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1.0 Introduction

This report describes the AQ 1 – Instream Flow Technical Study conducted by the Placer County Water Agency (PCWA) in accordance with the AQ 1 – Instream Flow Technical Study Plan (AQ 1 – TSP).  The AQ 1 – TSP was included in the Supporting Document (SD) H of the Pre-Application Document (PAD) for the Middle Fork American River Project (MFP or Project) (PCWA 2007a).  Two additional study items were requested by stakeholders after submittal of the PAD.  The revised AQ 1 – TSP, with the additional study elements, was submitted to Federal Energy Regulatory Commission (FERC or Commission) in May 2008 (PCWA 2008a).  FERC formally approved the study plan on July 18, 2008.  

The purpose of the study is to characterize aquatic and riparian habitat as a function of flow using site specific channel topography, substrate data, hydrodynamics modeling, and ecologically based habitat modeling in the bypass and peaking reaches associated with the MFP.  The information developed from this study, in combination with other FERC-approved resource studies (e.g., water temperature, geomorphology, fish passage, fish population, special-status amphibian and reptile, bioenergetics, and riparian resources studies), will provide a basis for streamflow-related resource management decisions. 

A draft report was distributed to the Aquatic Technical Working Group (TWG) on January 15, 2009 for a 60-day comment period.  The comment period ended on March 15, 2010.  PCWA received one comment letter dated March 20, 2010 which is provided in Attachment A.  PCWA’s response is also provided in Attachment A.  No changes to the report were made in response to the comment letter.   

2.0 Study Objectives

The specific AQ 1 – TSP study objectives include the following:

· Quantify the habitat versus flow relationships for fish, special-status amphibian, benthic macroinvertebrate, and riparian resources in the bypass and peaking reaches;

· Use the habitat versus flow relationships to develop a time series analysis of aquatic habitat under existing and unimpaired flow scenarios in the bypass and peaking reaches; 

· Identify the time periods, flow conditions, and life stages when habitat may be a limiting factor for fish, benthic macroinvertebrate, special-status amphibian, and riparian populations for the existing and unimpaired hydrology scenarios; and

· Provide information necessary to quantify the potential effects of other alternative flow scenarios on aquatic and riparian habitat.

Figure AQ 1-1 shows the AQ 1 – TSP study objectives and the study elements associated with each objective.  It also shows where information developed is documented.  

3.0 Study Implementation

Study elements described in the AQ 1 – TSP (PCWA 2007a) were initiated in 2007 and completed in 2009.  A summary of the study elements that have been completed, deviations from the TSP, outstanding study elements, and any proposed modifications to the AQ 1 – TSP are discussed in the following subsections.

3.1 Study Elements Completed

The following instream flow study elements were completed: 

· Target species and/or guilds and life stages for modeling were selected in collaboration with the Aquatic TWG based on management importance and/or sensitivity to Project operations; 

· Habitat suitability criteria (HSC) were developed in collaboration with the Aquatic TWG;

· Study reaches were stratified and study sites were selected in the field with concurrence from the Aquatic TWG; 

· Study site selection was coordinated with the AQ 12 – Special-Status Amphibian and Aquatic Reptile TSP (AQ 12 – TSP), AQ 10 – Riparian Resources TSP (AQ 10 – TSP), and AQ 9 – Geomorphology TSP (AQ 9 – TSP) to provide modeling capabilities for those resource areas;

· Modeling cross-sections (one-dimensional (1D) modeling) and/or modeling reaches (two-dimensional (2D) modeling) were selected within each study site in collaboration with the Aquatic TWG for each study site;

· Hydrodynamics and habitat modeling was completed over the range of flows specified in the AQ 1 – TSP for each 1D and 2D study site; 

· Time series analyses of habitat for impaired and unimpaired flows were completed at each 1D and 2D study site; 

· Foothill Yellow-legged Frog (FYLF) validation data were summarized for habitat modeling;

· Study elements specific to the peaking reach were completed including hydrology summarization, flow monitoring with stage recorders, stranding evaluation, and effective habitat analysis; 

· Sediment transport conditions in the bypass and peaking reaches were characterized;  and

· Additional study elements requested by stakeholders were completed including evaluation of algae abundance/Didymosphenia geminata presence/absence at instream flow sites and evaluation of the flow required to inundate the historic natural river channel at Horseshoe Bar.

3.2 Deviations from Technical Study Plan

There was one deviation from the AQ 1 – TSP.  An element of the AQ 1 – TSP was to evaluate the magnitude of flow required to inundate the historic natural river channel at Horseshoe Bar based on 1D hydraulic modeling.  During implementation of the study element, it was obvious that very large flows would be required to inundate the channel and that 1D hydraulic modeling would be insufficient to describe flows necessary to inundate the historical channel at the study location.  An alternative approach based on empirical monitoring of flows at the channel entrance was implemented.  The method used a stage recorder near the entrance to the channel, an upstream real-time gage, and a survey of the channel entrance elevation to derive an estimate of the flow required to inundate the channel.  The alternative empirical method and analysis is presented in this report.  This alternative analysis provides information regarding the flow magnitude necessary to inundate the channel in sufficient detail to satisfy the objectives of this study element.

3.3 Outstanding Study Elements

There are no outstanding study elements from the AQ 1 – TSP.

3.4 Proposed Modifications to Technical Study Plan

No modifications are proposed to the AQ 1 – TSP. 

4.0 Extent of Study Area

The study area included the active channel and floodplain in the bypass reaches downstream of Project reservoirs/diversions, the peaking reach downstream of Oxbow Powerhouse, and selected comparison river reaches upstream or otherwise unaffected by the Project facilities.  The study area is identified in Table AQ 1-1 and Map AQ 1-1.  Some portions of the study area are very difficult to access due to the rugged terrain (Map AQ 1-1) and thus, field data were collected only in portions of the study area that were accessible and approved by the Aquatic TWG.  The reaches upstream of and/or unaffected by the Project facilities were used to interpret riparian vegetation versus flow relationships; therefore, data collection in these reaches was limited to that purpose.  

5.0 Study Approach

The following describes the general instream flow modeling approach for all study streams, including: (1) selection of target species and/or guilds and identification of life stage periodicity for target species; (2) development of HSC; (3) study area stratification, study site selection, and coordination with other studies; (4) study site modeling approach (hydrodynamics and habitat); (5) methods specific to the peaking reach; (6) evaluation of sediment transport conditions; and (7) additional study requests related to algae sampling and Horseshoe Bar channel inundation. 

5.1 Selection of Target Species, Life Stages, and/or Guilds

Species distributions of fish, special-status amphibians and reptiles, and riparian resources within the bypass and peaking reaches associated with the MFP were generated as part of the results of the AQ 2 – Fish Population Technical Study Report (AQ 2 – TSR) (PCWA 2009a), AQ 12 – Special-Status Amphibian and Aquatic Reptile Technical Study Report (AQ 12 – TSR) (PCWA 2008b), and SD F Section 9.0 (Riparian Resources) of the PAD (2007a).  The species distributions (e.g., distribution maps) from the abovementioned technical studies were used to determine potential target species for instream flow habitat modeling for the MFP.

The aquatic species, life stages, and guilds to be used for instream flow habitat modeling were selected in collaboration with the Aquatic TWG based on management importance and/or potential sensitivity to Project operations.  The primary species and life stages selected for instream flow modeling included rainbow trout (juvenile rearing, adult rearing, and spawning), hardhead (juvenile and adult rearing), and foothill yellow-legged frog (FYLF) (breeding and tadpoles).  Also, a guild (or spatial niche) approach was selected to model habitat for all aquatic species (primary and secondary priority species/life stages).  The guild/spatial niche approach included the primary species and life stages listed above, as well as secondary species/life stages including juvenile and adult Sacramento pikeminnow, Sacramento sucker, California roach, sculpin species, speckled dace, fry of all the fish species, and macroinvertebrates.  Brown trout was not identified as an important management species by the resource agencies and, therefore, was not evaluated separately as a target species.  In the spatial niche analysis, rainbow trout was used as a surrogate for brown trout, as the two species have similar habitat preferences for most life stages.  

A life stage periodicity chart (i.e., season of occurrence) for the aquatic species in the study area (Figure AQ 1-2) was developed from existing information (Meehan and Bjornn 1991; Benke 1992, Moyle 2002), biologist observations, and study results (e.g., AQ 2 – TSR (PCWA 2009a), AQ 10 – TSR (PCWA 2009b), and AQ 12 – TSR (PCWA 2008b)). 

5.2 Development of Habitat Suitability Criteria

HSC for each selected aquatic species/life stage were developed collaboratively with the Aquatic TWG.  Table AQ 1-2 shows the type of HSC developed for each species and life stage.  The table also shows the priority status (primary or secondary) of each species/life stage for instream flow modeling and the source of the HSC.  Univariate HSC (separate suitability developed for depth, velocity, and/or substrate) were developed for each of the primary target species and life stages, and for some of the secondary priority species (note: for the secondary priority species, the univariate HSC were used to help develop the guilds for the spatial niche analysis).  

The HSC developed for this study were applicable either to the late spring spawning/breeding period or the summer/fall rearing period.  Suitability criteria were not developed for the winter or early spring period (cold water periods).  Typically fish utilize comparatively low velocity water habitats during cold weather periods (Baltz et al. 1991; Vondracek et al. 1992).  As a result, habitat modeling of winter habitat typically indicates that low flows provide suitable habitat (personal experience).  However, maintenance of channel primary productivity and macroinvertebrate production capacity during the cold winter/early spring period may be an important consideration for maintaining the river ecological processes; therefore, wetted perimeter modeling was used to provide an index of potential winter/spring primary and benthic production capacity of the channel.

The information and approach used to develop the HSC and guilds for each species/life stage is described below.

5.2.1 Rainbow Trout Adult and Juvenile HSC

Adult and juvenile rainbow trout (RBT) habitat suitability criteria (HSC) were developed using existing fish habitat use data sets collected from northern, west slope Sierra Nevada rivers.  The existing fish habitat use data sets were reviewed by the Aquatic TWG for applicability to the river reaches associated with the MFP.  The data sets that were determined to be most applicable were used to develop HSC for the MFP.

Four primary data sets were selected to develop the MFP HSC including: (1) Middle Fork Stanislaus River 2001 (TRPA 2002a); (2) North Fork Stanislaus River “high flow” 1991 (TRPA 1992); (3) large channel South Fork American River (TRPA 2000); and (4) the upper North Fork Feather River (TRPA 2002b) (Appendix A, Attachment A).  These individual data sets have previously been used to generate habitat suitability criteria for various northern, west slope Sierra Nevada hydropower relicensing projects, including Middle Fork and South Fork Stanislaus rivers (Stanislaus), Upper American River Project (UARP), El Dorado Irrigation District, DeSabla, Big Creek, and others.  

These data sets were used because they appeared not to have habitat availability limitations (habitat availability biases) present in the river at the time the data were collected.  To minimize habitat availability biases, data sets with an equal effort sampling design and/or collected in medium sized rivers at medium flows were selected to increase the likelihood that a wide variety of habitat was present (available) at the time the fish were observed (i.e., fish present could select from a wide range of habitat).  Data sets collected during low flow when only low velocities were present or data sets from small streams where only shallow depths were present were excluded.  Where possible, data sets with measured habitat availability data were used to allow potential assessment of habitat availability biases in the data sets by using preference ratio calculations (fish use/habitat availability).  
Univariate HSC for adult and juvenile RBT rearing were developed for water depth and water velocity.  Substrate/cover HSC were not developed because abundant cover in the form of large substrates is present in all the streams/rivers associated with the MFP.  It is believed that because cover is generally present, it is not an important factor in differentiating the habitat use of adult and juvenile rainbow trout in these rivers.  This is not meant, however, to be a general statement that substrate/cover is not an important factor for other rivers or species/life stages.  Habitat use data from each river data set were plotted (overlaid with each other) to create HSC for two different size classes of adult and two different size classes of juvenile rainbow trout (four different size classes in total).  The size classes represented the size of rainbow trout present in smaller bypass streams (juvenile and adult classes of 5–<12 cm and 12–22.5 cm, respectively) and larger bypass or peaking river reaches (juvenile and adult classes of 5–<15 cm and 15–40 cm, respectively).  The small bypass streams include Duncan, North and South Fork Long Canyon, and Long Canyon creeks. The large bypass and peaking reaches include the segments of the Middle Fork American and Rubicon rivers affected by operations of the MFP.  It should be noted that the size class split between juveniles and adults was not based on empirically observed reproduction capability of fish in the study area, but based primarily on literature (Moyle 2002) and convention.  

HSC were generated by enveloping the habitat use frequency data for each of the four primary data sets.  Professional judgment was used where necessary to envelop the frequency data in a manner that did not give undo weight to outlier points and that created criteria that were consistent between fish size classes.  

In addition to the four primary data sets used to create the HSC, three supplemental analyses were used as aides in the development of the HSC.  Where applicable, the supplemental analyses were used to help make professional judgment adjustments to the HSC.

· Enveloped Habitat Use HSC – Two “validation” RBT habitat use data sets from medium sized rivers, Klamath River (TRPA 2004) and Pit River (Baltz and Vondracek 1985), were used to test the generality of the HSC (Appendix A, Figures A-1 to A-2). 

· HSC Comparison with Adjusted Preference Data – For three of the four primary data sets, habitat use (U), availability (A), and adjusted preference ratio
 (U/A) were plotted and compared to the enveloped HSC (Appendix A, Attachment B).  Availability data were not collected for the North Fork Stanislaus 1991 data.  The adjusted preference ratio was used to identify if there were potential habitat availability biases in the data.  It should also be noted that the large channel South Fork American River juvenile velocity data set contained few fish and the U/A data were noisy and not used to assess the HSC.  
· Comparison with Other Project HSC – The MFP HSC were compared to HSC from other projects:

· The MFP small stream HSC were compared to the South Fork American River small stream data set (TRPA 2000) used to develop small stream HSC for the UARP (Appendix A, Figure A-3).  The habitat use (U), availability (A), and adjusted preference ratio (U/A) information from the small stream data set were plotted with the MFP HSC.  

· The MFP small and large stream adult and juvenile HSC were compared to two sets of HSC used in recent relicensing projects: Stanislaus (TRPA 2002a) and UARP (TRPA 2000b). 

Sensitivity analysis HSC were developed for small and large stream rainbow trout adult for both velocity and depth.  These HSC were developed to test if increased suitability for faster velocity or increased suitability for deeper water would affect the final habitat versus flow relationships (i.e., how sensitive the final habitat results were to alternative HSC). 

5.2.2 Rainbow Trout Spawning and Fry, Hardhead, Sacramento Pikeminnow and Sacramento Sucker HSC

A database of existing HSC for rainbow trout spawning and fry, hardhead, Sacramento pikeminnow, and Sacramento sucker that had been used in recent instream flow projects in Sierra Nevada streams was compiled for potential use in the MFP instream flow study.  The database was reviewed by the Aquatic TWG for applicability to MFP species and river reaches.  The data that were determined to be most applicable were used to develop HSC for these species and life stages for the MFP. 

Univariate HSC for rainbow trout spawning and rainbow trout fry (20–<50 mm), hardhead (juvenile and adult), Sacramento pikeminnow (juvenile and adult), and Sacramento sucker (juvenile and adult) were generated by plotting the most applicable HSC from other streams (Appendix B).  From the plotted curves, a single envelope univariate HSC curve for velocity, depth, and substrate (rainbow trout spawning only) was developed.

5.2.3 Foothill Yellow-Legged Frog Breeding and Tadpole HSC 

HSC (water depth, water velocity, and substrate) for FYLF breeding and larval development (tadpoles) were developed as part of the AQ 12 – TSR (PCWA 2008b).  The HSC were based on: (1) site-specific use data collected in spring - fall 2007 in the larger MFP rivers and streams (e.g., Rubicon and Middle Fork American rivers); and (2) recently collected use data collected from other northern Sierra Nevada rivers (Lind and Yarnell 2007) (Appendix C).  Data from small streams where habitat availability (e.g., limited depth availability) may have affected habitat selection for oviposition (egg masses) or tadpoles were not included in the data set.  Three habitat suitability levels (high, marginal, and not suitable) were developed for each life stage and habitat variable.  These levels were based on the range of water depth, water velocity, and substrate values observed for 90%, 10%, and 0% of egg masses or tadpole groups, respectively (Lind and Yarnell 2007). 

Based on initial validation results for the FYLF modeling, the FYLF breeding HSC in the AQ 12 – TSR (PCWA 2008b) were modified.  HSC were modified to make them applicable to 2D modeling when substrate in the study site was delineated into polygons with dominant and subdominant percentages (e.g., 40% cobble, 30% gravel, 30% boulder).  Specifically, a code was developed to denote the presence of suitable breeding attachment substrate, regardless of the overall dominant substrate in the polygon.  A percentage, 20% or greater, of breeding substrate in a substrate polygon was used to determine the suitability for breeding (Section 6.1.3 in the Results section for details).

5.2.4 Guild/Spatial Niche Approach

For all aquatic species and life stages (fish, amphibians, benthic macroinvertebrates) in the study area, including the primary species/life stages listed above, a guild approach was developed in collaboration with the Aquatic TWG to provide binary depth and velocity habitat criteria.  Where univariate HSC were available for species/life stages, a relatively high value of habitat suitability (80%) was plotted on a depth and velocity plot to aid development of depth and velocity guilds.  A high value of suitability was used to clearly show the potential habitat separation between species/life stages.  For the other species/life stages, depth and velocity habitat suitability was obtained from the literature (see below).  The depth and velocity plot was then divided into different categories (e.g., slow-shallow, fast-shallow, deep-slow) that approximately correspond to the depths and velocities utilized by different species/life stage guilds (e.g., fry, macroinvertebrates, etc.).  Because some of the species/life stages overlapped in habitat use, it was not possible to select categories of depth and velocity that exclusively separated species/life stage guilds.  The categories were selected at evenly spaced depth and velocity increments that provided as much separation as possible.  Each species/life stage was then assigned to one or more of the depth and velocity guilds. 

Information on depth and velocity use was obtained from the literature for speckled dace, riffle sculpin, California roach, and macroinvertebrates.  Speckled dace, riffle sculpin, and California roach data were obtained from Moyle and Baltz (1985).  The depth and velocity range where the largest percentages of fish were observed in the study was used for the depth and velocity plot and guild assignments.  Macroinvertebrates were assigned to all of the guild categories except the shallowest (<0.25 feet) and the deepest categories (>4 feet) and where velocities were greater than 4 ft/s based on a combination of habitat use information for macroinvertebrates from Waters (1976), Gore et al. (2001), and USFWS (2006). 

5.3 Study Area Stratification, Study Site Selection, and Coordination With Other Studies

Geomorphology, hydrology, and habitat data collected as part of previous studies (PCWA 2006a; PCWA 2006b; PCWA 2006c; PCWA 2007a) were used to stratify the bypass and peaking reaches.  The broadest strata were based on the results of the geomorphic classification of the river channels (PCWA 2006a; PCWA 2007a) (Map AQ 1-1) and hydrological management reaches (i.e., reaches that have similar flow regimes as a result of Project operations).  These geomorphic/hydrologic management reaches are shown in Map AQ 1-1 and Table AQ 1-3.  

Within the geomorphic/hydrologic reaches, the river was further stratified based on mesohabitat types.  All accessible bypass and peaking reaches were mesohabitat mapped (typed), either by aerial video, helicopter, or foot travel, using the most detailed level of mesohabitat typing outlined in McCain et al. (1990) (i.e., a potential of 22 mesohabitat types) (PCWA 2007b).  In consultation with the Aquatic TWG, these habitat types were collapsed into five mesohabitat types for instream flow modeling (pool, run, low gradient riffle, high gradient riffle, and cascade).  

Due to access limitations within the study area, accessible study sites were selected within each of the different geomorphic/hydrologic reaches to represent the longer reaches.  The representative study sites were at least 20–40+ channel widths in length and contained a full complement and similar proportion of mesohabitat types to those present within the larger geomorphic/hydrologic reach.  Where possible, the sites overlapped the 2006 geomorphology and riparian habitat quantitative study sites (QSS) (PCWA 2006a). 

The locations of the study sites within each geomorphic/hydrologic reach are shown in Map AQ 1-1 and Table AQ 1-3.  The specific location of the instream flow study sites was selected in the field during late summer 2007, with concurrence of Aquatic TWG representatives.  Twelve all-discipline inclusive instream flow study sites were selected, where aquatic habitat, riparian habitat, and geomorphology would be modeled.  An additional five riparian comparison study sites and two limited purpose study sites were also selected for modeling (see below).

The instream flow modeling sites in the peaking reach were selected to include representative habitat of fish, benthic macroinvertebrate, amphibian, and riparian resources that was sensitive to flow fluctuations.  For example, sites were selected and modeled that contained fry rearing habitat, potential fish stranding locations, amphibian breeding habitat, and benthic macroinvertebrate habitat.

Study site selection in the bypass and peaking reaches was coordinated with other TSPs, including AQ 12 – TSP, AQ 9 – TSP, and AQ 10 – TSP.  The study site selection was coordinated with the AQ 12 – TSP to include FYLF breeding and tadpole rearing habitat, where appropriate.  FYLF breeding and tadpole rearing sites were identified for two bypass reach study sites above Ralston Afterbay (Middle Fork American River MF26.2 and Rubicon River R3.5) and potential breeding/rearing habitat was identified at the modeling sites in the peaking reach (MF14.1 and MF4.8).  In addition, two limited purpose study sites were identified for stage-discharge modeling at FYLF breeding locations on comparison rivers (North Fork of the Middle Fork American River NFMF2.3 and North Fork American River NF35.7).

Selection of study sites was also coordinated with the AQ 9 – TSP and the AQ 10 – TSP to provide modeling data for these TSPs at each of the 12 general purpose instream flow study sites (Table AQ 1-3), at five riparian comparison stream sites, and at one special purpose geomorphology study site.  The riparian comparison stream reaches were upstream of Project diversions on Duncan and South Fork Long Canyon creeks (D9.0 and SFLC4.2) and in the unimpaired North Fork of the Middle Fork American and North Fork American rivers (NFMF2.3, NF31.3, and NF53.7) (Tables AQ 1-1, AQ 1-3, and Map AQ 1-1).  The one limited purpose geomorphology study site was located downstream of the Duncan Creek Diversion (D8.3). 

5.4 Modeling Approach

Instream flow modeling was accomplished by sampling/modeling representative mesohabitat units within each of the study sites using 1D and/or 2D hydrodynamics and habitat models (Table AQ 1-3).  The results for each mesohabitat type were weighted and combined to develop a representation of hydrodynamics and habitat for the larger geomorphic/hydrologic reach. The weighting was based on the percentage of each mesohabitat type within the geomorphic/hydrologic reach (Table AQ 1-4).

The sampling effort within each study site was determined in collaboration with the Aquatic TWG.  Approximately 10 mesohabitat units (range of 8–14 units) within each geomorphic/hydrologic study site were sampled and modeled.  In general, mesohabitat types were sampled approximately in proportion to their abundance within the larger geomorphic/hydrologic study reach (Table AQ 1-4).  Small adjustments to the proportional sampling were made based on the importance or variability of particular mesohabitat types in consultation with the Aquatic TWG.  
The representative study sites contained more mesohabitat units than were modeled/sampled.  The specific mesohabitat units selected for modeling were those that were most representative of the mesohabitats in the geomorphic/hydrologic reach.  Results from the 2006 Aquatic Habitat Characterization Study (PCWA 2006c) were used to compare mesohabitat types (e.g., average length, width, depth, and substrate) in the geomorphic/hydrologic reach with the mesohabitats in the study site.  These data, along with a visual assessment of the representativeness of the mesohabitat units within the study site, were used to select the units to model.  Final selection of the habitat units was completed in the field in collaboration with the Aquatic TWG.  

For the 1D study sites, cross-sections were visually placed within the mesohabitat units to best represent the habitat over a range of flows.  Concurrence regarding cross-section placement within mesohabitat units was obtained from the Aquatic TWG during a field visit to each instream flow study site.  Table AQ 1-3 shows the study sites where 1D modeling was completed and the approximate number of mesohabitat units and cross-sections sampled.

Two-dimensional modeling was used to model the two study sites in the peaking reach (MF14.1 and MF4.8) and two FYLF breeding mesohabitat units in two study sites immediately upstream of Ralston Afterbay (MF26.2 and R3.5) (Table AQ 1-3).  Two-dimensional modeling was selected in the peaking reach and at the FYLF breeding locations to provide better spatial representation of habitat.  The 2D modeling study sites in the peaking reach were selected to include representative habitat for aquatic species (fish, benthic macroinvertebrate, amphibian, and riparian resources) that were most sensitive to flow fluctuations.  For example, study sites were selected that included potential fish stranding locations and amphibian breeding habitat.  

The 2D modeling study sites in the peaking reach were selected to include the same proportion of mesohabitats that were present in the entire peaking reach.  Each 2D modeling study site was approximately 0.75 miles long and included 10–11 mesohabitat types.  

5.4.1 Hydrodynamics Modeling

PHABSIM 1D hydraulics modeling procedures (Milhous et al. 1989; Waddle 2001; TRPA 2009) were used for modeling depths and velocities at the cross-sections in the 1D study sites over a range of flows.  River2D, a two-dimensional hydrodynamics model (Steffler and Blackburn 2001), was used to model depth and velocity at the 2D study sites.  Channel topography and calibration data (water surface elevations and velocity measurements) were collected so that the 1D and 2D models could simulate a wide range of discharges appropriate to the hydrology of each reach (Table AQ 1-5).  The calibration flows were selected in collaboration with the Aquatic TWG.  All instream flow data and hydrodynamics modeling results were reviewed with Aquatic TWG representatives familiar with hydrodynamics modeling for their concurrence.

Field Data Collected

The field data that were collected for the instream flow modeling (1D or 2D modeling) included channel topography, water surface elevations, velocities, and substrate/vegetation.

Channel Topography

Channel topography, either in the form of cross-sections for 1D modeling or three-dimensional topography for the 2D modeling was collected at each study site.  Cross-sections were marked with semi-permanent headpins and Global Positioning System (GPS) locations were recorded for the study sites (Table AQ 1-3).  Cross-sections were surveyed with a standard survey level or laser level.  Three-dimensional topography was collected with a combination of low elevation photogrammetry (out-of-bank topography), single beam or multi-beam sonar coupled with a survey grade GPS (in-water topography), and/or wading/walking measurements using a survey grade GPS.

Water Surface Elevations

For both 1D and 2D water surface modeling calibration, empirical water surface elevations were measured (surveyed) during at least three calibration discharges (low, medium, and high flow).  The water surface elevations were measured at each cross-section (1D) or along the length of each 2D study site.  These measurements provided calibration data for the hydrodynamics models over the range of flows of interest (Table AQ 1-6).  The target calibration flows were determined in collaboration with the Aquatic TWG and with input from the Recreation TWG (Table AQ 1-5).  

Table AQ 1-5 shows the actual discharges measured.  The actual and target discharges were generally very similar.  In a few cases, large deviations that occurred between the measured and target discharges were anticipated in the AQ 1 – TSP.  These included lower actual high flow calibration discharges than targeted in the Rubicon River because of flow release limitations from existing infrastructure at Hell Hole Dam and lower high flow calibration discharges in the Middle Fork American River below Middle Fork Interbay than targeted due to safety considerations.

Velocity

Consistent with direction from the Aquatic TWG, empirical velocity data for velocity modeling were collected across each 1D cross-section (e.g., 15–20 locations) at the middle calibration discharge.  The middle calibration discharge was generally 2–5+ times greater than the current minimum instream flow requirements in each of the reaches.  At several  2D study sites, validation velocities were collected at the high or middle calibration discharge.  Table AQ 1-5 shows the target and measured calibration discharges for the velocity measurements.  All velocities were collected with calibrated velocity meters.  Discharges were measured using standard gaging techniques (Rantz 1982) and/or an acoustic doppler current profiler (ADCP). 

Substrate

Substrate data were collected across each cross-section at the 1D study sites or in polygons for the 2D study sites.  The substrate data were collected using the substrate categories developed in consultation with the Aquatic TWG for the HSC criteria:  

	MFP Field Collection Substrate Categories

	Organic debris, permanent vegetation

	Clay, silt
	<0.1 in
	Small cobble
	3–6 in

	Sand
	0.1–0.2 in
	Medium cobble
	6–9 in

	Small gravel
	0.2–1.0 in
	Large Cobble
	9–12 in

	Medium gravel
	1–2 in
	Boulder

	>12.0 in

	Large gravel
	2–3 in
	Bedrock
	


Substrate height and vegetation polygons for hydrodynamics roughness were also mapped as part of the data collection at 2D modeling study sites.  Vegetation roughness was based on the vegetation form (tree, shrub, herbaceous, grasses, or combination), size of trees and shrubs, and density (including dense blackberry bushes or California wild grape vines).

1D Study Site Hydraulics

For the 1D study sites, stage-discharge regressions, Manning’s equation, and step-backwater models (WSP) were used to model water surface elevations and the IFG4 model was used for velocity modeling.  In addition, the Average Parameter model was used to model wetted perimeter (Waddle 2001). 

Water Surface Elevation Modeling

Manning’s equation, calibrated to measured stage-discharge data sets, was the preferred approach to model water surface elevations at all mesohabitat types except pools.  In some instances where Manning’s equation did not perform particularly well, a stage-discharge regression was used instead.  Typically, pool water surface elevations were modeled with stage-discharge regressions.  For the Rubicon River, however, WSP was used to model water surface elevations in pool mesohabitats, because high flow data were not available for creating robust stage-discharge regressions.

Velocity Modeling

The IFG4 program was used to model velocity at individual cells across cross-sections.  When using the model, professional judgment is often needed to modify the IFG4 Manning’s N values at some cells to prevent unrealistic velocities on the edges of the channel (or at point locations in the channel) at high discharges.  Specifically, professional judgment was used to cap the Manning’s N values along each cross-section at an N minimum and N maximum value that corresponded to the 95% and 5% exceedance values of Manning’s N values calculated at the site.  Also, the Manning’s N values for edge velocity cells that had very large, very small, or negative velocities were modified by using either an appropriate adjacent Manning’s N value or using the Manning’s N minimum or maximum values.

Negative velocities were measured at several of the cross-sections at each study site as a result of complicated velocity patterns present in pools, near channel margins, or behind large boulders.  1D velocity modeling (IFG4) is not well suited to modeling these types of velocity patterns.  To determine how sensitive the final habitat results were to the negative velocity patterns/velocity modeling results, a sensitivity analysis was performed.  Six study sites that contained multiple cross-sections with negative patterns were selected for the sensitivity analysis.  For the sensitivity analysis, all negative calibration velocities were changed to positive velocities within the hydraulic models and the habitat results with and without negative velocities were compared.  Negative velocities were removed in the IFG4 model by setting the negative Manning’s N values at the negative velocity locations to positive N values.  The hydraulics models were then run over the entire range of simulation flows.  Habitat versus flow relationships for each species and life stage were then compared.

Wetted Perimeter Modeling

The Average Parameter model was used to estimate wetted perimeter (width of channel bed wetted) over the range of discharges modeled.  Wetted perimeter was modeled for each 1D cross-section at the study sites.  

2D Study Site Hydrodynamics

To model hydrodynamics at the 2D study sites, a stage-discharge regression was developed at the downstream boundary of each site.  The regressions were used for the downstream boundary condition for the River2D models.  At each site, the water surface elevations for the model were calibrated by globally adjusting the substrate/vegetation polygon roughness values at the site until the modeled water surface elevations matched the measured water surface elevation-discharge data sets.  Validation velocity data sets were used to confirm the veracity of the velocity modeling results for the 2D models.  Depth, velocity, and substrate output for each modeled discharge at each study site was used for inputs to the habitat modeling.  Wetted bed area versus discharge was also output for each study site (i.e., similar to 1D wetted perimeter). 

Special Purpose Modeling

Special purpose modeling was conducted for analyses required in the AQ 10 – TSP and AQ 12 – TSP, including:  

· AQ 10 – TSP: Stage-discharge relationships were developed up to the two-year recurrence interval on transects where riparian data were collected (Table AQ 1-3).  The stage-discharge relationships were used to evaluate riparian resources within the study sites in relation to inundation timing and frequency.  The analyses for riparian resources are described in the AQ 10 – TSR (PCWA 2009b).

· AQ 12 – TSP: Stage-discharge relationships were developed at two comparison river sites where FYLF populations and breeding occurs (NF35.7 and NFMF2.3) to potentially assist in interpreting hydrologic factors related to FYLF abundance (Table AQ 1-3).  

5.4.2 Habitat Modeling

Habitat modeling for the 1D and 2D sites was consistent with the Instream Flow Incremental Methodology (IFIM) (Bovee et al. 1998).  The general approach was to: (1) develop habitat area versus flow relationships; (2) conduct a habitat time series analysis (1D and 2D sites); (3) complete an effective habitat analysis (peaking reach 2D sites); and (4) develop and evaluate validation data for large pool habitat use by fish and habitat use by FYLF (tadpoles and egg masses) at the 2D habitat modeling sites.

Habitat Area Versus Flow Relationships

Habitat area versus flow relationships were developed over a wide range of flows (approximately the 90% exceedance unimpaired flow or greater) (Table AQ 1-6).  Habitat modeling methods appropriate for each species/life stage or guild were developed in consultation with the Aquatic TWG.  

Standard weighted usable area (WUA) versus flow relationships were developed for all species and life stages with univariate HSC.  WUA was derived by using a composite suitability index (CSI) multiplied by each cell area of potential habitat.  The CSI was calculated by multiplying the individual HSC suitability for depth, velocity, and/or substrate together (Waddle 2001).  Substrate suitability was used only for rainbow trout spawning, FYLF breeding, and FYLF tadpoles.  The results for each mesohabitat type at each study site were weighted to represent the proportion of mesohabitat types in the reach.  The weighting factors for 1D and 2D study sites are provided in Table AQ 1-4.  These weighting factors were developed in conjunction with the instream flow study site selection/mesohabitat mapping process (PCWA 2007b).  Mesohabitat unit data for the twelve instream flows sites are presented in Appendix D.  

Spatial niche habitat versus flow relationships were developed for all species/life stages.  This was done by quantifying the amount of habitat in each depth and velocity niche at each flow.  Wetted perimeter versus discharge relationships for each study site were also plotted.  

Habitat Time Series

The habitat versus flow relationships were combined with hydrology (impaired and unimpaired daily mean flows) over the period of record (1975 to 2007) to create a habitat time series for rainbow trout (spawning, adult, juvenile, fry), hardhead/ Sacramento pikeminnow (juvenile and adult), and FYLF (breeding and tadpoles) (Map AQ 1-2 and Table AQ 1-7).  Habitat time series plots and habitat exceedance plots were used to compare the amount of habitat during different biologically significant time periods (reproduction, rearing) and identify potential habitat limiting factors and time periods.  For this analysis, the spawning time period for rainbow trout was March to May and the breeding period for FYLF was May 10–June 15 (Figure AQ 1-2).  In addition, three different, but overlapping rearing periods for rainbow trout (adult and juvenile), hardhead/Sacramento pikeminnow (adult and juvenile), and FYLF tadpoles were used: June to October (summer/fall growing period), July to September (low flow/high temperature period), and September to October (base flow season).  For rainbow trout fry, June to August was used for the rearing period.  Habitat exceedance plots were created for each species and life stage for all years combined and for each of five water year types separately (wet, above normal, below normal, dry, and critically dry).  The five year types were developed to separate the modeling into years of comparable water availability and are based on inflow to Folsom Reservoir, with extreme critical and critically dry years combined into a single critically dry year category as follows:

	Water Year Types
	Folsom Reservoir Inflow (ac/ft)

	Critically Dry
	<600,000

	
	600,000–<1,000,000

	Dry
	1,000,000–<1,500,000

	Below Normal
	1,500,000–<2,400,000

	Above Normal
	2,400,000–<3,400,000

	Wet
	≥3,400,000


Effective Habitat Analysis
At the 2D study sites in the peaking reach (Table AQ 1-1), effective trout spawning, FYLF breeding and tadpole rearing, and macroinvertebrate food production habitat was calculated to characterize habitat for non-mobile or low mobility species/lifestages in a fluctuating flow regime.  Effective habitat is the channel bed habitat that remains continuously suitable over time given the range of fluctuating flows that occur in that time period.  An effective habitat algorithm was used to track effective habitat with changing flows and at the end of the particular flow change time period or season that was analyzed, only the habitat continuously suitable was counted as habitat.  At the FYLF 2D study sites in the bypass reaches (also the 2D sites in the peaking reach) a simplified matrix effective habitat analysis was also completed for a fix set of flow range changes.  In the bypass flow reaches this matrix approach has application to quantifying the effect of potential future operational flow changes of various magnitudes (e.g., boating flows) on FYLF habitat.  The two separate analyses completed, (1) matrix effective habitat and (2) time series effective habitat, are described below:  

In the first analysis, a matrix of effective habitat versus a fixed set of flow changes was generated for each study site.  The matrix and associated figures provide a method to select a flow fluctuation range (e.g., 1000 to 200 cfs) and determine the resulting effective habitat.  The total range of flows in the matrices was approximately 60 to 2500 cfs for the study sites in the peaking reach (MF14.1 and MF4.8) and approximately 5 to 930 cfs for the 2D sites in the bypass reaches (MF26.2 and R3.5).  Effective habitat was calculated using the HSC for each life-stage and the substrate and the hydrodynamic model results in the 2D study sites.  For rainbow trout spawning, two different analyses were made.  One using the spawning HSC and one based on incubation criteria.  The incubation analysis began with the spawning HSC (initial habitat area based on HSC), but then used simple incubation criteria to estimate the effective incubation habitat with changes in flow.  Incubation criteria were approximated as a minimum depth to keep redds watered (0.2 ft or 0.06 m) (Gard 2006) and a nominal minimum water velocity at the redds (0.1 ft/sec or 0.03 m/s).

In the second analysis, an impaired and unimpaired time series analysis of effective habitat in the peaking reach (MF14.1 and MF4.8) was developed.  The time series were based on the 15-minute impaired and the daily average unimpaired flows at the Oxbow gage (1988–1995, 1997–2007 water years) (note 15-minute data was not available for 1996).  Effective habitat time series were modeled for trout spawning/incubation, FYLF breeding, and macroinvertebrate food production.  Effective time series habitat for FYLF tadpole habitat was not modeled because FYLF breeding habitat appeared to be a limiting factor and because a rational effective tadpole habitat analysis requires a suitable daily/hourly movement distance for tadpoles and an associated habitat tracking algorithm that incorporates the mobility of tadpoles, which is currently under development (Lind and Yarnell, personal communication, November, 2009).  The details of each of the effective time series analyses are described below.

Rainbow Trout Spawning/ Incubation

The effective habitat analysis for rainbow trout spawning used the HSC and the 2D hydrodynamic and substrate data to track habitat suitability over eight one-week spawning periods and corresponding 630 degree-day
 (Celsius) incubation time periods (Benke 1992):

	Start Spawn Period
	End Spawn Period
	End Incubation
(630 degree days)

	
	
	

	3/1/07
	3/8/07
	5/10/07

	3/9/07
	3/16/07
	5/15/07

	3/17/07
	3/24/07
	5/20/07

	3/25/07
	4/1/07
	5/25/07

	4/2/07
	4/9/07
	5/30/07

	4/10/07
	4/17/07
	6/4/07

	4/18/07
	4/25/07
	6/10/07

	4/26/07
	5/3/07
	6/15/07


Consecutive one-week spawning periods were used for the rainbow trout effective spawning habitat analysis in recognition that the total time required for redd construction by individual salmonid females and subsequent spawning of a female/male pair takes a few days to less than a week (e.g., Greeley 1932; Estieve 2005) and that effective spawning habitat needs to occur only during this short time period (less than a week).  Following each effective spawning period, effective incubation was tracked until 630 degree-days (Celsius) occurred for emergence (Benke 1992).  Degree-days were calculated using the average daily water temperatures in the middle of the peaking reach (Figure AQ 1-3).  In addition, the spawning habitat was “monitored” through the time series for scour of the gravels (e.g., during high flows).  Scour was assumed to begin if the dimensionless critical shear stress (Shields Parameter) was greater than 0.4 for a 2.5 in (64 mm) gravel particle (May et al. 2009) (Section 5.6 Evaluation of Sediment Transport Conditions).  
Based on empirically collected emergence data and the calculated incubation/emergence duration, spawning was assumed to occur during the period from March through early May with emergence occurring by mid-June.  In 2009, emergence sampling in the headwater streams that are significantly colder than the peaking reach  (Duncan, North Fork Long Canyon, South Fork Long Canyon) (Figure AQ 1-3),  showed that spawning likely occurred from about the last half of April through mid-May (PCWA AQ 7 – Entrainment Report, In Prep.).  In the peaking reach, warmer water temperatures would result in earlier spawning
 than was estimated for the headwater streams.  In 2007, rainbow trout fry were observed in the Middle Fork American River and Rubicon River upstream of Ralston Afterbay in early June and in Gas Canyon Creek (tributary to the peaking reach) in early May.  It is estimated that spawning occurred in mid-March in Gas Canyon Creek.  These data, in combination with the 2009 data, suggest that a March through early May spawning period and subsequent incubation and emergence by mid-June is a reasonable assumption (PCWA 2009a).

FYLF Breeding

The effective habitat analysis for FYLF breeding tracked effective habitat over three approximately 10–11 day periods (roughly the time required for eggs to hatch – see PCWA 2008b) from May 10 to June 15.  Data collected in the MFP streams in 2007 (PCWA 2008b) and during 2009 as part of the FYLF validation data collection showed that egg masses have been laid as early as May 10 and have been observed intact (unhatched) as late as June 15.

Benthic Invertebrate Food Production

Effective habitat for benthic invertebrate food production was assumed to be the daily time series portion of the riverbed that remained wetted (including during the annual maintenance outage) with a depth greater than 0.25 feet and less than or equal to 4 feet and velocity less than 4 ft/sec (Section 5.2.4).  A conservative aquatic invertebrate recolonization rate was used during the time periods when flows were increasing or decreasing to account for recolonization of substrate when suitable depths and velocities were present.  If a previously unsuitable cell for macroinvertebrates had been wetted over the previous 45 days or more it was assumed to have a fully developed periphyton community and assumed to be readily colonizable (Perry and Perry 1986).  Colonization of this type of substrate is linear and requires about 10 days to become complete (e.g., Waters 1964).  Therefore, partial suitability (e.g., 1/10th per day (0.1 per day) was accounted for these cells during recolonization if depth and velocity were in the suitable range.  If a previously unsuitable cell had been dry for more than a complete day and was just newly wetted, complete re-colonization was assumed to take 45 days (or more) (Gore 1982, Townsend and Hildrew 1976; Gersich and Brusven 1983).  The linear rate of increase was then 1/45th of the cell’s increased suitability (i.e., approximately 45 days are required to reach full suitability).  Again partial suitability was accounted for these cells during recolonization if depth and velocity were in the suitable range (1/45th or 0.022 per day).  A time series of impaired and unimpaired effective food production habitat was plotted for the 1988–2007 time period.

Habitat Modeling Validation

Large Pool Habitat Use

As part of habitat modeling, a small pilot study was conducted on fish habitat use in large slow-water pools.  This was done to assist in the development of a logical habitat modeling approach for large pools.  Three large pools in the Rubicon River (located from Ralston Afterbay to approximately two miles upstream) and four large pools in the Middle Fork American River (located from Ralston Afterbay to approximately 0.5 miles upstream; Appendix E, Map E-1) were snorkeled in the morning and afternoon to observe the spatial location and behavior (e.g., feeding or resting) of fish.  Water velocity and depth were also measured at the locations where fish were observed and compared to the appropriate HSC.

Foothill Yellow-Legged Frog Validation Data

FYLF egg mass and tadpole locations at known flows were surveyed at the 2D modeling sites above Ralston Afterbay (MF26.2 and R3.5) to provide validation data for the FYLF habitat modeling.  Depth, velocity, water temperature, and substrate for attachment were recorded at the observed egg mass locations.  Depth, velocity, and perching substrate were recorded for tadpole locations.

5.5 Additional Methods Specific to the Peaking Reach

Additional study elements specific to the peaking reach were: (1) summarize the peaking reach hydrology; (2) install stage monitors and analyze peaking pulse flow travel times; and (3) conduct a one-time empirical stranding evaluation.

5.5.1 Peaking Reach Hydrology

Hydrology in the peaking reach was characterized using the Middle Fork American River Gage Below Oxbow Powerhouse (Oxbow gage).  The U.S. Geological Survey refers to this gage as Middle Fork American River Nr. Foresthill, CA (Gage No. 11433300) and the California Data Exchange Center (CDEC) refers this gage as Middle Fork American River Nr. Oxbow PH (OXB).  Five example water years were analyzed: 2006-wet, 1999-above normal, 2003-below normal, 2001-dry, and 1988-critically dry.  Unimpaired and impaired mean daily flow data for the peaking reach from water year 1975 through 2007 were developed during the relicensing process by the Operations Model Technical Team.  Fifteen-minute impaired flow data were available at the Oxbow gage from 1988 through 2007 (excluding 1996).  The following comparisons and characterizations of hydrology were developed:

· The 15-minute impaired flow data were plotted and compared with the unimpaired flow data (daily average) for the example water years.  

· The impaired 15-minute flows were plotted for short time periods (April, July, and August/September) to show the shape and magnitude of the daily peaking events and the progression of peaking pattern from high spring flows to fall base flows.  

· Daily peaking events were plotted on top of each other during the late spring to early fall months (April to September) when peaking was most prominent in the hydrology.  This was done so the ensemble pattern and timing of the peaking events could be visualized.  

· An idealized characterization of peaking events (May to September) was developed to show the general daily pattern of peaking events.

· Mean daily impaired and unimpaired flow data at the top, middle, and bottom of the peaking reach were developed to illustrate the effects of accretion on the hydrology of the reach (e.g., accretion from the North Fork of the Middle Fork American River, the North Fork American River, and other tributaries).

5.5.2 Stage Monitoring and Flow Travel Times

Information developed from stage monitoring in the peaking reach was used to calculate water travel time along the length of the reach over a range of flows.  The methods used to develop water travel time estimates are provided below.

Five Solinst Levelogger Gold Model 3001 pressure transducers were installed at various locations throughout the reach during the summers of 2007 and 2008 (Figure AQ 1-4).  The pressure transducers were installed downstream of Oxbow Powerhouse, at the following locations:

· Above the Middle Fork American River Gage below Oxbow Powerhouse RM 23.75 (0.6 miles downstream of Oxbow Powerhouse);  

· Cache Rock RM 19.3 (5.05 miles downstream of Oxbow Powerhouse); 

· Otter Creek RM 14.5 (9.85 miles downstream of Oxbow Powerhouse);

· Drivers Flat RM 9.5 (14.85 miles downstream of Oxbow Powerhouse); and 

· Below Mammoth Bar RM 1.4 (22.95 miles downstream of Oxbow Powerhouse).

Two barometric pressure loggers (Solinst Barologger Gold Model 3001) were installed, one each at the top (near Oxbow gage) of the reach and at the lower end of the reach (near North Fork American River confluence).  The final stage readings from the pressure transducers were corrected for barometric pressure by linearly interpolating barometric pressure along the length of the reach.  
A linear regression of the travel velocity of peaking events (miles per hour) versus base flow in the river prior to peaking events was developed.  The travel velocity of each peaking event in the regression was determined based on the time required for the front of a peaking discharge pulse to reach the stage monitoring stations.  The front of the pulse was well defined and of similar shape along the length of the reach. 

5.5.3 Empirical Stranding Evaluation

Two empirical stranding evaluations were conducted in the peaking reach.  One was a one-time evaluation of the effects of hydropower peaking flow fluctuations on standing of fish and the other was a dewatering evaluation of a high flow cut-off channel at Gray Eagle Bar during the low flow outage/powerhouse maintenance period.  

The one-time empirical stranding evaluation of peaking flow fluctuations in the peaking reach was conducted on June 5, 2008 to characterize potential stranding and/or trapping of aquatic species in sensitive habitats.  Fish that were stranded on gravel bars or trapped in off-channel habitat were quantified.  Trapping of fish was evaluated as either permanent (likely to result in mortality) or temporary (unlikely to cause mortality).  Temporary trapping was identified when, during the low flow portion of the peaking cycle, live fish were observed in permanently watered habitats disconnected from the main channel, but in habitat that would become reconnected (in less than 24 hours) during the high flow portion of the peaking cycle.  The potential for predation of temporarily trapped fish (e.g., birds) was not specifically assessed. The surveys were concentrated in backwater and side channels areas and along river margins.  Two general locations were selected for surveys that represented areas with a high potential for stranding.  The two general locations surveyed were: (1) at Gray Eagle (RM 22.3–22.8) and American bars (RM 23.1–23.8); and (2) within the instream flow site at Fords Bar (RM 13.6–14.5).  At both sites, over 0.9 miles (1.4 km) of river was surveyed on foot at low flow (98–246 cfs) immediately following the completion of a daily peaking event (ca. 900 cfs) (Appendix F, Map F-1 and F-2).  Daily peaking had been occurring in the peaking reach since late February (Appendix F, Figure F-1).  

Surveys consisted of walking the river margin and visually searching for stranded or trapped fish, as well as identifying areas that had the potential to strand or trap aquatic life.  Using aerial photographs, surveyors delineated potential stranding/trapping areas and recorded any dead aquatic life stranded on the dewatered channel bed or live aquatic life trapped (isolated) in pools separated from the main channel.  

The second study, Gray Eagle Bar high flow cut-off channel evaluation, was conducted along a small high flow side channel (868 feet in length) at Gray Eagle Bar (RM 22.3–22.4) (Appendix F, Map F-3).  Water flows into the side channel when discharge in the main channel is greater than about 150 cfs.  To quantify the main channel discharge versus side channel flow relationship, discharge and wetted habitat in the side channel were quantified over a range of flows.  The discharge in the side channel was measured with a calibrated Marsh McBirney velocity meter using standard gaging methods (Rantz 1982).  Habitat within the side channel was also mapped.

5.6 Evaluation of Sediment Transport Conditions

Special purpose modeling was conducted for analyses required in the AQ 9 – TSP (PCWA 2007a).  The flow required to remove fines from gravel interstices and loosen gravel structure without excessive downstream displacement/loss of gravel was determined by calculating the discharge required to initiate gravel transport at selected cross-sections in the instream flow study sites (Appendix G, Table G-1).  Initiation of motion was determined by using the hydraulic model estimates of bed shear stress (() and by using Shield’s criterion that defines the critical shear stress ((*ci) at which incipient motion occurs.  The bed shear stress obtained from the hydraulic models and the Shield’s criterion were used to determine the amount of gravel mobilized over a range of flows (see the flow range in Table AQ 1-6).  Wilcock’s (1996) method was used to calculate bed shear stress and the Wilcock and Crowe (2003) method was used to calculate the critical shear stress needed to initiate sediment movement for mixed-size sediment.  Wilcock and Crowe (2003) was chosen since it considers how relative particle size variation within the sediment mixture and sand content influence sediment mobility.  Calculation of bed shear stress and initiation of motion are described in more detail in Appendix G.  

5.6.1 Initiation of Motion at the Study Sites

Bulk sediment samples were collected in the field on transects where the dominant particle size fraction was gravel and determined suitable for use as spawning gravel (Appendix G, Table G-1).  Both the surface (defined as a depth equal to the maximum particle size) and sub-surface layers were sampled and analyzed separately.  The bulk samples were dried, sieved, and weighed in a laboratory to determine the percentages and sizes of sand and gravel in the sample.  The median (D50) particle size was calculated for the surface bulk sample and the *c needed to initiate motion of the D50 particle was calculated using the Wilcock and Crowe (2003) method outline above.

At each study transect, hydraulic modeling was performed for 35 different discharges ranging from low to high flows to predict flow depths and velocities continuously across the entire length of the study transects at multiple cells (i.e., stations) typically less than a few feet wide.  The local grain shear stress using the D84 of the bulk sample and the Wilcock (1996) equation presented above was calculated at each modeling cell using the local flow depth and velocity values (see Appendix G for a detailed description of local shear stress calculation).  Therefore, rather than calculating an average boundary shear stress using the average hydraulics of the entire cross-section, a shear stress value was calculated at multiple stations across each transect to obtain more accurate results.  Based on the *c value determined from each transects representative bulk sediment sample, the critical grain diameter (Dc), or largest particle that could be mobilized by a given flow magnitude, was calculated.  Graphic plots were made that compare the discharge on the x-axis against Dc on the y-axis.  From these plots the amount of flow needed to mobilize the D50 of the spawning size gravel was determined by identifying where the predicted critical grain diameter curves intersect the median grain diameter.

The goal of the analysis was to determine at what discharge initiation of motion (entrainment) of spawning gravels occurred.  Because entrainment of gravel can be a continuous process with increasing discharge, that is, as discharge increases more and more gravel locations in the channel or across a cross-section become inundated and mobile, some reasonable threshold of gravel entrainment was needed to identify when “initiation of gravel movement” occurred. For this analysis, the discharge at which initiation of motion occurred for 25% of the gravel within the portion of the channel wetted at the high flow calibration discharge was used as the “initiation of motion” threshold.  Table AQ 1-5 shows the target high flow calibration discharge at each site.  

Approximately 37% of the initiation of motion cross-sections (1D study sites) were located in the tailout areas of pool mesohabitat units.  The remaining cross-sections were located in other types of habitats (e.g., runs, low gradient riffles, high gradient riffles, pools) or complicated boulder channels.  Some of these other habitat types were not as “well behaved” for the hydraulic and sediment transport modeling (e.g., uncertain hydraulics or exhibited extremely high flows for initiation of motion).  Problematic sites were not included in the analysis.

A summary of the flow required to initiate motion of gravel sized particles, 0.3–2.5 inches (8–64 mm), and comparison of these flows with the hydrology frequency of occurrence for 1.5, 2.0, and 5.0 recurrence intervals was developed for the study sites.

5.7 Additional Study Elements

Two additional study elements (algae and Horseshoe Bar channel inundation) requested by stakeholders were included in the instream flow study as described below.  

5.7.1 Algae

PCWA collected algae samples to identify if Didymosphenia geminata, a nuisance algae species, was present in the study area and to document the abundance of algae.  Algae samples were collected at each instream flow study site, at two comparison stream study sites (North Fork American River, South Fork Long Canyon Creek above the diversion), and at a study site at the top of the peaking reach (Appendix H, Table H-1).  

Algae was assessed during late summer by using photographs and the field-based rapid periphyton survey protocol detailed in the Environmental Protection Agencies’ Rapid Bioassessment Protocol For Use in Streams and Wadeable Rivers (Barbour et al. 1999).  Algae samples were a composite of all algae species observed at the site and were preserved in a dilution of Lugol’s iodine (Iodine-Potassium Iodide).  Taxonomic identification of Didymosphenia geminata was conducted by Rhithron Associates, Inc; Missoula, MT.  In addition, several supplemental dry algae samples (from six sites) were sent to Sarah Spaulding (US Geological Survey Fort Collins Science Center; Fort Collins, CO) for identification of Didymosphenia geminata.

To assess algae abundance, three transects across representative riffles were established.  On each transect, three stratified random locations were selected (i.e., river right, center, and left).  At these sites a viewing bucket was used to quantitatively characterize the algae cover. The viewing bucket was a 5 gallon bucket with a transparent bottom.  A 49-dot grid was delineated on the bottom of the bucket.  When submerged, the number of dots that occurred over: (1) macroscopic filamentous algae (macroalgae); (2) diatoms and other microscopic algal accumulations (microalgae); or (3) bare substrate was recorded.  Additionally, the percentage of the gridded area suitable for algae cover was recorded.  Stable substrates (boulder, cobble, gravel) were recorded as suitable for algae growth, while unstable substrates (loose sand, organics) were recorded as unsuitable.  

5.7.2 Horseshoe Bar Inundation

Horseshoe Bar is an oxbow bend in the Middle Fork American River that is bypassed during low to moderately high flows by a tunnel (Tunnel Chute) constructed by miners in the late 1800s.  The relationship between flow in the Middle Fork American River and the amount of flow entering the historic natural channel in the Horseshoe Bar area was characterized using a combination of Oxbow gage hourly readings, pressure transducer measurements near the entrance of the channel, visual observations, and a surveyed cross-section at the entrance to the channel (Map AQ 1-3).  A regression of main channel flow versus water stage near the entrance to the channel was used to estimate the main channel flow required to inundate the channel in Horseshoe Bar.  

6.0 Results

The following describes the results of the instream flow study including: (1) habitat suitability criteria (HSC); (2) hydrodynamics modeling; (3) habitat modeling; (4) additional peaking reach analyses; (5) evaluation of sediment transport conditions; and (6) additional study requests related to algae and Horseshoe Bar channel inundation.  
6.1 Habitat Suitability Criteria (HSC)

The following describes the HSC developed for the MFP in consultation with the Aquatic TWG. 

6.1.1 Rainbow Trout Adult and Juvenile HSC

Enveloped Habitat Use HSC 

The four primary rainbow trout data sets from Sierra Nevada streams were used to create enveloped habitat use HSC for small stream and large stream sized juvenile and adult rainbow trout.  After comparing the HSC with the two “validation” data sets, however, the original HSC were slightly modified to envelop all of the habitat use data (including the validation data sets).  Slight adjustments to the velocity and depth HSC were made.  The final HSC for juvenile and adult fish in the small and large streams are shown in Appendix A, Figures A-4, A-5, A-6, and A-7 and they are compared with all six habitat use data sets in Appendix A, Figures A-1 and A-2.  The HSC are plotted with the original four data sets in Appendix A, Attachment A.  

HSC Comparison with Adjusted Preference Data and Sensitivity Analysis

The envelope HSC were generally consistent with the adjusted preference (U/A) calculations for the same data sets, which indicated limited habitat availability bias in the data sets (Appendix A, Attachment B).  There were two exceptions, however, that were observed for adult fish: (1) two data sets indicated a preference by adult rainbow trout for deeper water than was utilized; and (2) one data set indicated a preference by adult rainbow trout for faster water than was utilized.  As a result, two sensitivity analysis adult HSC were created to test the effect HSC with suitability for deeper water and for faster water would have on the habitat modeling results (see results in Section 6.3.1).  The sensitivity analysis HSC are listed below:

· The sensitivity depth HSC for adult fish with increased suitability for deep water habitat are shown in Appendix A, Figures A-6 and A-7.  The MFP enveloped habitat use HSC had a suitability value of 0.3 for adults on the deep water side of curve.  The sensitivity depth HSC assumes unconstrained use of deep water and sets the deep water HSC values to 1.0.  In the habitat data sets, limited habitat use occurred in deep water, but also deep water availability was low in the data sets.  The sensitivity depth HSC can, therefore, be used to test the potential effect of deep water habitat use on habitat modeling results. 

· The sensitivity velocity HSC for adult fish (increased suitability for fast water habitat) are shown in Appendix A, Figure A-6 and A-7.  Two of the three adjusted preference data sets were consistent with the MFP enveloped velocity use HSC.  The Stanislaus 2001 adjusted preference data set, however, suggested a slightly higher velocity HSC based on limited data.  Therefore, a sensitivity adult velocity HSC was created for modeling that increased the maximum suitability (1.0) from a velocity of 1.2 ft/s to a velocity of 1.5 ft/s.  

Comparison With Other Project HSC

The MFP HSC developed for small stream size fish were compared to the small stream use data set from the South Fork American River (TRPA 2000) and the UARP small channel HSC (created from these data) in Appendix A, Figure A-3.  The MFP HSC for small stream size fish match the adjusted preference data from the South Fork American River (TRPA 2000) and appear to remove some of the depth and velocity habitat availability bias present in both the small stream data set and the UARP small channel HSC.  This comparison helped confirm that the MFP HSC for small streams were an appropriate representation of habitat use in small streams.

For comparison purposes, the small and large stream MFP enveloped habitat use HSC were plotted with the HSC used on other projects: Stanislaus Project HSC and the UARP HSC (Appendix A, Attachment C).  The largest difference was between the MFP small stream sized fish HSC and the UARP small channel HSC (see above).  In most other cases, the MFP enveloped use HSC were intermediate between the Stanislaus Project and the UARP HSC.

6.1.2 Rainbow Trout Spawning and Fry, Hardhead, Sacramento Pikeminnow and Sacramento Sucker HSC

Envelope HSC developed for rainbow trout spawning and rainbow trout fry (20–<50 mm), hardhead (juvenile and adult), Sacramento pikeminnow (juvenile and adult), and Sacramento sucker (juvenile and adults) are shown in Appendix B.  Only the rainbow trout spawning and hardhead curves were used for primary species/life stage analyses (Table AQ 1-2).  Hardhead and Sacramento pikeminnow depth and velocity suitability curves were the same.  The MFP enveloped depth curve for rainbow trout spawning showed reduced spawning suitability at depths greater than 1.5 ft and no spawning suitability at depths greater than 3 ft.  A sensitivity analysis HSC with the depth modified to remain suitable in deep water was created to test the effect of spawning depth on habitat modeling results.  

To further investigate the spawning depth issue, a brief review of the data used to create the rainbow trout spawning HSC and related data regarding deep water spawning are provided.  The rainbow trout spawning habitat HSC used to develop the MFP spawning HSC show that limited data exists to support extensive utilization of deep water for spawning by resident rainbow trout.  Most spawning observations in the data sets occurred in shallow water.  Appendix B, Table B-1 and Figure B-1 show the historical rainbow trout spawning HSC and the metadata that were used to create the MFP HSC.  All of the HSC indicate spawning occurs in shallow water less than 3 feet deep except three of the HSC (Raleigh et al. 1984; Smith and Aceituno 1987; TRPA unpublished Roaring River data).  The data sources for these three HSC were investigated and the following was found:  

· Raleigh et al. (1984) set deep water as suitable (up to 8.2 feet) based on a paper by Hartman and Galbraith (1970) documenting the spawning of Gerrard stock rainbow trout in the Lardeau River at depths from 1.6 to 8.2 feet.  These fish, however, are the largest trout in the world (e.g., consistently reaching 22 lbs http://www.fwcp.ca/version2/forms/gerrard-rainbow) and it is doubtful the data are directly applicable to smaller resident trout such as those in the MFP.  Raleigh et al. (1984) also cited steelhead data from Orcutt et al. (1968) who reported steelhead redds in depths from 0.7 to greater than 5.0 feet.  These steelhead are much larger fish than resident trout in the MFP instream flow study (Section 5.2.1) and there is no information in the report to identify the frequency of spawning in different depths; thus, the applicability of the Raleigh et al. (1984) HSC to the MFP instream flow study is uncertain.

· Smith and Aceituno (1987) found spawning in habitat at depths up to just over 3 feet, but presented a suggested set of HSC indicating high suitability (1.0) in deep water.  Presumably this was based on the fact that limited deeper water habitat was available at their sampling locations and the suggested “deep water spawning” HSC was a conservative approach to dealing with uncertainty regarding whether fish would spawn in deep water.  

· TRPA unpublished Roaring River data, found most fish spawning in shallow water.  The spawning data were collected by a comprehensive snorkel survey of an extended 1+mile reach.  Most redds were in shallow water (including some in negative velocity between large rocks).  There was some spawning in a deep plunge-pool gravel deposit directly underneath a waterfall somewhere in the four to seven foot depth range.  Of the 73 redds observed, 68 were in water shallower than 3.1 feet (all but one fish was in water less than 5.1 feet). The depth suitability for these HSC was set to 1.0 for deeper water to include the possibility of spawning below this one waterfall (Appendix B, Figure B-1) (Thomas R. Payne, Pers. Comm. 2009). 

6.1.3 Foothill Yellow-Legged Frog Breeding and Tadpole HSC

Appendix C, Tables C-1 and C-2 and Figure C-1 show the combined habitat suitability criteria for egg masses and tadpoles, respectively.  Highly suitable habitat was assigned a suitability value of 1.0, marginal habitat suitability was assigned a suitability value of 0.1, and non-suitable habitat was assigned a suitability of value of 0.0.  Appendix C, Tables C-1 and C-2 also include a brief description of the biological justification for the HSC categories.  Appendix C, Figures C-2 and C-3 show the histograms for the MFP data and the Lind and Yarnell (2007) data for egg masses and tadpoles, respectively.  Color overlays on the figures identify the HSC generated from the All River data (MFP and Lind and Yarnell 2007 data) (top) and from the MFP data only (bottom).  Generally, the results are similar, and the All River HSC were selected for use in the MFP.  Appendix C, Tables C-3 to C-5 show the HSC for the All River data compared with each of the individual river data sets (MFP and rivers in Lind and Yarnell 2007).  Appendix C, Attachment A summarizes some experimental data results regarding velocity effects on tadpoles (Kupferberg et al. 2007).

Based on initial validation modeling results, it was determined that using only the dominant substrate type in the 2D model substrate polygons was an inadequate method of representing FYLF breeding habitat.  Some substrate polygons that were dominated by small substrates (e.g., gravel) contained a subdominant percent of suitable breeding substrate for egg mass attachment (cobble, boulder).  It was determined by the Aquatic TWG, based on field data, that for a substrate polygon to represent breeding habitat (1.0 suitable) the polygon must have only 20% (or more) suitable egg attachment substrate (cobble and boulder) present.  The data used to make this determination were the empirical validation data (Section 6.3.4, Foothill Yellow-Legged Frog Validation Data), data collected by Amy Lind (USFS) during her PhD dissertation study, and recent data collected by Amy Lind and Sarah Yarnell (UC Davis) as part of an ongoing FYLF study.  Because the 20% criterion was based on data and professional judgment, the Aquatic TWG determined that if additional new data became available during the MFP relicensing process that better clarifies the egg attachment substrate subdominant percentage and the change would significantly affect the FYLF breeding modeling results, at the request of the resource agencies represented in the Aquatic TWG, the suitability criteria may be modified and the FYLF breeding habitat modeling re-analyzed.

6.1.4 Guild/Spatial Niche Approach

Each species/life stage was assigned to one or more of the depth and velocity guilds.  Eleven primary niches were identified to incorporate all species and life stages of interest in the MFP (Figure AQ 1-5).  Each niche and the corresponding life stage of its species members are listed in Table AQ 1-8.

6.2 Hydrodynamics Modeling

6.2.1 1D Study Sites

The 1D study site hydrodynamics modeling (supported by the data collection efforts) was successful at simulating depth and velocity at the cross-sections in the study sites over the range of discharges identified in Table AQ 1-6.  The following describes the results of the data collections and modeling efforts. 

Channel Topography and Substrate

Channel topography, measured velocities, and substrate measurements collected as part of the instream flow study are provided in Appendix I for each study site and for each cross-section.

Water Surface Elevation Modeling

Water surface elevation modeling was successfully completed at all study sites over the range of modeling flows (Table AQ 1-6 and Appendix J).  Two modeling challenges were encountered, including stepped water surface elevations at some cross-sections and limited availability of high calibration flows in the Rubicon River.  These are discussed below:

· Several study cross-sections had water surface elevations across the cross-sections that were higher in one portion of the channel and lower in another portion of the channel (Table AQ 1-9 and Figure AQ 1-6).  In each case, the two different sides of the channel had similar shaped stage-discharge relationships except that one side was elevated above the other.  Because the 1D hydraulics models do not readily model two separate stage relationships at a cross-section, a method was used where the topography in the portion of the channel with the high water surface elevation was shifted down (Figure AQ 1-6) until the water surface elevations on both sides matched.  After this shift was completed, the hydraulics models were run.  This method was successful in matching the observed water surface elevation behavior over the range of flows measured. 

· In the Rubicon River, the highest flow release possible from Hell Hole Dam was not much greater than the medium calibration flow release (Tables AQ 1-5 and 1-6).  To compensate for the relatively low maximum flow available for water surface model calibration, all sites on the Rubicon River were modeled with either Manning’s equation or a step-backwater model (WSP).  These water surface models take into account the shape of the channel and typically provide the best extrapolation potential to flows greater than the maximum measured discharge.

Velocity Modeling

Velocity modeling was based on measured velocity data collected at discharges approximately 2 to 5+ times greater than the existing minimum flows for each stream/river associated with the MFP (Tables AQ 1-5 and 1-6).  This approach provided a good method for modeling velocity both below and above the existing minimum flows. 

As discussed in Section 5.4.1 1D Study Site Hydraulics, negative velocity patterns occurred at some sites with complicated flow patterns and a sensitivity analysis was conducted with and without the negative velocity patterns at six study sites.  At all of these study sites, the sensitivity analysis indicated that the final habitat modeling results were insensitive to the negative velocity patterns in the data sets (Appendix J). 

For the final velocity modeling, the study sites were modeled with only minor adjustments to the measured calibration velocities.  The Manning’s N (roughness) values on the margins of the channels were modified where extremely low or negative velocities occurred.  In addition, N maximum and N minimum values were used to facilitate velocity modeling at high discharges at each study site as discussed in the methods section (Section 5.4.1 1D Study Site Hydraulics).  However, the negative velocity sensitivity analysis above indicates that these minor adjustments to velocity modeling were likely unnecessary and/or likely have little effect on the final habitat modeling results.

6.2.2 2D Study Sites

The 2D hydrodynamics modeling successfully simulated depths and velocities at the study sites over the range of discharges identified in Table AQ 1-6.  The following describes the results of the data collection and modeling efforts for the 2D modeling sites (MF4.8, MF14.1, MF26.2 upper and lower, and R3.5 upper and lower). 

Channel Topography and Substrate

Color contour maps of the channel topography at each of the 2D study sites are provided in Appendix K.  Substrate and vegetation maps are also provided in Appendix K.  The substrate maps include: (1) the original data collection substrate polygons coded by percentage of each substrate category; and (2) substrate maps recoded to match the HSC substrate modeling codes for rainbow trout spawning, FYLF egg masses, and for FYLF tadpoles.  In addition, at the two study sites in the peaking reach (MF4.8 and MF14.1), maps of riparian vegetation for the AQ 10 – TSP (PCWA 2009b) are provided.

Water Surface Elevation Modeling

The empirical stage-discharge regressions created near the downstream boundary of each of the 2D study sites to provide boundary conditions for the 2D modeling are shown in Appendix L.  

At each of the study sites, the 2D models accurately calibrated to the measured water surface elevations.  Calibration of substrate roughness height, which determines the accuracy of the modeled water surface elevations, was accomplished by globally scaling the roughness height in the substrate polygons so that modeled water surface elevations matched measured water surface elevations.  The calibration results for the three calibration discharges (low, mid, and high discharge) at all of the study sites are shown in Table L-1 (Appendix L).  The average error (modeled minus measured water surface elevations) ranged from -0.1 to 0.06 ft and the root mean square error averaged 0.10 ft and ranged from 0.04 to 0.15 ft.  

Powerpoint files with images of water depth at each site for each of the modeled flows are provided in Appendix L, Attachment A.  These can be run similar to a movie file to show the change in inundation/water depth at the study sites as a function of discharge. 

Velocity Modeling

Modeled velocity at each of the study sites for each of the modeled flows is provided in Appendix L, Attachment A (Powerpoint files).

Measured velocities showed that the 2D model velocities and velocity patterns were accurate (Figures L-5 to L-11, Appendix L).  At the MF4.8, MF14.1, upper R3.5, and lower MF26.2 study sites, relatively high quality mean column velocity validation data (i.e., accurately located spatially in the study sites with accurate mean column velocity measurements) were collected across several cross-sections and/or in multiple partial cross-sections to test the mean column velocity accuracy of the 2D models.  In addition, three discharge measurements taken at different locations in the MF14.1 study site that could be approximately located within the study site were used as approximate validation data.  In the large rivers, where the validation data were collected as cross-sections the measured versus modeled data are presented as cross-section plots and in the small streams where some of the data was random, measured versus modeled data were plotted as scatter plots.  
Some additional measured velocity data were available at the lower R3.5 and lower MF26.2 study sites for potential use as validation velocities; however, because these data were collected in coarse substrate and not collected correctly to measure mean column velocity, the data were not useful for validation of the 2D model mean column velocities.  The measured velocity data were collected as point velocity measurements (0.6*depth) in portions of the stream (coarse substrates) where velocity profiles are “S” shaped and require multiple velocity measurements in the vertical water column to determine the mean column velocity.  The data are shown in Figures L-12 and L-13. 

6.2.3 Special Purpose Modeling

Special purpose stage-discharge relationships for analyses required for the AQ 10 – TSR (Riparian Resources) and AQ 12 – TSR (Special-status Amphibians and Aquatic Reptiles) are provided in Appendix J, Attachment A.  Attachment A includes the 1D stage-discharge relationships in Excel format for each riparian cross-section in the 10 1D instream flow study sites and in the five riparian comparison study sites (Map AQ 1-1 and Table AQ 1-4).  For the two 2D instream flow study sites in the peaking reach (MF4.8 and MF14.1), the stage-discharge results from the 2D modeling were used for the riparian analysis (Appendix L).  Appendix J, Attachment A also includes the stage-discharge relationships that were developed at the two comparison river sites where FYLF populations and breeding occurs (NF35.7 and NFMF2.3) (AQ 12 – TSR). 

6.3 Habitat Modeling

6.3.1 Habitat Versus Flow Relationships

Plots and tables of weighted usable area (WUA), percent of maximum WUA, spatial niche habitat, and wetted perimeter versus discharge are presented for each study site in Appendix M.  

Weighted Usable Area Habitat versus Flow

Habitat versus flow relationships indicated that relatively large flows (in comparison to the natural unimpaired summer flow) provide the maximum habitat for species and life stages that use fast and deep water such as adult rainbow trout.  That is, the channels in the bypass and peaking reaches are relatively large, presumably because of frequent high magnitude winter and spring flow events, and are capable of providing habitat for these species/life stages at high flow.  However, natural summer base flows in the rivers are relatively low (presumably due to limited groundwater storage in the upstream granite watersheds).  Table AQ 1-10 and Appendix M provide information on impaired and unimpaired flows and habitat versus flow relationships for the streams/rivers associated with the MFP.

The rainbow trout adult habitat versus flow relationships typically reached a maximum at the highest discharge of all species/life stages.  The species and life stages with the next highest habitat versus flow relationships, in descending order, were typically rainbow trout spawning, adult hardhead and Sacramento pikeminnow, juvenile rainbow trout, juvenile hardhead, pikeminnow, fry, and FYLF egg masses and tadpoles.

Sensitivity HSC Comparisons

Rainbow trout adult sensitivity HSC developed to test uncertainty regarding velocity or depth habitat use produced habitat versus flow relationships with shapes very similar to those from the primary adult rainbow trout HSC (Appendix M).  In the small streams (Duncan, North and South Fork Long Canyon, and Long Canyon creeks), the adult rainbow trout HSC and sensitivity HSC WUA versus flow relationships were nearly identical.  In the larger rivers, the shape of the WUA versus flow relationships were nearly identical, however, the magnitude of the depth sensitivity (unrestricted use of deep water) WUA was higher than for the other HSC.  Because the shapes of the curves were similar; however, when the relationships were used to create habitat time series analyses (Section 6.3.2) the results from the primary HSC and sensitivity HSC were practically identical. 

Rainbow trout spawning sensitivity HSC (developed to test uncertainty of deep water spawning) produced habitat versus flow relationships different than those for the primary rainbow trout spawning HSC.  The maximum habitat “inflection” point was typically similar for the two HSC (except in the large river, peaking reach sites), but at the highest flows, the depth sensitivity HSC habitat versus flow relationships typically showed greater habitat than the primary rainbow trout HSC habitat versus flow relationships (Appendix M).  Most gravels at the instream flow sites were in the low flow channel in the tail of pools or in pockets on the margins of runs or behind boulders.  At high flows (deeper water) these became less suitable with the primary HSC, but remained suitable for the sensitivity HSC.  The primary and sensitivity test WUA versus flow relationships produced different results in the habitat time series analysis (Section 6.3.2). 

Spatial Niche Habitat versus Flow

Diversity of spatial niche habitat types was least at low flow and generally greater as flows increased (Appendix M).  At low flow, shallow and/or slow velocity habitat was dominant at the study sites.  As discharge increased, however, deeper and faster water niches increased as a relative percentage of the total amount of habitat.  Generally in the intermediate flow ranges, the amount of spatial niche diversity was greatest.  At the highest flows, fast water that did not provide habitat for any of the species typically became the dominant “habitat” type (although all of the other niche types were present as well).  

The small stream spatial niche pattern was different than that of the large rivers.  In the small streams (Duncan, North and South Fork Long Canyon, and Long Canyon creeks), shallow habitat was the dominant niche over a wide range of flows.  In the larger rivers, a significant amount of moderately deep water niche habitat was present (even at low flows).

Wetted Perimeter versus Flow

The wetted perimeter versus flow relationships for the study sites were relatively monotonic in their rate of increase in wetted perimeter with discharge.  The rate of increase in wetted perimeter with increased flow was greatest at the lowest flows and least at the highest flows.  However, the relationships typically did not have distinct inflection points (distinct breaks) where an increase in flow exhibited an obvious change in the wetted perimeter relationship (Appendix M).  

6.3.2 Habitat Time Series

Habitat time series exceedance plots for rainbow trout spawning (March–May), adult and juvenile rainbow trout and hardhead/Sacramento pikeminnow rearing (June–October), and rainbow trout fry (June–August) are provided in Appendix N.  Habitat exceedance plots and time series plots by year are in Appendix N, Attachment A.  In addition, exceedance plots for two alternative rearing periods, July to September (hot season) and September to October (fall base flow season) are also in Appendix N, Attachment A.

The habitat time series comparisons between impaired and unimpaired flow conditions provide an estimate of the difference between existing habitat (impaired) and the natural habitat potential (unimpaired) in the streams/rivers associated with the MFP.  

Small Streams 

In the small streams (Duncan, North and South Fork Long Canyon, and Long Canyon creeks), the amount of rainbow trout spawning habitat for impaired conditions was less than spawning habitat for unimpaired conditions (Figures N1A-1A, N2-1A, N3-1A, and N4A-1A).  This was due to flow diversion during the spring.  The amount of rainbow trout adult, juvenile, and fry habitat was generally the same for both impaired and unimpaired conditions (e.g., Figures N1A-2A, N2-2A, N3-2A, N4A-2A).  This occurred because water was typically not diverted from the stream during the summer or fall, except during June (Table AQ 1-11).

Middle Fork American River Bypass Reach 

In the Middle Fork American River bypass reach (French Meadows Dam to Middle Fork Interbay, Middle Fork Interbay to Ralston Afterbay), the impaired rainbow trout spawning and rearing habitat was, in general, equal to or greater than unimpaired habitat conditions.  The same was true for hardhead and Sacramento pikeminnow habitat in the reach of river below Middle Fork Interbay.  The few exceptions to the general results identified above, were as follows: (1) the spawning depth sensitivity run HSC indicated reduced spawning conditions at the top of the two reaches (immediately below French Meadows Dam and immediately below Middle Fork Interbay), where the lowest flows occur (e.g., Figure N5A-1B, N6A-1B); and (2) at these same locations, impaired adult rainbow trout habitat, was higher or equal to unimpaired habitat for the right side of the habitat exceedance plots (50 to 100% exceedance values), but lower for habitat on the left side of the exceedance plots (exceedance values from 0 to 50%) (e.g., Figures N5A-2A, N6A-2A) (Table AQ 1-11).  That is, part of the time there was more habitat under impaired conditions and part of the time less habitat.

In general, the impaired habitat values in the Middle Fork American River exceeded those for the unimpaired habitat.  This is in part due to augmented summer base flows required in the current FERC minimum flow releases compared to the historic unimpaired flows. 

Rubicon River

The results in the Rubicon River produced a pattern similar to that in the Middle Fork American River bypass reaches.  In the upper half of the Rubicon River, impaired flow habitat for rainbow trout adult rearing was typically higher than unimpaired flow habitat for the 50 to 100% exceedance habitat values (right side of the exceedance plots) and lower for exceedance values less than 50% (Figure N8A-2A) (Table AQ 1-11).  The amount of spawning habitat was greater for impaired flows versus unimpaired flows for the primary spawning HSC (Figure N8A-1A), but lower under impaired flows compared to unimpaired flows when using the depth sensitivity spawning HSC (Figure N8A-1B).  However, for all other species and life stages and locations in the Rubicon River impaired habitat was equal to or greater than unimpaired habitat.  Again, in part, this occurred due to the current FERC minimum flows being greater than unimpaired base flows.

Peaking Reach

Generally the rainbow trout spawning (primary HSC or depth sensitivity HSC) and FYLF breeding habitat for impaired flow was similar to or greater than for unimpaired flow at the two peaking reach study sites (MF4.8 and MF14.1) (e.g., Figures N11-1A, N11-1C, N12-1A, N12-1C).  Because of flow fluctuations in the peaking reach, however, an effective habitat analysis is more appropriate way to quantify breeding habitat (Section 6.3.3) (Table AQ 1-11). 

Habitat for species/life stages that use relatively deep and fast water (rainbow trout adult and hardhead adult) was greater (or approximately equal) for impaired flows versus unimpaired flows (e.g., Figures N11-2A, N11-2E, N12-2A, N12-2E) (Table AQ 1-11).  This occurred because flows in the peaking reach during the summer/fall are generally higher (faster velocity, deeper water) under existing impaired conditions (albeit fluctuating) than unimpaired conditions.  Habitat for species and life stages that use slower velocity water (juvenile rainbow trout and hardhead, rainbow trout, FYLF tadpoles) had less habitat with impaired flows compared to unimpaired flows (e.g., Figures N11-2B, N11-2F, N12-2B, N12-2F) (Table AQ 1-11). 

6.3.3 Effective Habitat Analysis

The effective habitat analysis at the 2D modeling sites for (1) the matrix of modeled discharges and (2) for a time series of impaired and unimpaired flows is presented below. 

Effective Habitat Matrix

The effective habitat flow matrix tables and associated plots are presented in Appendix O.  To understand the effects of potential Project-related flow fluctuations that may be proposed during license negotiations, effective habitat was analyzed at the two bypass reach study sites (MF26.2 and R3.5) for FYLF egg masses and tadpoles.  Each of the bypass reach study sites has an upper and lower habitat segment that was modeled and effective habitat matrices are presented for each segment separately.  At the peaking reach study sites (MF4.8 and MF14.1), effective habitat matrices are provided for rainbow trout spawning and incubation (primary HSC and depth sensitivity HSC), FYLF egg masses and tadpoles, and benthic macroinvertebrate food production.

The matrices/plots are designed to begin at a high starting flow and determine effective habitat for a lower ending flow (e.g., 1000 to 200 cfs).  The habitat at the ending flow is the same if the flow changed once (1000 to 200 cfs) or continually cycled between the same flows.  Also, the effective habitat would be the same if flows started at the low flow and cycled to the higher flow (200 to 1000 cfs), the plots and tables, however, are easier to read in the other direction.

Overall, the effective habitat matrix results show that for non-mobile or low mobility species/life stages (RBT spawning, FYLF breeding and tadpoles, and macroinvertebrates), changes in flow cause a large reduction in habitat.  Species/life stages with narrow depth and velocity requirements (e.g., FYLF egg masses and tadpoles) showed a greater reduction in habitat with changing flow than species/life stages with broader depth and velocity habitat requirements (e.g., macroinvertebrate food production).  Rainbow trout spawning was generally intermediate in sensitivity.

Based on the FYLF effective matrices a relatively narrow range of flow fluctuations would be required in the peaking reach to maintain breeding habitat.  For example, at MF4.8 (Figure O-22) a flow change from 1018 cfs to 407 cts leaves only 17% of the initial FYLF breeding habitat available (5202 to 895 ft^2/1000 ft); 14% would remain at Fords Bar (MF14.1).  

It also appears that fluctuations from peaking reduce the rainbow trout spawning potential in the peaking reach when flows in the reach are in the range of control of the Project.  For example, at Fords Bar (MF14.1) the amount of spawning habitat available at 1018 cfs reduces to 22% if flow cycles down to 101 cfs (3563 to 792 ft^2/1000 ft) (Figure O-22);  only about 11% would remain at Buckeye Bar (MF4.8).

Effective rainbow trout incubation habitat at the two peaking reach study sites (Figures O-10 and O-19) was only slightly less sensitive to flow fluctuations compared to rainbow spawning habitat, even though incubation had less restrictive depth and velocity requirements than spawning. 

Effective Habitat Time Series

Effective habitat time series from 1988 to 2007 for the 15 min impaired flow data and the daily unimpaired flow data are shown for rainbow trout spawning and FYLF breeding in Figures O-16 and O-25 (Appendix O) for the peaking reach study sites (MF14.1 and MF4.8 study sites, respectively).

Average annual FYLF effective breeding habitat was generally always less with impaired flow than with unimpaired flow.  Particularly at MF4.8 there was a relatively large difference between the amount of impaired and unimpaired habitat (Figure O-25).  

Average annual rainbow trout effective spawning/incubation habitat was also generally less for impaired flows than for unimpaired flows (Figures O-16 and O-25).  During a few years (1990,1992, 1994), however, impaired flow conditions provided better spawning habitat (Figure O-16).  These were years when impaired flows were lower than unimpaired flows and held relatively steady.

The rainbow trout effective habitat time series for each year was made up of eight separate one week spawning periods and subsequent incubation computations.  The average annual habitat was discussed above and presented in Figures O-16 and O-25, however, box and whisker plots that better show the spread of the data that were averaged to make those plots are shown in Figures (O-17 and O-26).  

The results for the effective benthic macroinvertebrate habitat time series analysis are still being completed and will be provided to the Aquatic TWG in a short memo in late 2010. 
6.3.4 Habitat Modeling Validation

Large Pool Habitat Use 

In the seven large pools studied (three Rubicon River pools and four Middle Fork American River pools), trout, hardhead, and Sacramento pikeminnow used habitat consistent with the MFP HSC developed for each species and consistent with the standard PHABSIM habitat modeling approach (Appendix E).  Adult trout were primarily observed actively feeding on drift at the head of the pools in relatively fast velocity habitat during both the morning and afternoon surveys.  In the afternoon, some trout moved to deep, slow velocity areas in the body of the pool.  Adult trout in the body of the pools typically were holding (resting or potentially seeking cooler temperatures near the bottom of the pool).  The adult rainbow MFP HSC developed for habitat modeling were most representative of the drift feeding fish in faster water habitat, not the holding fish.  The juvenile trout observed were found near the margins of the stream in cover provided by cobble and boulders.  The depths and velocities juvenile trout were observed using were consistent with the juvenile MFP HSC.

Adult and juvenile minnow species (hardhead, Sacramento pikeminnow, and California roach) were most often observed in the body and tail of the pools in slow moving water.  Adult hardhead and Sacramento pikeminnow were frequently observed cruising the margins of the pools or holding position in the tail of pools.  Some fish were observed drift feeding in the forward portion of the pools, often in velocity breaks (e.g., near boulders).  Juvenile minnows and California roach were typically found along the stream margin (slow, shallower water) near submerged vegetation if it was present.  Juvenile and adult hardhead/Sacramento pikeminnow observed habitat use was consistent with the MFP HSC used for modeling (Appendix E).

Foothill Yellow-Legged Frog Validation Data

A total of 25 egg masses and 39 tadpole measurements were collected for habitat modeling validation at the four 2D modeling sites (MF26.2 upper and lower and R3.5 upper and lower).  Appendix P shows aerial photograph maps of each of the sites with the egg masses and tadpole locations identified.  The study sites were modeled (hydraulics and habitat) at the discharge the egg masses and tadpoles were observed and the accuracy of the modeling versus the observations was determined.

In general, the FYLF modeling worked reasonably well.  Seventy eight percent of the observed egg masses and tadpoles were modeled in completely suitable habitat (1.0 suitability).  In total, 16 of the 25 egg masses (64%) and 34 of the 39 tadpoles (87%) were modeled to be in completely suitable habitat (1.0 combined suitability) (Table P-1, Appendix P).  The remainder were located in 0.1 suitability habitat, except for two egg masses that were located in 0.0 suitability habitat.  

In all cases, the modeled depth and substrate suitability for the egg masses and tadpoles was completely suitable (1.0).  The egg masses and tadpoles (14 total) that were not in completely suitable habitat were modeled to be in lower quality (0.1 or 0.0 suitability) high velocity habitat (see Figure C-1).  Twelve of the total were modeled in water velocity >0.11 m/s for egg masses and >0.06 m/s for tadpoles (0.1 suitability velocity) and two egg masses were modeled in 0.0 suitability water velocity (>0.25 m/s).  Appendix P, Attachment A has detailed Powerpoint files show the validation modeling results.

In five of the 14 instances that egg masses and/or tadpoles were modeled in suboptimal water velocity, they were also actually observed (measured in the field) in suboptimal velocity (water velocity >0.11 or >0.06 m/s for egg masses and tadpoles, respectively).  In the other nine instances, the modeled velocities were over predicted by the 2D model.  Likely this occurred because it is extremely difficult to model topography and/or velocity at a fine enough scale to pick up “micro” velocity patterns behind substrates such as cobbles and small boulders were FYLF lay egg masses or tadpoles often are found.  
The FYLF validation modeling was particularly useful in correcting an initial deficiency in the substrate HSC.  Initial validation modeling showed that several egg masses were in substrate polygons that were dominated by small, unsuitable substrates (gravels) but that actually had a suitable amount (20% or greater) of egg attachment substrate (cobbles and boulders).  The initial validation modeling results were used along with other data to modify the HSC such that subdominant substrate was accounted for in a reasonable manner.

6.4 Additional Results Specific to Peaking Reach

6.4.1 Peaking Reach Hydrology 

The peaking reach extends from Oxbow Powerhouse downstream to the high-water mark of Folsom Reservoir and includes two river segments: the Middle Fork American River from Oxbow Powerhouse to the confluence of the North Fork American River; and the North Fork American River from the confluence of the Middle Fork American River to the high water mark of Folsom Reservoir.  Mean daily and 15-minute hydrograph data for the peaking reach during the period of record are briefly summarized below.

Mean Daily Flow Hydrograph Pattern

The mean daily flow hydrographs (Appendix Q) at the top, middle, and bottom of the peaking reach during different water years showed the following seasonal patterns: (1) winter impaired and unimpaired flows generally have similar high flow events (both the magnitude and duration of the flow events); (2) spring impaired flows are lower than the unimpaired flows; and (3) summer/fall impaired flows are typically higher and more variable than unimpaired flows.  Accretion from the North Fork American River reduces the differences between the impaired and unimpaired flow patterns in winter and spring, but not during the summer/fall. 

Winter

During the winter in wet and above normal water years, the daily impaired and unimpaired flow patterns were similar with variable, high winter flow events (storms, runoff) present in both sets of hydrology.  In the below normal and drier water years, the winter impaired flows were often modified somewhat from the unimpaired flows; flows were either higher or lower depending on the year.  The difference in some cases were relatively small, particularly below the North Fork/Middle Fork American River confluence where the unimpaired North Fork American River inflow resulted in a flow pattern more similar to an unimpaired flow pattern.

Spring

In all but the wet water years, the impaired spring runoff flows were reduced compared to the unimpaired hydrographs.  This occurred due to snowmelt water being captured in the upstream reservoirs.  Below the confluence of the Middle Fork American and North Fork American rivers, the impaired spring high flow hydrographs were augmented, but they were still less than unimpaired.

Summer/Fall

In all water year types, the summer/fall impaired flows were much higher and more variable than the unimpaired flows (see within day peaking pattern below).  The exception occurred during the fall powerhouse maintenance period (2 to 4+ weeks) when peaking ceases and impaired flow had a magnitude similar to unimpaired flow.  During the maintenance outage, impaired flow was held relatively steady, close to, but greater than the 75 cfs FERC minimum flow requirement. 

Within-Day Peaking Pattern

Fifteen-minute flow data from Middle Fork American River gage below Oxbow Powerhouse (USGS Gage No. 11433300) were used to illustrate flow fluctuations in the peaking reach on a daily basis during different seasons and water years (Appendix Q).  The within-day magnitude and timing of flows in the peaking reach were affected by releases from Oxbow Powerhouse.  Oxbow Powerhouse was typically operated to follow daily power demand and to provide whitewater boating flows, and was not operated 24 hours per day (except in the wettest of water years and/or seasons of the year).  This created daily and within-day flow fluctuations in the peaking reach (Appendix Q).  Except during high flow periods of the year (e.g., winter or spring), releases from the Oxbow Powerhouse resulted in daily fluctuations in flow between about 200 cfs and 1,080 cfs.  The maximum capacity of Oxbow Powerhouse is approximately 1,080 cfs (Figure AQ 1-7).

Figure AQ 1-8 shows idealized examples of peaking events in different months (May to September) by different water year types.  The examples are based on an idealized unimodal peak, but frequently the daily events were more complicated and variable.  Daily peaking duration can be short (a few hours) or longer (most of the day).  In addition, depending on water year type, the amount of baseflow can vary and there can be multiple peaks and declines in flow over the day (Appendix R).

Winter/Spring

During the winter/spring season, flows in the peaking reach can exceed 3,000 cfs due to natural runoff (typically in wetter water years).  Considerable accretion can occur along the length of the peaking reach, particularly during the winter period from the North Fork of the Middle Fork American River, Volcano Creek, Otter Creek, Canyon Creek, and North Fork American River watersheds.  When flows were high, no peaking occurred (e.g., powerhouse is run continuously).  During low flow water years, peaking occurred through the winter/spring season. 

Summer/Fall

During the summer/fall season, daily peaking events typically started in the morning, ramping up from a low nighttime base flow (100–200 cfs) at a rate of approximately 250 to 450 cfs/hr to a high peak flow (approximately 1,000 cfs) followed by an evening down-ramp (approximately 250–450 cfs/hr) back to the base flow (Appendix R).  Each up-ramping and down-ramping period lasted for approximately 3 hours.  During the summer, Project operations at Oxbow Powerhouse were voluntarily modified to accommodate commercial whitewater boating by releasing water 2 or 3 hours earlier than would otherwise occur to meet peak energy demand.  

6.4.2 Stage Monitoring and Flow Travel Times

Travel Velocity

Travel velocity and base flow for 17 peaking flow events were used to create a travel velocity relationship (Figure AQ 1-9):

Travel Velocity mph = 0.0026 * Base Flow cfs + 1.96; R2=0.88  

During typical summer operations (200 cfs base flow, 1000 cfs peak), the travel velocity of peaking pulse events was approximately 2.5 mph.  Travel velocity was constant along the length of the reach.  At higher base flows (e.g., 300 cfs), the travel velocity increased (2.8 mph) and at lower base flows (e.g., 100 cfs) travel velocity decreased (2.3 mph).  Lower peak flows (e.g., 800 cfs) also decreased the travel velocity, but because few peaking events were lower than the approximately 1,000 cfs an empirical relationship was not created.  
Shape of Peaking Flow Pulse

The shape of the up-ramp of the peaking events was similar along the length of the peaking reach, but the length of the peak flow period shortened and the down-ramp rate of the pulse attenuated (slowed) as the pulse moved downstream.  Figure AQ 1-10 graphically shows the relative stage and timing at each of the pressure transducers along the peaking reach for an example peaking event.  The figure also shows the pulses superimposed upon each other (timing shifted based on the 2.5 mph travel velocity) so that the shape of the pulse as it moves downstream can be compared.  Figure AQ 1-11 shows several consecutive peaking events superimposed.

The length of the peak flow period shortens as the pulse moves downstream because some of the released water is “used up” filling the channel.  For example, below Mammoth Bar, the duration of the peak is shortened by approximately 2 hours compared to the peak at Oxbow Powerhouse.  The duration of the peak is generally shortened by approximately 1 hour per 10 miles of travel distance downstream.  
The rate of the peaking event down-ramp changes as the peak travels downstream.  At the top of the reach, the down-ramps are relatively rapid with decreases in flow at a rate similar to the up-ramp rate (250 to 450 cfs/hr, 3 hours to down-ramp).  With increasing distance downstream, down-ramps are slower and have a longer duration (Figure AQ 1-11).  This occurs because during the down-ramp the channel upstream of any particular location is full of water and must drain; the longer the length of channel upstream of a location, the slower the down-ramp rate and the longer the down-ramp duration.  For example, just downstream of Mammoth Bar (22.35 miles downstream of Oxbow Powerhouse), the down-ramp is at least three times slower than at Oxbow Powerhouse.  A 900 cfs down-ramp below Mammoth Bar takes 9+ hours (about 100 cfs/hr) compared to about 3 hours at Oxbow Powerhouse.

Travel Times

Distances between specific points in the peaking reach and water travel times between those points are summarized on Table AQ 1-12 (Map AQ 1-4).  Table AQ 1-13 shows the times flows would be at specific locations in the peaking reach given a specific starting time, in two hour increments.  The information presented in both of these tables is based on a flow travel rate of 2.5 mph. 

Magnitude of Stage Change

The amount of stage change from base flow to the peak flow varied depending on the local slope and channel shape at any particular location in the reach.  The total stage change for typical summer peaking events ranged from approximately 1 to 2.3 feet (average 1.8 feet), depending on location.  
6.4.3 Empirical Stranding Evaluation

During the one-time peaking flow stranding study conducted on June 5th, 2008, a total distance of 2.1 miles of the peaking reach was surveyed immediately after cessation of a daily peaking event of 900 cfs (900 cfs down to ca. 100 cfs).  The areas surveyed represent areas with a high potential for stranding, characterized by large bar features with varying topography (e.g., low-lying or backwater areas) and relatively shallow slopes.  One dead sculpin was observed stranded in the Fords Bar study area and approximately 289 live fish were observed temporally trapped (isolated) in disconnected pools in the Gray Eagle Bar - American Bar study area (Appendix F, Table F-1).  No fish were observed that were permanently trapped.  The majority of fish temporarily trapped (approximately 250 fish) were located in a dredge hole developed by recent mining activities.  Temporarily trapped/isolated fish consisted of a mix of species (trout fry, California roach, hardhead, Sacramento pikeminnow, and sculpin) that were found swimming in pool areas isolated from the main channel.  It was estimated that the trapped fish would survive until another peaking event inundated the habitat.  The trapping pools were very near to the active channel, and in most cases had some flow-though or were at groundwater level (i.e., had subsurface hydraulic connectivity to the main channel) (see photographs in Appendix F, Attachment A).  
As part of the Gray Eagle Bar cut-off channel dewatering study, flows in the side channel and the Middle Fork American River main channel were measured on four days over a range of discharges during the annual maintenance outage in November 2008.  The flow within the main channel (measured at the Middle Fork American River Nr. Oxbow PH gage (OXB)) was related to the flows measured within the side channel (Appendix F, Figure F-2).  Based on the field observations under the different flow conditions, connectivity between the main channel and side channel occurred when flows within the main channel were greater than approximately 150 cfs.  At approximately 150 cfs in the main channel, surface water no longer flowed through the side channel, resulting in isolated pool habitat within the side channel (although some subsurface, intragravel flow was likely occurring).  The riffle in the mid-section and the downstream end of the side channel were dewatered at this flow (Appendix F, Map F-4; Appendix F, Attachment B).  As the flow decreased to 126 cfs, the isolated pool habitat remained, but no surface flow within the side channel was observed.  Photographs of habitat conditions within the side channel under the different flow conditions are shown in Appendix F, Attachment B.  

The total number of days and the average number of days per year when flows were less than 150 cfs in the main channel were compared under impaired and unimpaired flow conditions (Appendix F, Figures F-3a and F-3b).  The average number of ‘events’ or times when flows dropped below 150 cfs was also calculated for impaired and unimpaired flow conditions (Appendix F, Figure F-4).  Under unimpaired flow conditions, the side channel typically was not connected with the main channel during August, September, and October.  In contrast, under impaired flow conditions flows were often greater than 150 cfs in the main channel during these months (except during the annual maintenance outage in October), resulting in flow through the side channel most of the time (Appendix F, Figures F-3a and F-3b).  Under current Project operations, however, partly because water is in the side channel more often, the number of times the side channel switches between watered and disconnected increases (Appendix F, Figure F-4).
The above analyses are based on a “static” channel.  Because the hydraulic controls at the top of Gray Eagle Bar on both the main channel and the side channel are composed of cobbles and small boulders, the channel is actually “dynamic.”  It is anticipated that the main channel versus side channel flow relationship is altered each time large flow events modify the alluvial channel.
6.5 Evaluation of Sediment Transport Conditions

Estimates of the flow required to initiate motion of 25% of the gravel substrate were obtained at 10 1D study sites (25 transects total) and at the two 2D study sites in the peaking reach (Table G-1, Appendix G).  To aid interpretation of the results and to provide robust initiation of motion estimates at sites where measured estimates were variable or uncertain, the modeled data were regressed against the 1.5, 2.0, and 5.0 year impaired and 1.5 year unimpaired flow recurrence intervals at the study sites (Figures G-5 and G-6).  Relatively good correlations (i.e., R2= 0.9) were obtained for the regressions of the 25% initiation flow versus the 1.5 and 2.0 year impaired recurrence interval flows.  The regression flows required to move gravels were 1.94 * 1.5 year impaired recurrence flow or 0.91 * 2.0 year impaired recurrence flow.  
Two of the study sites, MF44.7 and R25.7, immediately below large dams (French Meadows and Hell Hole dams, respectively) appeared to correlate better with higher recurrence flows (e.g., 5.0 year recurrence) and poorly with the lower recurrence interval flows.  This is likely because the 1.5 and 2.0 year impaired recurrence flows are very low at these sites and likely gravels are being moved during less frequent, but higher flow events (e.g., 5.0 year recurrence flows).

A relatively robust estimate of the flow required to initiate motion at each of the study sites was obtained by using the 2.0 year impaired recurrence flow (see Regression column Table G-1).  For the two study sites, MF44.7 and R25.7, that didn’t correlate well with the 2.0 year recurrence flows, the actual modeled 25% gravel initiation flow appear to be the best estimate (Table G-1). 

6.6 Additional Study Elements

6.6.1 Algae

In general, Didymosphenia geminata was present throughout the study area (Appendix H, Table H-1).  Didymosphenia geminata was present at 9 of the 12 instream flows sites, at one of the two comparison river sites, and at the extra sampling site at the top of the peaking reach (Horseshoe Bar).  Likely, however, it was present at all of the sites but not collected.  For example, Didymosphenia geminata was not present in the sample from the South Fork Long Canyon below the diversion (SFLC2.3), but was present at a comparison site just upstream SFLC4.2 (above the South Fork Long Canyon diversion).  Didymosphenia geminata was not present at the lowest instream flow study site on the Rubicon River (R3.5), but was present in the two sites upriver.  The only streams/rivers where Didymosphenia geminata was not documented in samples collected as part of this study were North Fork Long Canyon Creek and the North Fork American River.  The North Fork of the Middle Fork American River was not sampled for Didymosphenia geminata.

Based on the summer algae abundance surveys, algae coverage was not dense at most of the instream flow sites (see photographs in Appendix H, Attachment A).  Cumulative filamentous macroalgae and microalgae coverage ranged from a high of 85.5% at Middle Fork American River below Ralston Afterbay (MF23.5) to a low of 10.7% at the Rubicon River near Ellicott Bridge (R20.9) (Appendix H, Table H-2).  The highest density of algae was observed downstream of Ralston Afterbay.  Appendix H, Table H-3 provides the details of the algal abundance sampling at each transect.  

6.6.2 Horseshoe Bar Inundation

The stage-discharge regression developed for the entrance to the Horseshoe Bar historic natural channel indicated that a flow of approximately 23,000 cfs in the main stem Middle Fork American River is required to begin inundation of the historic channel (Figure AQ 1-12 and Table AQ 1-14).  Visual observations by the caretaker at Horseshoe Bar, John Close, corroborate that a very high discharge is needed to inundate the channel (Figure AQ 1-13).  During the spring of 2009 a discharge of 11,007 cfs occurred in the main channel (March 2, 2009).  The caretaker observed that no water entered the historic channel.  Stage measurements in the main channel near the entrance of the historic channel indicated that the water surface elevation was 2.6 feet below the entrance to the historic channel at that time.  The caretaker also observed that flow did enter the Horseshoe Bar channel during the 36,000 cfs high flow event of December 31st, 2005, consistent with the analysis. 
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� Note that the preference ratio U/A was calculated only where the availability (A) was 10% or greater to avoid aberrant spikes in the U/A data.  


� Degree days are the sum of average daily temperatures above freezing (0°C). Degree-days represent the developmental time for egg incubation and alevin emergence.  Approximately 630 degree-days are required for rainbow trout incubation/emergence (Behnke, 1992).


� Spawning in rainbow trout is primarily controlled by genetics and photoperiod (Purdon 1993), but is also affected by water temperature (Morrison and Smith 1986), with colder temperatures delaying spawning timing and warmer temperatures causing earlier spawning timing.





