, or about 2% of the total amount of sediment
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
loe and face of the sediment pile, resulting in a steep, scoured slope along the
lateral and downstream margins of the pile (Jones & Stokes 2004).

The particle size distribution and associated percentile vOIlues of the surface layer
of the Indian Bar sediment pile in 2002 and 2004 are shown in Figures 3 and 4
and Tables :3 and 4. The sediment pile is composed of a relatively uniform
distribution of particle 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 of gmvel and pebble substrates (and a lower proportion of sand and
cobble-boulder substrates) since 2002.

Channel Cross Sections

No significant changes in channel contours or bed elevations were evident in
pools in the Oller Creek, Volcano Creek, and Rubicon River reaches following
the August 5 spill event (Figure 6). Minor mid-channel and near-bank
aggradation and degradation were apparent based on comparison with Ihe 2002
channel cross sections; however, overall changes were negligible, as little or no
change in average bed elevations occurred (Table 5).
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Placer County Water Agency

Table 5. Change in Average Channel BoUom Elevation between 2002 and 2004

Average ChaIUlel Averoge Channel Change in Averngc
Bottom Elevation- Bottom Elevntion- Channel Bouom

Pool 2002 (feet) 2004 (feet) Ele,..tioo (feet)

2 -11.83 -12.46 -0.63

3 -13.95 -13.67 +0.28

4 -12.88 -12.77 +0.1 I

5 -18.05 -17.78 +0.27

6 -11.56 -11.03 +0.53

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

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

Water Temperatures

Daily mean, minimum, and maximum water temperatures in the MFAR below
Ralston Dmn (at the Foresthill gage), the MFAR above Ralston Afierbay
(approximately 0.5 mile upstream ofils conJ]uence with the Rubicon River), the
North Fork MFAR (approximately 2.2 miles above its confluence with the
MFAR), and the Rubicon River (approximately 0.5 mile upslream ofRalston
Powerhouse) for water years 2002 and 2003 are presented in Figures 7-10.

Benthic Macroinvertebrates

Reconnaissance Surveys

Reconnaissance surveys of the MFAR downstream of Ralston Dam immediately
after the August 5 spill event indicated Ihat Ihe magnitude of biological effects
(as indicated by reductions in species diversity and abundance relalive 10 2002
levels) was generally correlated with the degree of channel disturbance.

Qualilative samples from the Indian Bar reach (Reach 4) were dominated by
Oligochaete worms. Midge larvae (Chironomidae), mayflies (Ene/is sp_), and
stoneflies (S/':wola sp.) were observed in moderale abundance. Evidence of the
effects of scour and bed movement in this reach was Ihe absence of lorge-bodied
species of caddisflies and mayflies that are not adapted 10 high waler velncity
(Ihese taxa were observed in this reach in August 2002). The largest inverlebmle
observed was Rithrogeno sp., a mayfly adapted 10 high water velocity.
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Placer County Waler Agency

BM] communities in the Junction Bar reach (Reach 3) appeared to have been
highly disturbed by the spill event. Oligochaelc worms were the only
invertebrates obsen'ed in riffles where newly deposited sediment was evident.
None of the mayfly, stonelly, or caddisfly species observed in 2001 and 2002
was observed.

Initial observations after the spill event indicated that the diversity and
abundance ofBMI in the MFAR above Volcano Creek (Reach 2) was lower thao
observed in previous summers, especially in areas of newly deposited sediment.
However, moderate levels of diversity, auributable in part to the presence of
mayflies, stoneflies, and caddisflies, indicated that the level of disturbance was
lower than that experienced by BMI in Reacbes 3 ami 4.

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

8MI 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 II). 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.

EPT Index

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 EPI 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 Otter Creeks (Reaches
I and 2), and the highest values in the control reaches (Reaches 5-7). 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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Placer County Water Agency

Taxa Richness

In August and October 2004, tuxa nclmess values ranged from 21 to 36 t",m
(Figure 13), These values are within the rnnge observed in previous years, In
general, taxa nclmess 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 richness were evident.

California Tolerance Values

In August and October 2004, California tolerance values ranged from 3.4 to 5.5,
which is very similar to the range of values 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 Darn. In 2004, the
lowesltolerance values occurred in the Oller Creek reach (Reach I) and the
control reaches (Reach 5-7).

Dominant Taxa

Most of the dominant taxa observed in 2004 displayed the same genernl pallerns
of distribution and relative abundance observed in previous years. As in 200 I
and 2002, chironomid midges (Chironornidae, which includes the subfamilies
Chironominae, Olthocladiinae, and Tanypodinae) were one of the most common
and widely distributed taxa in the project area (Tables 6-8). The relative
abundance of chironomids was highest in the MFAR between Ralston Dam and
Volcano Creek (Reaches 2, 3, and 4) where they composed 26-51 % of the
samples. Baelis mayflies were also relatively abundantlhroughout the project
area (6-28%). Oligochaete worms and blackflies (Simulium) were most
cornman in the reaches below Ralston Dam; the highest proportions of
Oligochaetes were observed in Reaches 2 and 3 (13-25%), and the highest
proportions of blackflies were observed in Reaches I and 4 (I G-31 %).

Hydropsyche caddisflies were relatively abundant in samples collected from
Oller and Volcano Creek reaches (Reach I and 2) in 2001 and 2002 (5-28%) but
were absent or present in relatively low numbers in these reaches in 2004 (0­
4%). Other laxa that were less common but seasolllllly dominant in Reaches I
and 2 in 2001 and 2002 but absent in 2004 were Rhi/hrogello mayflies and
Glossossolllo caddisflies,

In geneml, the distribution and relative abundance of dorninant taxa in the control
reaches were similar among years.
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Placer County Waler Agency

Functional Feeding Groups

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

In all years, the lowest proportion of collector-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 collector-filterers with distance downstream
from Junction Bar. In 2004, however, the relative abundance of eolleetor­
filterers was equally low in the Junction Bar and Volcano Creek reaches
(Reaches 2 and 3). The dominance of collector-filterers in the Otter Creek reach
was attributable primarily to the relatively high abundance of black fly (Siml/Jil/m
sp.) and Hydropsyc"e 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 al1 years, the lowest
proportions of scrapers occurred in the treatment reaches closest to Ihe dam
(Reaches 2~) and the highest proportions occurred in the Otter Creek reach
(Reach I) and the control reaches (Reaches 5-7). Among Ihe conlrol reaches, the
relative abundance ofscrapers was highest in the Rubicon River (Reach 7) and
lowest in the MFAR above Ralston Afterbay (Reach 5).

1a August and October 2004, predators exhibited a longitudinal trend similar to
that ofcollector-filterers and scropers (Figure 18). In 2001 and 2002, no distinct
trends or patterns in the relative abundance of predators were evident.

Shredders exhihited suhstantial year-to-year variability in relative abundance
(Figure 19). Shredders were a relatively common 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 of macrophyte herbivores, piercing herbivores, and
omnivores, were dominant in samples collected in the MFAR above Ralston
Afterbay and in the North Fork MFAR in August 2004. The distribution and
relative abundance ofthese groups was similar to that observed 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 (adulls and larvae) and October (adulls only) 2004. No
foolhill yellow-legged frogs or other amphibians were observed in the reaches
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Table 6. Relalive Abundance of Dominant Taxa by Reach and Month, 2001 Page 1012

June Angusl October

Rench I T:lxa Abundance Taxa Abundance Tnxa Abundnnce

Baetis 29.71% Hydropsyche 19.19% H)'dropsyche 33.99%

2 Hydropsyclle 10.76% EpeoJ1ls 18.33% Rhithrogenu 18.5]%

3 Simidiuni 7.56% Chironomiriae 13.49% Glossosoma 17.62%

4 BrachycelltTus 6.98% Simulium 13.30% Chironomidae 4.98%
americunum

5 Glossosoma 6.58% Bueti:s 4.35% CheumalopsyclJe 3.9)%

-----_._-_._-- ----
Reocb 2 Taxa Abundance TOJ:3 Abundance T333 Abund:mce

Brachycelltnts 29.78% Chironomidae 35.82% Oligochnela 37.90%
nmerrccl1lum

2 Simulium 14.69% BmchycenJrIIs 23.08% Epbemerellidlle 14.92%
lImer;canum

3 Chirollomidae 14.27% Hydrops)'che 8.85% Chironomidue 6.85°/n

4 Baet;s 10.62% Rllelis 5.45% Rae/;s 6.85%

5 Serm/eJla 5.06% Oligochaeta 3.27% Sen"atella 6.85%

------- - --------------_ .. - _.- --- - -------_ ...---._.. _... -- - --- ---- --
Reach 3 Taxa Abundance Taxa Abundance Tala Abund:mce
-------- ._---- -_ •._---_._---_.

Oligochaela 81.82% Oligoclmeta 70.97% 01igochaela 47.62%

2 Chironull1idac 4.20% Chironomidae 17.74'% Simulium 10.32%

J Simulium 2.101% TurbeJJnria 6.45% EphemerellCl 6.75%

4 Antoel", 2.10% Elmidae 3.23% Chironomidae 5.03%

5 Ordobrcrvia flllb~rel'(Z 1.40% Empididae 1.61% Hne/is 5.03%

----- ._ ..._-- -_._- ...-
Reneb 4 Taxn Abundance Taxa Abundance Tax3 Abundance---_...._---...__.

Chironoutidae 20.43% Chironomidae 41.28% Simll1izun 32.90%

2 f~)'drop(ila 19.62% Hydroptila 14.26% Chironomidne 23.76%

3 Simulilllll 16.21% Ochrolrichi" 6.75% AcentrelJa 4.44%

4 Bmcl,}'centms 10.58% Optiocen'us 5.63% An/ocha 2.35%
(11l1ericUJwm

5 Bller;s 6.0i% Bmchycf!/llrus 4.75% GyrtlulJls 2.35%
americllnUIIl



Table 6. Continued Page 2 of2

June August October

Reach 5 Taxa Abundance Taxa Abundance Ta:li:3 Abundance

Chironornidae 30.42% Ochrotrichia 38.56% Chironomidae 18.76%

2 Ochrolrichia 16.671% Chironomidac 18.66% Bae/is 16.34%

3 Bne/is 6.33% Hydrop-'yche 6.70% Hydropsyche 11.15%

4 Hydropsyche 6.08% Epeollts 5.94% CheJlmaJopsychf:: 8.06%

5 EpeorJIs 3.21 ~/o Chcllmalopsj'che 3.88% Opliocervus 6.J8%

--------- ---- ---------
Reacb 6 T3X3 Abundance Ta.-X8 Abundance Ta:l3 Abundance

Ochro/,;chia 39.87% Chironomidae 21.90% f~\'dropsyche 20.06%

2 Chironomidi.le 10.61% Ochrotrichja 19.17% Chironomidae 15.54%

3 Hydropsyche 6.35% Hydrops)lche 7.79% Baeti.'i 8.76%

4 Baetis 4.08% oaetis 6.36% CheulJIlltopsyche 8.19%

5 Op/;o<:entus 3.78% AlIIocha 4.40'10 RlJithroge/lu 8.19%

--- ----_..__ ._._.. __ .__ . -~_._-,---.----_._- -..... --"-- ...._... ~_.- _.._._-------_ ... _._..._------ ..
Reach 7 Taxn Abundance Tnxn Abundance Tnxn Abund:mce---_._--_ ..... --- .. ---"'-- ---. -..._-_._-------- ._- .- _._-----,..

fIydrops)'che 19.80% Hydrop,~),t:he 22.09% Hydropsyche 30.77%

2 Epcorlls 13.17% Epeorus 17.62% Bae/is 13.]9%

3 Baelis 10.94% Serra/ella 8.94% Chironomidac 9.16%

4 Chironomidae 7.93% Chironomidae 7.96% Op/ior.:ervus 8.42%

5 Serrtltellll 5.33% Enetis 6.71% ClJeumntopsyr.:!Jt! 6.59%



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

June Augusl OClober

Reach 1 Taxa Abundance Taxa AbundnDce Tn:xn Abundance

Simulium 50.33% Hydropsyche 26.06% HydrDpsyche 28.221}/D

2 Due/is 14.63% Bae/is 16.67% RhilhTogenll 16.91%

3 Gl055050ma 6.32% Simulium 12.98% Chironomidne 1J.53%

4 H)'drop~Tc"e 5.10% Epeonls 9.17% Bne/is 7.17%

5 Epeonls 4.32% Chironomidae 5.70% lsoper/n 4.59%

-------
Reach 2 Taxa Abundance Taxa Abundance Taxa Abundance------_._---

Bae/is 36.27% Chironomidne 21.52% Chironomidne 27.81%

2 Simulium 24.89% Bnelis 17.39% HydrDpsyche J1.23%

3 Epeoms 4.02% Hydl'Opsyche 7.25% Bae/is 9.57%

4 Chironomi(]ile 4.02% Glossosoma 6.47% Rhjthrogenn 8.79\10

5 Serrmella 3.9J% Oligochaeta 5.91% lsoperla 8.57%

--------.--. _._- -_ ....- ._---"." .._.- -_. '--'- -_.- ------.-
Reach 3 Taxa Abundance Taxa Abundance Ta::ta Abundance

-------~---
..__._----

Soelis 37.75% Chironomidae 63.88% Oligoc1meln 28.45%

2 Chironomidae 15.44% Raelis 6.81% Chironomidnc 22.56%

3 Epeor/ls 10.07% Anlocha 5.79% Raelis 7.4J%

4 Opliosen111s 3.86% Simulium 3.75% Serra/ella 7.07%

5 Hydrop~yclJt: 3.86% EpeOnL'i 2.1]% AnlocJw 6.23%

--..._---._-_._- .
Reach 4 Taxa Abundance Taxa Abumlunce TlIxn Abundance_._-,--

CbironomidCle 39.46% ChironomidCle 64.02% Chironomidile 43.36%

2 Hae/is 14.67% Oligochaela 7.09% Simulium 9.08%

3 Gyraulus 9.61% HydrDpli/n 6.08% Acenlrella 8.91%

4 Sen-a/ella 4.89% Gyraulus 2.53% 01igochaelo 6.72%

5 Planilriidne 4.55% Limnesiidae 2.36% GyrGu/m 6.55%

---------
Reach 5 Taxa Abundance Taxa Abundance Taxa AbundaDce

Bnetis 25.84% Ochro/richia 18.82% Rae/is 21.41%

2 Chironomidae 21.48% Bnetis 18.15% Cbironomid3e 18.95%

3 Ochrollichia 11.74% Chironomidae 15.48% flydropsycbe 12.22%

4 Acenlrella 8.28% Simulium 11.69% EpeonJs 4.48%



Table 7. Conlinued Page 2 of 2

June Augusl October

5 EpeollLS 4.70% Epeol1ls 5.01% Chel.lnllllopsyche 4.26%

Rench 6 Tnxn Abllnd:mce Taxa Abundance Taxa AhUJIdnnce

Bne/is 27.280/0 Ochrotrichia 23.90% Chironomidae 18.94%

2 Chironomidae 19.62% Chironomidae 16.91% Rhithrogeno 18.26%

3 Ochrotrichia 7.55% Haetis 9.13% Bae/is 11.95%

4 HydrDpsyche 6.31% Helicopsyche 6.43% H)'lJropsyche 7.22%

5 An/ccha 5.98% Hydropsyche 6.20% Hydroplilidne 5.52%

Rench 7 Taxa Abundance Tax:! Abundance Taxn Abundance

Rae/is 33.15% Eaetis 16.00% Chironomidae 25.93%

2 Epeoms 12.24% Hydropsyche 15.66% Baetis J2.46%

3 HydJ'ops)'che 12.01% Epeoru.s J4.21% Hydropsyche 7.07%

4 Serrnlella 5.45% Chironomidac 12.86% Psephenusjalli 6.96%

j Glossosomn 4.78% Serra/ella 7.61% A~gill 5.50%



Table 8. Relative Abundance oJ Dominant Taxa by Reach and Month, 2004 Page 1 of 2

June August Oclober

Reach I Taxa Abundance Taxa Abundance Tn);ll Abundance
••P_"_____··_•• ._----------

Doe/is 19.37% Simulium 31.22%

2 Simulium 12.59% Hae/is 18.22%

3 Chironomidae 11.26% Chironomidac 6.00%

4 Epeorus 6.17% Oligochaetil 5.89%

5 Hydropsyc". 4.12% SwellstJ 5.44%

Reach 2 Taxa Abundance Taxa Abundance Taxa Abundance

Chironomidae 26.00% Chironomidae 28.56%

2 Oligocbnelo 22.51% Oligochaeta 16.87%

3 Bae/is 11.00% Bnelis 15.99%

4 An/oc:ha 7.50% Serratella 7.72%

5 Epeonts 4.27% Simu/illm 4.74%

Reach 3 Taxa Abundance Tnxa Abuudance Tn:'!:3 Abund:1I1ce

Chironomidae 44.4B% Chironomiu<1e 37.19%

2 Oligochaeta 25.37% IJfleti.'j ]7.69%

3 Bu(!/is 6,27% Oligochoela 12.89%

4 Amocl/tl 2.39% SimuliuJJl 6.45'3'D

5 Swells" 2.091Vo Anloclw 5.45%

Reach 4

2

3

4

5

Reach 5

2

3

4

5

Taxa

Tax:l

Abundance

Abundance

Taxa

Chironomidae

Blle/;s

Simulium

AntocJw

OEgochaeta

Taxa

Bnetis

Chironomidne

Ochrotrichia

EpeOnl.f

Simulium

--_ . ._---_ .. ~_ .. ._.. -_._--
Abundance Taxa Abundance

-------_.._-~ - ._-----_.
50.50% Chironomiduc 31.83%

13.38% Simulium 20.83%

9.70% Oligochacta 7.17%

4.35% Bae/is 5.50%

3.68% Hy'lroptiJa 3.83%

--_.__ ., .. --_. ._-_ . . _N_.
Abund:mce Taxn Abundnnce_._--_. -_. -- --

24.61% Bcretis 26.26%

15.48% Epeurlls 15.32%

13.81% Chironomidne 7.66%

7.91% Pamlep/ophlebi{l 5.36%

3.67% Simuli"m 5.14%



Table 8. Continued Page 2 of 2

June August October

Reach 6 Taxa Abundance T:u.a Abundance TO:'tD Abundance

Ochrotrichill 16.96% Chironornidne 17.31%

2 Chironomidae 9.82% Rhit},rogenG 10.58%

3 Hae/is 9.26% OptioseTl'JIS 7.83%

4 HydropsyclJe 7.37% Baetis 7.72%

5 Epeonu 7.14% f{vdropsyche 5.73%

-------
Rench 7 Taxa Abundance Taxa Abundance Taxa Abundance

Roe/is 27.78% Baetis 13.70%

2 Epeonrs 16.78% Chironomidae 13.25%

3 PsephenllsfalJi 16.67% PsephenusJaJli 13.1<1%

4 .Chironomidae 5.22% Hydropsyche 10.24%

5 RhitlJrogena 3.67% Epeonls 7.91%
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Appendix A

Water Quality and Aquatic Habitat Monitoring
Plan for the Ralston Afterbay Sediment

Management Project ~D1dian Bar Pilot Project

Executive Summary
Plocer County Woter Agency (PCWA) is proposing 10 initiote 0 pilot sediment
management projecl at Ralston Afterbay Reservoir (Ralston Afterbay), a
component of the American River Hydroelectric Project on U,e Middle Fork
American River (MFAR). The primary purpose of the sediment management
project is to create sediment storage capacity in Ralston Afterbay, maintain
operalional flexibility of Ralston Dam and Oxbow Powerhouse, and delay the
complete sedimentation ofRalslon Afterbay.

The sediment management project consists of 2 components. The Erst
component cnnsists of dredging approximately 75,000 cubic yards (yds) of
sediment from the upstream end of the reservoir and placing approximately
48,000 yds of this material downstream oflhe Ralston Dam on Indian Bar. The
sediment will be configured to allow high flows to mobilize and lransportthe
sediment to reaches downstream of Ihe dam. The second component, lermed
sediment-pass-through (8PT), consists of reoperaling Ralslon Dam during high
flow events to pass greater quantities of fine sediment past the dam than passes
under current operalions.

A secondary objective of Ihe project is 10 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, pebbles, and
cobbles), is critically important for maintaining suitable stream habitat for fish
and benthic macroinvertebrntes (BMI) (insects and other aquatic organisms that
live in or on the streambcd). 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 tbe reservoir to maintain the reliability of Ralston
and Oxbow Powerhouses. As documented for other rivers, the retention of
sediment by dams and corresponding reductions in sediment supply to
downstream reachcs can lead to a reduction in habital quality in these reaches as
high flows continue 10 transport cobble and fincr materials that are not replaced
by upstream sources.

Moniloring Plan lor Ule Ralston Afterbay
Sediment Management Project
lndi'ln Bar Pilot Project

A-l
Augusl 5. 2001

J&S 01-335



Placer Counly Waler Agency Power System

SPT operations and sediment placemcnt 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 of reservoir 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 nnd sediment transport
characteristics of the MFAR indicate that increases in the amount of fme
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 10 the total amount of fine
sediment transported by the Ml'AR.

In 2001, pewA initiated a monitoring progrnm to ensure project compliance
with established water quality objectives and monilor the effects of the project on
aquatic habitat and BMI in the MFAR downstream of Ralston Dam. Potential
project effects will be evaluated by collecting a minimum of] year of water
quality data and 2-3 years of aquatic habitat nnd BMI data before project
activities begin and a minimum of 2-3 years of water quality, aquatic habitat, nnd
BM] data alter project activities begin. Key water quality, aquatic habitat, and
BMI parameters will be monitored altreatment 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 of the high degree ofvariability
of natural systems and lack of baseline data, an adaptive monitoring npproacb
will be used to regularly evaluate the monitoring program and detennine whether
modifications are warranted to improve its performance. Evidence for project
effects will be a signilicant 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
'Iuality amI aquatic habilnt 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 arc warranted. The need for corrective actions will also be based on the
resulls of BMI monitoring, which will serve as a key indicator of the biologiCal
effccts of observed water quality and habitat changes. In addition, these changes
will be evaluated in the context of other watershed events and trends that may
intluence the monitoring results and conclusions.

Introduction

pewA operates a series of reservoirs and powerhouses as part of the American
River Hydroelectric Projecl on the MFAR and Rubicon Rivers (Middle Fork
Project) in the central Sierra Nevada (Figure I). The Middle Fork Project
includes Ralston Afterbay, created by the construction of Ralston Dam in 1966

Monitoring Plan lor the Ralslon Alte,bay
SedIment Management Project
Indian Bar Pilot Project

A-2
August 5. 2002
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Placer Counly Waler Agency Power System

(photo I). The dam and reservoir are localed on the lYlFAft on the border of
Placer and El Domdo Counties, California.

Ralston Afterbay serves 3 primary purposes. First, it prolects 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 Powerhouse~toquickly respond to system electrical needs. Third, it
impounds water for power generntion at Oxbow Powerhouse.

PCWA is proposing to initiate sediment management at Ralston Afterbay 10

address continuing sedimentation of Ihe 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 primary purposes of the
sediment management project are 10 create sediment storage capacity within
Ralston Afterbay, maintain operational. flexibility ofRalston Dam and Oxbow
Powerhouse, and delay the complele sedimentation ofRalston Afterbay.

The sediment management project consists of2 independent components. The
first component consists of dredging approximately 75,000 cubic yds of sediment
from the upstream end of the reservoir and placing this material downstream of
the dam on a 1.96-acre portion of lndian Bar (Pholo 2). The sewment will be
configured 10 allow high flows to mobilize and transport it to the river
downstream of the darn. The second component of the project will consist of
reoperating the dam during high flow events to pass greater quantities of fine
sediment beyond the dam. SPT opemtions will be conducted whenever river
flows exceed approximately 3,500 cubic fcet per second (cfs).

PCWA is proposing an initial placement of48,000 cubic yds of sediment on
Indian Bar to evaluate thc project at a pilot level and 10 address concerns
regarding recreational uses at Indian Bar (Jones & Stokes 2002). This evaluation
will include considemtion of potential strategies for increasing the sediment
volume while maintaining or cnhancing recreational opportunities at Indian Bar.
Other sediment placement locations (e.g., Jlmclion Bar) may also be considered.

A secondary objective of the project is to restore the natural migration of coarse
and fine sediment that occurred in the project area before dam construction. TItis
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 construction of dams, these materials continue to be
transported from the reaches below darns but without replacement from upstream
sources, resulting in loss of important habitat (Kondolf and Matthews 1993).
Other effects include scouring and deepening of Ihe cl13Mcl and associated
increases in substrate size (i.e., channel armoring), a process that has been
occurring below Aflcrbay Darn since its construction (Sliehr, pers. comm.).
Efforts to mitigate these effects on salmon and trout streams in Califorrtia 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 gmvel-retaining stnlctures downstream of dams,
can be costly aud ineffective over the long term. A more satisfactory alternative

Monitoring Plan for lhe Ralston Aflerbay
Sediment Management Projecl
Indian Bar Pilot Project

A·3
August 5. 2002
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Placer County Waler Agency Power Syslem

is to allempt 10 mainlain natural chaonel features below dams by managing water
releases and sediment in ways that preserve, as much as possible, l1,e predam
geomorphic processes (Ligon el aJ. 1995).

SPT operations and placement of sediment 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 carry 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
of sediment below the dam is expecled to have beneficial effects on stream
habitat and aquatic resources downstream of the dam. Bolh 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 characterislics of the MFAR indicate that the channel is
inherently stable and therefore relatively insensitive to changes in discharge and
sediment supply (Harvey pers. comm.).

In 200 I, PCWA initiated a monitoring program to test these predictions and
cnsure compliance of the project with established water quality objectives. The
following report presents the monitoring plan and the results of the lirst year of
baseline monitoring activities.

/Purpose and Objectives

The purpose of the monitoring program is to evaluate 111e potential effects of the
Ralston Afterbay Sediment Management Project on water qllality, aquatic
habita!, and BMl in the MFAR downstream of Ralston Dam. The primary
objectives of the monitoring program are to:

n quantitatively evaluate project compliance with the waler qualilY 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 1993), and

" quantitatively evaluate project effects on aquatic hahitat ba.ed on changes or
trends in streambed and BMl populations downstream of the reservoir
(treatment area) relative to changes or trends in unaffected areas (control
areas), and

PCWA will use the results of annual monitoring to evaluate project elTects and
implement appropriate corrective measures if the data indicate that thc projeci is
adversely affecling water quality and aquatic resources iu the MFAR.

Monitoring Plan for the Ralslon Afterbay
Sediment Managemenl Project
IndIan Bar Pilot Project
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Photograph 1. Ralston Afterbay Dam and Reservoir

Photograph 2. Indian Bar
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Placer County Water Agency Power System

Project Area
Ralston Afterbay is located at the confluence of the MFAR and.Rubicon Rivcrs
at ill1 elevation of approximately 1,200 feet (ft). Indian Bar is located.
immediately downstream ofRalston Dam. The project area includes lhe 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 Merhay, and the North Fork of tbe
MFAR watershed from its headwaters (6,000 ft elevation) to its confluence with
lhe MFAR (I ,000 ft elevation). The North Fork of the MFAR enters
immediately downstream ofRalston Dam and Oxbow Powerhouse (Figure 1).

Climate

The MFAR watershed is dominated by a Mediterranean-like climate (warm, dry
SUTIUners and cool to cold, wet winters). Air temperatures vary widely during the
year and there is no appreciable precipitation in the summer except for scaltered
lhwlderstorms. Average annual precipitation in the form 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 me considered to have it higher
sensitivity to watershed disturbance than areas with rain- or snow-dominaled
climates (EI Dorado National Forest200la and b).

Geology

The MFAR and North Fork of the MFAR watersheds include 2 different geologic
units: the Shoo Fly Complex and the Mebrten formation (Califomia Department
ofConservation 1992). The rocks of the Shoo Fly geologic unit, comprising
approximately 90% of the watershed, are relatively impermeable (El Dorado
National Forest 2001 a, b, and c). The Mebrten formation comprises
approximately 10% of the watershed.

The Rubicon River watershed includes 5 different geologic units: Paleozoic
metasedimentary Wldifferentiated rocks, the Mehrten formation, Mesozoic
granitic rocks, Cretaceous-Jurassic plulonic rocks (gabbro), and glacial moraine
deposits (California Department of Conservation 1981 and 1982). Paleozoic
metasedimentary undifferentiated rocks, comprising approximately 60% of the
watershed, are relatively erodible, and are especially erodible when unvegetaled.
The Mebrten formation comprises approximately 20% of the watershed. Thc
contact zones between the MelU1en formation and adjacent units are often
locations where landslides occur (EI Dorado National Forest 200Ic). Mesozoic
granitic rocks, Cretaceous-Jurassic plutonic rocks, and glacial moraine deposits
comprise the remaining 20%.
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Soils

The MFAR and North ForkMFAR watersheds contain a diverse set of soils with
6 different snil map units described. The majnr soils in the watershed are the
Hurlbut, Rock Outcrop, and Deadwood series associated with the Shoo Fly
Complex and the WacD, Ledrnount, and McCarthy series associated with the
Mehrten fnrmation. With the exception of Rock 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, Ledrnount, and McCarthy series associated with the
Mehrten formation; and the ehaix and Zeibright series associated with the
granitic rocks and glacial deposits. These soils have a moderate to very high
erosion hazard, depending on Il,e slope.

Vegetation

Vegetation within the MFAR, Rubicon River, and North Fork of the MFAR
watersheds consists mostly of mixed conifers with tnte firs at higher elevations.
Major species of mixed conifer include ponderosa pine, sugar pine, incense
cedar, white ftr, Douglas-ftr, big leaf maple, California black oak, and interior
live oak. Shrub species include deerhrush, mountain whitehorn, Sierra mountain
misery, green leaf manzanita, thimble berry, and Sierra'curranl.

Hydrology

The MFAR watershed upstream of Ralston 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 13, 1980. USGS flow records indicate that the average daily flow in
the MFAR is ahout 50 cfs (Hydrosphere Data Products 2000).

The Rubicon River watershed cnvers about 315 square miles and provides the
majority of flow to Ralston Afterbay with an average daily flow of 332 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
1·lell Hole dam failed in December 1964. The North Fork MFAR has a 92­
square-mile watershed and enters immediately downstream of Ralston 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
of 285 cfs, a 1% exceedance flow of 2,400 cfs, and a peak flow of 30,100 cfs
recorded in 1980.

pewA operates a flow gage on the MFAR immediately downstream of the North
Fork MFAR confluence and upstream of Horseshoe 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 Janumy 1997 stonn was considered to generate peak
flows in the American River basin and its tributaries that were nearly as large as
Ihe projected IDO-year flood event; however, peak flows were not recorded for
the Rubicon River, North Fork MFAR, or MFAR at the Horseshoe Bar gage.
pewA estimated the peak 1997 flow passing Ralston Dam to be about 100,000
cfs. The highest recorded peak flow at the Horsesboe Bar gage, excluding the
peak caused by the December 1964 Hell Hole Dam failure, was 123,000 cfs on
January 2, 1997.

Geomorphology

Tbe MFAR, Rubicon River, and Nortb Fork MFAR are characterize primarily by
sleep, canyon-bound channels with a step-pool morphology. Average stream
gradient ranges from < I% in the lower reaches of the MFAR to 2% in the MFAR
and Rubicon River above Ralston Afierbay. 5edimentlransport capacity in these
systems generally exceeds sediment supplied by eroded canyon walls and upper
portions of the watershed. Consequently, fine sediments are easily transported
tln'ough the system even during relatively small slorm events. The channel bed
consists largely of bedrock, boulders, and cobbles. The presence of these larger
bed materials indicates that transport of larger material occurs only during large
slorm events (Bechtel Corporation J997). The sediment transport amI
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 the river will depend on a number of hydrologic and hydraulic
characteristics as well as the somce of sediment. Particles larger than
1.0 millimeter (rom) typically travel as bedload sediment close to or on the
bottom; particles less than 0.1 rom generally travel suspended in the water as
lotal suspended solids (T55); particles between 0.1 rom and 1.0 rom may travcl
as either bedload or T55. 5ediment somces include organic litler on the soil
surtace, soil erosion, landslides, and other mass wasting of debris, as well as
scouring of existing channel substrate. 5edimenltransport will vary during a
storm in relation to rainfall, runoff, and streamflow conditions. As streamflow
increases during a stonn, the T55 load and associaled turbidity carried in the
flow will rise and then typically decrease as the storm passes and streamflow
starts to recede (Environmental Protection Agency 1991). Bedload sediment
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may be mobilized and transported only dming extremely high and infrequent
flows. The MFAR has sufficiem gradient and hydraulic energy to transport
sediment at a fasler rate than the natural rate of sediment input from watershed
sources (Harvey pers. comm.). Consequently, there is very little deposition of
sediment in the high gradient reaches of the river.

Potential sources of sediment transport tD 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 hy the propDsed project also includes the
MFAR downstream of Ralston Dnm. Additional sources of sediment to the
project area include sediments residing in Ralston Afierbay, the North Fork
MFAR, smaller trihutaries downstream of the North Fork I\IIFAR, and the
downstream slopes of the MFAR canyon. Given the large watershed area and
variability in flows and erosion rales, background variation in sediment transport
is expected to be large. Bathymetric surveys of Afierbay indicate that about
1,205,000 yds of course and fme sediments currently reside in the reservoir
(Bechtel Corporation 1997). The estimated annual rate of accumulation since
1966 was estimated at 56,000 yds annually (EA Engineering, Science, and
Technology 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 presumed that the higher rate in previous years was a result of residual
contribution of sediments to MFAR from the 1964·failure of Hell Hole Dam,
which released large quantities ofsediment to the river (Bechtel CorporatiDn
1997). Current estimates ofannual sediment transport in the MFAR downstream
ofRalston Afterbay from natural SDurces are abDut I I ,000 cubic yds of bedload
sediment and 18,000 cubic yds Dfsuspended sediment·annually (Ayres
AssDciates 1997). Field observations indicate that there is no accumulation of
sediment upstream of the tunnel at HorseshDe Bar, suggesting that the existing
sediment load passes through the tunnel (Musseller Engineering 2001).

The quantity of material proposed to he placed at Indian Bar is approximately
48,000 yds. It is unknown how much line sediment wiJl he transported
downstream during 8PT operations; hDwever, only ahout 20% of the total
arnowlt of suspended sediment reaching Ralston Afierbay is currently estimated
to be deposited in the reservoir (Ayres Associates 1997). Consequently, the
amount ofsediment affecled by the propDsed project is a relatively small amount
Dfthe total amDunt transported in Ihe river. Additionally, nDt all Dflhe sediment
stored in Ralston AfterlJay or placed at Indian Bar will be transported in any I
year, so the pDtential for project-related effects will most likely be further
reduced relative to the existing annual sediment transport rates in the river.

The MFAR dDwnstream ofRalston Allcrbay is characterized by a sleep, canyon­
bound channel that is inherently stable and therefore relatively insensitive to
changes in discharge and sediment supply (Harvey pers. cDmm.). In general, the
channel fDrm and processes Df such rivers arc related to infrequcnt floDd events
(50-year or greater recurrence inlerval), structural controls, landslides, human­
iuduced impacts (e.g., hydraulic and placer mining), and discharges thaI occurred
under different climatic regimes. The MFAR exhibits significant bcdrock contrDI
of channel positiDn, geometry, and gradient. Landslides, rock falls, and Iributary­
derived debris flDws have placed materials with a wide range of sizes in the
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channel. In addition, mining practices and failure of Hell 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 I'vIFAR has a step-pool morphology composed of steep, 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 form localized constrictions that create
upstream zones of sediment 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 eveols. These lower-gradient, alluvial reaches generally exhibit a
pool-riffle morphology (alternating pools, riffles, and bars) formed by rme- 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 J979).
Potential project effects are evaluated by collecting preproject and postproject
water quality, aquatic habitat, and BMI data at monitoring sites located upslream
and downstream of Ralston Afterbay. The downstream locations serve as
treatment sites (areas potentially affected by the project) aod the upstream
locations scrve as control sites (areas unaffected by the project). In this design,
preproject (baseline) monitoring of the parameters ofin!ercs! is conducted 10
characterize differences or relationships between these parameters in the
treatment 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 significantly change relative to those measured during Ihe 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 conlrol reaches, a means of separating the effect
ofa given action from other extraneous sources of variation (e.g., climatic
factors).

The monitoring plan proposes acquiring a minimum of I year of preproject water
quality data and 1-2 years of preproject 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 of project activities may permit
independent evaluations of these project components. The schedule for
postprojecl monitoring will be subject to the occurrence of SPT operations,
significant entrainment of sediment from the Indian Bar disposal site, and an
appropriate range of flows for evaluating the perfonnance of sediment disposal
relative to model predictiolls. Accordingly, the larget flows for postprojecl
monitoring are 3,500 cfs, 5,000 cfs, and 8,000 cIs. These flows are expected to
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occur within a reasonable time frame (statistically, every] to 3 years), are
sufficienllo meet the flow threshold for SPT operations (3,500 cfs), and
correspond to the flows used to model sediment entrainment from lndian Bar.
Because hydrologic conditions needed to achieve these flows cannot be predicted
or controlled from year to year, the minimwn requirement for poslproject
monitoring will be the occurrence of at least one year in which flows reach or
exceed 3,500 cfs (and SPT operations occur) and allenst 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
evenls do nol 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 entrainment (Le.,
volume of entrained sediment) from lndian Bar following flow events large
enough to cause spills over Ralston Dam. Using ground-based surveying
techniques, pewA will survey the lndian Bar sediment disposal site after initial
sediment placement (fall 2002) and after each subsequent flow event capable of
mobilizing significant quantities of sediment from Ibe site (or after re-grading or
moving sediment into the entrainment zone following such an event). The
magnitude ofsediment entrainmenl will be determined by pewA and DFG
based on comparisons of photographs of the Iodian Bar disposal site (taken at a
fixed location) before and after major spill events. If it is concluded that
significant entrnimnent has occurred, Ibe disposal site will be surveyed to
document changes in area and cross-section of the site, and to estimate thc
volume of entrained sediment. Pebble counts (following Ibe methods described
in Section 4.1.1 ofBunte and Abt [200]]) will be conducted at the Indian Bar
disposal site at lhe time of surveys to monilor particle size distributions over
time.

Monitoring will be terminated after 2-3 sampling events (triggered by the
occurrence oflbe target flows [as described above] necessary to evaluate the
performance of sediment disposal relative to model predictions, and following
Ihe occurrence of 8PT operations and significant entrainment ofsediment 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 pewA.

An adaptive monitoring strategy is proposed to address the uncertainties related
to the complex behavior ofnalural river systems. Factors that increase
uncertaiDty and affect the ability oflhe mODitoring program to delecl project
effects include:

c large natural variability (both spatial aDd temporal) iD water quality, aquatic
habitat, and BMI populations and communities;

c lack of sufficient baseline data and limited lime frame in which 10

charncterize preproject variability in the monitoring parameters; and
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c local variation in flows l sediment londs, 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 rangc 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, becnuse habitat monitoring sites will be located downstream of the
project are.~ 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 effecls. Accordingly,
knowledge ofhydraulic, sediment transport, and channel characteristics ofthe
MFAR watershed will be used to select monitoring sites that are most sensitive to
changes in sediment loads. Concurrent monitoring of several 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 J or 2
parameters alone. To further address uncertainty, the relative effects of the
sediment management program will be evaluated in the context of other
management activities or disturbances in the watershed. This task will involve
continued coordination with federal l state l and local resource agencies to g.lther
and update inf01mation 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 qnality 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
performance and determinc whether corrective actions are warranted. The need
for corrective actions will also be based on the resulls ofBMl monitoring, which
will serve as a key indicator of the biological effects of observed 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
resulls and conclusions.

A currenllirnilation in delermining an optimum sampling design and appropriate
statistical model for detecting project effects is the lack ofsufficient baseline data
to ndequately characterize n.tural variabilily in waler quality, aquatic habitat, and
BMl communities in the project area. Therefore, as more dnta become nvailable,
the monitoring program will continue to be evaluated to determine whether any
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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 of the monitoring program include quantifying
water quality differences between sampling slations locaied upstream and
downstream of Ralston Afterbay and ensuring thaI project-related changes in
TSS and turbidity do not exceed the applicable Basin Plml water quality
objectives. The water quality monitoring program ~viJI 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 seltles out at the upper end of the reservoir.
Placement of reservoir sediments at Indian Bar is presumed to have little effect
on background 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 rrumerical 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:

D where natural turbidity is between 5 and 50 nephelometric turbidity units
(NTUsl, increases shall not exceed 20%;

c where natural turbidity is between 50 and 100 NTUs, increases shall not
e"ceed 10 NTUs; and

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

These objcctives will serve as thresholds for evaluating project performance.
Accordingly, the waler quality monitoring results will be used to test the
following null hypotheses.
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D H,: During SPT operations, increases in turbidity downstream of Ralston
Dam do not exceed 20% ofambient levels when natural turbidity is between
5 and 50 NTUs.

'" H,: During SPT operations, increases in turbidity downstream of Ralston
Dam do not exceed 10 NTUs ofambient levels when natural turbidity is
between 50 and 100 NTUs.

D H,: During SPT operations, increases in turbidity downstream of Ralston
Dam do not exceed 10% ofambient levels when natural turbidity is greater
than 100 NTUs.

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

Monitoring Parameters

Turbidity levels are generally correlated to the TSS.concentrations, typically
accounting for rougWy 80% of tbe variability observed in simultaneous TSS
measurements (Environmental Protection Agency 199I). The relationsbip
between turbidity and TSS values is not typically linear and must be deteJUlined
on a site-specific b"sis because the relationship can vary as a result of storm size,
w"ter color, organic matter, and algae growth. Collecting TSS samples that
accurately represent average river condilions depends on hydraulic characteristics
such as CUITent p"llems, now velocity, and eddies. A composite sample
collected over vertical aud lateral intcrvals in the channel will typically provide a
beller represcntation of the nverage 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 of finer materials (silt and clay) that are more
readily held in suspension and evenly distributed throughout lbe 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
practicallimitalions ofTSS sampling methods, need for correlation analysis with
turbidity, and lack of regulatory objectives, tbis monitoring program will be
focused on 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 ,,,fficient monitoring data have been collected.

Few water quality data are available for the MFAR downstream of Ralston Dam.
Simultaneous grab sample data for 'ISS arc available from the MFAR at
Forcsthill and Auburn (47 miles downstream) for 25 scallered dates, collected
during high now pcriods between the years J956 and 1962 (Earthlnfo 1993).
Other scallered grab samples arc available up to 1985. Given that flow and TSS
data are available for a variety of years with differing precipitation pallerns, the
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available data may provide a reasonable estimate of the range of conditions 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/J), and values at Aubum
are generally lower than at Foresthill. Table I presents descriptive statistics for
TSS data from all MFAR sample dates. The maximum value recorded at
Foresthill and Auburn of 397 mg/I 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 U,e values is high.

Table 1. Summary Descriptive Statistics for TSS Data in MFAR

MFAR at Foresthill MFAR al Auburn
Stalislic (mgll) (mgll)

Mean 54.6 45.6

Median 30.0 12.0

Standard deviation 71.3 85.5

Minimum 2

Maximum 367 537

95% confidence interval of mean ± 25.3 ± t9.7

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-term 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 of precision and confidence that is desired in the collected data
Based on the Basin Plan objectives for allowable project-related increases in
turbidity and lack of existing turbidity values for the MFAR, the monitoring
program may need to be able to delect 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 thaI are sufficienllo identify differences
in TSS with a precision of 30 mg/I at a 95% confidence interval. Approximately
70-100 samples per year for the range of flows shown in table I may be needed
to detect significant annual differences between upstream and downstream
samples at this recommended level of precision.
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Sampling Design

Table 2 presents sampling locations and protocols for the water quolity
monitoring program, including collection schedule ond sampling methods.
Figure 3 shows the location of the water quality monitoring stations. It is
hypothesized thot during SPT operotions, 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 I year of
preproject monitoring followed by 2 years ofmonitoring to evaluate the waler
quality effects of SPT operations. The need for follow-on monitoring after year 3
will be evaluated after the initial dala are collected and evaluated. Preproject
monitoring data will be used to develop relationships between turbidity and TSS
concentrations at stations upstream and downstream ofRalston Anerbay.

To obloin as many data values as possible during storm events and SPT
operotions, 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 ofautomated turbidity
monitoring probes to provide the primary compliance monitoring data. The
Rubicon River, approximately 200 feet upstream from the Ralston Powerhouse
(which is generally discharging about J,000 cfs to the river), will serve as lhe
primary upstream sample site. The Rubicon River has the largest contributing
watershed and generates most of the sediment input to the reservoir (Bechtel
Corporation J997). PCWA's river-gaging station immediately upstream of
Horseshoe Bar will serve as the principal downstream compliance monitoring
location. The Horseshoe Bar gaging station records river stage and has a
telemetry unit will, radio link to Ralston Powerhouse. The gage can also be
monitored from pewA'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 Localions, Schedule, and Methods

Monitoring Locotions

Rubicon River

Upstream from
Ralston Powerhouse

MFAR Upstrenm from
reservoir at bridge

MFAR Upstrenm from
Oxbow Powerhouse
lailrnce

North Fork of Ihe
MFAR al bridge

MFAR at Downstream
gage house

Constituents Monitored & Frequency of Activity

TOlal Suspended Turbidity
Scbedule ofSampling Solids (Grab
Activities Samples Only') Grab Samples' Au(omated1

Year 1 preproject X X
monitoring

Years 2 & 3 monitoring X X

After year 3 follow-on X (as needed) X (as needed)
monitoring

Year I preproject X X
monitoring

Years 2 & 3 monitoring X <as needed) X Ins needed)

Year 1 preproject X X
monitoring

Years 2 & 3 monitoring X (os needed) X (as needed)

Year 1 preproject X X
monitoring

Years 2 & 3 monitoring X (as needed) X (as needed)

Y car 1 preproject X X
monitoring

Years 2 & 3 monitoring X X

After year 3 follow-on X Ins needed) X (as needed)
monitoring

Grob samples for turbidity and lotal suspended solids (TSS) will be collected at 0 minimum of4-hour
intervals during stonn events when water level is rising nnd stnrting when streamflow is 3.000 efs or
greater. Sampling should be targeted to include sufficient slonn events that provide data from 3S wide a
range of high strcnmflows as possible. Sampling in successive yeors should be targeted at stonn events
that generate now conditions similar to those sampled dwing the pre-project monitoring.

Aulomaled turbidity probe and .elemetry system can be adjusted as needed based on available bnttery
power. Dota will be monitored during storm events and downloaded by telemetry at a minimum of4­
hour intervals. Turbidity recorders need be used only during storm event,; nnd at a frequency sufficient
to generate at least 70 samples per year. Sampling should be targeted to include sufficienl storm events
that provide data from as wide a rauge of strearnflows in excess of 3,000 cfs os possible. Sampling in
successive years should be targeted at slonn events that generate similar flow conditions similar to those
sampled during lhe pre-proiect monitoring.

Notes:,

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. TIle TSS data will be used primarily for long-tenn evaluation of
SPT operations and for additional confinnation of real-time water quality
conditions as indicated with the automated turbidity sensors.

SPT operations will commence when river flows exceed 3,500 efs. Therefore,
preproject monitoring of turbidity and TSS will he conducted when stonns
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 of 4­
hour intervals during stonn events commencing when streamflows begin to rise
and ceasing when the hydrograph 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 tor the Rubicon
River site to determine when streamtlow starts to increase during stonn events
and provide lime to prepare for the necessary manual sampling activities. TItis
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 stonn-flow
events, sampling sbould be targeted to include dala from as wide a range of
streamflows as possible tbat exceed 3,000 cfs. Sampling in successive years
should be targeted to stonn events that generate flow conditions similar to tbose
sampled during the preproject monitoring.

During SPT operations, pewA staff will monitor the real-time upstream and
downstream turbidity monitoring data to evaluate compliance of operations with
Basin Plan water quality objectives. All grab sample data collected at field sites
will be recorded on a field data form. TSS and turbidily samples will be
collected by hand using an appropriate bottle sampling device (e.g., Van Dorn,
Kemmerer). Sample bottles will be specificd by the laboratory performing the
analyses. Samples will be analyzed to provide lhe lowest practical detection
limit for TSS (less than or equal to 5 mg/I) 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 of deionized
water and field duplicate samples should be collected once for every 20 samples,
with a minimum of 1 replicate per storm event. Automated turbidity probes
installed at the Rubicon River and Horseshoe Bar sites wiII 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 NfU.

Data Analysis

Standard data control charting methods will be used to identify the rate and
direction of change in real-time 1mbidity concentrations in the rivcr and detect
significant excursions from the Basin Plan water quality objectives.
Supplemental information regarding TSS concentration conditions will be
evaluated from the grab sample dala. The long-term performance of SPT
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operations with respect to water quality objectives will be evaluated with
standord statistical testing of the mean differences between preproject aod
postproject conditioos. 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 of the monitoring program, regression analysis will
allow the detection of changes 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 tbe tributaries
prove otherwise, it is assumed that the automated turbidity data wiJI be sufncient
to establish a statistically significant relationship reflecting differences in water
quality conditions between the upstream and downstream sites.

Following collection of the first year of pre-project data, results will be evaluated
for statistical variability in turbidity aod 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 normal data distribution and
evaluation for autocorrelation among the data points. 111C estimated number of
samples necessary to achieve the desired data quality objectives will be
confirmed. Following the second and third years of data 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 tile
statistical significance of the differences. Adjustments to tJ,e data based on
related variables such as background TSS and turbidity concentrations or
streamflow may be used to improve the sensitivity of the dala analyses.

The procedures for detennining wilter quality conditions necessitating corrective
actions will be defined in advance in coordination with RWQCB and California
Department of Fish and Game (DFG). When the data indicate that downstream
turbidity values exceed the water quality objectives, possible corrective actions
may include immediately laking additiooal 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 gules, increasing
flow tJuougb the spillway gates, or both. As a final 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 laking corrective
actions when they are not necessarily warranled: (a) evaluating effects ofwater
residence time in the reservoir at varying levels of streamflow; and, (b)
evaluating the direction ofchange in turbidily and TSS concentrations.

c Hydraulic rcsidence time: Based on the volume of the reservoir, the
residence time of a slug of waler passing from the upper end of the reservoir
10 the downstream end will be short at high flows (approximately 40 lninutes
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at 50,000 cfs) and samples colleclcd simult,meously al upstream and
downstream locations will preslUllably be adequately comparable to each
other. When SPT operations first begin at a flow 00,500 cfs, however, the
residence lime will be approximately 10 hours. TSS values typically rise and
fall in correlation with streamflow. Therefore, it is likely that when upstream
lurbidity concentrations slart to decrease as the stormflows recede,
simultaneous measurement made downstream may indicate continued
increasing concentrations and regulatory exceedances because of the time
delay of previously high turbidity water moving downstream. In order 10
account for water residence time in the reservoir, data charting procedures
should account for the time delay at varying flow rates to estnblish whether
an exceedance in the thresholds is truly occurring. 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 firsl year of monitoring to determine whether such
precision is necessary for the program.

D Dircction of changes in monitorcd 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 storm
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 of a storm event may exceed the numerical water quality
objectives. Compliance evaluations should account for whether the
concentrations at upstream and downstream localions 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
l1ush of sediment resulting from initial mobilization and transport is nearing
completion. Concentrations at this point in the slorm may be relatively low
compared to the higher peak valucs occurring earlier in the storm and should
not constitute a violation of Ihe water quality objcctives.

Aquatic Habitat Monitoring

Objectives

The primary objective of aquatic habitat monitoring is to quantitatively evaluate
project effects on aquatic habilat bosed on changcs or trends in key substrate and
BMI parameters upstream and downstream of Ralston Aflerbay. The results will
be used 10 test the following null hypothesis:

D Ho: Differences between mean substr3tc size in the trealment reaches and
lhat in the control rcaehes during preprojecl years do not change during
postprojecl years.

This hypothesis also may be stated as follows:
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oRo: The relationship bctwcen mcan 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 of significant project effecls
(adverse or beneficial). The biological significance of these changes will be
evaluated based on the general trout- and BMI-substrate relationships and
observed changes in BMI population or community attributes measllTed 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 of that 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 riffles in which 50% or more of the coarse particles
(gravels aod larger materials) were covered or S\lTTounded by fine se,liment
(embeddedness). This level will serve as a preliminary threshold for evaluating
habitat quality dllTing 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 paramcters and substrate conditions during the
preproject monitoring period.

The BMI monitoring data will indicale seasonal and annual patterns of
abundance, composition, and diversity t1ssociated with the ecology and natural
history ofBMI communities. These pallerns 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) of any changes in water quality and
substrate conditions observed during the monitoring program.

In addition to monitoring the size composition of riffle substrates, the u.s. Forest
Service and DFG requested monitoring of channel 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 ernbeddedness will be used as key monitoring
parameters for assessing 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 a!Tect the abundance and production of fish and invertebrates in
streams.
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Substrate Size Composition

The size composilion of streambed subslrates is a major factor determining the
quality of stream habitat for lrout and aquatic invertebrates. Changes in substrate
size can affect the productive capacity of Irout streams by affecling the suitability
of substrate for spawning, the availability ofsuitable cover and shelter for
juvenile and adultlrout, and the amo\mt of living space for aquatic invertebrates
(Waters 1995, Bjomll and Reiser 1991).

Substrate Embeddedness

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

Sampling Design

Because of the high degree of spatial and temporal variability in habitat
conditions in natural river systems, several criteria were developed to guide
selection of mouitoring sites. These criteria were based on the need to minimize
differences between treatment and control sites, increase sampling efficiency,
and maximize the ability of the 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 conlrol reaches, to be equally
sensitive 10 changes in sediment loads and respond similarly to these changes.
Second, monitoring sites should havc similar channel and substrate
characteristics that provide important aqnatic habitat for trout and aqualic
invertebrates. Third, monitoring siles should be located as close as possible to
Ralston Afierbay to reduce the confounding effects of other 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 sedimenltransport characteristics of the river, these
criteria appear to best be mel by localized alluvial portions of the river where
sedimcnt deposition occ\lrs in response to local channel and valley constrictions
that include tributary alluvial fans, landslide debris, and bedrock constrictions
(Musseller Engineering 2001). Mussellcr Engineering identified 5 s\lch 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 Musseller Engineering and identify other potential treatment and
control reaches upstream and downstream ofRalston Afierbay. The aerial survey
will include the first 5 miles of the MFAR and Rubicon River upstream of
Ralston Afterbay, the MFAR from Ralston Darn to Louisiana Bar, and the
lowernnost5 miles of the North Fork MFAR. The goal of this initial survey is to
evaluate the suitability of potential treatment and control reaches based on the
criteria presenled 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 of representative portions of the potential monitoring
reaches.

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

Location

Louisiana Bar

Manunoth Bar

Cherokee Bar

Canyon Creek

Other sites:

Oller Creek

Volcano Creek

River Mile

50.4

52.4

59.0

61.44

64.65

71.4

Comments

Pool rmd riffle upstream of bedrock canIra]; road
nccessible

Pool and riffle upstream of bedrock constriction ot
Mun]trer's Gulch; road accessible

Head of ~Uuvial reach thnt extends from Greenwood
Bridge 10 Mammoth Bar; pools and riffles; road
nccessible

Pool fonned by al1uvial fan constriction and backwater
from Ruck-A·Chucky landslide; not road nccessible
but can be reached by track in aboul 20 minutes

Pools and riffles upstream of aBuviaJ fan-induced
contractions; neither site is readily accessible but they
are closer 10 Ralston Dam.

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

Table 4 presents the proposed locations and schedule for aquatic habitat and BMI
monitoring. Two reaches will be established immediately downslream of
Ralston Afterbay between the dam and the confluence of the North Fork MFAR
and between the confluence of lhe North Form MFAR and Horseshoe Bar.
These reaches will be used primarily 10 evaluate changes in subslrate
composition associaled with coarse sediment input from Ihe Indian Bar disposal
site. One or more trealment reaches will be established on the MFAR
downstream of Horseshoe Bar to evaluale potential changes in fine and coarse
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sediment associated with SPT operntions 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 of Ralston operations
Powerhouse

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

MFAR between Treatment for
preproject years and 2-
3 postproject years

Ralston Dam Dnd Indinn Bar following each
North Fork of O,e sediment disposal occurrence ofSPT
MFAR Conduct in flfSt year Conduct in first year

operations. Schedule

MFAR between Treatment for SPT
of preprojcct of preproject

subject to changemonitoring period monitoring pe~iod

North Fork oftbe operations and and in subsequent and in subsequent depending on project
MFAR and Indian Bar years only if years only if

scbedule, the

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

Nortb Fork of tbe Control for SPT the occurrence 0 r
MFAR operations and significant sediment

Indian BiJr entrainment from
sediment disposal Indian Bar.

MFAR downstream Treatment for SPT
of Horseshoe Bar operations and

Indian Bar
sediment disposal

Following selection of monitoring reaches, ground surveys will be conducted to
more closely examine the reaches and identify specific habitats that meet the
selection criteria above. Rimes 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. Substrnte sampling will be conducted in the first year of
preproject monitoring and in subsequent preproject and postprojecl years.
Because substrate conditions are not expected 10 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 10 petmit sampling. Sampling
will be conducted at the same time each year 10 minimize the effects of possible
seasonal changes in fine sediments.
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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 SPT operations. A
minimum of 2-3 years ofpreproject monitoring may be necessary to provide a
meaningful basis for evaluating potential changes in substrate conditions during
postproject years.

Monitoring of project effects will be conducted in 2-3 sampling events triggered
by the occurrence of the target flows necessary to evaluate the perfoffilance of
sediment disposal relative to model predictions, and following the occurrence of
SPT 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 riffles
or a random sample of riffles in each reacb will be selected for monitoring. Two
transects will be established at each riffle. One transect will be establisbed at a
mndom location in the upstream third of the riffle, and the other transect will be
established in the riffle crest or pool tail (immediately upstream of the head of the
riflJe) 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-centimeter (cm) sections painted contrasting colors. The first sampling
location along eacb transect will be selected randomly and subsequent locations
selected al regular intervals from the first. Sampling locations will be separated
by at least I 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 lO-cm
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

Substrnte Type Pnrticle Size Range (millimelers) Code

Silt ODd cloy <0.059 0

Sand 0.06-1

Gravel 2-15 2

Pebbte 16-63 3

Cobble 64-256 4

Boulder >256 5

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

Table 6. Embeddedness Rating for Stream Channel Materials'

Level of
Embeddedness Description Code

4

2

3

oGravel, pebble, cobble, Dod boulder pnrticlcs have
<5% of their surface covered by sediment

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

Grovel, pebble, cobble, and boulder particles hove
25-35% of their surface covered by sediment

Gravel, cobble, and boulder partic:1cs have 50 -75~'D

of their surface covered by sediment.

Gravel, pebble, cobble, and boulder parlicles have
>75% ofthcir surface covered by sediment.

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

High

Modcrnte

Low

Negligible

As requested by DFG, pebble counts will be evaluated as an alternative method
for assessing the size composition of riffle substrates. In fall 2002, pebble counts
(following the melhods described in Section 4.1.1 of Bunte and Abt [2001]) will
be conducted al existing transects in addition to the Bain method. A squareholed
template will be used to measure substrate particles based on Ihe standard
Wentworth scale (rather than the modified scale used in 200 I). The
embeddedness of gravel and larger material will be measured as the percentage
of the total vertical extent ofa particle below the bed smface. Following data
collection, Jones & Stokes and DFG will compare Ihe 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 count
method, the Bnin 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 surveying techniques will be used to measure channel cross-sections at
several pools upstream and downstream ofRalston 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 I 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 nnd 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 <j\mlity 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
tempcratures 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
usiug 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 mId control reaches
and sufficient preproject data to characterize the differences or relationship
between streambed conditions in Ihese reaches. Alternatively, the dala can be
analyzed graphically using descriptive statistics (e.g., means, confidence
intervals) and/or regression techniques to characterize trends in streambed
parameters over time (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 O,e monitoring program with additional information to
assess the relative magnitude of effects related to SPT and other sources. For
example, bathymetric surveys of Ralston Afterbay before and after SPT
operations will provide valuable information 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 of Ralston 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 Sllpply of fine
sediment. The data then may help in the assessment of whether any net
contribution to fine sediroent supply in the river is attributable to the reservoir.
Other sources of information include ongoing watershed monitoring programs
and ossessments being conducted by the U.S. Forest Service (Forest Service),
U.S. Geological Survey, ond other federal and state ogencies 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 ofmttior events (e.g., fires, landslides, intense
land use activities) that could influence erosion and sediroentation processes in
these watersheds. This information will be used to further evaluate the relative
effects of these sediroent sources on habitot conditions in the monitoring reaches.
The interpretation of monitoring results will also include an analysis of
hydrologic pammeters that may differentially affect geomorphic conditions in the
monitoring renches from year to year.

Benthic Macroinvertebrate Monitoring

Objectives

The primary objective of BMl monitoring is to provide binlogicnl indicators of
aquntic habitot health and functionalily to be used in conjunction with the water
quality and substrate data to evoluate potential project effects on aquatic habitat.
Quantitative bioossessment bascd on BMI wos developed by the Environmelllal
Protection Agency (EPA) as a tool for monitoring and assessing the impacts of
watershed man3gement activities on water quality, fish, and stream productivily.
Quantitative bioassessment has become the legal standard in most states for
mitigation and restomtion projects. Justifications for the use of BMI as
indicators of water ond habitat quality have been described by Hutchinson
(1993), Resh and Jackson (1993), Rosenburg and Resh (J 993), and others.
Additional advantages of BMI-based biological assessment include long storage
life for preservcd samples and the establishment ofBMI voucher collections.
Voucher collections may be evaluated by other investigators and serve as a
source of information for taxonomists and resource maTh'1gers.

Monitoring Parameters

The following parameters will be used 10 monitor the overall health and
fimctionality of aquatic habitat in the treatment and control reaches during
preprojcct and poslproject periods.
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Invertebrate Density

Invertebrate density is the number of individual invertebrates per square meter.
This is a measure of overall habitat utilization by BMI, as well as a measure of
forage available to fish. 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, Ihe higher
the taxa richness. Similarly, sudden drops in taxa ric1mess will indicate a
negalive impact within the system.

8MI Productivity

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

Ephemeroptera, Plecoptera, Trichoptera Ratios

By measuring the abundance of invertebrate families most sensitive to changes in
water quality and habitat suitability, Ihe relative habitat health can be examined.
The Ephemeroptera, Plccoptera, 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
(Platkin et al. 1989).

Jaccard Coefficient of Community Similarity

Jaccard Coefficient of Commwlily Similarity and Community Loss indices
(Barbour el. al. 1999) will be used to determine similarities between the
treatment and control reaches and between proprojeel and postproject years.
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Jaccard Coefficient of
Community Similarity

tJ of (a-xa common to both samples

# of Ia.Xi] in bom samples

The Jaccard Coefficient of Community 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 of taxa between comparison
samples and reference samples.

Conununily
Loss

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

# of tnxa 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 8M! monitoring was based on EPA's quanititative
bioasscssment protocols for streams and wadeable rivers (Barbour et al. 1999).
8MI 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
sanlpling in each monitoring reach. (Table 4). Samples will be collected in the
late spring (June), midsummer (August), aud 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 normal yearly
maintenance practices 10 limit colonization of the littoral zone by BMI.

A standard kick seine will be used to sample BMI at 3 locations along selected
transects. These locations were selected to provide samples from a representative
range of velocities along each transect. A kick is accomplished by placing the
kick net in n 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 loe or heel of a boot and tile
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 of substrate 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 collectionnwnber, 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 of custody forms will be used to track the samples. The
contents of each sample will be placed into a 300-micrometer (I'm) sieve, gently
rinsed, and Illen 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 EMI
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 EMI
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 15°C deionized woter. 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 (Arnell 1968; Edmunds et al. 1976; McAlpine
et al. 1981; Merrill and Cummins 1984; PelUlak 1978; Usinger 1956; Wiggins
1977) in order to establish diversity, EPT ratios, opportunistic taxa ratios, taxa
riclmess, and abundance, and to develop community indexes.

Starting in 2002, modifications and adrlitions will be made to EMI 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 purposes and complete counls of
the remaining organisms, sending at least 10% of the 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 al.
1989; Resh and Rosenberg 1984; Merrill and Cmnmins 1984; Hutchinson 1993;
Resh and Jackson 1993; Rosenburg and Resh 1993).

Monitoring Plan for the Ralston Afterbay
Sediment Management Project
Indian Bar Plio! Projeci

A-3D
Augus15.2002

J&501-3::15



Placer County Waler Agency POVl2r System

Data Management and Reporting

Successful implemenlation of the water quality and aquatic resource monitoring
program requires proper data reduction and analysis procedures, routine quality
control checks during sampling and data processing, and annual reporting of
results for permit compliance, impact assessment, and performance evaluation.
The chain of custody for data handling, storage, and processing will be clearly
established. 11 is best to have a single person responsible for the monitoring
program to ensure that all field and laboratory techniques, data entry, quality
control and assurance methods, and analytical methods are coordinated and
follow established protocols.

Standard field and laboratory data fonns 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 proof all data forms at the end of each 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 cntries 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 spreadsheels will be used for data reduction, analysis, and reporting. The
results of the preproject and project operation monitoring will be prcsenled in
annual reports prepared at the end of each annual monitoring period. The reports
wiJI summarize the methods and results of the current and previous years'
monitoring activities. Datil and statistical analyses will be presented in sUllunary
graphs and tables. The reports will present and update conclusions regarding
permit compliance, impact assessment, and moniloring performance ond will
include recommendations for modifications ofsampling design and othcr
program elements, if warranted.
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