
Placer County Water Agency

Middle Fork American River Project

(FERC No. 2079)

FINAL
AQ 10 – Riparian Resources
Technical Study Report – 2010
[image: image1.jpg]/ PCWA




Placer County Water Agency

P.O. Box 6570

Auburn, CA  95604

August 2010
Table of Contents


Page

11.0
Introduction


12.0
Study Objectives


23.0
Study Implementation


23.1.
Study Elements Completed


43.2.
Deviations from Technical Study Plan


43.3.
Outstanding Study Elements


43.4.
Proposed Modification to Technical Study Plan


44.0
Extent of Study Area


45.0
Study Approach


55.1.
Riparian Resource Characterization in the Bypass, Peaking, and Comparison Reaches


55.1.1.
Life History Requirements of Dominant Woody Riparian Species


65.1.2.
Riparian Community Characteristics – Comparison of Bypass and Peaking Reaches with Unimpaired Comparison Stream Reaches


95.1.3.
Historic and Existing Land Uses and Recreation Activities at Riparian Study Sites


95.2.
Riparian Resources and Hydrologic Regime Relationships


95.2.1.
Hydrology Patterns


105.2.2.
Water Surface Elevation Analysis at Riparian Study Sites


125.3.
Riparian Resources around Project Reservoirs


145.4.
Riparian Resources Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment


155.5.
Project Maintenance Activities near Riparian Resources


156.0
Study Results


156.1.
Riparian Resource Characterization in the Bypass, Peaking, and Comparison Reaches


156.1.1.
Life History Requirements of Dominant Woody Riparian Species


156.1.2.
Riparian Community Characteristics – Comparison of Bypass and Peaking Reaches with Unimpaired Comparison Stream Reaches


196.1.3.
Historic and Existing Land Uses and Recreation Activities at Riparian Study Sites


206.2.
Riparian Resources and Hydrologic Regime Relationships


206.2.1.
Hydrology Patterns


246.2.2.
Water Surface Elevation Analysis at Riparian Study Sites


316.3.
Riparian Resources around Project Reservoirs


336.4.
Riparian Resources Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment


356.5.
Project Maintenance Activities near Riparian Resources


357.0
Literature Cited



List of Tables

Table AQ 10-1.
Riparian River and Stream Survey Study Sites.
Table AQ 10-2.
Riparian Reservoir Survey Study Sites.
Table AQ 10-3.
Riparian Betterment Survey Study Sites.
Table AQ 10-4.
Riparian and Geomorphology Characteristics of the Bypass, Peaking, and Comparison River Study Sites.
Table AQ 10-5.
Summary of Riparian Vegetation Community Characteristics at the Comparison River Study Sites.
Table AQ 10-6.
Comparison of General Riparian Abundance and Age Class Distribution Patterns on the Bypass, Peaking, and Comparison Rivers.

List of Figures

Figure AQ 10-1.
Riparian Objectives and Related Study Elements and Reports.
Figure AQ 10-2.
Comparison of Species Richness (a), Proportion of Native Species Present (b), and the Proportion of Hydric Species (c) in Project and Comparison Stream Study Sites.

Figure AQ 10-3.
Frequency of Species within the Riparian Corridor at the Small Stream Bypass and Comparison Study Sites and Large River Bypass, Peaking, and Comparison Study Sites.
Figure AQ 10-4.
Change in Riparian Vegetation Abundance Over Time at R3.5, R20.9, R25.7, MF4.8, and MF26.2 Following High Flow Events.
List of Maps

Map AQ 10-1.
Riparian Study Sites (2006–2008). 
Map AQ 10-2.
Tree Core Sampling Locations on the Bypass, Peaking, and Comparison Reaches (2006–2008).
Map AQ 10-3.
Locations of Surveys around French Meadows Reservoir, Middle Fork Interbay, and Ralston Afterbay (2007–2008).
Map AQ 10-4.
Locations of Riparian Betterment Surveys (2008).
List of Appendices

Appendix A.
Hydrology Analyses at Selected Locations on the Bypass, Peaking, and Comparison Stream Reaches.

Appendix B.
Riparian Vegetation and Hydrology Relationships – Bypass, Peaking, and Comparison Stream Reaches.

Appendix C.
Plants Identified During Riparian Studies (2006–2008).
Appendix D.
Summary of the Life History Strategies of Cottonwood, Alder, and Willow Species Found in the Study Area.

Appendix E.
Comparison Rivers – Photographs and Vegetation Summary Tables and Figures.
Appendix F.
Riparian Vegetation at the Peaking Reach Study Sites (Otter Creek – MF14.1 and Buckeye Bar – MF4.8).

Appendix G.
Tree Cores – Results.
Appendix H.
Project Reservoirs (French Meadows Reservoir, Ralston Afterbay, and Middle Fork Interbay) – Vegetation Summary Tables, Plots of Vegetation along Surveyed Transects, and Water Surface Elevation Summary Plots. 
Appendix I.
Hell Hole Reservoir Seasonal Storage Increase Betterment – Riparian Vegetation Distribution Maps and Hydrology Analyses.
Appendix J.
Vegetation Maintenance in the Project Area – Summary Tables.
1.0 Introduction
This report describes the riparian study conducted by the Placer County Water Agency (PCWA) in 2007–2009 in accordance with the AQ 10 – Riparian Resources Technical Study Plan (AQ 10 – TSP) for the Middle Fork American River Project (MFP or Project).  The stakeholder-approved TSP was included in Supporting Document (SD) H of the Pre-Application Document (PAD) filed with the Federal Energy Regulatory Commission (FERC or Commission) on December 13, 2007 (PCWA 2007a). 
A draft report was distributed to the Aquatic Technical Working Group (TWG) on July 12, 2010 for a 60-day comment period.  The comment period will end on September 10, 2010.  Comments will be addressed in the Final Application for New License. 

The riparian study was conducted to characterize the riparian vegetation along the bypass and peaking reaches associated with the MFP, Project reservoirs and diversion pools, and in areas potentially affected by the Hell Hole Reservoir Seasonal Storage Increase Betterment (proposed Project enhancement).  The riparian study also included surveys in river reaches unaffected by Project operations (comparison river reaches).  The riparian study focuses on the areas where riparian vegetation is present within Riparian Conservation Areas (RCAs).  RCAs are areas and habitat specifically designated for protection and management of riparian resources by the U.S. Department of Agriculture-Forest Service (USDA-FS).
Distribution mapping of the riparian habitat upstream and downstream of the Project dams and diversions was completed in 2005 and 2006 and reported in the 2005 and 2006 Physical Habitat Characterization Reports (PCWA 2006 and 2007b).  Quantitative riparian surveys were completed on the bypass and peaking reaches in 2006 and are also reported in the 2006 Physical Habitat Characterization Report (PCWA 2007b).  The unimpaired comparison river reaches and Project reservoirs were surveyed in 2007 to map and characterize riparian resources, and areas potentially affected by the Hell Hole Reservoir Seasonal Storage Increase Betterment were surveyed in 2008.  The riparian study included the following evaluations: (1) relationship between riparian resources and the hydrologic regimes in the bypass and peaking reaches and comparison stream reaches; and (2) relationship between riparian resources and water surface elevation (WSE) fluctuations in Project reservoirs. 
The following sections provide a detailed description of the study objectives, study implementation, extent of the study area, study approach, study results, and literature cited.  

2.0 Study Objectives
The objectives of the riparian study in the AQ 10 – TSP include the following:
· Characterize the relationship between riparian resources and the hydrologic regimes(s) in the bypass and peaking reaches.
· Characterize the relationship between riparian resources and WSE fluctuations in Project reservoirs.

· Document the location of riparian resources at proposed Project facilities; potential Project betterment construction and staging areas; and new inundation areas.

3.0 Study Implementation
Figure AQ 10-1 shows the AQ 10 – TSP objectives and the study elements and activities that were completed in 2005–2009.  Study elements completed in 2005–2006 were documented in the 2005 and 2006 Physical Habitat Characterization Reports (PCWA 2006 and 2007b).  Study elements completed in 2007–2009 are documented in this report.  Figure AQ 10-1 also shows how the information developed during the study will be documented and provided to the stakeholders.  The following sections summarize the study elements completed, any deviations from the TSP, outstanding study elements, and proposed modifications to the TSP.  
Study Elements Completed

The following study elements were completed in 2007–2009:

Riparian Resource Characterization in the Bypass, Peaking, and Comparison Reaches

· Summarized information on the life history requirements of the dominant woody riparian species.

· In consultation with the Aquatic TWG, selected five unimpaired comparison reaches (river reaches unaffected by MFP operations) for detailed riparian surveys to compare with bypass and peaking reaches potentially affected by MFP operations. 
· Characterized the riparian resources, including community composition, age class structure, regeneration, encroachment, and special-status and invasive plant species, in these unimpaired comparison river reaches
.

· Compared the riparian community characteristics between the bypass and peaking reach study sites and the appropriate comparison river reach study site.

· Characterized the relationship between historic and existing land uses, recreation activities, and riparian resources.  
Riparian Resources and Hydrologic Regime Relationships
· Determined WSEs over a wide range of discharges appropriate to the Project hydrology at 17 study sites on the bypass and peaking reaches and unimpaired comparison river reaches. 

· Developed stage-discharge relationships at these study sites.  
· Evaluated the extent of inundation of floodplains and bars over a range of flows; the frequency, duration, and timing of inundation of riparian zones; flow recession rates in selected reaches; flow paths through bars and floodplain surfaces; and water availability during summer months at these study sites.

· Compared the riparian and hydrologic regime relationships at the bypass and peaking reach study sites with the appropriate comparison river reach study site.

· Collected and analyzed tree cores from one study site on the Rubicon River and one study site each on the North Fork American and the North Fork of the Middle Fork American rivers. 

· Using results of the tree core analyses
, compared recruitment classes, regeneration success, and species composition on the bypass and peaking reaches to appropriate unimpaired comparison river reaches. 

· Evaluated the position of the vegetation in relation to the channel.  
Riparian Resources around Project Reservoirs

· Characterized the distribution, characteristics, and condition of the riparian vegetation around Project reservoirs including French Meadows and Hell Hole reservoirs, Middle Fork Interbay, and Ralston Afterbay.
· Summarized annual patterns and inter-annual fluctuations in WSEs and inundation area-WSE relationships at each of the Project reservoirs.
Riparian Resources Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment
· Identified and mapped riparian vegetation around Project facilities, construction and staging areas, and roads associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment.

· Identified and characterized riparian vegetation that may be affected by changes in WSE associated the Hell Hole Reservoir Seasonal Storage Increase Betterment.
· Conducted detailed riparian field surveys in the potential inundation zone around Hell Hole Reservoir, including tributary inflow areas (Rubicon River, Five Lakes Creek, and a small un-named drainage). 
· Collected and analyzed ten tree cores from woody riparian trees established along Five Lakes Creek.
Project Maintenance Activities near Riparian Resources 

· Summarized current Project maintenance activities that occur near existing riparian resources.
Deviations from Technical Study Plan
The riparian studies were conducted as outlined in the AQ 10 – TSP with one enhancement:
· Additional riparian vegetation field surveys were conducted immediately upstream and downstream of the South and North Fork Long Canyon Creek diversions, where the greatest potential for changes in riparian vegetation due to Project operations, if any, could occur.  
Outstanding Study Elements

· Develop indicators for riparian health in consultation with the Aquatic TWG.  This study element will be discussed and developed in consultation with the Aquatic TWG during development of the protection, mitigation, and enhancement (PM&E) measures.  This information will be included in the Application for New License.  
Proposed Modification to Technical Study Plan
There are no proposed modifications to the AQ 10 – TSP.
4.0 Extent of Study Area
The study area included bypass reaches and the peaking reach, comparison river reaches (Table AQ 10-1), and Project reservoirs and diversion pools (Table AQ 10-2).  The locations of the riparian study sites are shown on Map AQ 10-1.  The study area also included areas around the proposed Hell Hole Reservoir Seasonal Storage Increase Betterment (Table AQ 10-3) including:

· 100 feet around trails; staging and disposal sites; and new inundation areas.
· 300 feet around construction areas associated with new facilities and roads.
5.0 Study Approach
The AQ 10 riparian study documented in this report was preceded by initial riparian characterization studies that were completed in 2005 (Phase 1) and 2006 (Phase 2).  For these early studies, riparian and meadow habitat upstream and downstream of Project dams and diversions and comparison rivers were identified, mapped, and described (PCWA 2006 and 2007b).  The objectives of these initial characterization studies are summarized in Figure AQ 10-1.  The main study elements of these initial characterization studies are described below.
Phase 1 included:
· Reviewing and summarizing existing information on riparian resources in the study area, and
· Mapping and describing the distribution of the riparian vegetation (including species composition and age class) from historical and recent aerial photography, helicopter surveys, and ground surveys on the Project bypass and peaking reaches and around Project reservoirs.

Phase 2 included:

· Quantitative riparian field surveys at the agency-approved bypass and peaking reach study sites listed in Table AQ 10-1; 
· Surveys to describe the composition, distribution, and age class structure of riparian habitat, including regeneration and the position of the vegetation along the channel; and 

· Tree core analyses in specific reaches on the bypass and peaking reaches (two reaches on the Rubicon River, two reaches on the Middle Fork American River downstream of Middle Fork Interbay, and two reaches on the Middle Fork American River peaking reach).
· Mapping of riparian vegetation distribution, composition and coverage upstream of Project diversions and reservoirs and on unimpaired comparison river reaches; 

· Identification of potential unregulated streams in the vicinity of the MFP to serve as comparison reaches; and
· Identification of potential historical and existing land use activities that could have or currently may be affecting the development of riparian habitat.

Using information developed during these initial riparian characterization studies, the Aquatic TWG developed the AQ 10 – TSP to identify additional information needed to evaluate the MFP and assist in the development of future PM&E measures.  The following describes the study approach implemented in 2007–2009 in accordance with the AQ 10 – TSP. 
5.1. Riparian Resource Characterization in the Bypass, Peaking, and Comparison Reaches
5.1.1. Life History Requirements of Dominant Woody Riparian Species
A literature review of the life history requirements of the dominant woody riparian species (Fremont and black cottonwoods [Populus fremontii and Populus balsamifera, respectively], white and mountain alders [Alnus rhombifolia and Alnus incana ssp. tenuifolia, respectively], and willows [Salix sp.]) present in the study area was conducted.  Specifically, information on seed initiation (e.g., dispersal, germination, and initial seed/root growth); microsite characteristics necessary for germination (e.g., water table depth, substrate); establishment (survival and growth until maturity); and maturation (e.g., age of maturity, rooting depth, and tree height) was collected, reviewed, and summarized.  
5.1.2. Riparian Community Characteristics – Comparison of Bypass and Peaking Reaches with Unimpaired Comparison Stream Reaches

Five unimpaired comparison study sites on four non-Project rivers were selected in consultation with the Aquatic TWG to compare with the bypass and peaking reach riparian study results, which were included the 2006 Physical Habitat Characterization Report (PCWA 2007b).  The unimpaired comparison river reaches included one site each on the North Fork of the Middle Fork American River, South Fork Long Canyon Creek, and Duncan Creek; and two sites on the North Fork American River (Table AQ 10-1, Map AQ 10-1, and site photographs in Appendix E).  Table AQ 10-4 identifies the unimpaired comparison river reaches and associated bypass and peaking river reaches which have similar physical channel characteristics and unimpaired hydrologic patterns.  

Quantitative riparian surveys were completed at each of the unimpaired comparison study sites consistent with the earlier surveys completed at the study sites in the bypass and peaking reaches (PCWA 2007b).  The results of these surveys were then compared to the results of the surveys on the bypass and peaking reach study sites.  

The following summarizes the data collected and survey methods conducted on the unimpaired comparison river reaches.  Methods are described in detail in the 2006 Physical Habitation Characterization Study Report (PCWA 2007b).  
· Community composition across the riparian zone – Line-intercept survey along surveyed transects. 
· A transect tape was laid perpendicular to the stream channel from the water’s edge of the summer flow to the valley wall or hillslope.  The length of each dominant and sub-dominant ground, shrub, and tree species and/or other cover types (e.g., bare ground, leaf litter, large woody debris, and different substrate size classes, etc.) that intersected the transect tape was recorded. 
· Community composition along the stream banks – Greenline
 method (Winward 2000). 

· One greenline, with an approximate length of 100 meters (328 feet), was established on the left and right bank within each study site
.  Along the greenline, the length of cover by each dominant and sub-dominant plant species (ground, shrub, and tree layers) or other attribute (such as boulder or bedrock), percentage covered, and tree height (when applicable) were recorded.  
· Woody riparian age class structure
 and regeneration – Paired plots along surveyed transects, seedling counts along stream banks, and tree core dating techniques (at a sub-set of study sites).  

· Tree diameter measurements and shrub stem size class measurements were collected for individuals rooted within paired plots (5x2 square meters).  The paired plots were established at obvious changes in elevation and/or shifts in dominant species along the line-intercept transects.  Age class distributions were also evaluated at selected quantitative study sites using tree core dating techniques (described in Section 5.2.2 below).
· Regeneration information was collected during the greenline surveys.  Young individuals and seedlings rooted within 2 meters (6.6 feet) of the greenline were counted.  

· Canopy structure – Paired plots along surveyed transects.
· Ground layer and dominant herbaceous species cover information were collected in 1x1-square-meter plots established along the line-intercept transects at the same locations as the 5x2-square-meter plots described above.  Within the 5x2-square-meter plots, the relative percentage of each plot covered by the shrub and tree canopy layers, each species, and individual were recorded.
· Riparian health – Paired plots along surveyed transects.
· Observations of unhealthy vegetation were noted during the field surveys.  In addition, the relative decadence
 of each species and individual were noted.  Any potential causes for the unhealthy or dead vegetation, such as fire, insect herbivory, or trimming, were also noted.
These data were analyzed and summarized for each unimpaired comparison river reach.  The river miles surveyed along each reach, the type of survey conducted, and the number of transects and plots at the study sites are summarized in Table AQ 10-1.  
The specific methods used in the analyses are described below.
Community Composition – The results of the line-intercept and greenline surveys at each of the unimpaired comparison river reaches were used to characterize the dominant species and riparian community types or plant associations along the stream channel and across the riparian zone.  The vegetation community types were identified using Potter (2005).  The frequency of the occurrence of shrub and tree species present within the riparian corridor was also determined from species data collected in the 5x2‑square-meter paired plots.  These data were summarized in tabular format for the unimpaired comparison river reaches and compared to the appropriate bypass and peaking reach.  The proportions of hydric species and native species, and species richness were graphically compared among the bypass, peaking, and unimpaired comparison reach study sites.  

Age Class Structure and Regeneration – The results of the paired plot surveys, regeneration surveys, and tree core analyses along the bypass, peaking, and unimpaired comparison reaches were used to compare the maturity of the riparian vegetation in relation to the hydrologic regimes.  The results of the regeneration surveys (numbers of seedlings and sprouts) were summarized in tabular format.  The results of the tree cores analyses (e.g., ages) were also used to identify and compare successful recruitment events along the bypass, peaking, and unimpaired comparison reaches (see description below).  The results of the paired plot surveys and rooted elevations of trees and shrubs were used to characterize the position of the riparian vegetation along the channel.  

Canopy Structure – Data collected as part of the paired plot surveys were used to describe and compare the canopy coverage of the herbaceous, shrub, and tree layers among the bypass, peaking, and unimpaired comparison reaches.  

Riparian Health – Data collected as part of the paired plot surveys were used to characterize and compare decadence within the riparian community among the bypass, peaking, and unimpaired comparison reaches, and identify any obvious damage to vegetation by fire, insect herbivory, or trimming.  The average decadence of the shrub and tree canopy layers and dominant species within the riparian corridor were summarized in tabular format.  Land use observations were included in the data summary tables and discussed in the results section, as appropriate.
Additional Vegetation Surveys
South and North Fork Long Canyon Creeks – Additional surveys were conducted to compare the riparian vegetation immediately upstream and downstream of the South and North Fork Long Canyon Creek diversions.  These surveys were focused on the section of the streams (e.g., immediately downstream of the diversions) where the greatest potential for changes, if any, in riparian vegetation due to hydrology would be expected
.   
The riparian corridors along South and North Fork Long Canyon creeks were surveyed for approximately ½ mile immediately upstream and downstream of the diversions (Table AQ 10-1).  Vegetation data collected included dominant and sub-dominant woody and herbaceous species, canopy cover, and age class present.  The substrate was also characterized.  A hip chain and Global Positioning System (GPS) were used to identify distances from the diversions where transitions in the riparian community were observed.  The species information was used to classify the riparian vegetation into plant associations, as defined in Potter (2005).  The vegetation (dominant and sub-dominant species, canopy cover by dominant species, and structure information) and substrate were summarized in tabular format.  Other observations made in the field, such as locations of large woody debris, channel bars, seeps, or land uses, were also included in the summary table.  
Middle Fork American River Peaking Reach – In addition to the transect surveys completed at study sites in the peaking reach (Table AQ 10-1), riparian vegetation composition and structure (dominant woody species) were also mapped at the two AQ 1 – Instream Flow 2-D study sites (MF4.8 and MF14.1 [Table AQ 10-1] [PCWA 2010]) on high resolution aerial photographs in the field.  The vegetation mapping was used in combination with the water surface elevation modeling at these specific study sites to evaluate relationships between inundation and vegetation position along the channel (Section 5.2.2.).  The vegetation polygons were digitized in Geographic Information Systems (GIS) and maps of the dominant riparian species and age classes at these study sites were developed.  The attribute data, including dominant species, ground cover types, and presence of large woody debris, were summarized in tabular format by polygon identification number.  
5.1.3. Historic and Existing Land Uses and Recreation Activities at Riparian Study Sites
Historic and existing land uses (e.g., grazing, mining, timber management), recreation activities, and fires at riparian study sites and along the study reaches that may adversely affect riparian resources were summarized based on field observations and information included in earlier reports and documents (e.g., PCWA 2007b).
5.2. Riparian Resources and Hydrologic Regime Relationships

The relationship between the riparian vegetation and hydrologic regime at each of the bypass, peaking, and unimpaired comparison reach study sites was evaluated.  This evaluation included: (1) characterizing general impaired and unimpaired hydrology patterns at each study site and a few other locations (e.g., downstream ends of reaches); and (2) evaluating vegetation and inundation relationships at study sites, including characterizing successful riparian recruitment events and the position of the riparian vegetation along the stream channel.
5.2.1. Hydrology Patterns
Unimpaired and impaired daily flow data for the bypass and peaking reaches and the North Fork of the Middle Fork American River for water year 1975 through 2007 developed by the Operations Model Technical Team (comprised of PCWA, resource agencies, and other stakeholders) were used.  For the North Fork American River NF31.3 study site, flow data from the U.S. Geological Survey (USGS) gaging station 1427000 was used in the analysis. 
For North Fork American River NF53.7 study site, a scaling approach was used to calculate the site-specific hydrology based on a comparison of empirical discharge measurements collected during the spring and summer 2008 at the site with 15-minute flow data from USGS gaging station 1427000 (additional information on this calculation is provided in Appendix A).  
For each study site, the following hydrology analyses were completed: 

· Annual Hydrology and Attenuation Patterns – Annual hydrographs of the monthly average daily flows by water year type were developed for different locations along the bypass, peaking, and comparison reaches;  

· Recurrence Intervals – The Q1.5, Q2, Q5, Q10, and Q25 flows were calculated for impaired and unimpaired flow conditions;

· The number of days that the unimpaired recurrence intervals were exceeded under impaired and unimpaired flow conditions by water year type and all years combined, and by year for the period of record was summarized;  

· Timing of High Flows – The number of days that the unimpaired Q1.5, Q2, Q5, Q10, and Q25 flows were exceeded by month by water year type and all years combined was determined; and

· Recession Rates (rate of change in stage over time (days)) – Recession rates of spring/early summer flows during the time of spring seed release were evaluated for selected years at the instream flow study sites.  Recession rates were evaluated for years that were identified as successful recruitment events based on the tree core analyses (Recruitment Events sub-section) or years with potentially suitable spring flows based on a review of the early spring through summer hydrographs.  

5.2.2. Water Surface Elevation Analysis at Riparian Study Sites 
Water surface elevation data (stage) were collected over a wide range of discharges to develop stage-discharge relationships at the 17 study sites on the bypass and peaking reaches and unimpaired comparison river reaches (PCWA 2010).  Where possible, stage-discharge relationships were developed using the Instream Flow 1-D and 2-D modeling results at the same riparian transects surveyed in 2006.  For the 2006 riparian transects not specifically modeled in the Instream Flow study, a stage-discharge relationship from a representative instream flow modeling transect located within the same reach was used (Table B-1).  Factors such as the type of habitat unit, proximity to the riparian transect location, and channel geometry were used to select the most appropriate stage-discharge relationship for the riparian transect.  Model stage-discharge model development and results for each study site (transect) are described in detail in the AQ 1 – TSR (PCWA 2010).  

Vegetation and Inundation Relationships  

Changes in inundation characteristics (e.g., frequency, duration, width of inundation) were related to vegetation patterns (e.g., species composition, age structure, established position) across the surveyed transects.  Inundation patterns were also evaluated for the specific time period between May and June, which is the time of spring seed release and seed setting, and spring high flow recession. 
At the two AQ 1 – Instream Flow 2-D peaking reach study sites, site maps were created illustrating increases in flow (stage) and vegetation inundation.  In addition, representative transects were selected within the two study sites to show relationships between the vegetation lateral distribution across the transect and inundation frequency throughout the year, during May and June seed setting, and inundation stage (water depth).
Recruitment Events (Tree Core Analyses)
Tree cores were collected and dated along seven bypass and peaking river reaches and two reaches on the unimpaired comparison rivers in 2006 and 2007 (Table AQ 10-1 and Map AQ 10-2):  
· Rubicon River: R25.7 (RM 25.5-RM 25.8) (2007); R20.9 (RM26.6–RM 21) (2006); R2.6 (RM 2.3–RM 3) (2006);
· Middle Fork American River Bypass Reach: MF29.4 (RM 29.3–RM 29.5) (2006); MF28.6 (RM 28.5–RM 28.9) (2006) ;  
· Middle Fork American River Peaking Reach: MF17 (RM 16.3–RM 17.3) (2006); MF4.8 (RM3.9–RM 5.8) (2006);

· North Fork of the Middle Fork American River: NFMF2.3 (RM 2.3–RM 2.8) (2007); and
· North Fork American River: NF31.3 (RM 30.5–RM 31.7) (2007).

The approach outlined in the AQ 10 – TSP was to core and date trees of various species (e.g., cottonwoods, willows, and alders).  The analysis, however, focused on white alders because the majority of the trees located in the study reaches was white alders and most willows in the bypass, peaking, and comparison reaches were shrubby (stems too small to core) and could not be dated.  Cottonwoods were only present in a few reaches and were a sub-dominant species at those sites.  Where present at the tree coring sites, cores were collected from cottonwood trees.  However, many of these cores could not be dated as the centers were rotten, which is not uncommon for this species.  White alders distributed across the floodplain or bar were selected for sampling.  Results from the 2006 tree core analyses were incorporated into the analysis (PCWA 2007b).  

Ages of the trees at the study sites were evaluated in relation to the hydrology to identify and characterize successful recruitment events (e.g., magnitude, timing, recession rates).  The rooted elevations of the cored trees were related to frequency of inundation at the study sites.  Recession rates (inches per day) during the time of spring seed release and seed setting (during the receding limb of the hydrograph) were evaluated for years with successful recruitment events at the bypass and peaking reach study sites (Hydrology Section).  For each study site, a set of recession rate curves were developed (1 inch per day, 1.6 inches per day, 2 inches per day, and 3 inches per day).  The curves were developed from an average stage-discharge relationship for the run and low gradient riffle transects (AQ 1 – TSR [PCWA 2010]).  These curves were then used to compare recession rates under impaired and unimpaired flow conditions.   
Riparian Vegetation Position along Channel
The elevations of the riparian trees along the transects were compared at the bypass, peaking, and unimpaired comparison reach study sites to evaluate the position of the riparian vegetation in relation to the stream channel.  Specifically, the elevation at which mature woody riparian vegetation was established; the rooted elevations of the trees dated with the tree cores; inundation width, frequency, and duration along the channel; observations following large flood events; and observations of sediment accumulation or sediment berm formation (if any) within streamside vegetation that could result in a permanent shift in the positions of the channel banks and a narrowing of the stream channel were evaluated.
5.3. Riparian Resources around Project Reservoirs
Vegetation ground surveys were conducted at various locations around French Meadows Reservoir, Ralston Afterbay, Middle Fork Interbay, and Hell Hole Reservoir in 2007 to characterize the relationship between riparian resources and WSE at Project reservoir (Table AQ 10-2 and Map AQ 10-3)
.  The survey methods are summarized below.  A more extensive survey of the riparian vegetation was conducted around Hell Hole Reservoir than the surveys completed at the other three reservoirs to provide data needed to assess potential effects of the Hell Hole Reservoir Seasonal Storage Increase Betterment (Section 5.4). 
French Meadows Reservoir, Middle Fork Interbay, and Ralston Afterbay
Vegetation data were collected along surveyed transects that were established perpendicular to the water body, starting at the edge of the reservoir pool on the day of the survey and extending to the upland community transition (Map AQ 10-3).  Along each transect, line-intercept surveys were conducted to collect vegetation and substrate data, including the dominant and sub-dominant woody and herbaceous species, age classes present, and percent cover.  Ten transects were surveyed at French Meadows Reservoir and three were surveyed at Ralston Afterbay.  Only one transect was surveyed at Middle Fork Interbay, as the riparian species composition and distribution were observed to be similar (e.g., PCWA [2006]) and established at similar elevations around the reservoir.  The reservoir is generally operated at full pool except for a few weeks during the maintenance outage in the fall.  During the surveys, locations of ponded water and the location of any drift (e.g., deposited woody debris or other plant material) accumulation along the transects and any seeps within close proximity to the transects were noted.  Evidence of other land uses (e.g., grazing and recreation) was also noted.  The species information was then used to classify the riparian vegetation into plant associations, as defined in Potter (2005).  The plant associations were subsequently graphed along the surveyed transects to illustrate transitions in plant communities with distance and reservoir WSE.   
For French Meadows Reservoir, the annual trends in WSEs were summarized for the entire period of record and by water year type from 1975 through 2007.  The area surrounding the reservoir that would be inundated by the average June WSE (when the reservoir is at its highest) during wet water years was compared to the area inundated during critically dry water years.  The elevations were digitized in GIS and the area within each band was calculated.  
Hell Hole Reservoir
Riparian vegetation established around the reservoir perimeter, including along main tributary inflows (Rubicon River, Five Lakes Creek, and a small un-named drainage located in between the Rubicon River and Five Lakes Creek), was identified and mapped on aerial photographs and/or locations were recorded in the field using GPS.  Information on species present, age, and substrate was also collected.  Photographs of the vegetation along the reservoir and streams were taken in the field.  The field maps were then digitized in GIS.  

The area (in square feet and acres) covered by riparian vegetation by species (or portion thereof) was then calculated in relation to contour lines representing various elevations associated with current Project operations.  These different elevations associated with Project operations are shown on Schematic 1 below. 
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Schematic 1.
Study Area around Hell Hole Reservoir for the Existing Project.

The annual trends in Hell Hole Reservoir WSEs were summarized for the entire period of record and by water year type from 1975 through 2007.  The area surrounding the reservoir that would be inundated by the average June WSE (when the reservoir is at its highest) during wet water years was compared to the area inundated during critically dry water years.  The elevations were digitized in GIS and the area within each band was calculated.  

5.4. Riparian Resources Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment
The riparian vegetation surveys described in Section 5.3 for Hell Hole Reservoir were extended to include new areas around the reservoir and its associated tributaries that would be inundated by the Hell Hole Reservoir Seasonal Storage Increase Betterment.  Information collected for these surveys and those described in Section 5.3 will be used to assess the potential effects of the Hell Hole Reservoir Seasonal Storage Increase Betterment on the riparian resources around the reservoir, including along the tributaries. 

Under the proposed betterment, PCWA would install a 6-foot inflatable gate at the Hell Hole Dam Spillway to seasonally increase the storage capacity of the reservoir.  The acreage of the riparian vegetation (or portion thereof) that could be affected (i.e., seasonally inundated) by installation of 6-foot spillway gates was calculated.  A schematic showing elevations associated with installation of a 6-foot spillway gate in Hell Hole Dam is provided in Schematic 2 below. 

[image: image3]
Schematic 2.
Study Area for Hell Hole Reservoir Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment.

In addition to the mapping described in Section 5.3, vegetation and topography were surveyed along 12 transects on Five Lakes Creek that extended across the existing riparian corridor to the valley walls using belt-transect surveys.  These transects were longitudinally distributed upstream from the reservoir to sample the vegetation found at locations with different inundation frequencies under existing operations.  Information on riparian corridor width, dominant species, cover, decadence, height, tree and shrub size (diameter at breast height [DBH] and stem sizes), and substrate were collected.  The number of seedlings was also counted.  In addition, ten cores were collected from seven trees (some trees had multiple trunks) and dated.  Tree cores were collected from all suitable alders, willows, and black cottonwoods along the creek (e.g., large enough to core, without rotten centers).  The elevation of each cored tree was surveyed in relation to the surveyed topography.  The locations of the trees were mapped in relation to the water surface elevations associated with existing operations and the betterment operations.  
5.5. Project Maintenance Activities near Riparian Resources

Current Project maintenance activities that are conducted near riparian resources in the Project area were reviewed and summarized. 
6.0 Study Results
6.1. Riparian Resource Characterization in the Bypass, Peaking, and Comparison Reaches 
This section presents the results of the vegetation analyses, including summaries of: (1) life history strategies of the common woody riparian species; (2) comparisons of riparian community characteristics on the bypass, peaking, and unimpaired comparison river reaches; and (3) historic and recent land use and recreation activities that have occurred or were observed during the surveys at the study sites or along the stream reaches. 
A comprehensive plant list of all the species encountered during the various surveys at each study site was developed, including any special-status plants, noxious weeds, and mosses.  This list is provided in Appendix C and is an updated version of the one provided in the 2006 Physical Habitat Characterization Report (PCWA 2007b).  
6.1.1. Life History Requirements of Dominant Woody Riparian Species
Life history strategies of the common woody riparian species found along the bypass, peaking, and unimpaired comparison study reaches (cottonwood, alder, and willow) are summarized in Table D-1 in Appendix D.  The timing of seed dispersal of these common species is summarized in Table D-2.  
6.1.2. Riparian Community Characteristics – Comparison of Bypass and Peaking Reaches with Unimpaired Comparison Stream Reaches
The confined valley walls and bedrock and/or coarse substrate that are characteristic of large sections of the bypass and comparison streams and rivers considerably influence riparian abundance and distribution patterns (Tables AQ 10-4 and AQ 10-6; also PCWA 2006 and 2007b).  Specifically, riparian vegetation was sparsely or discontinuously distributed along at least 60 percent of the Middle Fork American River from French Meadows Reservoir to Middle Fork Interbay, the Rubicon River, Duncan Creek, Long Canyon Creek, and South Fork Long Canyon Creek bypass reaches.  The width of the riparian corridor along the stream channel varied depending on the width of the suitable alluvial substrate, summer water availability, and stages of the winter/spring high flows.
Characteristics of the riparian communities at the bypass and peaking reach study sites (distribution, abundance, species composition, age classes, canopy structure, and vegetation health) were compared with those at suitable study sites on the unimpaired comparison rivers (D9.0, SFLC4.2, NFMF2.3, NF31.3, and NF53.7) (Table AQ 10-5 and Tables E-1–E-8
), and are summarized below.  Relationships of vegetation and inundation/hydrology and position along the transects are discussed in Section 6.2.  Regeneration and young individuals were observed at all bypass, peaking, and unimpaired comparison study sites (Table 10-6).  The majority of species encountered in the surveys were native species (Figures AQ 10-2 and 10-3).  Typically, the majority (>50 percent) of these species were riparian and wetland species (OBL, FACW, FAC)
.  
Photographs of the riparian corridors; tables summarizing the community composition, age class structure and regeneration, canopy structure, and riparian health data for the unimpaired comparison stream study sites; and additional discussion of the comparisons between the bypass, peaking, and unimpaired comparison reach study sites are presented in Appendix E.  Similar information and photographs for the bypass and peaking reach study sites were provided in PCWA (2007b).  
Middle Fork American River Bypass Reach – The distributions and abundances of riparian vegetation along the Middle Fork American River between French Meadows Reservoir and Ralston Afterbay and the unimpaired North Fork of the Middle Fork American River were similar, occurring primarily as continuous lines along the channel, where present.  Along both rivers, the establishment of riparian vegetation was limited by bedrock and boulder substrate, steep side slopes, and few depositional surfaces available for riparian establishment (Table AQ 10-5).  Community composition and age structure were similar along the two rivers.  Alders with willows were the common species at the study sites on both rivers (Figures AQ 10-2 and 10-3), and mixed age classes or primarily young and medium-aged vegetation were observed (Table AQ 10‑5).  No major differences in riparian composition, age structure, canopy structure, or vegetation health were observed between the bypass and unimpaired comparison river reaches.
Middle Fork American River Peaking Reach – Riparian distribution and abundance was greater, with more mature patches in the peaking reach upstream of the confluence compared to the North Fork American River comparison reach and the North Fork American River downstream of the confluence with the Middle Fork American River (Table AQ 10-6).  The riparian community composition along the peaking reach and the unimpaired North Fork American River upstream of the Middle Fork American River confluence were similar; both dominated by alders, willows, and cottonwoods (Figure AQ 10-3 and Tables AQ 10-5; F-1 and F-2; Maps F-1 to F-4).  Large gravel-cobble bars were present within the two peaking reach study sites (MF14.1 and MF4.8) and the unimpaired comparison study site at NF31.3.  At the two peaking reach study sites, large portions of the gravel-cobble bars were relatively sparsely vegetated with various types of herbaceous species (e.g., grasses), and willows and alders along the bar perimeters.  Blackberry bushes and California grape were a common understory species and dominated some areas along the stream banks at the study sites in the peaking reach and at NF31.3.  At MF4.8, a high-flow channel and seep supported willows and alders within the bar on river-right.  Some trees were also established along the straighter sections of the peaking reach study sites and along the cutbanks (Figures F-3 and F4).  At the unimpaired comparison study site NF31.3, vegetation was also established along the straighter sections.  The woody vegetation at the peaking reach study sites was comprised of a range of size classes, with most of the vegetation comprised of mature or old willows and white alders (75 percent based on area).  Although the total area covered by seedlings or young individuals was comparatively small (14 percent), hundreds of seedlings or young trees were often located in a relatively small area (Maps F-5 to F-6; Table F-2).  In comparison, along the North Fork American River upstream of the Middle Fork American River confluence, the riparian vegetation was primarily young and medium-aged trees.  Vegetation health was similar within the peaking reach and unimpaired comparison river reach.   
Rubicon River – The riparian community characteristics in the upper bypass reach (R25.7 and R20.9) reflected changes in the valley and channel morphology that resulted from the 1964 Hell Hole Dam failure and flood, and the subsequent adjustments in channel form and regeneration in response to the impaired flow and sediment regimes after the dam was constructed (Section 6.1.3).  Large bars were present within all the study sites (R25.7, R20.9, R3.5, and NF53.7).  The bar substrate size at NF53.7 was more similar to the bars at R3.5 than at R20.9.  The boulders on the bars at NF53.7 were substantially smaller than those present on the bars at R20.9 (Table AQ 10-4).  

Along most of the Rubicon River bypass reach, the vegetation was primarily sparsely or discontinuously distributed.  Riparian vegetation was not mapped on the North Fork American River up to the comparison river reach (NF53.7) (Table AQ 10-6).  However, based on the study site surveys, the abundance of riparian vegetation along the bar perimeters overhanging the stream margins was greater along the Rubicon River where vegetation was present compared to the NF53.7 study site.  At NF53.7, most of the vegetation was established near the bases of the hillslopes.  The composition of the riparian community at NF53.7 was similar to that on the Rubicon River (Table E-9).  The riparian communities were dominated by alders and willows.  In addition, cottonwoods were co-dominant in some reaches on the Rubicon River (Figures AQ 10-3 and Appendix B, B-1).  A range of willow and alder size classes, including seedlings and sprouts, were present at the study sites on both rivers.  The Rubicon River vegetation was mostly comprised of young and medium-aged vegetation.  No major differences in riparian composition, age structure, or health of the riparian trees and shrubs were observed. 
South Fork Long Canyon Creek – Riparian vegetation distribution and abundance and community composition and age structure were similar in the bypass and unimpaired comparison reach (Table E-9).  The riparian community was sparsely or discontinuously distributed both upstream and downstream of the diversion.  Where present, the white alder-dominated community was primarily distributed as a narrow corridor along the stream banks both upstream and downstream of the diversion.  Willows were commonly interspersed, and were more common downstream than upstream of the diversion.  Indian rhubarb was abundant in patches downstream from the diversion and was a sub-dominant species within the community upstream from the diversion.  Black cottonwood was a component of the riparian community both upstream and downstream from the diversion.  At the study sites upstream and downstream of the diversion, all age classes were present, with younger individuals interspersed with a few older ones.  The reach downstream from the diversion was a little steeper (3.5 percent) than the surveyed reach upstream from the diversion (2.1 percent) (Table E-9).  The channel was braided in the upper portion of the surveyed reach where it flows through an old debris flow; all channels were dry (subsurface flow remained) during the summer 2007 survey.  No major differences in riparian health or canopy cover were observed.
North Fork Long Canyon Creek – Very little woody riparian vegetation was present upstream of the diversion; only a few willows and no alders were observed.  In comparison, mature willows and willow seedlings were interspersed throughout the riparian corridor downstream from the diversion.  From approximately 1/5- to ½-mile downstream from the diversion, the woody riparian community was dominated by mature white alders, typically with 100 percent cover within the riparian corridor (Figure AQ 10-3).  All age classes were observed downstream of the diversion.  The overstory canopies upstream and downstream from the diversion were both dominated by Douglas fir, and Indian rhubarb was common within the channel (Table E-9).  The channel substrate was similar upstream and downstream from the diversion, primarily comprised of boulders and cobbles.  The reach upstream from the diversion was considerably steeper (7.8 percent) compared to the surveyed reach downstream from the diversion (4.5 percent).
Duncan Creek – Riparian vegetation distribution and community composition and age structure were similar in the bypass and unimpaired comparison study sites.  The riparian community was sparse or discontinuously distributed along the majority of Duncan Creek and, where present, was primarily comprised of alders and willows with some cottonwoods interspersed.  The riparian corridor was typically narrow, confined by the narrow deposition surfaces along the channel.  Indian rhubarb was common within the channel.  The riparian communities were fairly young, comprised mostly of young and medium-aged vegetation.  The abundance of riparian vegetation was a little greater and occurred in larger patches upstream of the diversion compared to downstream (Table AQ 10-6).  The lower sections of Duncan Creek near the confluence with the Middle Fork American River, in particular, are very narrow with few locations where vegetation could establish.  No major differences in canopy cover or riparian health were observed.
6.1.3. Historic and Existing Land Uses and Recreation Activities at Riparian Study Sites

Historic and existing land uses (e.g., grazing, mining, timber management), recreation activities, fires, and large floods at riparian study sites and along the study reaches that may affect the characteristics of the riparian resources (e.g., distribution, species composition, age classes) were summarized based on field observations and information included in earlier reports and documents (e.g., PCWA 2007a).  Each of these is briefly summarized below.

Mining – Mining activities on the principal tributaries of the American River, including the North Fork and Middle Fork, began in 1848.  Exploration occurred further upstream, possibly up to French Meadows Reservoir in the 1850s.  Mining also occurred along many of the streams tributary to the Middle Fork American River.  The Middle Fork American River is believed to be the most productive placer mining main tributary of the American River.  At some locations, the river course was completely altered to expose gold-bearing gravels within the river bed by re-routing the channel through an adjacent bluff.  Almost all the bars in the Middle Fork American River were reportedly dredged.  Hillsides and channel bars were denuded to supply lumber to build the flumes and other structures needed to support the mining activities.  Entire towns were built on the bars for the miners.  Small dredging operations continue today in some sections of the Middle Fork American and Rubicon rivers.  Mining activities were observed during the field studies along the lower Rubicon River, and the two unimpaired comparison rivers (North Fork of the Middle Fork American River and the North Fork American River).

Grazing – In the vicinity of French Meadows and Hell Hole reservoirs, seasonal sheep and cattle grazing began prior to the 1850s and continues today.  In addition, many of the Project facilities and bypass streams lie within the boundaries of or adjacent to a range allotment.  Evidence of recent grazing (e.g., scat, browsed vegetation) was observed at French Meadows Reservoir and along the North and South Fork of Long Canyon Creek in the vicinity of the diversions.  
Timber Management – Extensive timber harvesting and construction occurred from 1949 through the mid-1980s, and continues today (PCWA 2007a).  Recent timber management activities (e.g., cut trees) were observed within or immediately adjacent to the riparian corridor along Duncan, North Fork Long Canyon, and South Fork Long Canyon creeks, lower Rubicon River (e.g., downstream of Long Canyon Creek confluence), and upper Middle Fork American River (MF44.7).   

Recreation Activities – During the 1960s, a number of recreational facilities were constructed in conjunction with the MFP.  As the Licensee, PCWA is currently responsible for a total of seven single-unit campgrounds, three group campgrounds, three picnic areas, four boat launches, and one scenic vista.  The Project recreation facilities are in close proximity to French Meadows Reservoir, Hell Hole Reservoir, Ralston Afterbay, and the South Fork Long Canyon Creek.  Non-project recreation facilities in the Project vicinity include numerous Forest Service trails, off-highway vehicle (OHV) staging areas, picnic areas, campgrounds, dispersed recreation areas, and whitewater boating accesses.  Recent recreation activities, including fisherman, fire rings/pits, trampled vegetation, were observed during riparian surveys on the Middle Fork American River on the peaking reach, Duncan Creek, North Fork Long Canyon Creek, Rubicon River, and Long Canyon Creek.  

Fires – Large, catastrophic fires have occurred in the MFP.  The most recent catastrophic fire, the Red Star Fire occurred in 2001.  The fire consumed approximately 17,500 acres of forest within the Eldorado National Forest (ENF) and Tahoe National Forest (TNF) and on private land, including considerable portions of the upper Middle Fork American River watershed (near MF44.7) and through the riparian corridor on upper Duncan Creek.  A smaller fire (Ralston Ridge fire) occurred in the Middle Fork American River watershed in 2006, and burned upland areas and portions of the understory within the riparian zone at the 2006 MF-6 and MF-7 study sites (Table AQ 10-1).
Floods – High flows have occurred relatively recently on the Middle Fork American and Rubicon rivers (e.g., 1997 [unimpaired recurrence interval >25 years] and 2006 [unimpaired recurrence interval: 5–10 years]).  A time series of aerial photographs taken prior to and after the 2006 high flow at riparian study sites on the Rubicon and Middle Fork American rivers shows the effects of these types of high magnitude flows on the riparian vegetation (Figure AQ 10-4 and Figure 3-14 in the 2006 Physical Habitat Characterization Report [PCWA 2007b]).  Substantial amounts of riparian vegetation were scoured (completely removed or knocked down) from near the channel and channel bars during these events.

In addition to these relatively infrequent high flow events (recurrence intervals >five years), an extremely large flood occurred on the Rubicon River in 1964 caused by the failure of Hell Hole Dam during construction.  The flood surge associated with the dam failure occurred over approximately one hour, with an estimated mean flow of approximately 260,000 cubic feet per second (cfs) (PCWA 2007b).  The geomorphology of the upper Rubicon River watershed below Hell Hole Dam was completely changed, including widening of the stream valley and deposition of coarse, wide bars.  These coarse boulder bar deposits support little vegetation.  This flood completely removed almost all of the riparian vegetation that was existing along the stream channel.  
Riparian Resources and Hydrologic Regime Relationships

This section presents summarizes of: (1) general hydrology patterns for the riparian study sites on bypass, peaking, and unimpaired comparison reaches; and (2) vegetation and inundation relationships, including successful recruitment events and the position of the vegetation along the stream channel.  
6.1.4. Hydrology Patterns
Annual hydrology, including frequency, timing, and attenuation of high flows, and recession rates of high flow events for the bypass and peaking reaches are summarized below.

Annual Hydrology, Frequency, Timing, and Attenuation of High Flows

Middle Fork American River Bypass Reach – Project operations have altered flows throughout the year (Table A-1, Tables A-2 to A-13, and Figures A-1 to A-8) in the two sub-reaches below French Meadows Dam and Middle Fork Interbay Dam.  High flow events (>unimpaired Q1.5 magnitude flows) that naturally occurred (unimpaired flows) during winter storm events and spring runoff were almost always captured in French Meadows Reservoir.  Under unimpaired conditions, the unimpaired Q1.5 magnitude flow events typically occurred during the spring runoff periods, while the larger magnitude flows often were associated with winter storm or reservoir spill events.  For existing conditions (impaired), most of the high-flow events occurred during wet water years and were associated with spills from French Meadows and/or accretion flows.  Middle Fork Interbay also captured almost all of the spring runoff high flows.  Flow accretions from the surrounding sub-watersheds resulted in a more unimpaired seasonal flow pattern (high winter/spring flows and lower summer/fall flows) and a few more days of higher flows in the lower sections of the two sub-reaches compared to immediately downstream of both dams.  In the summer and fall seasons, flows were often equal to or greater than unimpaired conditions as water was released from storage to meet minimum instream flow requirements.
Middle Fork American River Peaking Reach – Intra- and inter-day flows fluctuated daily due to releases from Oxbow Powerhouse to meet power demands or to support whitewater recreation.  Project operations resulted in daily flow fluctuations between the minimum flow requirement (75 cfs) and the capacity of the Oxbow Powerhouse (1,025 cfs).  In the summer, average daily flows were relatively high compared to the unimpaired flows as a result of releases from Oxbow Powerhouse, and substantially higher than those in the North Fork American River comparison reach.  Under current operations, the frequency and duration of high-flow events, associated with spring runoff (>unimpaired Q1.5 magnitude flows) have been reduced and the timing of the unimpaired Q1.5 magnitude events has been shifted, with more flows of this magnitude occurring in the winter compared to later in the spring (Table A-1, Tables A-14 to A-22, and Figures A-9 to A-14).  Partly due to unimpaired inflows to the top of the reach from the North Fork of the Middle Fork American River and other accretion inflows, winter high flows were very similar for both impaired and unimpaired conditions.  In the lower section of the peaking reach, inflows from the North Fork of the Middle Fork American River and North Fork American River, as well as smaller tributaries, resulted in a more unimpaired seasonal flow pattern (high winter/spring flows and lower summer/fall flows).  
Rubicon River – The frequency, duration, and timing of high flow events (>unimpaired Q1.5 magnitude flow) have been modified by current operations, particularly in the upper portions of the bypass reach (Table A-1, Tables A-23 to A-31, and Figures A-15 to A-20).  Flows were typically reduced and more stable during the winter/spring/early summer season.  Immediately downstream from the dam, high flows primarily occurred in the wettest years, often associated with winter storm events and spills from Hell Hole Reservoir, and were of substantially shorter duration and magnitude than the unimpaired flows.  Under unimpaired flow conditions, the majority of the unimpaired Q1.5 magnitude flows occurred in the spring, while the unimpaired Q.2 magnitude flows occurred in the winter and spring.  Flows equal to or greater than the unimpaired Q.5 magnitude flows were almost always associated with winter storm events.  Under impaired conditions, with increased distance downstream, tributary inflows resulted in an increased frequency of the unimpaired Q1.5 magnitude flows and produced a more unimpaired seasonal hydrograph pattern (high winter/spring flows), albeit with lower magnitude.  In the summer and fall seasons, flows were often equal to or greater than unimpaired conditions as water was released from storage to meet minimum instream flow requirements.
Long Canyon Creeks – On the Long Canyon creeks (South Fork and North Fork Long Canyon creeks and Long Canyon Creek near RM 9.0 and the Rubicon River confluence), almost all the impaired high flow events (>unimpaired Q1.5 magnitude flows) occurred in wet and above normal water years, with the highest flows occurring during the wettest years (Table A-1, Tables A-32 to A-43, and Figures A-21 to A-28).  The impaired and unimpaired high flow frequency and timing patterns were similar during wet water years when the winter storm events and spring runoff often exceeded the capacity of the diversion facilities.  During above normal water years, current operations have reduced the frequency and durations of these high flow events.  The large, scouring events (e.g., >unimpaired Q5 flow magnitudes) were not captured by the diversion facilities and continued to flow downstream.  During the summer/fall season, the diversions were not operated and unimpaired flow was passed downstream into the bypass reaches.  
Duncan Creek – Under unimpaired flow conditions, the majority of flows that exceeded the unimpaired Q1.5 magnitude flow occurred in wet and above normal water years (Table A-1, Tables A-44 to A-49, and Figures A-29 to A-32).  Current operations have reduced the frequency and duration and shifted the timing of high-flow events (>unimpaired Q1.5 magnitude flow) in wet and above normal water years, particularly in the upper portions of the bypass reach.  Few high flows occurred in above normal years under current operations.  Most of the spring runoff high flows that were between the unimpaired Q1.5 and Q2 magnitude flows were captured by the diversion facilities, such that a greater proportion of the flows occurred in the winter compared to unimpaired conditions when more occurred during the spring runoff season.  Near the bottom of the bypass reach, contribution from accretion flows resulted in an increase in the number of flows occurring during the spring runoff period, as well as a relatively seasonal flow pattern (high winter/spring flows and lower summer/fall flows).  The timing of the unimpaired Q2 magnitude flows was similar between the unimpaired and impaired hydrology.  Most of the flow associated with the largest, scouring events was not captured by the diversion facilities and continued to flow downstream.  During the summer/fall season, the diversion was not operated and unimpaired flow was passed downstream into the bypass reach.  

Unimpaired Comparison Rivers – Average monthly flows for the unimpaired comparison river reaches are presented in Figures A-33 to A-38.  The number of days that the Q1.5, Q2, Q5, Q10, and Q25 flows were exceeded by month for the comparison river reaches is provided in Tables A-50 to A-58.

Recession Rates

On the larger Project rivers and Duncan Creek, recession rates during the end of the receding limb of the spring snowmelt hydrograph, which coincides with the timing of spring seed release and seed setting (early May to late June), were generally faster than unimpaired flow conditions, particularly in wet water years, and decreased with distance downstream.  On the Long Canyon Creek bypass streams, impaired flow recession rates were generally fairly slow and within the ranges for high seedling survival success identified in the literature (<1.6 inch per day) (Figure A-39) (Tables D-1 and D-2).  The receding limbs of spills were also typically slower during above normal water years.  Recession rates are discussed for each bypass reach below.  
Middle Fork American River Bypass Reach – Immediately downstream from French Meadows Dam, recession rates during the evaluated years were typically fast in wet and above normal water years (at least 3 inches per day) compared to unimpaired recession rates for the same events (<1.6 inches per day) (Figure A-39).  At the lower end of the reach, rates were generally still approximately 3 inches per day during wet water years, but were typically slower in above normal water years (1 to 2 inches per day).  Downstream of Middle Fork Interbay, recession rates were variable, ranging from less than 1.6 inches per day to greater than 3 inches per day.  Unimpaired recession rates for the same events were slower (1 to 1.6 inches per day).   
Middle Fork American River Peaking Reach – Impaired recession rates during wet water years were typically between 1 to 2 inches per day.  Impaired recession rates during above normal water years were generally a little slower.  Spring flows in the peaking reach included unimpaired flows from the North Fork of the Middle Fork American River and the North Fork American River.  
Rubicon River – Impaired recession rates during wet water years at all sites were typically fast (3+ inches per day) (Figure A-39).  During above normal water years, recession rates were generally slower (1 to 1.6 inches per day) and were within the range for high seedling survival success (except for at R25.7, where no high spring flows occurred during above normal water years).  Impaired recession rates also typically decreased with distance downstream with accretion flow additions.  Unimpaired flow recession rates were slow, generally about 1 inch per day.
Long Canyon Creeks – On the Long Canyon Creek bypass reaches, recession rates of the selected events were the same or very similar under impaired and unimpaired conditions (Figure A-39).  Winter and early spring flows may have been captured during those years, but during the “big’ water years, spills occurred in the late spring and early summer that maintained appropriate recruitment flow recession rates (Figure A-39) (Tables D-1 and D-2).

Duncan Creek – Recession rates typically decreased with distance from the diversion.  At D6.3, recession rates were generally between 2 and 3 inches per day (some years, rates were a little faster, other years a little slower) and were typically faster than would have occurred under unimpaired flow conditions.  Impaired and unimpaired recession rates at the bottom of the reach near the confluence with the Middle Fork American River were similar (about 1 to 2 inches per day [Figure A-39]).   
6.1.5. Water Surface Elevation Analysis at Riparian Study Sites

Vegetation and Inundation Relationships

Channel and floodplain inundation (frequency and duration) along the surveyed transects at the unimpaired comparison and bypass reach study sites and in the 2‑D peaking reach-study sites was characterized with respect to the position of the vegetation and species composition (Figure B-1) and age class structure (Figure B-2).  Figure B-1 also shows graphs for each study site that show how wetted width and stage change on the transects with increases in flow at each of the study sites.  The main findings of the inundation patterns along the surveyed transects are summarized below.  

· The difference in inundation characteristics (e.g., inundation width, inundation frequency and duration, and water depths) between impaired and unimpaired flow conditions on the bypass, peaking, and unimpaired comparison rivers depended on the topographic characteristics of the channels at the study sites (e.g., steepness of stream banks, confined canyon).  
· At most of the study sites, the extent of inundation (or width of inundation) was typically similar under impaired and unimpaired flow conditions up to the highest modeled flow (approximately unimpaired Q2).  
· In the narrower stream sections on both the small and large streams, the width of inundation was relatively narrow beyond the summer base flow channel under both impaired and unimpaired flow conditions.  Few areas with suitable substrate, available water, or protection for riparian vegetation from scouring high flows to establish existed in these types of reaches.  
· In wider reaches on the bypass reaches, the width of inundation was often similar under unimpaired and impaired flow conditions.  However, inundation frequency and duration under unimpaired flows were often greater than under impaired flows adjacent to the channel, particularly in May and June.  In many of these reaches, the substrate further away from the channel was bedrock and/or boulder and would not be favorable for riparian vegetation establishment.  

· The riparian vegetation at some study sites was also supported by sources of water other than the stream.  In the steep and confined reaches, runoff from side slopes recharge the ground water table and support the existing riparian vegetation on alluvium at the base of the side slopes.  Prominent seeps that also recharge the ground water and support riparian vegetation were observed at a few study sites (e.g., D6.3, MF44.7, and R20.9),.  Side channels and high-flow channels were present in a few of the study sites (e.g., R25.7, MF26.2, and the peaking reach study sites).  These side channels provide flow and moisture to established vegetation at flows lower than those required to overtop the stream banks.  Riparian vegetation was often observed along these features.  
· Impaired summer/early fall flows were often a little higher than those that would have occurred under unimpaired flow conditions on the Middle Fork American River peaking and bypass reaches and the Rubicon River, providing a source of water during potentially limiting time periods under unimpaired flow conditions.  
The inundation characteristics at the bypass and peaking reach study sites and the position of the riparian vegetation in relation to inundation are discussed and compared with the appropriated unimpaired comparison study site below.  

Vegetation and Inundation Relationships by Reach

Middle Fork American River Bypass Reach – At the two study sites in the sub-reach below French Meadows Dam (MF44.7 and MF36.2), the greatest change in the width of inundation and depth (stage) occurred as flows increased from base flows up to approximately 400+ cfs (30 to 60 feet increase in width and a 5–6 feet increase in depth).  As flow magnitudes increased above 400+ cfs up to approximately the unimpaired Q2 flows, the width of inundation and depth increased more slowly (approximately 10 feet in total width and 2 feet in depth) (Figure B-1).  The width of inundation was also greater under unimpaired flow conditions than impaired conditions at the upper study site, but was similar at the lower end of the sub-reach (MF36.2) due to accretion flows (Figure B-1).  At all the bypass reach study sites, the frequency and duration of inundation were greater under unimpaired flow conditions than impaired conditions, particularly in May and June.  
In the sub-reach downstream of Middle Fork Interbay, the width of inundation was similar under impaired and unimpaired flows, as elevations increased fairly quickly with distance from the channel.  In sections of the river where the stream banks were less steep and elevations rose more gradually away from the channel (e.g., MF26.2, Transect 3), the frequency and duration of inundation along the channel was greater under unimpaired than impaired flow conditions, particularly in the spring (May and June).  In the summer and fall seasons, water availability under existing operations was often equal to or greater than unimpaired conditions, as water was released from storage to meet minimum instream flow requirements (Appendix A).  Similar to the sub-reach upstream of Middle Fork Interbay, the greatest change in width of inundation and depth occurred as flows increased from base flows up to approximately 400+ cfs (30 to 60 feet in width and approximately 3 feet in depth).
Most of the willows in the bypass reach and the unimpaired comparison river site (NFMF2.3) were established near or within the low flow channel where they were frequently inundated (Figure B-2).  The dated alders within the sub-reach between Middle Fork Interbay and Ralston Afterbay that established following the high 1997 flows were rooted at elevations that corresponded to the stages of the spring flows that occurred during the subsequent years (Table G-1), and at elevations with similar inundation frequencies to dated trees at NFMF2.3.  
Middle Fork American River Peaking Reach – At MF4.8 and MF14.1, the channel width inundated by impaired and unimpaired flows (up to 20,000 cfs) was similar (Figure F-1).  The duration of inundation was a little more (5–20 percent) in May and June on the wider transects under unimpaired flow conditions than impaired flow conditions.  Inundation duration, however, was often greater on average under impaired than unimpaired conditions near the channel due to the elevated flows during the summer.  The large bars at the two study sites were not inundated up to 6,000 cfs at MF14.1 and 8,000 cfs at MF4.8 due to the high elevations of the bar surfaces.  At MF4.8, the back portion of the bar was inundated as flow entered the bar through the high flow channel starting at flows between 1,000 and 3,000 cfs.   
Most of the vegetation at the peaking reach study sites was established at elevations that would be inundated at flows between 80 and 1,000 cfs.  The species at these lower elevations were typically alders and willows, with black locust interspersed.  Cottonwoods tended to be found in the comparatively narrower sections of the reach or along the high flow channel at MF4.8, and at higher elevations than the willows and alders (Figure F-2).  At the NF31.3 comparison site where the bars generally gradually sloped away from the channel, the dominant riparian species (willows, white alders, and Fremont cottonwood) were distributed at different elevations on the bars.  The willows were established at closest to, and sometimes within the channel.  White alders were established at higher bar elevations compared to the willows, and the Fremont cottonwood trees were established farthest from the channel (Figures F1 and F-2). 
Rubicon River – The inundated width and frequency and duration of inundation in areas adjacent to the channel at both the upper Rubicon River bypass study sites (R25.7 and R20.9) were typically less under impaired than unimpaired flow conditions, particularly during the receding limb of the hydrograph (May and June) (Figure B-1).  In the summer and fall seasons, water availability under existing operations was often equal to or greater than unimpaired conditions, as the minimum instream flow requirements were often a little greater than unimpaired flows (Appendix A). 
At R25.7, the width of inundation increased between 40 and 120 feet as flows increased from base flows to approximately 600 cfs, and increased comparatively less (10‑25 feet) as flows continued to increase up to approximately 3,600 cfs.  Depths increased by approximately 4 feet as flows increased from base flows to 600 cfs, as well as with flow increases from 600 cfs to 3,600 cfs.  
At R20.9, the canyon was more confined compared to the upstream study site at R25.7.  Tributary inflows (e.g., South Fork Rubicon River, Deer Creek) produced a more seasonal hydrograph flow pattern (high winter/spring flows) than occurred at R25.7, albeit with lower magnitudes than unimpaired flow conditions (Figures A-17 and A-19).  The inundated width increased less with greater flows compared to R25.7 with flows up to 600 cfs (20 to 30 feet) due to the steeper stream banks.  Depths increased between 3 and 4 feet with increased flows up to 600 cfs.  As flows increased from 600 cfs to 4,000 cfs, the width of inundation increased from 5 to 20 feet in total and depths increased 3 to 5 feet.  Similar to the upper study site, the bars were inundated only during infrequent high events due to the high elevations of the bar topography.  
In the most downstream study site at R3.5, the stream channel was wider and stream banks were less steep compared to the study sites further upstream (R25.7 and R20.9).  Accretion flows produced a more natural hydrograph shape than the study sites upstream.  The width of inundation increased by up to 120 feet as flows increased from base flows to approximately 1,200 cfs due to the more gradually sloping banks compared to the upstream study sites.  Depths increased by approximately 3 feet.  The rate of change in width and depth in relation to increased flow magnitudes was slower with greater flows (when flows increased from 1,200 cfs to 3,400 cfs, width increased between 20 and 40 feet in total and depth increased 2 to 3 feet) (Figure B-1). 
The position of the vegetation was different at most of the Rubicon River study sites (particularly R25.7 and R20.9) compared to the comparison river study site NF53.7.  At the Rubicon River study sites, white alders and willows were established at two main elevational bands at the time of the surveys – at slightly higher elevations that were infrequently inundated under impaired flow conditions or within the stream channel or immediately adjacent to the summer low flow channel along the perimeters of large, coarse sparsely vegetated bars (Table AQ 10-5).  At R25.7 and R20.9, the majority of the dated alder trees established after the 1997 high flows, at elevations that corresponded to low magnitude spills that occurred during subsequent years (less than 6 feet above the base flow water elevation).  A few trees were dated that were established at the higher elevations (Table G-1).  These trees were typically older than the trees that were established at lower elevations (early 1970s), and have survived the high flow spill events that have occurred since that time.  Some riparian trees at R20.9 were also established at the base of the hillslopes on small colluvial deposits and supported by seeps.  In comparison at NF53.7, the majority of the individuals and the larger trees and shrubs were established towards the rears of the bar near the base of the hillslopes (Figures B-1 and B-2).  Only relatively young individuals and seedlings were typically observed along the outer edges of the bars near the stream channel.  In the narrower sections of the NF53.7 study site where no bars were present, the riparian vegetation was established near the summer base flow water’s edge and extended to the valley wall.  
The alders at R3.5 were established farther away from the active channel compared to the bypass reach study sites upstream, and likely reflects the individuals that survived the high flows in 2005 and 2006 that scoured and/or damaged much of the vegetation that had been observed near the channel prior to these events (Figure AQ 10-4).  Similar to the two upstream study sites, the majority of the dated alders established following the 1997 high flow event (Table G-1).  
Long Canyon Creeks – At NFLC1.9 and SFLC2.3, the width of inundation adjacent to the stream channel increased by approximately 10–15 feet with increased flow from base flows up to 20–30 cfs, respectively, and then increased minimally with greater flows up to the unimpaired Q2 flows (approximately 5 feet).  Water depths increased by less than 2 feet with increased flows up to the unimpaired Q2 flows (Figure B-1).  The width of inundation and inundation frequency and duration were very similar across the surveyed transects under impaired and unimpaired flow conditions.  Along all three creeks (including Long Canyon Creek), there was a relatively narrow transition zone between areas that were infrequently and frequently inundated where most of the vegetation was established along the transects.  In some sections of South Fork Long Canyon Creek where lower gradient features were present adjacent to the channel (e.g., SFLC2.3, Transect 2.3), this transition zone was wider (<10 feet) and the frequency and duration of inundation along the channel margins was greater under unimpaired than impaired flow conditions (Figure B-1).   
Inundation during higher magnitude flows was similar under impaired and unimpaired flow conditions because these peak flows typically were not diverted (Appendix A).  The diversions were not operated in the summer; therefore, summer water availability was the same under impaired and unimpaired flow conditions.  Alders were established at elevations that ranged from frequently inundated (near the water’s edge) to elevations that were only periodically inundated each year (Figures B-1 and B-2).  Willows were established at lower elevations near the low flow stream channel.  
At SFLC4.2 comparison study site, alders and willows were established at elevations similar to those at the study site downstream of the diversion (Figure F-2).  
Duncan Creek – At most cross-sections in the D6.3 study site, impaired inundation frequency and duration decreased relatively quickly with distance from the channel.  The width of inundation on average increased between 10 to 60 feet with flows greater than base flows up to approximately 100 to 120 cfs.  Increases in depths ranged from 2 to 6 feet, depending on the channel characteristics.  At greater flows up to 400 cfs, wetted widths increased minimally (<5 to 10 feet) and depths increased from 2 to 4 feet in total (Figure B-1).  In the narrower stream transects with steep banks (e.g., D6.3, Transect 3 (left bank) and D9.0, Transect 3), inundation frequency was minimal beyond the low flow channel under impaired and unimpaired flows due to the confined valley bottom and steep side slopes.  In comparison, at the wider transects at D6.3, although the width of inundation was similar under impaired and unimpaired flow conditions, inundation frequencies and durations were reduced under impaired flow conditions, particularly during the receding limb of spring hydrographs (May and June, Figure B-1).  Inundation during higher magnitude flows (>Q1.5) would be expected to be similar under impaired and unimpaired flow conditions as these peak flows typically were not captured (Appendix A).  Flow depths increased with flow magnitude increased (Figure B-1).  
Water availability and instream flows during the summer and fall were the same under impaired and unimpaired flow conditions, as the diversion was not operated at this time.  
At D6.3 and D9.0, alders were often established over a range of elevations from the water’s edge to the base of the hillslopes.  At D9.0, willows were established near or within the stream channel.  In comparison, willows were established across the riparian zone at D6.3 (Figure B-2).  

Recruitment Events (Tree Core Analyses)
The frequency and types of successful recruitment flow events at the study sites were similar for the dated riparian trees on the bypass, peaking, and unimpaired comparison reaches.  The majority of the dated trees established during years following particularly high magnitude winter events (e.g., 1986 and 1996–1997) (recurrence intervals greater than every 5–10 years) that scoured banks and bars, and prepared seed beds.  These events were then followed by relatively moderate to low peak winter and spring flows with fairly slow recession rates during the subsequent years (<unimpaired Q1.5 magnitude flows) that provided sufficient moisture to the seedlings and sprouts, but were not large enough to scour the new individuals (Figures G-2 - G-4 and Table G-1). The trees established at elevations along the streams where summer water was available, as well as survive winter/spring scouring flows (Figure G-5 and Table G-1).  A few trees were dated from the early 1970s at R25.7 and NFMF2.3, and many of these were rooted at higher elevations than those that established more recently (Table G-1).  Earlier events may have also had suitable conditions for riparian recruitment at the study sites, but it is possible that trees established during these events were scoured by more recent events.  Appendix G provides a brief discussion of recruitment related to willows, alders, and cottonwoods.  
Recruitment along each of the reaches where tree core analyses were completed is summarized in Appendix G.  The summarized tree core data and associated hydrology for the period of record (1975 to 2007) is provided in Appendix G.  The tree core results are presented in Table G-1 and a comparison of the number of trees dated and the cumulative distribution established per year on the Middle Fork American River, Rubicon River, and the unimpaired comparison rivers are shown in Figure G-1.  The successful recruitment events for each river are graphed in relation to the hydrology in Figures G-2 to G-4.  The locations of the tree core sites are shown on Map AQ 10-2.  The relationship between the rooted elevation of the dated trees above the summer base flow and inundation is shown in Figure G-5 and summarized in Table G-1 (for all years, wet and above normal water years, and drier years).  
Encroached Vegetation
The position of the riparian trees along the bypass and peaking reach channel margins and the appropriate unimpaired comparison study site are discussed and compared below.  

Middle Fork American River Bypass Reach –Along the majority of both of the Middle Fork American River bypass sub-reaches (French Meadows Dam to Middle Fork Interbay and Middle Fork Interbay to Ralston Afterbay), the vegetation along the stream margins was established at similar locations (elevations and inundation frequency ranges) as that which was established at the unimpaired comparison study site NFMF2.3.  Along the sub-reach downstream of Middle Fork Interbay where tree cores were analyzed, some trees were established closer to the low flow channel (e.g., MF28.6) compared to the unimpaired comparison reach on NFMF2.3 (Table G-1).  The elevations at which most of these trees were rooted reflected the magnitude of moderate to small magnitude spills that occurred after a high magnitude scouring event (e.g., 1997) (Figure G-2).  The Middle Fork American River bypass reach is characterized as supply-limited.  These types of channels are able to transport more material than is supplied by the river, resulting in mixed bedrock-alluvial channels with limited storage of colluvial and alluvial materials in the channel or the valley bottom (PCWA 2007b).  Sediment accumulation (sediment berms) was not observed within the established vegetation along these reaches (Figures B-1 and B-2 and Figure G-5).  
Middle Fork American River Peaking Reach – In the peaking reach, the amount of vegetation was greater and typically occurred in larger corridors and closer to the channel than the comparison North Fork American River.  However, the amount of summer water available (approximately 1,000 cfs in the peaking reach compared to approximately 40–100 cfs on the North Fork American River, depending on water year type) was a significant difference in the hydrologic regime between these two rivers.  In drier years in particular on the North Fork American River, seedlings need to establish relatively close to the channel to survive through the summer, and consequently are eroded by subsequent spring and winter flows.  In comparison, seedlings along the peaking reach can establish a little farther away from the channel and still survive through the summer due to the higher summer low flows, and therefore, are not as susceptible to scouring during spring flows.  In addition, high winter flows have occurred in the peaking reach, which do mobilize bar substrate and periodically scoured vegetation when the events occurred (e.g., few really old trees were observed or dated during the studies and Figure AQ 10-4).  Excessive sediment deposition within the vegetation and berm development were not observed.  

Rubicon River – The riparian vegetation at the upper Rubicon River bypass reach study sites (R25.7 and R20.9) was established closer to the low flow channel compared to the study site on the North Fork American River (NF53.7) (Figures B-1 and B-2 and Figure G-5).  Riparian vegetation was also established closer to the low flow channel in certain locations in the lower Rubicon River bypass reach (e.g., near RM0.8 to 1.4) compared to the unimpaired comparison reaches, but this was not observed throughout most of the reach.  The elevations at which the majority of the vegetation was rooted on the Rubicon River reflected the magnitude of moderate to small magnitude spills that occurred after a high magnitude scouring event (e.g., 1997) (Table G-1 and Figure G-3).  At the upper Rubicon River study sites (R25.7 and R20.9), these elevations were located adjacent to the channel or on the perimeters of the large bars (Table G-1).  
Some sediment accumulation was observed within the vegetation at the upper study sites (R25.7 and R20.9) along the edges of the bars, but no berms have formed due to vegetation-induced sediment accumulation.  Sediment sources are limited in the upper section of the Rubicon River due to Hell Hole Dam and few tributary inflows, which would be expected to limit the amount of sediment that can accumulate and form new banks.  The channel and position of the vegetation may still be adjusting to the channel and valley geomorphic changes caused by the Hell Hole Dam failure and the impaired flow regime.  Sediment accumulation (sediment berms) was not observed within the R3.5 reach.   
The potential for increased sediment accumulations within the vegetation line or adverse effects on instream habitat quality depends on the frequency of the large, flashy winter storm flows that “reset’ the riparian community, as well as the potential to store sediment.  Recent high flows have occurred on the Rubicon River (e.g., 2005 and 2006) that scoured vegetation or knocked it down, particularly at R3.5 (Figure AQ 10-4).  In addition, the Rubicon River is characterized as supply-limited.  These types of channels are able to transport more material than is supplied by the river, resulting in mixed bedrock-alluvial channels with limited storage of colluvial and alluvial materials in the channel or the valley bottom (PCWA 2007b).
Small Bypass Streams (Duncan Creek, South Fork Long Canyon Creek, North Fork Long Canyon Creek, and Long Canyon Creek) – No discernable differences in vegetation composition, age structure, or coverage were observed during the surveys conducted upstream and downstream of the diversions on the North Fork and South Fork Long Canyon creeks.  Along the majority of the length of these bypass reaches, inundation frequency and duration and the width of inundation were similar up to the unimpaired Q2 magnitude flow.  Inundation would also be expected to be similar or the same at higher magnitude flows as these peak flows, particularly the flashy, high peak magnitude winter flows, typically were not captured by the diversions.  Vegetation that may have established near the channel would likely be scoured during these large magnitude events.   
Low flow conditions (flows less than the minimum instream flows) in the small bypass streams are not affected by the Project.  These conditions occur during the summer and fall, and periodically during the winter and spring during the drier years.  Herbaceous species, such as Indian rhubarb were common within the bypass and unimpaired comparison reach channels, and sedges and grasses were similarly established along the low flow channel margins in the summer.  Sediment accumulation within established vegetation that might form new banks or berms was not observed at the study sites.

6.2. Riparian Resources around Project Reservoirs

Riparian vegetation was surveyed and related to water surface elevations at the Project reservoirs
. The main findings of the surveys are summarized below.  

French Meadows Reservoir
The surveys were completed in late August and early September 2007 (dry water year) when the reservoir was drawn down to approximately 5,214 to 5,220 feet mean sea level (msl) (Figures H-1 and H-2, Map H-1).  The maximum reservoir WSE in 2007 was 5,244 feet msl (May 24–June 2, 2007).  The maximum reservoir WSE is 5,262 feet msl (high water mark).  
Along the shoreline, willows and mature vegetation were established at elevations that typically would be inundated in June and become exposed in late June or early July (approximately 5,252 to 5,256 feet msl) (Figure H-1).  Willow seedlings, sedges, and other herbaceous species were found at lower elevations, near the high WSE for 2007.  Upland vegetation was established at elevations higher than the maximum operating WSE (5,262 feet msl).  Evidence of grazing was observed at all the transects at the upper most portion of the reservoir.

Water surface elevations during water year 2007 (Figure H-3) and graphs summarizing the annual and inter-annual fluctuations in WSEs from 1975 through 2007 are provided in Figures H-4 and H-5.  Most of the difference in area inundated in June of wet (with WSEs of 5,259 feet msl) and critically dry (WSEs of 5,222 feet msl) water years around the reservoir occurs at the upper end of the reservoir where the Middle Fork American River flows into reservoir.  This is the same area where the riparian transect studies were focused (Map H-2).  
Middle Fork Interbay

Minimal riparian vegetation was present along the south side of the reservoir.  On the north side of the water body, the riparian vegetation generally occurred as a narrow discontinuous line (PCWA 2006).  It was comprised primarily of alders with some willows interspersed.  The alders were established along the water’s edge, while the willows occurred within a broader elevational range above the water’s edge (approximately 10 feet) (Figure H-8, Map H-6).  Under existing operations, WSEs were typically kept relatively constant in Middle Fork Interbay (approximately 2,524 to 2,527 feet msl).  
Ralston Afterbay

In general, the riparian vegetation along the Ralston Afterbay surveyed transects was comprised of alder and willows, with a few cottonwoods interspersed (Figure H-7, Map H-5).  The island near the dam and wider areas around the north side of the reservoir (e.g., at the confluence with the Middle Fork American River and just upstream of the dam) were vegetated with mature alders and willows.  Along the perimeter of Ralston Afterbay where riparian vegetation was present, willows were established from just below the typical WSE (1,171 feet msl) to approximately 3 feet above it.  Cottonwoods and alders were established at slightly higher elevations (approximately 3 feet to 6 feet higher (1,174 to 1,177 feet msl).  At other areas where riparian vegetation was present, it typically was observed to be established at similar elevations as the survey locations.  Under existing operations during most water year types, the WSE in Ralston Afterbay was kept between 1,169 to 1,175 feet msl.  
Hell Hole Reservoir
Riparian vegetation around the Hell Hole Reservoir shoreline and main tributary confluences is shown by species in relation to various elevations associated with current Project operations in Map H-3.  Attributes of the riparian vegetation by numbered polygon which corresponds to those labeled on Map H-3 are summarized in Table H-1.  
The majority of the riparian vegetation was established in the upper one-third of the reservoir near the Five Lakes Creek and Rubicon River confluence areas.  Little riparian vegetation was present along the shoreline of the lower two-thirds of the reservoir where there is little suitable substrate to support riparian vegetation.  The majority of the riparian vegetation present along the shoreline and the main tributary confluences was established below the maximum normal operating WSE (4,630 feet msl).  The areal coverages of each species at different elevations (Section 5.2) are summarized in Table H-2.  The vegetation within each of the survey areas is summarized below. 
· Area 1 (below the maximum normal operation WSE 4,630 feet msl) includes a total of 2.4 acres of woody riparian vegetation on the tributaries that flow into Hell Hole Reservoir (primarily on Five Lakes Creek).  The most common species were willows, with alders and black cottonwoods.  Along the shoreline, approximately 6 acres (260,643 square feet) of woody riparian vegetation was mapped.  The vegetation was primarily comprised of willows.  

· Area 2 (between the maximum normal operating WSE [4,630 feet msl] and the maximum flood pool elevation [4,640 feet msl]), woody riparian vegetation was only established along Five Lakes Creek (0.20 acre) and around a small portion of the reservoir perimeter (0.08 acre [3,274 square feet], composed primarily of willows).  

· Area 3 (above the maximum flood pool elevation [4,640 feet msl] to 100 feet above the maximum flood pool elevation), a few small areas of woody riparian vegetation were established on the Rubicon River (0.05 acre [2,304 square feet] and Five Lakes Creek [0.07 acre, 3,068 square feet]).  No woody riparian vegetation was present at these elevations on the un-named tributary or around the Hell Hole Reservoir shoreline.  
· No riparian vegetation extended beyond Area 3 (above 100 feet above the maximum flood pool elevation).

Graphs summarizing the annual and inter-annual fluctuations in WSEs from 1975 through 2007 are provided in Figure H-5 and H-6.  Most of the difference in inundated area in June of wet (WSEs of 4,625 feet msl) and critically dry (WSEs of 4,558 feet msl) water years occurs at the upper one-third of the reservoir where the majority of the riparian vegetation was mapped (Map H-4).
6.3. Riparian Resources Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment
The Hell Hole Reservoir Seasonal Storage Increase Betterment will increase the storage capacity of Hell Hole Reservoir approximately 7,600 acre-feet.  The betterment would increase the maximum operating elevations six feet (from 4,630 to 4,636 feet msl) during the spring and summer.  The betterment would result in a greater area of inundation around the reservoir and within the tributary inflows into the reservoir (e.g., the Rubicon River and Five Lakes Creek), as well as change the timing of when areas will be inundated during years when sufficient runoff is available for capture (predominantly wet water year types).  Refer to Appendix I for additional information on this betterment, including a description of the construction activities and modifications to existing operations during construction (PCWA 2007a).  Potential effects on riparian vegetation due to changes in operations that would alter the timing of inundation of the riparian vegetation will be included as part of the betterment impacts analysis that will be completed at a later date.  Riparian vegetation established near the facilities, along the tributary inflows, and associated with the installation of the 6-foot betterment spillway gate is described below.
Riparian Vegetation Near Facilities – One cottonwood tree was observed near the construction and/or staging work areas.  These areas and the location of the cottonwood tree are shown on Map I-1. 
Riparian Vegetation Along Tributary Confluences – Riparian vegetation mapped along the three tributaries (Rubicon River, Five Lakes Creek, and the un-named drainage) into Hell Hole Reservoir that would be inundated under the proposed betterment are shown on Map H-3.  Riparian attribute data for each numbered polygon are summarized in Table H-1. 
Riparian Vegetation Associated with the Installation of a 6-foot Spillway Gate – Riparian vegetation mapped around the Hell Hole Reservoir shoreline and along the tributary inflows that would be inundated within the new maximum normal operating WSE associated with installation of a 6-foot spillway gate (36 acres) is shown on Map I‑3 and is summarized below.  The areal coverage of each species by polygon within these areas (Section 5.2) is summarized in Table H-2.  The areal coverages of each species at different elevations associated with the installation of a 6-foot spillway gate as part of the Hell Hole Reservoir Seasonal Storage Increase Betterment (Section 5.2) are summarized in Table I-3.
· Area 2 (between the maximum Normal Operating WSE [4,630 feet msl] and the new maximum operating WSE associated with the installation of a 6-foot spillway gate [4,636 feet msl]) included approximately 0.07 acre (3,045 square feet) of alders, willows, and black cottonwoods on Five Lakes Creek and 0.07 acre (3,069 square feet) of primarily willows along the shoreline of the reservoir.
· Along Five Lakes Creek, riparian vegetation occurred as a discontinuous corridor, and was primarily comprised of alders and willows, with black cottonwood interspersed.  The community was structurally diverse, with relatively large, older individuals and numerous seedlings and young individuals present along the stream margins (Table I-1 and Figure I-1).  The locations of the transects are shown in Map I-2. 

· Tree cores were collected from alders and willows and one black cottonwood.  Four of the six dated trees were established within the maximum operating WSE (4,630 feet msl), and two relatively large alders (DBHs >8 cm) that were rooted towards the upper end of the surveyed reach were established between 4,630 feet msl and the 4,636 feet msl (maximum operating WSE with the installation of a 6-foot spill way gate) (Map I-2).
· The majority of the trees found along the creek established within the past 25 years, following events in 1985–1986 and 1995–1996.  The trees that established following the 1985–1986 events were located within 3 feet of the summer base flow elevation.  Trees that established following the 1995–1996 events were rooted over a range of elevations from less than 3 feet to more than 9 feet above the summer base flow elevation.  The older cottonwood tree was rooted almost 14 feet above the summer base flow elevation.  

6.4. Project Maintenance Activities near Riparian Resources 

Vegetation management, which includes vegetation trimming by hand and to a lesser extent, the use of herbicides and fungicides, is implemented by PCWA at Project facilities and features, roads, and trails.  Vegetation management at Project developed recreation facilities is completed by USDA-FS under a collection agreement (No. 03-CO-11051754-014 and No. 03-CO-1105035312).  The frequency and type of Project-related vegetation management activities at Project facilities, Project recreation facilities, and new betterment facilities where RCAs are located are summarized in Table J-1.  
PCWA performs most of their vegetation management activities during the spring and early summer to avoid work during high fire danger periods.  Vegetation management is implemented only within the area necessary to reduce fire hazard, protect Project facilities, and provide for worker/public health and safety.  At most Project facilities, clearance distances are limited by the steep and rugged topography.  Typical clearance distances around various Project facilities and features are summarized in the table below.  

	Vegetation Management
Area
	Existing Project Facilities, Features, or Recreation Facilities

	2 feet
	· on either side of trails

	5 feet
	· around the perimeter of the dams
· outside the perimeter fence of powerhouses, switchyards, and substations

· around ancillary support facilities and Project fences

	10 feet
	· on either side of penstocks, valve houses, and removable sections on either side of communication lines, powerlines, photovoltaic poles and lines, and roads and access points

	50 feet
	· around intakes, gatehouses, surge tanks, adits, portals, microwave reflectors, radio towers, sediment disposal areas, drop inlets, and recreation facilities
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Area 1: Riparian vegetation (or portions of) occurring at or below the current maximum normal operating WSE (4,630 feet msl).











Area 3: Riparian vegetation (or portions of) occurring from the new maximum normal operating WSE of 4,636 feet to approximately 100 feet above the normal maximum operating WSE (100 feet above 4,640 feet).

















Area 2: Area of riparian vegetation associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment, including vegetation around the reservoir perimeter and along the tributary inflows, including riparian vegetation (or portions of) occurring from the current maximum normal operating WSE of 4,630 feet to the potential new maximum normal operating WSE of 4,636 feet associated with the installation of a 6-foot spillway gate




















Area 4: Riparian vegetation that extended beyond Area 3 (100 feet above the maximum flood pool elevation)














Upper Limit of Hell Hole�Seasonal Storage Increase�Betterment Study Area





Maximum Normal Operating�WSE (4,630 feet msl)





New Maximum Normal�Operating WSE Associated�with Installation of 6-foot�Spillway Gate (4,636 feet msl)





Area 1: Riparian vegetation (or portions of) occurring at or below the current maximum normal operating WSE (4,630 feet msl).








Area 2: Riparian vegetation (or portions of) occurring from the current maximum normal operating WSE (4,630 feet msl) to the maximum flood pool elevation (4,640 feet msl).








Area 3: Riparian vegetation (or portions of) occurring from the maximum flood pool elevation (4,640 feet msl) to approximately 100 feet above the normal maximum operating WSE.








Area 4: Riparian vegetation that extended beyond Area 3 (100 feet above the maximum flood pool elevation)





100 feet above�Maximum Flood�Pool Elevation
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Maximum Normal�Operating WSE�(4,630 feet msl)








� Quantitative riparian survey methods and analyses completed for the unimpaired comparison study sites were consistent with those previously completed in the bypass and peaking reaches (PCWA 2007b).  


� Including results of tree core analyses reported in PCWA (2007b).


� The greenline is identified as the first line of rooted perennial vegetation parallel to the stream (Winward 2000).  


� The total length of the greenline did not extend 100 meters when a large bedrock outcrop was encountered


� Age class structure was based on categories of shrub stem densities per individual and tree diameters, as follows: Seedlings (S); Young (Y): shrubs with less than 10 stems per individual or trees with diameters (diameter at breast height [DBH]) less than 3 inches; Medium-aged (M): shrubs with between 10 and 60 stems per individual or trees with DBHs between 3 and 9 inches; and Old/Mature (O): shrubs with more than 60 stems per individual or trees with DBHs greater than 9 inches.


� Relative decadence refers to the proportion of dead stems on an individual tree or shrub or of the canopy layer as a whole.


� The study site on South Fork Long Canyon Creek (Map AQ 10-1 and PCWA [2007b]) was located almost a mile downstream from the diversion.  Quantitative riparian surveys were not conducted on North Fork Long Canyon Creek upstream of the diversion, as a suitable comparison study site to the reach downstream from the diversion was not found (PCWA 2007b) (Table AQ 10-1).


� Additional vegetation community mapping information is included in the TERR 1 – Vegetation Communities and Wildlife TSR – 2007 (PCWA 2008) and the 2005 Physical Habitat Characterization Study Report (PCWA 2006).


� This information for the peaking and bypass reach riparian study sites was presented in the Habitat Characterization Reports (PCWA 2006 and 2007a). Maps showing the community abundance and age class distributions are also included in those reports.  Refer to these reports for additional results and discussion.


� OBL: (Obligate): Almost always occur in wetlands (99 percent).  FACW (Facultative Wetland): Usually occur in wetlands (67–99 percent).  FAC (Facultative): Equally likely to occur in wetlands and non-wetlands (34–66 percent).  


� Other vegetation community types were surveyed as part of the TERR 1 – TSR (PCWA 2008).  






