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Acronym Definition
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CDFW California Department of Fish and Wildlife
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in. inches
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mi mile
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new license The FERC License for the Upper American River Project
2101 issued July 2014 for which new flow regimes and other
terms and conditions were implemented beginning in October
2014

NOAA National Oceanic and Atmospheric Administration

O/E Observed-to-expected

old license The original FERC License for Upper American River Project
2101 which concluded in July 2014 for which a different
minimum flow regime and other terms and conditions were in
place

OPUS Online Positioning User Service
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Acronym Definition

Plan(s) Trout Monitoring Plan, Aquatic Macroinvertebrate Monitoring
Plan, Geomorphology Monitoring Plan, Riparian Vegetation
Monitoring Plan, Bald Eagle Monitoring Plan, Hardhead
Monitoring Plan, Amphibian and Aquatic Reptile Monitoring
Plan, Sierra Nevada Yellow-legged Frog Monitoring, Bear
Monitoring Plan, Large Woody Debris Monitoring Plan, and
Water Temperature Monitoring Plan

PG&E Pacific Gas and Electric Company

QC Quiality control

Report Annual Monitoring Report

RTK Real-time kinematic

RTS robotic total station

RWB Reach-wide benthos

SAFIT Southwestern Association of Freshwater Invertebrate
Taxonomists

SFAR South Fork American River

Sierra B Sierra Index of Biological Integrity

SL Standard Length

SMUD Sacramento Municipal Utility District

SNYLF Sierra Nevada Yellow-legged Frog

SWAMP Surface Water Ambient Monitoring Program

SWRCB State Water Resources Control Board

TL Total Length

UARP Upper American River Project

USGS U.S. Geological Survey

USFS U.S. Department of Agriculture, Forest Service

USFWS U.S. Fish and Wildlife Service

VESs Visual Encounter Surveys

WPT Western pond turtle

XS Cross-section

YOY young of-year
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1.0 INTRODUCTION AND BACKGROUND

This Annual Monitoring Report (Report) addresses monitoring requirements set forth in
Sacramento Municipal Utility District’'s (SMUD) Trout Monitoring Plan, Aquatic
Macroinvertebrate Monitoring Plan, Geomorphology Monitoring Plan, Riparian
Vegetation Monitoring Plan, Bald Eagle Monitoring Plan, Hardhead Monitoring Plan,
Amphibian and Aquatic Reptile Monitoring Plan, Sierra Nevada Yellow-legged Frog
Monitoring, Bear Monitoring Plan, Large Woody Debris Monitoring Plan, and Water
Temperature Monitoring Plan (Plans). Requirements of the Plans are found in State
Water Resources Control Board (SWRCB) Conditions 8 and 10, and U.S. Department
of Agriculture, Forest Service (USFS) 4(e) Condition 31 and 35, located in Appendices
A and B, respectively, of the Federal Energy Regulatory Commission’s (FERC) Order
Issuing New License for the Upper American River Project (UARP; FERC Project No.
2101), dated July 23, 2014 (FERC 2014) and the USFS section 4(e) Conditions 14 and
15 for the Slab Creek Flow Facility Project License Amendment (USFS 2015). The
Plans were developed in consultation with the SWRCB, USFS, California Department of
Fish and Wildlife (CDFW), and U.S. Fish and Wildlife Service (USFWS). This Report
presents the results of implementing the Plans in 2019.

SMUD owns and operates the UARP which is licensed by FERC. The UARP lies within
El Dorado and Sacramento counties, primarily within lands of Eldorado National Forest
(ENF). The UARP consists of three major storage reservoirs: Loon Lake, Union Valley,
and Ice House (with a combined capacity of approximately 379,000 acre-feet), eight
smaller regulating or diversion reservoirs, and eight powerhouses. The UARP also
includes recreation facilities containing over 700 campsites, five boat ramps, hiking
paths, and bicycle trails at the reservoirs.

All minimum streamflows required by the new FERC License were implemented in
October 2014, therefore, Year 1 as it pertains to the Monitoring Program is 2015. Pre-
and post-2014 minimum streamflow requirements (i.e., “old” license and “new” license)
are provided in Appendix Al.

This Report summarizes results of Monitoring Year 5 (2019). Refer to Section 1.2 of this
report for information about the frequency of resource-specific monitoring effort required
by the License. Some monitoring activities have specific reporting requirements and
deadlines in lieu of this Report.

For context in considering the monitoring results, the California Department of Water
Resources (DWR) May Bulletin 120 forecast the 2019 water year type as Wet, and the
UARP was operated under this scenario for the remainder of the water year. The final
2019 water year type remained classified as Wet based on DWR'’s Full Natural Flow
record for the American River at Folsom in October 2019.

Sacramento Municipal Utility District 1-1
Upper American River Project
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1.1 MONITORING SITES

Monitoring sites are depicted in Figure 1-1 through Figure 1-3 for all 2019 study
locations.
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Figure 1-1. Monitoring locations downstream of Rubicon Reservoir, Rockbound Lake, Loon Lake, and Gerle

Creek Reservoir.
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Figure 1-2. Monitoring locations downstream of Ice House Reservoir, Union Valley Reservoir, Junction
Reservoir, and Camino Reservoir.
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Figure 1-3. Monitoring locations downstream of Camino Reservoir (continued), Brush Creek Reservoir, and

Slab Creek Reservoir.
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1.2 MONITORING FREQUENCY
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The Monitoring Program covers monitoring to be conducted during all years until a new
license is issued. Table 1-1 describes the monitoring frequencies for the first five years

of the License. As noted in Section 1.3, some monitoring activities have specific

reporting requirements and deadlines in lieu of this Report.

Table 1-1. Monitoring Program Frequency First Five Years.

License Monitoring Year

1 2 3 4 5

Monitoring Effort (2015) | (2016) | (2017) | (2018) | (2019)
Trout Population Monitoring X
Hardhead Population Monitoring X X X
Aguatic Macroinvertebrate X
Amphibian and Aquatic Reptile Monitoring (including

Foothill Yellow-legged Frog) X X X X
Sierra Nevada Yellow-legged Frog (formerly

Mountain Yellow-legged Frog) Monitoring X
Riparian Vegetation Monitoring X
Algae Species ldentification and Monitoring X

Gg_omc_)rphology (Sensitive Site Investigation and X X

Mitigation Plan Development)

Geomorphol_ogy (Continuing Evaluation of X
Representative Channel Areas)

Water Temperature X X X X
In Situ Water Quality X X X X X
Bacteria Monitoring X X X X X
Metals bioaccumulation X

Water General Chemistry X

Robbs Peak Powerhouse Entrainment X X X

Bear Management Monitoring X X X X
Bald Eagle Monitoring X X X X
Large Woody Debris X X X X X
Sacramento Municipal Utility District 1-4
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2.0 TROUT
2.1 OBJECTIVES

The objective of the Trout Monitoring Plan is to evaluate changes in trout populations
throughout the UARP area related to implementation of new minimum flow
requirements under the 2014 FERC License (SMUD 2016).

2.2 METHODS

Site locations are shown in Figures 1-1 through 1-3, and methods are described in
Section 4.0 of the Trout Monitoring Plan. The following methodological variations were
implemented during the 2019 monitoring and analysis:

e Sites JD-F3 and SCD-F2 were surveyed via snorkeling rather than electrofishing
due to access constraints (inability to safely transport gear to the site) and safety
concerns caused by high flow conditions, respectively.

e The downstream extent of Site RRD-F2 and upstream extent of Site RPD-F1
were reduced by 45 feet and 20 feet, respectively, due to scour pools preventing
effective block net placement.

e The upstream extent of Site LLD-F2 was extended 20 feet upstream. The original
location of the upstream block net was immediately below a high gradient riffle,
such that high flow through the riffle (under the new minimum flows) prevented
block net deployment.

e A maximum-likelihood estimate was used to aid in the computation of trout
density and biomass at sites RRD-F2 and IHD-F1, where low observation
numbers and poor depletion patterns prevented reliable Zippin estimates. For
these two sites, MicroFish 3.0 (Van Deventer and Platts 1989) was used to
generate population estimates and capture probabilities, which were then used to
estimate trout density and biomass.

2.3 RESULTS

Nine fish species were documented during the 2019 surveys, including six native and
three non-native species, compared to 12 fish species previously documented during
the 2002-2005 surveys (Table 2-1). The distribution of species observed among sites
decreased from prior surveys to 2019; however, this may reflect a single year of
sampling (in 2019) compared to multiple years of sampling in prior years (2002—2005;
Table 2-1). The distribution of rainbow trout was similar to prior years, except for in the
Buck Island Dam and Junction Dam reaches, where they were not observed in 2019.
The distribution of brown trout was also similar to prior years, except for the Junction
Dam and Camino Dam reaches, where they were not observed in 2019. The Slab
Creek Dam Reach continued to have the greatest number (richness) of species, with

Sacramento Municipal Utility District 2-1
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five species observed in 2019 (Table 2-1). Fish survey data are provided in Appendix

B1.
Table 2-1. Fish Species Composition for the SMUD UARP Study Reaches,
2002-2019.2
Stream Reach®
Fish Species RRD | BID | LLD [GeD | RPD [ HD | oD | cp | scp
Native
California Hesperoleucus O oD o
roach symmetricus
Hardhead Mylopharodon o
conocephalus
Hitch Lavina .
exilicauda
Eglljrtlbow Onc:;r;zr;;:hus o[ ° o[ o[ o[ o[ o[ o[
Riffle sculpin | Cottus gulosus °
Sacramento Ptychocheilus oD
pikeminnow grandis
Sacramento Catostomus . 0 o . oD
sucker occidentalis
Sculpin spp. Cottus spp. o
Speckled Rhinichthys O o
dace osculus
Non-native
Brook trout Salv_elm_us °
fontinalis
Brown trout Salmo trutta o o o o o ° o
Golden Notemigonus oD
shiner crysoleucas
Sunfish spp. Lepomis spp. a

ae 2002, 2003, 2004, and/or 2005 Surveys O 2019 surveys
b BID = Buck Island Dam IHD = Ice House Dam

CD = Camino Dam JD = Junction Dam

GC = Gerle Creek Dam LLD = Loon Lake Dam

RPD = Robbs Peak Dam
RRD = Rubicon Dam
SCD = Slab Creek Dam

Overall, rainbow and brown trout remained the dominant fish species throughout the
UARP study area in 2019 (Figure 2-1); however, notable changes in species relative
abundance occurred at several sites compared to prior survey years. For example, the
relative abundance of trout increased in 2019 compared to prior survey years at sites
IHD-F2 and SCD-F2, reflecting decreased abundance of sucker, sculpin, and minnow
species. Also, the relative abundance of brown trout decreased in 2019 compared to
prior survey years at several sites (GCD-F1, RPD-F1, IHD-F1, and LLD-F2), with Site
LLD-F2 transitioning from brown trout to rainbow trout dominant (Figure 2-1).
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Figure 2-1. Fish species relative abundance among UARP trout monitoring sites, 2002—2019.
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Trout biomass was estimated for sites that were sampled by electrofishing. Trout
(rainbow and brown trout, combined) density was estimated for sites that were sampled
by multiple-pass electrofishing and snorkel surveys. In general, trout densities were
lower in 2019 than in 2002—-2005 (Table 2-2); however, densities varied among sites. In
2019, trout densities at sites located at higher elevations (i.e., sites RRD-F1, RRD-F2,
BID-F1, LLD-F3, and LLD-F2) were lower than in previous survey years, whereas trout
densities at the middle and lower elevation sites (i.e., sites GCD-F1 and CD-F1,
respectively) were either higher or within range of previous survey years (Figure 2-2).
Similarly, average trout biomass was lower in 2019 than in previous survey years (Table
2-2) and included the lowest recorded levels at seven of the nine sites surveyed (Figure
2-3). Detailed trout biomass and density data are provided in Appendix B2.

Table 2-2. Average Trout Density and Biomass, 2002-2019.2P

2002 2003 2004 2005 2019
Density 278.2 293.0 432.9 348.5 167.9
(trout/acre)
Biomass 20.4 13.4 30.2 13.7 9.4
(Ibs/acre)
Ibs = pounds

a8 Averages for the monitoring years 2002—2005 exclude sites which were not surveyed in 2019.
b Average density was computed from sites that were surveyed by electrofishing and snorkel methods, while
biomass only included sites that were electrofished.
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Survey Site
Note: Not all sites were surveyed each year
* Snorkel survey (CD-F1 in 2002—2019; JD-F3, SCD-F3, and SCD-F2 only in 2019)

Figure 2-2. Trout density in the UARP study area by site, arranged left to right by
decreasing elevation, 2002-2019.
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Figure 2-3. Trout biomass in the UARP study area by site, arranged left to right
by decreasing elevation, 2002—-2019.

Similar to trout density, the number of catchable trout per mile (trout that are greater
than 152 millimeters (mm; 6 inches [in.]) decreased in higher elevation streams
(Rubicon River, Little Rubicon River, Gerle Creek, and South Fork Rubicon River) and
increased in lower elevation streams (South Fork Silver Creek, Silver Creek, and South
Fork. American River) in 2019 compared to prior years (Figure 2-4).
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Figure 2-4. Number of catchable trout (>152 mm) per mile in the UARP study
area by site, arranged left to right by decreasing elevation, 2002-2019.

Condition factors (K-values) indicate that rainbow trout were generally in good condition
in 2019%; however, the average condition factor for all sites was lower than prior survey
years (Figure 2-5, Table 2-3, and Appendix B3). The condition factors also indicate that
brown trout were in good condition in 2019, and their average condition factor was
comparable to previous survey years (Figure 2-6, Table 2-3, and Appendix B3).

1 Condition factors in western Sierran streams typically range from 0.8 to 2.0, with a mean condition factor generally
1.2 or below (Beak 1991, EA 1986, Ebasco Environmental 1993, Wilcox 1994, Hanson Environmental 2005). Rabe
(1967) reported the condition factor to be between 0.9 and 1.1 for rainbow trout in Alpine lakes. Arismendi et al.
(2011) cites broader ranges (0.5 to 2.0); however, condition is dependent on the time of sampling, the species, the
strain of trout, state of sexual maturity, and the way fish length is defined (e.g., fork length [FL], total length [TL], or
standard length [SL]), which is not often documented with the results. Total length has been used as the standard of
measurement throughout the 2002—-2019 UARP trout monitoring surveys.
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Figure 2-5. Condition factors for rainbow trout captured by electrofishing in the
UARP study area by site, arranged left to right by decreasing elevation, 2002—
2019.
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Figure 2-6. Condition factors for brown trout captured by electrofishing in the
UARP study area by site, arranged left to right by decreasing elevation, 2002—
20109.
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Table 2-3. Condition Factors for Rainbow and Brown Trout in the UARP Study
Area by Site, 2002—2005 and 2019.2
Survey Site
Year RRD-F1 | RRD-F2 | LLD-F3 | LLD-F2 | GCD-F1 | RPD-F1 | IHD-F1 | IHD-F2 | Average
Rainbow trout
2019 1.08 0.89 0.97 0.96 0.84 0.87 0.99 0.89 0.94
2005 1.16 0.96 -- -- -- 0.98 -- -- 1.03
2004 - - -- 1.14 - - 1.08 0.98 1.06
2003 1.08 1.19 -- 0.85 0.99 0.97 0.98 0.91 0.99
2002 1.00 1.00 -- 0.91 0.82 0.98 0.90 1.01 0.95
Average | 1.08 1.01 0.97 0.96 0.88 0.95 0.99 0.95 0.98
Brown trout
2019 1.10 -- 1.18 0.94 1.00 1.01 0.98 0.99 1.03
2005 1.10 0.97 - - - - - - 1.04
2004 - - -- 1.09 - 0.98 1.02 1.03 1.03
2003 1.02 1.07 -- 0.97 1.25 1.05 0.95 0.99 1.04
2002 0.98 0.97 - 1.05 0.97 1.00 0.86 1.06 0.98
Average | 1.05 1.00 1.18 1.01 1.07 1.01 0.95 1.02 1.02
-- = not sampled

a Condition factors calculated using TL as the metric for length measurement.

Length-at-age data used to determine approximate age classes of each trout species
are provided in Table 2-4. Scale data from representative fish from all sites were

combined for the analysis to supplement length-at-age data from the literature. Scale
analysis data are provided in Appendix B4.

Table 2-4. Trout Length-at-Age Summary.
Length-at-Age (mm TL)
Reference YOY 1+ ‘ 2+ ‘ 3+ 4+
Rainbow trout

Snider and Linden b
(1981), Moyle (2002) <100 130-170 180-220 230-260 --

. _ 122-181 187-212 b b
2019 Scale Analysis a (n=27) (n=4)

Brown trout

Moyle (2002) <70 70-220 130-360 230-450 -

. 72-90 119-164 147-222 240-352 325
2019 Scale Analysis (n=15) (n=6) (n=6) (n=4) (n=1)

mm=millimeters; TL=Total Length; YOY=young-of-year
a Rainbow trout YOY scales were not collected due to potential harm to the fish and the scale’s small/developing

nature

b No fish in this size class collected

Sacramento Municipal Utility District
Upper American River Project
FERC Project No. 2101
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The following sections discuss results from individual reaches and sites. Site photos
and habitat data are provided in Appendix B5 and Appendix B6, respectively.

2.3.1 Site RRD-F1

This sampling site is located approximately 1.6 miles downstream of Rubicon Dam, just
upstream of Rubicon Springs. This site included bedrock and boulder-dominated riffle
and run complexes with a small amount of pool habitat. The upper segment of this site
had transitioned from almost entirely pool habitat in 2002 and 2003 to being run-
dominant in 2019. This site was surveyed via electrofishing in 2002, 2003, 2005, and
2019; it was divided into upper and lower segments during sampling in all years for
sampling efficiencies, although the data are presented for the entire site.

Both rainbow and brown trout were captured at this site in all survey years, with rainbow
trout as the dominant species and little change in composition across years (Figure 2-
1). Trout density and biomass in 2019 were much lower than all other years sampled
(Figure 2-7).
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Figure 2-7. Trout density and biomass at Site RRD-F1, Rubicon River, Rubicon
Dam Reach, 2002-2019.

Rainbow trout ranged in age from young-of-year (YOY) to age 2+ in 2019 (Figure 2-8).
There was a flat distribution among age classes, which is not typical and indicates low
recruitment in 2018 and 2019. Prior years, especially 2002, had a more typical length-
frequency distribution, where highest numbers of YOY were followed by lower numbers
of subsequent age classes.

Sacramento Municipal Utility District 2-9
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FERC Project No. 2101



2019 Annual Monitoring Report
June 2020

Only two brown trout were observed at Site RRD-F1 in 2019. Both were YOY fish,
indicating limited recruitment in late 2018 and early 2019. In previous monitoring years,
small numbers of trout were observed in the 1+ and 2+ age classes which also
indicated poor recruitment and low survival in those years (Figure 2-9).

The average condition factors for rainbow and brown trout (K=1.08 and 1.10,

respectively) in 2019 suggests that trout were in good condition, which was generally

consistent with previous monitoring years (Table 2-3, Figure 2-5, and Figure 2-6).
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Figure 2-8. Length-frequency and age-class distribution of rainbow trout at Site
RRD-F1, Rubicon River, Rubicon Dam Reach, 2002-20109.
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Figure 2-9. Length-frequency and age-class distribution of brown trout at Site
RRD-F1, Rubicon River, Rubicon Dam Reach, 2002-2019.

2.3.2 Site RRD-F2

This sampling site is located at the downstream end of Rubicon Springs Valley, at the
confluence of the Rubicon River and Miller Creek, 3.5 miles downstream of Rubicon
Dam. The site included sand dominant pool and run habitat with limited riffle habitat. It
was surveyed via electrofishing in 2002, 2003, 2005, and 2019 and was sampled as a
single segment in 2019.

Fish species observed in 2019 included speckled dace, California roach, and rainbow
trout, which is consistent with prior monitoring years; however, brown trout had also
been previously observed (Figure 2-1). Trout density and biomass were lower in 2019
than all other monitoring years (Figure 2-10). The single rainbow trout observed was
age 1+, indicating poor recruitment at this site in 2019. Previous monitoring years
showed more typical length-frequency distributions for rainbow and brown trout, with
higher numbers of YOY followed by lower numbers in subsequent age classes (Figures
2-11 and 2-12). The average condition factor for rainbow trout in 2019 (K=0.89) was
also the lowest of all years sampled (Table 2-3, Figure 2-5).
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Figure 2-10. Trout density and biomass at Site RRD-F2, Rubicon River, Rubicon

Dam Reach, 2002—-2019.
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Figure 2-11. Length-frequency and age-class distribution of rainbow trout at Site

RRD-F2, Rubicon River, Rubicon Dam Reach, 2002-2019.
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Figure 2-12. Length-frequency and age-class distribution of brown trout at Site
RRD-F2, Rubicon River, Rubicon Dam Reach, 2002— 2019.

2.3.3 Site BID-F1

This sampling site is located 1.5 miles downstream of Buck Island Dam at a 90-degree
bend in the channel and the base of a short bedrock slab, which resulted in a large
boulder and bedrock dominant backwater scour pool in the upper segment. The
narrower, higher-gradient lower segment contained riffle and run habitat. This site was
surveyed via electrofishing in 2002, 2003, and 2019 and was divided into upper and
lower segments during sampling.

California roach and golden shiner were observed in 2019, similar to 2002 and 2003;
however, Sacramento sucker were also observed for the first time. Rainbow trout, which
were present in small numbers in 2002 and 2003, were absent in 2019 (Figure 2-1).
Trout density and biomass were the lowest in 2019 of all monitoring years (Figure 2-13).
In prior years, rainbow trout ranged from YOY to age 2+ (Figure 2-14).
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Figure 2-13. Trout density and biomass at Site BID-F1, Little Rubicon River, Buck
Island Dam Reach, 2002-20109.
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Figure 2-14. Length-frequency and age-class distribution of rainbow trout at Site
BID-F1, Little Rubicon River, Buck Island Dam Reach, 2002—-2019.
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2.3.4 Site LLD-F3

Site LLD-F3 was sampled for the first time in 2019 as a replacement for LLD-F1. Site
LLD-F1 is located on private land where access was restricted in 2019. Site LLD-F3
was determined to be a reasonable substitute for Site LLD-F1 because it is in close
proximity to Site LLD-F1, contains multiple habitat types (run, pool, etc.), is of similar
size and gradient to the area around Site LLD-F1, and is located on public land. This
sampling site is located approximately 3 miles downstream of Loon Lake Dam and 0.5
miles downstream of Wentworth Springs. The site was composed primarily of run
habitat with a small number of riffles and glides. It was surveyed via electrofishing and
was divided into upper and lower segments during surveying.

Rainbow and brown trout were observed in 2019 (Figure 2-1). Trout density, biomass,
and the number of catchable trout per mile were relatively low compared to other sites
(Figures 2-2 through 2-4). Rainbow and brown trout ranged from YOY through age 2+,
although the low abundance and flat age-class distributions indicate limited recruitment
in 2018 and 2019 (Figures 2-15 and 2-16). Rainbow and brown trout were in good
condition (K=0.97 and 1.18, respectively; Figures 2-5 and 2-6, Table 2-3).
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Figure 2-15. Length-frequency and age-class distribution of rainbow trout at Site
LLD-F3, Gerle Creek, Loon Lake Dam Reach, 2019.
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Figure 2-16. Length-frequency and age-class distribution of brown trout at Site
LLD-F3, Gerle Creek, Loon Lake Dam Reach, 2019.

2.3.5Site LLD-F2

Site LLD-F2 is located at the confluence of Gerle Creek with Rocky Basin Creek,
approximately 4 miles downstream of Site LLD-F3 and 7 miles downstream of Loon
Lake Dam. The site contained long runs with intermittent riffles, pools, and glide habitat.
More riffle habitat was documented at the site relative to previous monitoring years. It
was surveyed via electrofishing in 2002, 2003, 2004, and 2019 and was divided into
upper and lower segments during sampling.

Rainbow and brown trout were observed at this site in all monitoring years. The site
transitioned from brown trout dominant to rainbow trout dominant in 2019 (Figure 2-1).
Trout density in 2019 was similar to other monitoring years, but biomass was slightly
lower, which appears related to a decrease in the number of catchable trout per mile in
2019 (Figures 2-4 and 2-17).
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Figure 2-17. Trout density and biomass at Site LLD-F2, Gerle Creek, Loon Lake
Dam Reach, 2002-2019.

Rainbow trout ranged from YOY through age 2+ in 2019; however, the age-class
distribution was flat across all years and lacked older age classes, indicating both
limited recruitment and survival success (Figure 2-18).

Brown trout belonged to the YOY through 3+ age classes in 2019; however, similar to
rainbow trout, there was a flat distribution of age classes in 2019, indicating poor
recruitment that year. The length-frequency distributions of previous monitoring years
documented a more typical age-class distribution with higher recruitment and survival
levels (Figure 2-19).

Rainbow and brown trout were in relatively good condition (K=0.96 and 0.94,
respectively), which was consistent with previous monitoring years (Table 2-3, Figures
2-5 and 2-6).
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Figure 2-18. Length-frequency and age-class distribution of rainbow trout at Site

LLD-F2, Gerle Creek, Loon Lake Dam Reach, 2002-2019.
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Figure 2-19. Length-frequency and age-class distribution of brown trout at Site

LLD-F2, Gerle Creek, Loon Lake Dam Reach, 2002—-2019.
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2.3.6 Site GCD-F1

Site GCD-F1 is located approximately 1 mile downstream of Gerle Creek Dam and 0.25
miles upstream of the confluence with the South Fork Rubicon River. The site was
characterized by run habitat and a large pool. It was surveyed via electrofishing in 2002,
2003, and 2019 and was divided into upper and lower segments during sampling.

Rainbow trout was the most abundant species observed across all three sampling
years. Trout density and biomass in 2019 were within the range of levels observed in
2002 and 2003 (Figure 2-20). Although the number of catchable trout per mile was the
lowest in 2019 of all years sampled (Figure 2-4).
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Figure 2-20. Trout density and biomass at Site GCD-F1, Gerle Creek, Gerle Creek
Dam Reach, 2002-2019.

In 2019, rainbow trout ranged in age from YQOY to age 2+ with a typical age-class
distribution, where the highest number were YOY and fewer numbers were observed in
each subsequent age class. A similar length-frequency distribution occurred in previous
sampling years (Figure 2-21). Only one YOY brown trout was observed in 2019. In prior
years, brown trout also demonstrated a more typical age-class distribution ranging up to
age 3+ (Figure 2-22).

Rainbow trout condition was similar among years sampled, although the average
condition was relatively low (K=0.84) at this site compared to the rest of the study area
(Table 2-3, Figure 2-5). The single brown trout observed was in good condition (K=1.0)
(Table 2-3, Figure 2-6).
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Figure 2-21. Length-frequency and age-class distribution of rainbow trout at Site
GCD-F1, Gerle Creek, Gerle Creek Dam Reach, 2002—-2019.
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Figure 2-22. Length-frequency and age-class distribution of brown trout at Site

GCD-F1, Gerle Creek, Gerle Creek Dam Reach, 2002-2019.
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2.3.7 Site RPD-F1

Site RPD-F1 is located 3.5 miles downstream of Robbs Peak Dam and 0.75 miles
below the confluence with Gerle Creek. It was surveyed via electrofishing in 2002, 2003,
2005, and 2019 and was divided into upper and lower segments during sampling. There
was a large amount of riffle habitat at this site, with runs, pools, and glides interspersed
throughout.

Rainbow trout and brown trout have been the only species observed at Site RPD-F1 in
all years surveyed (Figure 2-1). Trout density in 2019 was similar to prior years;
however, biomass was slightly lower in 2019 than prior years (Figure 2-23). Although
trout density and biomass were at the lower range in 2019, compared to other survey
years, density and biomass at Site RPD-F1 were still among the highest values
recorded among sites in 2019 (Figures 2-2 and 2-3).

800 35
700 &g 30
B -
g 600 . 25 &
= o 3

5 500
E ? 20
< 400 5 iy
= o 159
%) m ;)
2 300 . &
(@]
2 200 10q
3
= 100 5
//
0 7/ 0
2002 2003 2004 2005 2019

| = 95% Confidence Interval ®@Density OBiomass

Figure 2-23. Trout density and biomass at Site RPD-F1, S.F. Rubicon River,
Robbs Peak Dam Reach, 2002—-2019.

Rainbow trout ranged from YQOY through age 2+ in 2019 with a typical length-frequency
distribution, suggesting strong recruitment, which is similar to prior years (Figure 2-24).
Brown trout ranged from YOY through age 3+ in 2019, with a flat length-frequency
distribution that suggests poor recruitment compared to prior years (Figure 2-25).

Rainbow trout condition (K=0.87) was lower than the previous sampling years, on
average (Figure 2-5), whereas brown trout were of similar condition (K=1.01) to prior
years (Table 2-3, Figure 2-6).
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Figure 2-24. Length-frequency and age-class distribution of rainbow trout at Site
RPD-F1, S.F. Rubicon River, Robbs Peak Dam Reach, 2002—2019.
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Figure 2-25. Length-frequency and age-class distribution of brown trout at Site
RPD-F1, S.F. Rubicon River, Robbs Peak Dam Reach, 2002-2019.
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2.3.8 Site IHD-F1

Site IHD-F1 is located approximately 0.25 miles downstream of Silver Creek
Campground and 2.0 miles downstream of Ice House Dam. The site contained run and
riffle habitat with smaller amounts of pool and glide habitat. The site was split into two
segments during sampling and surveyed via electrofishing in 2002, 2003, 2004, and
2019.

Rainbow trout and brown trout have been the only species observed across all survey
years, and rainbow trout was consistently the most abundant of the two. Trout density
and biomass were relatively similar among survey years, and trout density at this site
was the second highest of all sites surveyed in 2019 (Figures 2-2 and 2-26)
(unfortunately, a poor depletion pattern in 2019 resulted in large confidence intervals at
this site). Similarly, the number of catchable trout per mile in 2019 was also the highest
of all sites for all years surveyed (Figure 2-4).
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Figure 2-26. Trout density and biomass at Site IHD-F1, S.F. Silver Creek, Ice
House Dam Reach, 2002-20109.

Rainbow trout ranged from YOY through age 2+ in 2019 with a somewhat typical length-
frequency distribution, which is similar to prior years (Figure 2-27). Only three brown
trout were observed in 2019, all belonging to the 1+ and 2+ age classes. The absence
of a YOY age class in 2019, and the relatively flat age-class structure across all years,
indicates limited brown trout recruitment (Figure 2-28).

The condition of rainbow and brown trout (K=0.99 and 0.98, respectively) suggests that
trout were in good condition in 2019 (Table 2-3, Figures 2-5 and 2-6).
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Figure 2-27. Length-frequency and age-class distribution of rainbow trout at Site
IHD-F1, S.F. Silver Creek, Ice House Dam Reach, 2002—-20109.
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Figure 2-28. Length-frequency and age-class distribution of brown trout at Site
IHD-F1, S.F. Silver Creek, Ice House Dam Reach, 2002—-20109.
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2.3.9 Site IHD-F2

Site IHD-F2 is located 7.5 miles downstream of Ice House Dam. There was a large
amount of run habitat with several riffles and small pools interspersed. The site was split
into two segments during electrofishing in 2002, 2003, 2004, and 2019.

Rainbow trout, brown trout, and Sacramento sucker were observed during all four
survey years. Sacramento sucker were the most abundant species in 2002—-2004;
however, brown trout were most abundant in 2019 (Figure 2-1). Trout density, biomass,
and the number of catchable trout were all similar, but slightly higher than previous
survey years (Figures 2-2, 2-3, 2-4 and 2-29).
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Figure 2-29. Trout density and biomass at Site IHD-F2, S.F. Silver Creek, Ice
House Dam Reach, 2002-2019.

Rainbow trout ranged from YOY through age 2+ in 2019, but with an atypical
distribution; the distribution of fish included higher numbers of age 1+ and 2+ than YOY,
suggesting limited recruitment, but moderate survival, which is similar to prior survey
years (Figure 2-30). Brown trout ranged from YOY through age 3+ with a slightly more
typical distribution, although in low numbers, which is also similar to prior sampling
(Figure 2-31).

Rainbow and brown trout were in generally good condition at this site in 2019 (Table 2-
3, Figure 2-5 and 2-6). However, the condition of rainbow trout in 2019 (K=0.89) was the
lowest of all sampling years, whereas brown trout had a higher than average condition
factor (K=0.99) for this site.
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Figure 2-30. Length-frequency and age-class distribution of rainbow trout at Site
IHD-F2, S.F. Silver Creek, Ice House Dam Reach, 2002—-2019.
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Figure 2-31. Length-frequency and age-class distribution of brown trout at Site
IHD-F2, S.F. Silver Creek, Ice House Dam Reach, 2002—-2019.
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2.3.10 Site JD-F3

Site JD-F3 was sampled for the first time in 2019 as a replacement for JD-F1. Site JD-
F1 is located on private land and access was restricted in 2019. Site JD-F3 was
determined to be a reasonable substitute because it exhibits characteristics of other
transitional sections in the reach and it is on public land where access is available. Site
JD-F3 is located approximately 3.5 miles downstream of Junction Dam. The site was
split up into four habitat units that were surveyed via snorkel methods. The habitat units
consisted of a run, a high-gradient riffle, a long, deep pool, and a long riffle. 2019 was
the first year of sampling at this location, since the site was selected to replace a prior
sampling location where access was no longer available. No fish were observed during
snorkel surveys in 2019; however, catchable rainbow trout were observed in the pool
habitat unit during site reconnaissance the week prior. A river otter was observed
foraging within the site during the snorkel survey, which likely influenced the results.

2.3.11 Site CD-F1

The Silver Creek, Camino Dam Reach was surveyed via snorkel methods at one site in
2019; it was also surveyed in 2002. Site CD-F1 is located approximately 0.50 miles
downstream of Camino Dam and consisted of seven habitat units (all pool and riffle).

Rainbow trout were the only species observed at this site in 2019; in 2002 brown trout
were also observed. Trout density and the number of catchable trout per mile increased
in 2019 relative to 2002 (Figures 2-2 and 2-4). Rainbow trout age classes ranged from
YOY through age 3+. Age 1+ fish had the greatest representation among all age
classes in 2019 which could indicate poor recruitment; however, habitat at this site
(larger pools and riffles) would favor older age classes, and YOY fish are more difficult
to observe in larger rivers during snorkel surveys. Length-frequency was distributed
more evenly in 2002 among the YOY through 3+ age classes, although the number of
trout observed was low (Figure 2-32).
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Figure 2-32. Length-frequency and age-class distribution of rainbow trout at Site
CD-F1, Silver Creek, Camino Dam Reach, 2002-20109.

2.3.12 Site SCD-F3

The USFS 4(e) Condition No. 14 for the Slab Creek Flow Facility Project License
Amendment (USFS 2015) specified that a new sampling site be established on the
South Fork American River (SFAR) in the 0.25-mile reach between Slab Creek Dam
and the proposed Slab Creek Flow Facility. Site SCD-F3 was located immediately
downstream of the plunge pool below Slab Creek Dam and was surveyed for the first
time in 2019 via snorkel methods. The site began at a section of pocket water just
upstream of lowa Canyon Creek, and included the large, deep pool under the
pedestrian bridge, as well as the newly constructed high-gradient riffle and run habitat
downstream of the plunge pool. In 2018, prior to channel construction activities, this
stream segment was dewatered and fish were relocated downstream of the new Slab
Creek Powerhouse Facility.

Rainbow trout, brown trout, and an unidentified sunfish were observed during the trout
monitoring surveys, with rainbow trout being most abundant. Even with the recent
construction activities, the estimated minimum trout density and the number of
catchable trout per mile were comparable to Site SCD-F2 during all monitoring years
(Figures 2-2 and 2-4). Fish previously relocated from this site in 2018 included rainbow
trout, brown trout, Sacramento sucker, Sacramento pikeminnow, hardhead, and green
sunfish (Stillwater Sciences 2018).

After completion of the snorkel survey, the margins of Site SCD-F3 were electrofished
opportunistically to confirm species identification of juvenile fishes and to survey for

Sacramento Municipal Utility District 2-28
Upper American River Project
FERC Project No. 2101



2019 Annual Monitoring Report
June 2020

species which may have been difficult to detect via snorkeling. Four rainbow trout were
observed, all of which belonged to the YOY age class.

Rainbow trout age classes ranged from YOY through age 3+. Age 1+ had the greatest
representation among age classes, followed by YOY (Figure 2-33); however, snorkel
methods could bias against YOY fish, as they are more difficult to observe in larger
rivers. The length-frequency distribution suggests higher recruitment of YOY in 2018
compared to 2019.

Brown trout age classes ranged from age 1+ through age 3+; a lack of YOY fish and
limited numbers of older age classes suggests poor recruitment and/or survival between
years (Figure 2-34).
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Figure 2-33. Length-frequency and age-class distribution of rainbow trout at Site
SCD-F3, South Fork American River, Slab Creek Dam Reach, 20109.
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Figure 2-34. Length-frequency and age-class distribution of brown trout at Site
SCD-F3, South Fork American River, Slab Creek Dam Reach, 2019.

2.3.13 Site SCD-F2

Site SCD-F2 was surveyed by electrofishing in 2002 and 2003. The site was surveyed
via snorkel methods in 2019 because higher baseflows prevented effective
electrofishing due to increased depths and water velocities. The site is located on the
SFAR approximately 0.2 miles upstream of the confluence with Rock Creek. It was split
into five units, including two runs, two pools, and one riffle.

Rainbow trout, sculpin, Sacramento sucker, and Sacramento pikeminnow were
observed at this site in 2019, with rainbow trout being most abundant. In prior years,
California roach, brown trout, hardhead, speckled dace, and smallmouth bass were also
observed (Figure 2-1). The estimated minimum trout density and number of catchable
trout per mile (based on snorkel observations) were similar to prior survey years
(Figures 2-35 and 2-4). Brown trout were observed at this site during 2002 and 2003 in
low numbers (n=1 and n=2, respectively), however they were not observed in 2019.
After completion of the snorkel survey, the margins were electrofished opportunistically
to confirm species identification and to survey for species which may have been difficult
to detect via snorkeling. Two YOY Sacramento pikeminnow, three YOY Sacramento
suckers, and 15 sculpin spp. were observed during the electrofishing.
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Figure 2-35. Trout density at Site SCD-F2, South Fork American River, Slab Creek
Dam Reach, 2002-2019.

Rainbow trout age classes ranged from YOY through age 3+. The length-frequency
distribution was atypical, with the highest number of fish belonging to the 1+ age class,
although YOY fish can be difficult to observe in larger rivers during snorkel surveys;
however, length-frequency distributions from the 2002 and 2003 electrofishing efforts
showed a similar pattern (Figure 2-36).
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Figure 2-36. Length-frequency and age-class distribution of rainbow trout at Site
SCD-F2, South Fork American River, Slab Creek Dam Reach, 2002-2019.

2.4 DISCUSSION

The number of fish species making up the community (i.e., richness) decreased
throughout the UARP in 2019, although results varied on a site-by-site basis; species
richness decreased from 12 species documented during the 2002-2005 surveys to 9
species during the 2019 surveys (Table 2-1). Decreases in species richness were
particularly evident at sites RRD-F2 and SCD-F2, which transitioned from 4—7 species
observed in 2002 to 2—-3 species in 2019; the absence of some species at SCD-F2
(e.g., smallmouth bass) may improve conditions for native transitional zone species
such as hardhead. However, 2019 results represent one year of monitoring, and future
surveys may show an increase in richness. In addition, Site SCD-F2 was surveyed via
electrofishing in 2002 and snorkeling in 2019, which may have affected the number of
species observed. Subsequent monitoring years will determine if decreased species
richness in 2019 was an anomaly or part of a greater trend throughout the UARP.

Trout populations varied across reaches in 2019 relative to previous surveys. Generally,
trout density and biomass both decreased at upper elevation sites (sites RRD-F1, RRD-
F2, BID-F1, LLD-F3, and LLD- F2), whereas trout density increased while biomass
decreased at mid-elevation sites (sites GCD-F1, RPD-F1, IHD-F1, and IHD-F2), and
both trout density and the number of catchable trout per mile increased or were within
the range of previous years at the lower elevation sites (sites CD-F1, SCD-F3, and
SCD-F2) (Figures 2-2, 2-3, and 2-4).
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Trout recruitment in the upper reaches in 2019 may have been affected by peak storm
runoff events. Unlike the 2002—2005 monitoring period, the 2019 monitoring year was
preceded by high peak storm flows in both 2017 and 2019, particularly in the upper and
middle reaches (Figure 4-2, Geomorphology). High storm flows have the potential to
adversely affect trout density and biomass for 1-2 years following the event due to
effects on recruitment. Cattanéo et al. (2002) reported strong negative correlations
between YOY density and discharge rates, possibly due to displacement of YOY fish as
a consequence of their inability to maintain stream position or to find shelter when water
velocities increase during high discharges. High loss rates of alevins and fry during high
discharge were also reported by Nicola et al. (2009). Multiple consecutive years of high
discharge from peak storm events could depress trout biomass, as low recruitment
would affect multiple year classes.

The 2019 monitoring year is the first year of sampling following implementation of new
streamflow release schedules; there is not yet sufficient data to evaluate the influence of
the modified minimum instream flow schedule on trout populations, and no conclusions
are being drawn based on this first year of monitoring data. Future analyses will
consider whether trends or patterns in trout populations within the UARP are
developing, or whether the observed populations are within the range of variability
observed under the prior flow regime.

2.4.1 Fisheries Objectives

The UARP and Chili Bar Hydroelectric Project Rational Report for the Relicensing
Settlement Agreement (SMUD 2007) identifies ecological resource objectives and trout
biomass goals (derived from Gerstung [1973] and SMUD 2004) for the UARP study
reaches. These Fisheries Objectives aim to maintain, restore, or recover ecological
conditions for all life stages of rainbow trout, other native fishes, and desired non-native
fishes (namely brown trout) in their approximate range and habitat, accomplished by
meeting components articulated in the “Fish Community Assessment Metrics” (SMUD
2004). Biomass for combined rainbow and brown trout is included as a metric because
these species occupy the same ecological niche (SMUD 2004), and for consistency
among reaches. Individual species are also evaluated based on relative abundance and
other factors, such as recruitment success.

The Fisheries Objectives generally include goals of increasing trout populations and
meeting biomass targets, but also include goals for maintaining fish communities in
some reaches (Table 2-5). Generally, both trout populations and overall species
richness declined in 2019 compared to prior sampling, and only two sites met the
fisheries objectives. However, biomass goals derived from Gerstung (1973) were based
on mean biomass estimates collected from 102 north Sierran streams assumed to be
representative of California’s cold-water streams; these goals may not be attainable in
some UARP reaches. As noted above, decreased trout abundance and species
richness within some UARP monitoring reaches may be a result of high peak storm
flows in 2017 and 2019; it should be noted that the license-mandated change in
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minimum flows is only one of many variables that can affect fish populations. This is the
first year of the monitoring program, and future monitoring will help identify whether the
lower numbers are anomalous or part of an overall trend within the UARP.
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Fisheries Objectives as Specified in the Rationale Report for the Settlement Agreement (Adapted

Populations

Trout Biomass or Catchable Trout

Pre-License Post
Stream (2002—-2005 License
Site Width Objective Mean) (2019)
Stream Reach Name (ft) (SMUD 2007) Post License status Goal &P status status
Rubicon River .
Below Rubicon RRD-F1 34 Increase rainbow trout Declined Biomass 224 16.7 34
Dam Ibs/acre Ibs/acre Ibs/acre
Rubicon River .
Below Rubicon RRD-F2 28 Increase rainbow trout Declined Biomass 224 6.9 0.3
Dam Ibs/acre Ibs/acre Ibs/acre
Golden shiner reduced Reduce or
Little Rubicon Reduce or eliminate from 2003 levels eliminate golden 0.9 0
River Below Buck | BID-F1 27 golden shiners and (nearly equal to 2002); shiners; move )
. ) . Ibs/acre Ibs/acre
Island Dam increase rainbow trout rainbow trout toward 33
decreased Ibs/acre
Biomass 233 2.4
Gerle Creek LLD-F3 25 - B Ibs/acre - Ibs/acre
Below Loon Lake Increase rainbow trout . .
Dam LLD-F2 34 and maintain brown Rainbow trout and Biomass =24 33.1 14.4
trout brown trout decreased Ibs/acre Ibs/acre Ibs/acre
Increase rainbow trout Rainbow trout .

Gerle Creek GCD-F1 34 and maintain brown increased; brown trout Biomass 224 1.1 8.0
Below Gerle Dam Ibs/acre Ibs/acre Ibs/acre
trout decreased

Rainbow trout

SF Rubicon Increase rainbow trout increased from 2003 .
Downstream of RPD-F1 42 and maintain brown and 2005 levels, but B'C;S; ?:Srim Ibg/gégre Ibiggre
Robbs Peak Dam trout slightly less than 2002;

brown trout decreased
SF Silver Creek .
Below Ice House IHD-F1 26 Increase rainbow trout Rainbow decreased Biomass 224 445 29.4
Dam Ibs/acre Ibs/acre Ibs/acre
SF Silver Creek . .
Below Ice House IHD-F2 27 Increase rainbow trout Ral'nbow t.rout Biomass 224 9.13 11.2
Dam declined slightly Ibs/acre Ibs/acre Ibs/acre
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Populations

Trout Biomass or Catchable Trout

Pre-License Post
Stream (2002—-2005 License
Site Width Objective Mean) (2019)
Stream Reach Name (ft) (SMUD 2007) Post License status Goal &P status status
Silver Creek ID- 0
Below Junction 40 -- - - -- .
F3 trout/mi.
Dam
Silver Creel§ CD- . Rainbow trout Catchable trout 100.5 467
Below Camino 32 Increase rainbow trout - . . .
Dam F1 increased 278/mi. trout/mi. trout/mi.
SF American 08
River below Slab SCD-F3 40 -- -- - -- .
trout/mi.
Creek Dam
. Healthy age class :
SF American distribution of Fewe_r _obser\_/atlons of Catchable trout 76 107
River below Slab SCD-F2 52 . . transitional fishes, no . . )
transitional fishes, 278/mi.d trout/mi. trout/mi.
Creek Dam . ) hardhead observed®
including hardhead

a Biomass in Ibs/acre; goal based on Gerstung (1973)

b Number of catchable trout per mile; goal based on Gerstung (1973)

¢ Although hardhead were not observed at this site, they were observed upstream during the 2019 hardhead study (Section 7.0, Hardhead)

4 Trout biomass was listed as the goal in the rationale document, however because SCD-F2 was snorkeled in 2019 and therefore biomass estimates were
not possible, catchable trout per mile was used instead.
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3.0 BENTHIC MACROINVERTEBRATES
3.1 MONITORING PLAN OBJECTIVES

The primary goal of the Aquatic Macroinvertebrate Monitoring Plan (Macroinvertebrate
Plan) is to monitor benthic macroinvertebrate (BMI) assemblages and utilize an aquatic
ecosystem health index as an indicator of stream conditions during implementation of
the modified flow regime associated with the new license (SMUD 2016).

3.2 METHODS

3.2.1 Benthic Macroinvertebrate Sampling and Physical Habitat Data Collection

Sampling was conducted using procedures based on the standard reach-wide benthos
(RWB) method for documenting and describing BMI assemblages and physical habitat
outlined by the Surface Water Ambient Monitoring Program (SWAMP; Ode et al. 2016).
Sites were placed as close as possible to those stream sections sampled during the
relicensing study (SMUD and PG&E 2005); however, in most cases site locations were
adjusted slightly upstream or downstream to comply with contiguity of sampleable
habitat recommendations described in the SWAMP protocol (Ode et al. 2016).

The SWAMP protocol was developed for wadeable streams and, as stated in the
Macroinvertebrate Plan, collection procedures were modified as necessary to
accommodate current stream conditions in the UARP. Modifications included crew
members wearing dry suits instead of waders to increase accessibility, adjusting the
standard length of the sample reach at some sites (typically based on average wetted
width), and occasionally partitioning sample reaches within a site (e.g., adjusting
transect placement to omit inaccessible or unsampleable habitat) for one or more of the
following reasons: safe accessibility limitations (e.g., swift water), influence of tributary
streams, and lack of contiguously sampleable aquatic habitat (e.g., large deep pools).

Sites were divided into 11 equidistant transects arranged perpendicular to the direction
of flow and a single inter-transect was located between main transects. A total of 11 (1
per main transect) BMI subsamples were collected with a D-frame kicknet fitted with
0.02-inch diameter (0.5 mm) mesh to form a single RWB composite sample for each
site (only physical habitat data were collected at inter-transects). Physical habitat and
water quality parameters as described in the Macroinvertebrate Plan were also
recorded. Additional detail on BMI and physical habitat data collection procedures is
provided in the Macroinvertebrate Plan. Physical habitat data (e.g., substrate size) from
points along transects that were not safely accessible (e.g., in a rapid) were not
collected and recorded as inaccessible on the datasheet.
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3.2.2 Laboratory Methods

As described in the Macroinvertebrate Plan, laboratory methods followed procedures
outlined in the Standard Operating Procedures for Laboratory Processing and
Identification of Benthic Macroinvertebrates in California (Woodard et al. 2012). At least
600 BMIs were subsampled from each composite sample and identified using standard
aquatic BMI identification keys (e.g., Merritt et al. 2008, Stewart and Stark 2002, Thorp
and Covich 2001, Wiggins 1996) and other appropriate references. All organisms from
the subsample were identified to a minimum level 1 taxonomic effort as specified in the
Southwestern Association of Freshwater Invertebrate Taxonomists (SAFIT; Richards
and Rogers 2011) and an independent laboratory was contracted to conduct an external
quality control (QC) of the BMI identification for 10 percent of the samples. Additional
detail on standard laboratory procedures is provided in the Macroinvertebrate Plan.

3.2.3 Data Analysis

A suite of standard metrics describing richness, composition, and other characteristics
that are often used to describe BMI assemblages (Karr and Chu 1999) was calculated
for each sample; a detailed list of these metrics is provided in the Macroinvertebrate
Plan. The Macroinvertebrate Plan describes using a subset of these metrics to calculate
the Sierra Index of Biological Integrity (Sierra IBI) developed by Rehn (2009 and 2010).
The more contemporary California Stream Condition Index (CSCI), also developed by
Rehn et al. (2015), was calculated instead in order to maintain consistency with the
current practices for BMI sample evaluation recommended by SWAMP (Rehn, pers
comm, 2020). The CSCI is based on predictive modeling generated from a state-wide
BMI database and is a more robust and computationally complex analytical tool than the
Sierra IBI, requiring use of Geographic Information System (GIS) software and the
statistical software R (R Core Team 2019) for its calculation (Rehn et al. 2015). The
CSCl is used as a composite biological response variable to evaluate aquatic habitat
guality at sites and identify overall trends related to stream condition as reflected by the
BMI community.

The CSCI integrates two measures for evaluating sites: BMI taxonomic completeness,
which is based on an observed-to-expected (O/E) ratio, and a multi-metric index (MMI).
The O/E is a measure of taxonomic completeness between observed (O) taxa collected
at a site and expected (E) taxa generated through predictive modeling from the input of
site-specific environmental variables (e.g., climate, topography, and geology) that are
known to influence BMI communities (Rehn et al. 2015). Based on these site-specific
environmental variables, the MMI component of the CSCI generates anticipated values
for six metrics? demonstrated to have a high signal to noise response (Rehn et al. 2015)
and compares results with empirical values from the BMI sample collected from a given
site. As observed taxa and metric values deviate from those predicted from reference
sites using the site-specific environmental variables described above, scores for each

2Percent Clinger Taxa; Percent Coleoptera Taxa; Percent Ephemeroptera, Plecoptera, and Trichoptera
(EPT) Taxa; Percent Intolerant Individuals; Shredder Taxa Richness and Taxonomic Richness.
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measure (i.e., MMI and O/E) decrease. Conversely, as observed taxa and metric values
approach similar distributions of expected taxa and metric values from reference sites,
scores for each measure increase.

CSCI calculation integrates O/E taxonomic richness and MMI results into a single score
typically ranging from 0.1 (great deviation from reference condition) to 1.4 (exceeding
quality of reference condition). CSCI scores are further divided into three thresholds,
based on the 30th, 10th, and 1st percentiles of CSCI scores at reference sites in the
state-wide database. These three thresholds divide the CSCI scoring range into four
categories of biological condition:

e 20.92 = likely intact condition;

e 0.91to 0.80 = possibly altered condition;

e 0.791t0 0.63 = likely altered condition;

e <0.62 = very likely altered condition (Rehn et al. 2015).

CSCI scores were calculated for BMI samples collected in 2002 and 2003 for the
relicensing study (SMUD and PG&E 2005) and in 2019. Historical scores were
averaged where data for more than one sample were available for a given site (e.g., the
site was sampled in 2002 and 2003). If a BMI sample was not collected from a current
site during the relicensing study (i.e., sites JD-14 and SCD-I3), data from the most
proximal historical site was used as a comparative analogue. Additional information
regarding data evaluation conducted as part of the BMI study, including standardization
procedures for historical data and further description of individual metrics calculated is
provided in the Macroinvertebrate Plan.

3.2.4 Variances and Problems Encountered

Variances from the Macroinvertebrate Plan referenced in previous sections of the
methods included:

e Adjusting the length of the sample reach (typically based on average wetted
width) due to safe accessibility limitations (e.g., swift water), influence of tributary
streams, and/or lack of contiguously sampleable aquatic habitat (e.g., large deep
pools) at the following sites: JD-11, JD-14, CD-I2, CD-13, SCD-I1, and SCD-I3.

e Partitioning sample reaches (i.e., adjustments to transect placement) at sites
CD-I2 and CD-I3 to avoid inaccessible or unsampleable habitat.

e Calculating the CSCI instead of the Sierra IBI for both the current (2019) and
historical samples to maintain consistency with contemporary SWAMP analytical
procedures, which have been updated since the Macroinvertebrate Plan was
written.
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These variances were made in consultation with authors of the current SWAMP
collection and analytical procedures (Ode, pers comm, 2019 and Rehn, pers comm,
2020).

3.3 RESULTS

A total of 11 samples and one replicate were collected from 11 sites within the UARP
(Figures 1-1 through 1-3 and Table 3-1). During an initial site assessment, one site
described in the Macroinvertebrate Plan was not safely sampleable using the SWAMP
methodology under the new minimum flow regime. This site, co-located with Site SCD-
I1a, was identified as SCD-I1b in the Macroinvertebrate Plan and was replaced with an
alternate (Site SCD-I3) farther downstream in the Slab Creek Dam Reach (Figure 1-1,
Table 3-1). Accordingly, what was described as Site SCD-I1a in the Macroinvertebrate
Plan is more simply referred to as Site SCD-I1 in this report.
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Table 3-1. Benthic Macroinvertebrate Sites Sampled in 2019 for the Upper
American River Project.

. Coordinates , Reach
Site Sample Stream Description (Northing/ Elevation Length?
Code Date (Reach) N (m)

Easting) (m)
Rubicon River Upstream of 740001/
RRD-12 9/13/2019 (Rubicon Dam) Rubicon Springs 4321159 1,865 150
Gerle Creek Upstream of Rocky 727279
LLD-I3 9/12/2019 (Loon Lake Basin Creek 4318674 1,653 150
Dam) Confluence
Gerle Creek
Upstream of South 725682/
GCD-12 | 9/12/2019 (Gerle Creek Fork Rubicon River 4314970 1,532 150
Dam)
South Fork Downstream of
Rubicon River 724227/
RPD-12 9/10/2019 (Robbs Peak Gerle Creek 4314517 1,495 150
Confluence
Dam)
South Fork
IHD-12 | 9/10/2019 | Silver Creek | Downstreamofice | 727760/ 1,506 150
House Reservoir 4299814
(Ice House Dam)
Silver Creek Downstream of 720200/
JD-I1 9/10/2019 (Junction Dam) | Junction Reservoir 4303286 1,303 150
10/10/201 Silver Creek Near Jaybird Adit 737319/
_143
JD-14 9 (Junction Dam) access 4302088 1,211 150
Silver Creek Near Camino Adit 710090/
CD-12 9/11/2019 (Camino Dam) access 4298471 730 90
. Upstream of South
CD-13 | 9112019 | | SiverCreek Fork American 709334/ 628 100
(Camino Dam) . 4296211
River Confluence
South Fork Downstream of
American River Slab Creek Dam 699540/
114 '
SCD-I1 9/11/2019 (Slab Creek upstream of lowa 4293960 502 80
Dam) Canyon Creek
South Fork
American River | Upstream of Rock 692949/
|25
SCh-13 9/9/2019 (Slab Creek Creek Confluence 4295026 335 150
Dam)

Notes: m=meter
1UTM, NADS83; located at Transect A as described in the SWAMP protocol and may differ slightly from historical site coordinates.
2 See Section 3.2.1 for discussion on determining factors for reach length.
8 As described in the Macroinvertebrate Plan, this site was not sampled during relicensing and was added to replace historical Site

JD-I12 (SMUD and PG&E 2005), which is located on private property with unreliable access.
“4Identified as Site SCD-I1a in the Macroinvertebrate Plan; Site SCD-11b was relocated farther downstream (see table note #5
below), therefore this sample location is referred to more simply as Site SCD-I1 herein.
5 Site not sampled during relicensing: replacement for Site SCD-11b described in the Macroinvertebrate Plan which was determined
to be unsafe to sample using SWAMP methodology during site assessment in 2019.

Sacramento Municipal Utility District
Upper American River Project

FERC Project No. 2101

3-5



2019 Annual Monitoring Report
June 2020

3.3.1 Water Quality

Water quality parameters recorded at sites during BMI collection are shown in Table
3-2. Additional information and discussion on water quality within UARP stream reaches
can be found in the annual water quality report (SMUD 2020).

Table 3-2. Water Quality Data by Site for Benthic Macroinvertebrate Samples
Collected in 2019 for the Upper American River Project.

Water oH Alkalinity Dissolved Dissolved Specific
_ Tem poeratu re (s.u) (mgiL) Oxygen Oxygen Conductance

Site Code (°C) (% sat.) (mg/L) (uS/cm)
RRD-12 17.2 7.3 14 81 7.8 5.7
LLD-I3 14.8 7.1 12 100 8.3 7.0
GCD-I2 145 7.2 15 85 8.6 10.6
RPD-12 13.9 7.3 12 86 8.9 10.7
IHD-12 10.1 7.3 12 85 9.6 13.5
JD-11 9.8 7.3 12 101 9.9 10.0
JD-14 7.7 7.6 15 86 10.3 14.3
CD-I12 13.9 7.4 12 1062 10.0 14.0
CD-I3 14.3 7.4 20 94 9.6 22.7
SCD-I1 12.9 6.91 12 100 10.0 13.0
SCD-I3 13.8 7.7 20 97 10.1 24.3

Notes: °C=degrees Celsius, s.u. = standard unit, mg/L = milligram per liter, % sat. = percent saturation,
pS/cm=microsiemens per centimeter

I Water quality pH probe malfunctioned during BMI survey and no data was collected. Value reported was collected
during SMUD water quality monitoring at nearby Site 1S-19-SFAR on 7 October 2019.

2Value taken in afternoon and may be attributable to high oxygen production by algae throughout the day.

3.3.2 Physical Habitat Assessment

Physical habitat data are summarized by site in Tables 3-3 and 3-4. Photographs of the
sites are presented in Appendix C1. Physical habitat among sampling sites was diverse,
ranging from lower gradient pools to high gradient cascade/falls with associated
substrate size classes ranging from cobble/sand to bedrock/boulder (Table 3-3).
Boulder was the primary instream habitat complexity component and its abundance was
scored from sparse to heavy (Table 3-4). Other commonly occurring habitat complexity
components included filamentous algae and agquatic macrophytes/emergent vegetation.
All other instream habitat complexity components including woody debris, undercut
banks, overhang vegetation, live tree roots, and artificial structures were sparse or
absent at most sites (Table 3-4). Average canopy cover was variable across sites,
ranging from one to 42 percent (Table 3-3). At most sites the upper canopy was sparse
and the middle canopy was sparse to moderate; ground cover was moderate at all sites.
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Stream banks at most sites were categorized as stable, although bank vulnerability was
noted at more than two transects at sites RRD-I12, GCD-I2, and IHD-2.

Due to the remoteness of most sites, evidence of in-channel human disturbance was
minimal, although land use within the surrounding watershed by site becomes
increasingly developed with decreasing elevation. Site SCD-11 had the most evident
human influence due a pedestrian bridge at the upstream end of the site, a river access
trail on the north side of the river, and proximity to active construction for the new South
Fork Powerhouse. Site SCD-I3 was near infrastructure associated with Rock Creek
Powerhouse on the north side of the channel. At other sites, evidence of human
disturbance was limited to minor amounts of trash.

Table 3-3. Physical Habitat Data Collected by Site during Benthic
Macroinvertebrate Sampling in 2019 for the Upper American River Project.

Average
Average Canopy Dominant Dominant
Site Gradient | Discharge | Wetted Width Cover Habitat Substrate
Code (%)* (cfs)? (m)3 (%) (subdominant)* | (subdominant)*
Riffle Cobble
RRD-I12 1.1 7.5 10.9 42 (Pool) (Sand)
Run Bedrock
LLD-I3 3.1 26.9 13.8 25 (Pool) (Cobble)
Riffle Bedrock, Cobble
GCD-I2 2.2 7.7 9.9 44 (Pool) (Sand)
Run Bedrock
RPD-12 2.8 8.5 11.5 11 (Cascade/Falls) (Sand)
Run Bedrock
IHD-12 1.8 21.2 9.4 29 (Pool) (Sand)
Run Small Boulder
JD-11 4.9 19.9 15.4 20 (Glide, Rapid) (Cobble)
RUN Small Boulder
JD-14 3.2 17 19.3 26 (Pool) (Large Boulder,
Cobble, Bedrock)
Run Bedrock
CD-12 2.0 276 10.5 8 (Pool) (Small Boulder)
Cascade/Falls Cobble
CD-I3 2.7 29.9 10.3 20 (Run) (Bedrock)
Riffle Small Boulder
SCD-I1 1.3 88.9 14.6 1 (Rapid) (Cobble)
Run Cobble
SCD-I3 18 88.7 29.6 3 (Riffle, Pool) (Large Boulder)

Notes: %=percent, cfs=cubic feet per second, m=meter
1 Calculated using satellite imagery and the USGS National Elevation Dataset Digital Elevation Model
2 Estimated by discharge transect in field or recorded by nearest gage data
3 Averaged across 11 main transects
4 Multiple habitats and substrates listed were present in equal amounts.
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Instream Habitat Complexity and Riparian Vegetation Cover Data Collected by Site during Benthic
Macroinvertebrate Sampling in 2019 for the Upper American River Project.

Instream Habitat Complexity Elements? Riparian Cover!
- =3 T
(%]
© gg 2 X S ®
© IS o e o
S £ T A g 0 E
P £ £ 2 5 g S E 2 2 5
S c > o) o) m > x = o e 3
o S = @ @ - o N G T —~ O
= < o al o = c 3 = —
S e o 5] o G o @ O OE o
S S5 = o o 3 5 o = = = 30
; = o E o o o c > > £ o 20 °o
Site i < i o = = ) @) o < oA 22 oY
RRD-I2 Sparse Sparse Sparse Sparse | Sparse | Sparse Sparse Sparse | Absent | Moderate | Moderate | Moderate
LLD-13 Sparse Sparse Heavy Sparse | Sparse | Sparse Sparse Sparse | Absent | Moderate | Moderate | Moderate
GCD-I2 Sparse Sparse Sparse Sparse | Sparse | Sparse | Moderate | Sparse | Absent Sparse Moderate | Moderate
RPD-12 Absent Sparse Sparse Sparse | Sparse | Sparse Sparse Sparse | Absent Sparse Sparse Moderate
IHD-12 Sparse Sparse Moderate | Sparse | Sparse | Sparse Sparse Sparse | Absent Sparse Moderate | Moderate
JD-I1 Moderate Sparse Heavy Sparse | Sparse | Sparse Sparse Sparse | Absent Sparse Moderate | Moderate
JD-14 Sparse Moderate Heavy Sparse | Sparse | Absent Sparse Sparse | Absent | Moderate Sparse Moderate
CD-I12 Sparse Sparse Moderate | Sparse | Sparse | Sparse Sparse Sparse | Absent Sparse Sparse Moderate
CD-I3 Sparse Sparse Heavy Sparse | Sparse | Absent Sparse Sparse | Absent Sparse Sparse Moderate
SCD-I1 Sparse Sparse Heavy Absent | Sparse | Sparse Sparse Sparse | Sparse Sparse Moderate | Moderate
SCD-I3 Sparse Sparse Moderate | Sparse | Sparse | Sparse Sparse Sparse | Absent Sparse Moderate | Moderate

Notes: m=meter
Ipresence averaged across 11 main transects: Absent = 0%, Sparse = <10%, Moderate (Mod) = 10-40%, Heavy = 41-75%, Very Heavy (V. Heavy) = >75%
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3.3.3 Benthic Macroinvertebrate Assemblage Evaluation

A total of 7,448 BMIs representing 112 distinct taxa (identifiable to genus or species)
were processed from the 11 composite samples and one replicate collected from the
UARP BMI study sites in 2019. All composite samples contained more than the
minimum 600 organism subsample size, and the average subsample size was 621
organisms (range: 603 to 647). Inter-laboratory Quality Control (QC) indicated a few
minor sorting errors and one minor taxonomic discrepancy that is undergoing further
review (Appendix C2). QC parameters for all samples were within the standardly
accepted threshold for error rate. A complete taxonomic list with associated functional
feeding group and tolerance value designations is presented in Appendix C3.
Commonly reported metrics (e.g., the Shannon Weaver Diversity Index) including those
that comprise the MMI component of the CSCI (Percent Clinger Taxa; Percent
Coleoptera Taxa; Percent Ephemoptera, Plecoptera, and Trichoptera [EPT] Taxa;
Percent Intolerant Individuals; Shredder Taxa Richness and Taxonomic Richness) are
presented in Appendix C4.

Results of the application of the CSCI to the BMI samples collected in 2019 are
presented in Figure 3-1. CSCI scores ranged from 0.71 to 1.26 with scores for samples
collected from over half (six) of the sites exceeding the threshold for the highest
categorical interpretation of the score, described as “likely intact” (Rehn et al. 2015).
Scores for other sites ranked within the next two lower categorical tiers of “possibly
altered” condition (0.80 to 0.91) or “likely altered” condition (0.63 to 0.79). None of the
samples collected scored within the lowest tier, described as “very likely altered”
condition (<0.62) (Rehn et al. 2015). Application of the CSCI to historical BMI data from
the relicensing study (SMUD and PG&E 2005) yielded very similar results with scores
ranging from 0.63 to 1.17 (Figure 3-2). Historical samples from six sites scored above
the threshold for the highest category, “likely intact” condition and scores for samples
collected from other sites placed either within the “possibly altered” or “likely altered”
conditions categories. None of the historical samples scored within the lowest condition
category, “very likely altered” (Figure 3-2).
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Figure 3-1. California Stream Condition Index scores and condition categories
for Benthic Macroinvertebrate samples collected for the Upper American River
Project in 2019.
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Figure 3-2. California Stream Condition Index scores and condition categories
for Benthic Macroinvertebrate samples collected for the Upper American River
Project in 2002/2003, 2010, and 2019 (average where data for more than one
sample [multiple years or replicates within a year] was available for a site).

3.4 DISCUSSION

BMI assemblages collected from the UARP in 2019 were generally of good quality as
indicated by CSCI scores for over half of the samples ranking within the highest
condition category (“likely intact”) of the index. CSCI scores for samples collected from
sites in higher elevation reaches were typically higher than those collected from sites in
lower elevation reaches, which could be attributable to increased human influence (e.g.,
development) affecting regulated UARP stream reaches and associated unregulated
tributaries at lower elevation (Table 3-1 and Figure 3-1). Some of the other variation in
CSCI scores for samples collected from the UARP in 2019 demonstrate a trend
consistent with findings from a study on the effects of hydropower projects on BMI
assemblages in which relatively low biological index values were documented
immediately downstream of large reservoirs but increased with distance downstream
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from the dam (Rehn et al. 2007). CSCI scores for samples collected in 2019 from the
sites immediately below Junction Reservoir (Site JD-11), Ice House Reservoir (Site IHD-
12), and Slab Creek Reservoir (Site SCD-I11) scored within the “possibly altered” or
“likely altered” condition categories (Figure 3-1). An attenuating effect was evident with
distance downstream in the Junction Dam Reach where the CSCI score for the sample
collected downstream from Site JD-14 was higher, placing within the “likely intact”
condition category (Figure 3-1). There is not a current monitoring site farther
downstream in the Ice House Dam Reach, however attenuation with distance
downstream was documented in this reach during the relicensing study in which the
composite metric score used for analysis was lowest at the site closest to Ice House
Dam (Site IHD-I1) and gradually increased with distance downstream at Sites IHD-I2
through IHD-14 (SMUD and PG&E 2005).

In 2019 attenuation was not as apparent, however, in the Slab Creek Dam Reach. The
lower score (in the “likely altered” condition category) for the sample collected from Site
SCD-I1 immediately below Slab Creek Dam is likely related to proximity to the dam and
activities associated with the construction of the new South Fork Powerhouse. CSCI
scores for the sample and replicate collected downstream from Site SCD-I3 were
higher, yet still placed within the same condition category indicating possible impairment
(Figure 3-1). There are a number of factors in the reach that could be contributing to
this, including increased human influence (e.g., development) affecting regulated
reaches of the UARP and associated unregulated tributaries at lower elevation (see
Section 3.3.2) and flow fluctuation related to prolonged high-volume spill events in
recent high water years (i.e., 2017 and 2019) and periodic recreational releases (Allen
2004, Kennedy et al. 2016, Olden and Naiman 2010, and Steel et al. 2018). Primary
ways that flow fluctuation can influence BMI assemblages include (1) stranding on the
margins, (2) thermal effects, and/or (3) velocity-related effects (e.g., increased drift or
scour). Ramping the flow change minimizes but does not necessarily eliminate
stranding effects and, while temperature differences between base flow and higher flow
events in Slab Creek Dam Reach are not as great as those seen farther downstream in
the Reach Downstream of Chili Bar due to differences in thermal conditions and hydro
operations in the respective upstream reservoirs, thermal variation may still have an
effect. The factors potentially contributing to the lower CSCI score for the sample
collected from Site SCD-I3 are not mutually exclusive and, therefore, difficult to partition.
However, CSCI scores for BMI samples in future water years during which spill events
and/or recreational releases may or may not occur in Slab Creek Dam Reach will
provide additional comparative information and may yield further insight regarding
potential sources of impairment affecting the BMI community at Site SCD-I13.

Application of the CSCI to historical data for the current monitoring sites collected in
2002 and 2003 during the relicensing study (SMUD and PG&E 2005) and in 2010 from
Site SCD-I1 for the license amendment request for the South Fork Powerhouse
(ECORP 2011) demonstrated similar trends (Figure 3-2) with higher scores for samples
collected from sites in higher elevation reaches compared to scores for samples
collected from sites in lower elevation reaches in the hydrologic system (Figure 3-2).

Sacramento Municipal Utility District 3-12
Upper American River Project
FERC Project No. 2101



2019 Annual Monitoring Report
June 2020

Scores for historical samples collected at the same sites (or analogue sites as
described in Section 3.2.3 and notes in Figure 3-2) ranked within the same condition
category as scores for samples collected in 2019 for all but four sample locations (sites
CD-12, CD-I3, JD-14, and SCD-I1). Of the four sample locations that had scores that
placed in different condition categories, two sites (sites CD-13 and JD-14) had higher
CSCl scores in 2019 compared to historical data, and two sites (site CD-12 and SCD-11)
had a lower CSCI score in 2019 compared to historical data.

CSCI scores for samples collected at Site CD-12 placed within different condition
categories between datasets yet were numerically similar (historical = 0.92 and 2019 =
0.88) (Figure 3.2). The notably higher CSCI score for the sample collected downstream
from Site CD-I3 in 2019 (0.99) compared to historical data (0.74) may be attributable to
changes in physical habitat at the site, particularly large woody debris accumulation that
has increased habitat complexity since the relicensing study. The difference in CSCI
scores for samples collected from sites in the lower Junction Dam Reach (1.06 for Site
JD-14 sampled in 2019 and 0.87 for Site JD-I2 used as its historical analogue) is likely
attributable to attenuation with increasing distance downstream of Junction Reservoir.
Site JD-12 was historically located approximately one mile downstream of the reservoir,
whereas Site JD-14 is located another mile farther downstream. The lower CSCI score
for the sample collected from Site SCD-11 in 2019 (0.71 in the “likely altered” condition
category) in comparison to historical data (1.1 for 2002/03) is likely partially attributable
to temporary dewatering of the reach in 2018 and ongoing construction activity
(including channel bed disturbance) associated with the new South Fork Powerhouse.
The quality of aquatic habitat at this site may increase over time following completion of
construction; however, the score for the sample collected from this site in 2010 prior to
construction of the powerhouse although higher (0.84) also fell within a condition
category indicating possible impairment (Figure 3-2), suggesting that proximity to Slab
Creek Dam may also be a factor.

Overall CSCI scores for historical samples versus those for samples collected in 2019
reflect a similar range (0.63-1.17 and 0.71-1.26, respectively) and average scores
(0.93 and 0.94, respectively) for samples collected from each period exceed the
threshold for the “likely intact” condition category. This suggests that overall stream
condition and quality of aquatic habitat in the UARP stream reaches as reflected by the
BMI community has not changed significantly with implementation of the new minimum
flow regime under the current license. Additional BMI samples collected in future years
will further facilitate identification of changes at monitoring sites or new system-wide
trends in stream condition over time. In accordance with the frequency described in the
Macroinvertebrate Plan, BMI samples will be collected again from the UARP in the
following years: 2020, 2024, 2025, 2029, 2030, and thereafter for two consecutive years
every 10 years for the term of the license.
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California State Water Resources Control Board Surface Water Ambient Monitoring
Program (SWAMP) Bioassessment SOP 003.
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4.0 GEOMORPHOLOGY
4.1 MONITORING PLAN OBJECTIVES

The primary objectives of this report as described in the Geomorphology Monitoring
Plan (SMUD 2017) are to assess geomorphic changes associated with the change in
minimum flow regime under the new license. Geomorphology monitoring site locations
are shown in Figures 1-1 to 1-3.

4.2 METHODS

Methods used for this study are described in the Geomorphology Monitoring Plan.
Additional methodological detail is provided below to further clarify implementation of
the study and improve repeatability among years.

4.2.1 Hydrologic Data

Hydrologic data for the stream reaches of interest (see Table 4-1) were downloaded
from the U.S. Geological Survey (USGS) for the period of record for each gage through
Water Year 2018. Data for Water Year 2019 were provided by SMUD. For the Rubicon
River below Rubicon Dam Reach, the discharge measured at the USGS gage was
added to spill data over the dam provided by SMUD. The Rubicon Dam spill data
extended from 01 January 2002 to 30 September 2019. The USGS gages used in this
analysis are listed in Table 4-1. Annual peak flow data and monthly average flow for
each gage are provided in Appendix D1.

Table 4-1. Hydrologic Data Used to Assess Changes in the Geomorphic Study
Sites.

Study USGS gage Drainage Area at
Stream Reach Site(s) number Period of record gage (mi?)
Rubicon River below | ppp 6 11427960 10/1/2002-9/30/2019 26.8
Rubicon Dam
Gerle Creek below LLD-G1
Loon Lake Dam LLD-G2 11429500 10/1/1962-9/30/2019 8.01
South Fork Silver IHD-G1.
Creek below Ice 11441500 10/1/1924-9/30/2019 27.5
IHD-G2
House Dam
Silver Creek below CD-G1 11441900 10/1/1960-9/30/2019 171
Camino Dam
South Fork American
River below Slab SC-G1 11443500 10/1/1922-9/30/2019 493
Creek Dam

mi? = square miles; USGS = U.S. Geological Survey
1Rubicon River discharge was calculated by adding daily average spill data provided by SMUD to daily average flow
for USGS gage 11427960.
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With the exception of the Rubicon River, instantaneous peak flow data through Water
Year 2018 were downloaded from the USGS website for the gages listed in Table 4-1.
Because instantaneous peak flow data were not available from the USGS for 2019,
peak flows for 2019 were calculated using the Water Year 2019 maximum daily average
flow.

Instantaneous data were not available for the Rubicon River below Rubicon Dam for its
entire period of record. For the Rubicon River, the maximum daily average flow for each
water year was used as the annual peak flow for the entire period from 2002—-2019. This
likely underestimates the instantaneous peak discharge but provides a reasonable
estimate of the relative magnitude of peak flows through time.

4.2.2 Field Surveys

This study included seven study sites, all of which were originally surveyed in 2003
(SMUD 2005). Benchmarks and endpins (i.e., fixed elevation points at each end of the
cross-section) at each study site were surveyed with a real-time kinematic (RTK) global
navigation satellite system (GNSS) to ensure the coordinates and elevations were
accurately recorded. GNSS positions were post-processed using the National Oceanic
and Atmospheric Administration’s (NOAA’s) Online Positioning User Service (OPUS) to
derive control point position accuracies with < 0.1 feet of horizontal and vertical error.
The sites and their upstream and downstream extents are listed in Table 4-2. The
locations of all survey points are shown in the overview maps in Appendix D2.
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Table 4-2. 2019 Upper American River Project Geomorphology Study Sites.
Upstream Extent? Downstream Extent?
Survey Drainage Length | Northing | Easting | Northing | Easting
Stream Stream Reach Site ID Date Area (mi?) (ft) (ft) (ft) (ft) (ft)
Rubicon Be'o""Dgr‘:]b'CO” RRD-G1 | 9/10/2019 33 500 2132902 | 7065109 | 2133230 | 7065089
Below LoonLake || =1 | 7/18/2019 7 400 2133700 | 7038682 | 2133918 | 7038267
Dam Upper Reach
Gerle Creek
Below LoonLake | || b =5 | g/7/2019 11 700 2134728 | 7030737 | 2134809 | 7029814
Dam Middle Reach
Below Ice House
Reservoir Upper IHD-G1 | 8/9/2019 33 1,200 2063499 | 7022990 | 2062667 | 7022344
South Fork Reach
Silver Creek Below Ice House
Reservoir Lower IHD-G2 | 8/9/2019 43 1,300 2071134 | 7005768 | 2072218 | 7005535
Reach
Silver Creek Be'o"égn";‘m'”o CD-G1 | 8/6/2019 175 700 2060492 | 6966631 | 2059877 | 6966196
South Fork Below Slab Creek | o 51 | 11/7/2010 516 650 2049397 | 6910900 | 2049326 | 6910890
American River Dam
1 The Upstream and Downstream Extent are from the 2019 Surveys in California State Plane Coordinate System Zone 2 (NAD-1983).
mi? = square miles
ft = feet
Sacramento Municipal Utility District 4-3
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4.2.2.1 Site Description

At each site, representative photographs of the channel were taken from various
locations within the study reach (see Appendix D3). Photographs were taken from
positions to provide views of (1) cross-sections from both channel banks, (2) upstream
and downstream views from each cross-section, (3) endpins at each cross-section, and
(4) any observed sources of erosion or sedimentation. Locations of photographs were
recorded with GPS enabled cameras, and reference points such as boulders or healthy,
mature trees were identified within each photograph. Notes describing channel
conditions were made during each site visit to summarize the morphology of the site
and any controls on erosion and sedimentation.

4.2.2.2 Longitudinal Profile

A longitudinal profile of the channel thalweg was surveyed through the length of each
study reach using either a robotic total station (RTS) or RTK GNSS depending on site
condition. Northing and easting data were converted to distance by calculating the sum
of squares differences between consecutive survey points. The survey interval was
typically about five feet. At Site SCD-G1, dangerous depth and velocity conditions
precluded a complete longitudinal profile survey. The longitudinal profile elevations were
tied to the local datum used for the cross-section survey. The longitudinal profile survey
followed procedures established by the USFS (Harrelson et al.1994), including
surveying a sufficient number of points (6 feet spacing on average) with which to
capture the topography of pool, riffles, and other habitat features, as well as other
significant breaks in channel gradient. Longitudinal profiles are provided in Appendix
D4.

Longitudinal profile data were used to determine reach-average slope and to compare
with the results of previous surveys. Since 2003, survey equipment has changed
considerably; the RTS and GNSS used for the 2019 study were much more accurate
and facilitated more direct comparisons with future surveys. Modern surveying
equipment also allowed a much higher density of survey points to be collected in a
similar time frame, hence the 2019 survey points were much denser than the 2003
surveys. Because the 2003 surveys used an auto level and tape the distance
calculations likely underestimated distances relative to the 2019 surveys. To compare
the 2003 and 2019 longitudinal profile points, the 2003 survey stationing was corrected
to match the 2019 stationing for the three cross-sections. Given the uncertainty of some
of the cross-section locations described below, this likely leads to some differences
between the two surveys, but in the absence of this correction the difference between
known points were much greater. Differences between the 2003 and 2019 longitudinal
profiles may therefore reflect differences in survey methodology and may not reflect
topographic change. The reach-average slope measurements should be relatively
insensitive to these differences and are therefore also described below.
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4.2.2.3 Cross-Sections

Three cross-sections were surveyed at each representative site using either an RTS or
RTK GNSS. At each cross-section, existing endpins were reoccupied where possible.
Where endpin location was not clear, new endpins were established as close to the
previous location as possible. The proximity of the relocated endpins to the original
location is not known, but based on comparison with 2003 photographs, the relocated
endpins were within 10 feet of the original location, with the exception of Site LLD-G1
where the floodplain had changed to a degree that made recreating the endpin location
very difficult. The positions of both endpins for each cross-section were recorded using
either an RTK or RTS to enable reoccupation during future monitoring efforts. At some
sites, additional temporary benchmarks were established and their positions recorded.
Cross-section figures are provided in Appendix D5.

The cross-section survey was conducted in sufficient detail (3 feet spacing on average)
to capture any change in grade and to characterize channel geometry, following
standard survey procedures established by the USFS (Harrelson et al. 1994). This
included capturing the bankfull elevation on both banks, the edge of water during the
surveys, and the thalweg elevation. The survey approach ensured that all topographic
breaks across the channel cross-section and all cross-section elevations within a given
representative site were measured and tied into a State Plane Coordinate System.
Where both endpins of a cross-section were recovered, the 2019 surveys were
compared with the original surveys from 2003. Identifying bankfull elevations is
somewhat subjective for rivers without clear floodplains, such as the majority of the
study sites in this report. Other evidence such as kinks in the bank topography and
changes in vegetation can reflect local changes (i.e., wood deposition) and/or recent
high flows. Bankfull characteristics can therefore adjust due to differences in the
definition of bankfull elevations rather than a change in cross-section topography.
Channel cross-section locations and endpin coordinates are provided in Appendix D2.

Cross sections in Site LLD-G2 were also surveyed in 2015 prior to a pulse flow test in
Gerle Creek and in 2016 following the test (SMUD 2016). These survey data were
included in our cross-section comparison for the site.

4.2.2.4 Bed Particle Size Distributions

Along each cross-section, a pebble count (Wolman 1954) was performed to
characterize the bed particle size distribution. The count entailed measuring the
intermediate axis (b-axis) of 100 particles to classify the bed particle size distribution. All
silt- and sand-sized particles were classified as < 2mm and were included in the grain
size distribution.

Bed particle size distribution data were used to calculate commonly used bed particle
size metrics: the particle size for which 16% of the distribution is finer (D16), the particle
size for which 50% of the distribution is finer (D50, or the median size), and the particle
size for which 84% of the distribution is finer (D84). Where possible, these data were
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compared with historical data to assess any recent trends in bed coarsening or fining
(see Appendix D6).

4.2.2.5 Sediment Facies Mapping

Aerial imagery was collected at each representative site using an unmanned aerial
vehicle to efficiently generate base maps for facies mapping during future monitoring
efforts. Aerial imagery was captured from an elevation sufficient to show morphological
features and extended several hundred feet upstream and downstream of the
representative site boundaries. The imagery was orthorectified and tied into the local
coordinate system. Orthorectified aerial images were used to characterize sediment
facies size classes into textural patches throughout each representative study site.
Sediment facies size classes were delineated by order of abundance of specific grain
sizes following procedures established by Buffington et al. (1999). Facies maps are
provided in Appendix D7.

4.2.2.6 Large Woody Debris

All large woody debris (LWD) longer than one-half bankfull width at least partially within
bankfull stage were documented. We categorized LWD as either single pieces, pieces
with rootwads, or aggregates (see Appendix D8). An aggregate was defined as four or
more pieces in contact that each met the minimum length criterion. A root wad was
defined as a root mass with a diameter equal to or longer than the trunk length.

4.2.2.7 V* (Fine Sediment Storage)

V* describes the volume of fine sediment stored in pools and is specifically designed for
wadable pools (Lisle and Hilton 1992, Hilton and Lisle 1993). The Geomorphology
Monitoring Plan included specific criteria for situations where V* should be measured
(see Attachment 6 of the plan). These criteria were generally not met. In particular,
pools often did not have clearly defined boundaries and fine sediment tended to deposit
as a veneer over the entire bed rather than accumulate in pools. The lone exception
was the upstream pool at Site IHD-G2 (see Appendix D9). The pool at Site IHG-G2 had
a defined form and had extensive fine sediment (sand and silt) on the bed that was
appropriate for a V* measurement. Because the pool was too deep to wade, the
methods outlined in Hilton and Lisle (1993) and Attachment 6 of SMUD (2017) were
adapted to estimate V* during a field survey on 9 September 2019. From a float tube, a
graduated 8-foot-long steel rod was used to measure the water depth and thickness of
fine sediment along three profiles of the pool (centerline, left edge, right edge). For each
profile, the longitudinal area of the pool, fine sediment, and residual pool volume were
calculated. The residual pool depth (the pool depth minus the depth at the pool outlet)
was 0.4 feet for all three profiles as measured at the pool outlet. Locations where the
pool plus fines thickness was greater than 8 feet (the length of the survey rod) were
noted, but those locations were not included in the V* measurement because the depth

Sacramento Municipal Utility District 4-6
Upper American River Project
FERC Project No. 2101



2019 Annual Monitoring Report
June 2020

of fines couldn’t accurately be measured. V* was calculated as the average of the three
profiles.

SMUD (2017) states that if V* is less than 0.1 or conditions are not suitable to survey
fine sediment accumulation for 2 consecutive surveys (including the 2003 surveys)
future V* measurements will not be made at the site.

4.2.2.8 Additional Channel Condition Assessments

Rosgen Level lll, Rosgen Bank Erosion and Riparian Vegetation, and Pfankuch Bank
Stability Assessments (Rosgen 1994, Pfankuch 1975) were also conducted as part of
the study. Amended Pfankuch ratings were used to characterize channel stability as a
function of stream classification (Rosgen 1984). These data are provided in Appendix
D10, Appendix D11, and Appendix D12, respectively.

4.2.3 Data Analysis

Where possible, results from the cross-section and longitudinal profile surveys were
compared with surveys from 2003 to assess geomorphic change. Because the
longitudinal profiles do not start and stop at endpins, there is likely some uncertainty in
aligning the 2003 and 2019 surveys. Nevertheless, changes in slope and locations of
aggradation and incision were noted to assess cross-section adjustments. Geomorphic
change in cross-sections was quantified using the change in bed elevation and bankfull
characteristics. Differences in the location of endpins can cause apparent cross-section
changes between surveys primarily due to differences in the location sampled and the
distance from the endpin. Cross-sections where one or both the endpins were not
recovered were therefore not directly compared. Based on the photographs of the
endpins in 2003, the endpins replaced in 2019 were estimated to be within 10 feet of the
original endpin, although this estimate could not be tested. While these differences can
affect the shape of the cross-section, they are less likely to affect the pebble counts,
because the pebble counts are less sensitive to the distance from the endpin. Hence
pebble counts at cross-sections where one or more of the 2003 endpins was missing
were still compared. In all reaches, but particularly reaches confined by bedrock and
boulders, the bankfull elevation was difficult to identify and differences in bankfull depth
and width resulted more from differences in bankfull elevation estimates in the field than
significant morphologic changes, as discussed in Section 4.3.2. The pebble count
statistics and bankfull characteristics from the 2003 data were recalculated from the
original surveys to be consistent with the 2019 analysis and to facilitate comparison with
future survey data. This results in some differences between the 2003 data reported
here and that reported in SMUD and PG&E (2005). Changes in longitudinal profiles
were quantified by comparing reach-average slope between monitoring years.
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4.3 RESULTS
4.3.1 Hydrology

To understand potential causes for geomorphic change between the 2003 and 2019
surveys, the hydrology under the old license from water years 2003-2014 was
compared to hydrology under the new license from water years 2015-2019. In 2015,
SMUD instituted new minimum instream and recreational flows as part of the new
FERC License. These new flows are designed to better mimic the natural hydrograph in
the spring. The new flows also include pulse flows in Below Normal, Above Normal, and
Wet water year types for the Rubicon River below Rubicon Dam, South Fork Silver
Creek below Ice House Dam, and Gerle Creek below Loon Lake Dam. Although
operations under the new license do not affect peak flows, peak flows were analyzed
because they can have a strong effect on channel morphology. Figures 4-1, 4-3, 4-4, 4-
5, and 4-6 overlay the daily average flow for water years 2003-2014 (in grey) and water
years 2015-2109 (in red) for the five flow gages used in the geomorphic assessment.
Monthly average flows from 2003—2019 are included in Appendix D1.

4.3.1.1 Rubicon River Below Rubicon Dam

Flow downstream of Rubicon Dam consists of flow releases through the outlet works of
the dam (measured by SMUD at the USGS gage) and spill over the dam (measured by
SMUD). The daily average flows from 2015-2019 for the Rubicon River below Rubicon
Dam have generally increased relative to 2003-2014 (Figure 4-1). The monthly average
discharge in March to June ranged from 6—27 cubic feet per second (cfs) under the old
license and 10-87 cfs under the new license (Figure 4-1, Appendix D1, Table D1-1).
Since 2015, flows from July to February were higher, on average, than flows from
2003-2014; however, the range of flows was similar (Figure 4-1).
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Figure 4-1. Daily average flow for 2003—-2019 water years for the Rubicon River
Below Rubicon Dam. Grey lines show data prior to the new license flow regime
(2003-2014) and red lines show data after the new license flow regime (2015—
2019).

Peak flows are associated with spill over the Rubicon Dam. Water spilled over the dam
on 121 days during the period of record, 59 of these days occurred from 2003-2014
and 62 occurred from 2015-2019 (Figure 4-1). There were no spill events in 2003—
2004, 2008, and 2014. Throughout the period of record spills occurred from October
through June with the majority of spills (63%) in May and June. Peak flows ranged up to
2397 cfs (Figure 4-2). Peaks greater than 1000 cfs occurred in 2006, 2011, 2017, and
2018. Of the 121 spill events during the period of record (Figure 4-2), 85 (70%) occurred
during these four years.
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Figure 4-2. Annual peak flows for gages in the study reaches from 2003-2019.
All 2019 peaks and the entire Rubicon record were estimated from the daily
average flows; otherwise peak flows were downloaded from the USGS (SF Silver
= South Fork Silver Creek; SF American = South Fork American River).

4.3.1.2 Gerle Creek below Loon Lake Dam

Other than during 2015 (the only Critically Dry water year since implementation of new
license flows), the January—September daily average flows at Gerle Creek below Loon
Lake Reservoir from 2016—2019 were 2-5 times the flows from 2003-2014 (Figure 4-3).
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Under the new license flow regime, the hydrograph has transitioned from one with
nearly constant flows and periodic peaks typically less than 30 cfs, to a broad snowmelt-
style hydrograph with February through July flows ranging from 26—-69 cfs depending on
the water year type (Figure 4-3).

Figure 4-3. Daily average flow for 2003-2019 water years for Gerle Creek Below
Loon Lake Dam. Grey lines show data prior to the new license flow regime (2003—
2014) and red lines show data after the new license flow regime (2015-2019).

The new license calls for managed pulse releases in Gerle Creek below Loon Lake
Dam. During June 2016 a two-day managed pulse flow with a peak daily average
discharge of 224 cfs and a 5-day managed pulse flow with a peak daily average
discharge of 340 cfs were released by SMUD as part of the Gerle Creek Sensitive Site
Investigation (SMUD 2016) (Figure 4 2). A five-day managed pulse flow with a peak
daily average discharge of 371.8 cfs was released in May 2019 (Figure 4 2 and Figure 4
3). There were no pulse flows in 2017 and 2018. These pulses generally elevate flow
over the course of one week and are the highest flows measured at the gage since
1996 (Appendix D1).

The annual peak flows averaged about 54 cfs from 2003-2014 and 268 cfs from 2015—
2019 (Figure 4-2, Appendix D1).
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4.3.1.3 South Fork Silver Creek below Ice House Dam

Prior to the new license flow regime, daily average flows were <15 cfs for most of the
year and included large peak flows up to 500 cfs in the fall. The new license flow regime
includes a broad snowmelt hydrograph that extends from May through July, with
monthly average flows that were approximately 10 times higher than 2003-2014 (Figure
4-4, Appendix D1). In addition, winter base flows in South Fork Silver Creek below Ice
House Dam have increased from 3—7 cfs to 7.5-19.0 cfs (Figure 4-4). Recreation flows
between 200 and 600 cfs have also been implemented in addition to the higher
snowmelt baseflow (Figure 4-4).

Figure 4-4. Daily average flow for 2003-2019 water years for South Fork Silver
Creek Below Ice House Dam. Grey lines show data prior to the new license flow
regime (2003-2014) and red lines show data after the new license flow regime
(2015-2019).
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The timing of instantaneous peak flows in South Fork Silver Creek has shifted from
predominantly the fall to the spring (Figure 4-4) since recreation flows were
implemented under the new license, and high flows (>500 cfs) have occurred regularly
over the past 20 years (Figure 4-2).

4.3.1.4 Silver Creek below Camino Dam

The daily average flows in spring for Silver Creek below Camino Dam have increased
from 12-23 cfs in 2003-2014 to 32—73 cfs in 2015-2019 (Figure 4-5). Fall and summer
flows in 2015-2019 were within the range of summer flows from 2003-2014 (Figure
4-5). Flows in 2017 (a Wet water year) were consistently very high and ranged from 200
to 16,100 cfs and included a 3-month period where flows were continuously greater
than 600 cfs (almost nine times greater than the highest minimum flow of 68 cfs).

Figure 4-5. Daily average flow for 2003-2019 water years for Silver Creek Below
Camino Dam. Grey lines show data prior to the new license flow regime (2003—
2014) and red lines show data after the new license flow regime (2015-2019).
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High instantaneous peak flows (>15,000 cfs) at Silver Creek below Camino Dam
occurred in 2006 and 2017 (Figure 4-2).

4.3.1.5 South Fork American River below Slab Creek Dam

With the exception of spill periods, flows in the SFAR below Slab Creek Dam were
typically 38—40 cfs year-round from 2003-2014 Figure 4-6). Under the new license flow
regime, baseflows have increased to 60—220 cfs during all but the critically dry 2015.
Discharge is highly variable at this site with frequent spills during the winter. During
2017, daily average discharge was generally above 2,000 cfs from March to mid-June.

There have been two high peak flows (>25,000 cfs) in this reach since 2003, occurring
in 2006 and 2017 (Figure 4-6).

Figure 4-6. Daily average flow for 2003—-2019 water years for South Fork
American River Below Slab Creek Dam. Grey lines show data prior to the new
license flow regime (2003-2014) and red lines show data after the new license
flow regime (2015-2019).
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4.3.2 Geomorphic Field Data

4.3.2.1 Site RRD-G1 (Rubicon River below Rubicon Dam)

Site Description

The site is located approximately 1.5 miles downstream of Rubicon Reservoir Dam and
has a drainage area of about 33 square miles. Site RRD-G1 is immediately downstream
of the Desolation Wilderness Boundary where roads are not a source of sediment
supply. The site lies within a formerly glaciated valley with large areas of exposed
granitic bedrock making up the moderately steep valley slopes (30-40%). There was
little evidence of mass wasting near the study site. A well-established evergreen forest
surrounded the channel, and the banks were well vegetated with thick grasses and
deciduous understory. Survey measurements indicate that the channel in this reach was
a Rosgen F4 (Rosgen 1994), with a moderately entrenched channel, a high width-to-
depth ratio (30-63), an average local bed slope of 0.008 (0.8%), a sinuosity of 1.35, and
a gravel dominated substrate. The study site was in a relatively straight, pool-riffle reach
with irregular meanders and well-vegetated, lateral and mid-channel gravel bars.
Boulder and bedrock outcrops occurred on the channel margins (Figure 4-7). Recently
eroded (raw) banks were small and infrequent and reflected local erosion around
boulders, and there was no evidence of recent deposition or bar development. Woody
debris was generally absent from the flood prone areas. Key LWD pieces that span the
channel were not observed along this reach, and no evidence of beaver activity was
noted. Representative photos of this site are included in Appendix D3.

Figure 4-7. Site RRD-G1 looking upstream from XS-2 in 2003 (left) and 2019
(right).
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Longitudinal Profile

The longitudinal profiles from 2003 and 2019 are shown in Appendix D4, Figure D4-1.
The 2019 profile was 450 feet long and extended 125 feet upstream of the upstream
cross-section (XS-1) and 50 feet downstream of the downstream cross-section (XS-3).
The mean local slope, calculated as a best-fit line to the long profile, was 0.007 (0.7%)
during 2003 surveys and 0.008 (0.8%) during the 2019 surveys. This difference reflects
the greater upstream extent of the 2019 surveys (as shown in Appendix D4, Figure D4-
1) rather than topographic changes. The 2019 and 2003 longitudinal profiles were
generally similar. There was 0.5 to 2 feet of local incision, but it was not systematic.

Cross-Sections

The Rubicon River cross-sections for 2003 and 2019 are shown in Appendix D5 Figures
D5-1 to D5-3, and characteristics are summarized in Table 4-3. At this site, the three
cross-sections surveyed in 2003 were re-occupied in 2019, although the elevation
difference for endpins at XS-1 did not match the elevation difference in 2003 surveys or
additional surveys at the site completed in 2005. The re-occupied cross-sections show
up to 0.4 feet of incision relative to 2003 (Appendix D5 Figures D5-2 and D5-3), but in
general the cross-section geometry is very similar. The differences in bankfull data
reported in XS-3 reflect differences in the definition of bankfull indicators in the field
rather than a change in geometry. The upstream cross-section shows the multiple
channel section of the reach with a vegetated island on the left bank, while the other two
cross-sections are single-threaded.

Table 4-3. Cross-Section Data for Site RRD-G1 from 2003 and 2019.
Bankfull width (fry | ™“ean ba”]!i‘;“” depth WID ratio
Cross-Section (XS) 2003 2019 2003 2019 2003 2019
XS-1 (Upstream) 73 69 1.9 1.1 38 61
XS-2 (Intermediate) 60 a7 1.4 1.6 43 30
XS-3 (Downstream) 75 41 1.1 1.4 68 30

ft = feet
W/D = bankfull width divided by bankfull depth
The 2003 bankfull parameters were recalculated using the original survey data.

Bed Particle Size Distributions

The bed at all three cross-sections was primarily made up of gravel with <5% boulders
at the intermediate and downstream cross-sections and no boulders at the upstream
cross-section (Appendix D6 Figures D6-1 to D6-3, Table 4-4). Sand content from the
2019 pebble counts was 6, 12, and 18% of the measured particles at the upstream,
intermediate, and downstream cross-sections, respectively. Relative to the 2003
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surveys, the amount of fine gravel (<20 mm) increased while coarse gravel and cobble
decreased at all three cross-sections; the extent of sand in the pebble count was similar
(Appendix D6 Figures D6-1 to D6-3, Table 4-4).

Table 4-4. Pebble Count Data for Site RRD-G1 from 2003 and 2019.
Particle Size
D16 (mm) D50 (mm) D84 (mm)
Cross-Section (XS) 2003 2019 2003 2019 2003 2019
XS-1 (Upstream) 6 8 30 39 60 134
XS-2 (Intermediate) 2 4 33 50 92 121
XS-3 (Downstream) 4 2 31 44 66 136

mm = millimeters

D16=particle size at which 16% of the bed is finer
D50=particle size at which 50% of the bed is finer
D50=particle size at which 84% of the bed is finer

Sediment Facies Mapping

The majority of the bed area (54%) had cobble-dominant substrate with gravel-dominant
substrate comprising 30% of the bed area (Appendix D7 Figure D7-1, Table 4-5). There
were no boulder-dominant facies at this site. Approximately half of the facies had sand
as a dominant or sub-dominant component.

Table 4-5. Dominant Sediment Facies at Site RRD-G1.
Dominant Facies Area (ft?) % Area
Sand 3,195 12
Gravel 8,514 30
Cobble 14,855 54
Boulder N N
Bedrock 1,159 4

ft>= square feet

Large Woody Debris

No large wood was observed at this site (see Appendix D8).

V* (Fine Sediment Storage)

V* was not measured because discrete fine sediment deposits were not observed in the
pools in the site. Sand was generally mixed with gravel and occurred as a thin veneer
over gravel where it was present in the reach. Because conditions did not meet the V*
monitoring requirement for two consecutive surveys, V* will not be measured at this site
for the remainder of the license.
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The Rosgen Level lll, Rosgen Bank Erosion and Riparian Vegetation, and Pfankuch

Bank Stability assessments are provided in Appendix D10, Appendix D11, and

Appendix D12, respectively. The overall Pfankuch stability rating was 76 (good).
Morphological characteristics of the site are summarized in Table 4-6.

Table 4-6. Morphological characteristics for the 2003 and 2019 surveys.

2003 Reach Characteristics 2019 Reach Characteristics
Reach- Pfankuch
Study Bed | Level average | Level Stability
Site slope Il Morphology Slope Il Morphology Type Score
RRD-G1 | 0.007 F4 Pool-riffle 0.008 F4 Pool-riffle Response 76
LLD-G1 | 0.007 E5 Pool-riffle 0.008 E5 Pool-riffle Response 101
LLD-G2 | 0.013 C3 Plane-bed 0.010 C3 Plane-bed Response 56
IHD-G1 | 0.002 C4 Pool-riffle 0.002 C4 Pool-riffle Response 105
IHD-G2 | 0.006 C3 Plane-bed 0.008 C3 Plane-bed Transport 52
CD-G1 | 0.016 | B3c | Sedrock 0012 | B3c | Sedrockl | ransport 61
Step-pool Step-pool
SCD-G1 | 0.028 | B3 Cascade/ - B3 | Sascadel | ransport 62
Step-pool Step-pool
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4.3.2.2 Site LLD-G1 (Gerle Creek Below Loon Lake Dam, Upper Reach)

Site Description

This site is located approximately 0.75 miles downstream of Loon Lake Dam and has a
drainage area of about 6.6 square miles. At this site, the creek flows through a glaciated
valley. The right bank for most of the reach is the southern limit of an 88-foot wide by
1,400-foot-long meadow. The downstream end of the reach is constricted by bedrock
which acts as the hydraulic control for the reach (Appendix D2). During the 2003
surveys, the meadow was forested with lodgepole pines. Subsequently, several beaver
dams in the channel raised the water surface elevation and flooded the lodgepole pine
forest (SMUD 2016). The die-off was apparent on Google Earth images starting in about
2010, and resulted in an incredibly high wood loading that dominates the flow and
morphology of the channel (Figure 4-8 and Figure 4-9). The channel is characterized by
vegetated point and lateral bars, regular meanders, and subtle pool-riffle morphology.
The study site is a Rosgen E5 channel. There is very little entrenchment and the width-
to-depth ratio ranged from 7-20. The bed slope is 0.008 (0.8%) over the whole reach
and 0.0023 for the upstream portion of the profile. The bed material is primarily fine to
coarse sand with patchy surficial silt deposits. Extensive fine sediment deposits were
observed within the bankfull channel and on the floodplains. Representative photos of
this site are included in Appendix D3.

Figure 4-8. Site LLD-G1 looking downstream from XS-2 in 2003 (left) and 2019
(right).
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Figure 4-9. Aerial photographs of the area surrounding Site LLD-G1 showing the forest die-off adjacent to the

channel.
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Longitudinal Profile

The 2019 longitudinal profile is shown in Appendix D4, Figure D4-2. The 2019 profile
was 690 feet long and extended 190 feet upstream of XS-1 and 275 feet downstream of
XS-3. The slope steepened significantly downstream of XS-3, where the channel banks
transitioned to bedrock and the valley was more confined. The slope from the upstream
end of the reach to just downstream of XS-3 was 0.0023 (0.23%). The mean local slope
for the entire reach was 0.007 (0.7%) during 2003 surveys and 0.008 (0.8%) during the
2019 surveys. Because longitudinal profiles were generally similar in 2003 and 2019,
the difference in slope between years likely reflects a the much higher survey density in
2019 and different survey extents (approximately 690 feet in 2019 versus approximately
430 feet in 2003) rather than a change in the slope of the reach. Minor topographic
adjustments are visible in Appendix D4, Figure D4-2, but for the most part the channel
bed appears stable.

Cross-Sections

Site LLD-G1 cross-sections for 2019 are shown in Appendix D5, Figures D5-4 to D5-6,
and characteristics are summarized in Table 4-7. The three cross-sections that had
been surveyed in 2003 were not re-occupied in 2019. Cross-section endpins were not
located due to frequent downed trees in the bankfull and flood prone areas. In lieu of
locating original endpins, the approximate 2003 cross-section locations were relocated
by using the 2003 site photos. Given the widespread changes due to the die-off of the
forest and frequent downed trees, the new cross-sections were only roughly near the
original cross-section location. The morphology of all three cross-sections was very
similar in 2003 and 2019.

Table 4-7. Cross-Section Data for Site LLD-G1 from 2003 and 2019.

Bankfull width (fty | Mean bar(‘]!g“” depth WID ratio
Cross-Section (XS) 2003 2019 2003 2019 2003 2019
XS-1 (Upstream) 21.5 25 2.6 3.4 8.5 7.3
XS-2 (Intermediate) 34.1 34.1 3.8 4.7 8.9 7.3
XS-3 (Downstream) 23.2 28 2.7 3.7 8.5 7.6

ft = feet; W/D = bankfull width divided by bankfull depth
The 2003 bankfull parameters were recalculated using the original survey data.

Bed Particle Size Distributions

Pebble counts were not performed at this site because the bed was entirely comprised
of sand in both 2003 and 2019 and pebble counts are only intended for gravel beds.
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Sediment Facies Mapping

Sediment facies was not mapped because the channel bed was entirely comprised of
sand and silt and the bed was not sufficiently visible to differentiate sand and silt due to
low visibility (high depth and turbidity).

Large Woody Debris

Wood loading was extensive in the reach. Rather than count the individual pieces, wood
was counted and measured on the aerial photograph taken for the facies map. There
were 564 logs that exceeded 6 feet in length in the 690-foot long reach (Appendix D8).
The logs had a mean length of 14.6 feet and a standard deviation of 8.7 feet. The logs
were randomly oriented, and many logs crossed the channel. Many logs were within the
active channel, and log movement appeared to be minimal.

V* (Fine Sediment Storage)

V* was not measured because the bed was comprised of sand and no gravel was
observed in the reach or noted below the sandy bed. V* is only a useful measure in a
gravel bed channel with defined pools where fine sediment can be distinguished from
coarser sediment by probing with a rod, which is not possible with the sand and silt that
made up the bed of this site. V* is not intended to assess deposition in sand-bed
reaches. Because conditions did not meet the V* monitoring requirement for two
consecutive surveys, V* will not be measured at this site for the remainder of the
license.

Additional Channel Condition Assessments

The Rosgen Level lll, Rosgen Bank Erosion and Riparian Vegetation, and Pfankuch
Bank Stability assessments are provided in Appendix D10, Appendix D11, and
Appendix D12, respectively. The overall Pfankuch stability rating was 101 (poor).
Morphological characteristics of the site are summarized in Table 4-6.

4.3.2.3 Site LLD-G2 (Gerle Creek Below Loon Lake Dam, Middle Reach)

Site Description

The site is located in a broad glaciated valley approximately 2 miles downstream of
Loon Lake Dam and has a drainage area of about 11 square miles. The Wentworth
Springs Road is 300-500 feet north of the stream for the entire length of the reach.
Survey measurements indicated that this reach was a Rosgen C3 channel. The width-
to-depth ratio ranged from 22 to 46 and the entrenchment ratio ranged from 9 to 25. The
average local bed slope was 0.01 (1%) and the sinuosity was 1.1. For most of the reach
length, the channel has a pool-riffle sequence with boulder steps at the upstream end of
the reach. Pools had a residual depth less than 3.5 feet. Sand deposits were not
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observed in the pools. The channel had alternate bars visible in cross-sections 1 and 3,
and one mid-channel bar at the downstream end of the reach. The banks were made up
of cobbles with an overlying fine sediment layer and were densely vegetated with
riparian trees and conifers. Vegetation encroached on the channel throughout the reach
(Figure 4-10). The floodplain was made up of sand and silt deposits at its downstream
end and was not visible at its upstream end where the floodplain was densely
vegetated. LWD had a moderate density, with the majority of logs deposited as
individuals rather than in jams. Beaver activity was not noted during the 2019 survey but
was observed close to the site in 2019 (E. Koenigs, SMUD, pers. comm., July 2019).

Figure 4-10. Site LLD-G2 looking upstream from XS-2 in 2003 (left) and 2019
(right).

Longitudinal Profile

The longitudinal profiles from monitoring years 2003 and 2019 are shown in Appendix
D4 Figure D4-3. The 2019 longitudinal profile was 1,000 feet long and extended 100
feet upstream of XS-1 and 400 feet downstream of XS-3. The reach-average slope was
0.012 (1.2%) in 2003 and 0.011 (1.1%) in 2019. Comparison of the longitudinal profile
between monitoring years shows very minor changes in thalweg elevation. Relative to
the 2003 surveys, the channel bed incised in some locations and aggraded in others.
The most notable location where incision was observed was approximately 40 feet
downstream of XS-3, where the channel incised by one approximately one foot over a
distance of 40 feet, but thalweg elevation changes were generally less than 0.2 feet.

Cross-Sections

Endpin recovery was complicated at Site LLD-G2 due to a mixture of endpins from the
2003 survey and endpins from the Gerle Creek Sensitive Site Investigation (SMUD
2016). The 2016 SMUD endpins that were recovered in 2019 for the intermediate cross-
section (XS-2) and XS-3 were within 1 foot of the 2003 endpins, and the different
endpins likely do not affect cross section geometry appreciably. The 2015 SMUD left
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bank endpin was not found in 2019 and thus the difference between the endpins is not
known. The 2019 surveys used a mixture of 2016 and 2003 endpins detailed in Table
4-8. Site LLD-G2 cross-sections for 2003 and 2019 are shown in Appendix D5 Figures
D5-7 to D5-9, and characteristics are summarized in Table 4-9. The compilation of
cross-section photos for this site is provided in Appendix D3. In general, the cross-
sections showed similar geometry between monitoring years (Table 4-9). The large
difference in bankfull width between the 2003 and subsequent surveys reflects changes
in the definition of bankfull width rather than large cross section changes. Comparison
of the cross sections at Site LLD-G2 shows thalweg incision of approximately 0.5 feet
following the 2016 pulse flows and approximately 0.2 feet of additional incision in the
thalweg in 2019. XS-2 morphology was relatively stable since 2003 and during the pulse
flow. Comparison of XS-3 (the downstream cross-section) shows that the channel had
aggraded somewhat between 2003 and 2015. Following the 2016 pulse flow, the 2016
channel was very similar at XS-3 to 2003. The channel subsequently deepened by
approximately 0.5 feet but maintained a similar width following the 2019 flows the main
channel in XS-3 transitioned from a mid-channel bar to a single channel with a pool
approximately 0.4 feet deeper than 2016 (Appendix D5 Figure D5-9). The two upstream
cross-sections were generally similar in 2003 and 2019.

Table 4-8. Cross-Section Endpins Used in the 2019 survey for Site LLD-G2

Cross Section (XS) Left Bank Endpin Right Bank Endpin
XS-1 (Upstream) 2003 Endpin SMUD 2016 Endpin
XS-2 (Intermediate) 2003 Endpin SMUD 2016 Endpin
XS-3 (Downstream) SMUD 2016 Endpin 2003 Endpin
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Table 4-9. Cross-Section Data for Site LLD-G2 from 2003, 2106 and 2019.

Bankfull width (ft) Mean bankfull depth (ft) W/D ratio
Cross-Section
(XS) 2003 2016 2019 2003 | 2016 | 2019 | 2003 | 2016 | 2019
XS-1 (Upstream) 54 27 46 2.1 1.1 1.0 26 27 46
XS2 38 23 30 15 16 | 13 | 25 | 14 23
(Intermediate)
XS-3 51 35 38 1.1 10 | 11 | 46 | 32 35
(Downstream)

ft = feet; W/D = bankfull width divided by bankfull depth
The 2003 bankfull parameters were recalculated using the original survey data.

Bed Particle Size Distributions

The bed at all three cross-sections was primarily made up of cobbles with <10%
boulders at the upper and middle cross-sections and no boulders at the lower cross-
section (Appendix D6 Figures D6-4 to D6-6). Relative to the 2003 surveys, the bed
coarsened at the upstream and intermediate cross-sections but fined slightly at the
downstream cross-section (Table 4-10, Appendix D6 Figures D6-4 to D6-6).

Table 4-10. Pebble Count Data for Site LLD-G2 from 2003 and 2019.

_ D16 (mm) D50 (mm) D84 (mm)
Cross-Section
(XS) 2003 | 2015 | 2019 | 2003 | 2015 | 2019 | 2003 | 2015 | 2019
XS-1 (Upstream) 14 57 39 69 113 95 137 231 190
?f:t'ezrme dite) 14 57 42 66 117 90 152 | 261 | 184
?(DSO\?V rstream) 40 a1 32 90 77 82 170 | 150 | 136

mm = millimeters

D16=particle size at which 16% of the bed is finer
D50=particle size at which 50% of the bed is finer
D84=particle size at which 84% of the bed is finer

Sediment Facies Mapping

The majority of the channel bed was cobble-dominated, and the floodplains were sand-
dominated (Appendix D7 Figures D7-2 to D7-3). Cobble-dominant facies comprised
54% of the bed area and gravel-dominant facies comprised 21% of the bed area (Table
4-11). Sand-dominant facies were primarily observed on the floodplains and cobble-
dominant facies made up the majority of the wetted channel. Sediment facies gradually
fined from the upstream end to the downstream end of the site.
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Table 4-11. Dominant Sediment Facies at Site LLD-G2.
Dominant Facies Area (ft?) % Area
Sand 2,381 12
Gravel 4,210 21
Cobble 10,527 52
Boulder 2,927 15
Bedrock - -

ft>= square feet

Large Woody Debris

Site LLD-G2 had 108 logs that met the minimum length criteria of 12.5 feet (1/2 average
bankfull width). Of these logs, 70 were individual pieces and 38 were in 4 aggregates of
4-17 logs (Appendix D8). There were no logs with rootwads in the site. Wood appeared
to be relatively stable and was locally sourced based on the degree of weathering. LWD
did not appear to be significantly affecting channel morphology.

V* (Fine Sediment Storage)

V* was not measured because fine sediment was not observed in the pools in the site.
Because conditions did not meet the V* monitoring requirement for two consecutive
surveys, V* will not be measured at this site for the remainder of the license.

Additional Channel Condition Assessments

The Rosgen Level lll, Rosgen Bank Erosion and Riparian Vegetation, and Pfankuch
Bank Stability assessments are provided in Appendix D10, Appendix D11, and
Appendix D12, respectively. The overall Pfankuch stability rating was 56 (good).
Morphological characteristics of the site are summarized in Table 4-6.

4.3.2.4 Site IHD-G1 (South Fork Silver Creek below Ice House Dam, Upper Reach)

Site Description

The Ice House upper site is located approximately 1.5 miles downstream of Ice House
Dam and has a drainage area of about 33 square miles. At this site, the valley is
densely vegetated and valley slope is less than 30%, and there is no evidence of major
mass wasting events. Silver Creek Group Campground is on the south bank of the river,
and rock weirs built by campers can alter low flow hydraulics. The banks were densely
vegetated (Figure 4-11) with frequent terrace surfaces above the estimated bankfull
elevation. Survey measurements indicated that the channel in this reach was a Rosgen
C4 channel. 1t was slightly entrenched, with a width-to-depth ratio sufficient to support
alternate bars (8-28). The average local bed slope was 0.002 (0.2%) and the sinuosity
was 1.16. Bed material is primarily unconsolidated gravels and sands, which form
frequent bars along the channel margins. Comparison of photographs from 2003 and
2019 shows that vegetation has encroached on the channel (Figure 4-11). Medium to
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small sized woody debris is present in moderate amounts. Several key LWD pieces that
span the channel are located in the lower part of the site. They are stable in the
channel, form backwater pools, act as instream cover, and effectively reduce flow
velocity. This reach exhibits pool-riffle morphology, with a vegetated mid-channel bar in
the middle of the reach. Representative photos of this site are included in Appendix D3.
Beaver activity was not observed at this site in 2019.

Figure 4-11. Site IHD-G1 looking upstream from XS-2 in 2003 (left) and 2019
(right).

Longitudinal Profile

The longitudinal profile for monitoring year 2019 is shown in Appendix D4 Figure D4-4.
The 2019 profile totaled 1,200 feet and extended 360 feet upstream of XS-1 and 275
feet downstream of XS-3. The mean slope was 0.002 (0.2%) in 2003 and 2019. Overall,
the longitudinal profile was relatively similar from 2003 and 2019. The largest change
was approximately 2 feet of thalweg aggradation near the downstream distance of 1100
feet. The surveys also show about 2 feet of incision in the pool at the upstream end of
the reach (where the V* measurement was taken). Given that the bed was primarily
gravel and cobble at this site in 2003 and has up to 3 feet of sand on the bed now, the
total gravel incision was approximately 5 feet. There is also no evidence of deposition of
the missing material downstream. This is a relatively large amount of incision without a
record of extraordinarily large flows that may have caused it. It is also possible that the
“incision” is an artificial artifact of a somewhat different alignment of the profile and the
higher density of survey points in 2019.

Cross-Sections

Site IHD-G1 cross-sections for 2019 are shown in Appendix D5 Figures D5-10 to D5-12,
and characteristics are summarized in Table 4-12. The compilation of cross-section

photos for this site is provided in Appendix D3. At this site, only XS-1 was re-occupied in
2019. In lieu of locating original endpins at XS-2 and XS-3, the approximate 2003 cross-
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section locations were relocated by using the 2003 site photos. The geometry of XS-1,
which is immediately downstream of the pool where V* was measured, shows very little
change between 2003 and 2019, and the differences in bankfull characteristics in Table
4-12 are primarily due to differences in bankfull estimation in the field and the inclusion
of a side channel within the bankfull channel in 2003. XS-2 (where neither end pin was
recovered in 2019) and XS-3 (where only one end pin was recovered in 2019) both had
significantly different morphology than the 2003 surveys. Although the orientation of the
original surveys is not known, differences in the cross-section location or orientation
across the c