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1.0 Introduction
This report describes the fish passage study conducted by the Placer County Water Agency (PCWA) in accordance with the AQ 6 – Fish Passage Technical Study Plan (AQ 6 – 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).  
Fish passage studies were conducted in the vicinity of the MFP during the summer and fall 2006–2008 with the objective of documenting the location and characteristics of upstream fish passage barriers (conditions that prohibit or impede upstream fish movement) in the bypass and peaking reaches, at tributary confluences, and at the inlets to Project reservoirs and diversion pools.  Additionally, the study identified Project infrastructure facilities and operations that may affect fish passage.  
The following provides a description of the study objectives, implementation progress, study area extent, study approach (field data collection and data analysis), and results.

2.0 Study Objectives 

· Document the location, nature, and characteristics of fish barriers in bypass and peaking reaches, at tributary confluences, and at the inlets to Project reservoirs and diversion pools. 

· Identify Project facilities and operations (e.g., diversion structures, instream flow releases, and reservoir water surface elevations) that may affect fish passage.

3.0 Study Implementation
Some study elements described in the AQ 6 – TSP (PCWA 2007a) were initiated in 2005–2006, prior to development of the AQ 6 – TSP as part of early physical habitat characterization studies of the MFP rivers (PCWA 2006; PCWA 2007b).  All study elements of the AQ 6 – TSP (PCWA 2007a) will be completed by early 2009.  Study elements that have been completed and outstanding study elements that remain to be completed, including any deviations from the AQ 6 – TSP, are discussed below.  Figure AQ 6-1 shows the AQ 6 – TSP objectives and the study elements associated with each objective.  The figure also shows where the information is documented.
Study Elements Completed

The following fish passage study elements were completed in the summer and fall of 2007–2008:
· Identify the location and classify the type (e.g., fall, chute, cascade, critical riffle) of potential fish passage barriers in the bypass and peaking reaches using the mesohabitat mapping data collected during the 2005–2006 Physical Habitat Characterization Study and aerial video (acquired in fall 2005) (PCWA 2006; PCWA 2007b). 
· Identify the location and classify the type of potential tributary confluence or reservoir inlet fish passage barriers along the bypass and peaking river reaches and at Project reservoirs and diversions.
· Quantitatively calculate upstream fish passability at the potential barriers that were identified and classified in the field.  Use field data collected during the base flow (low flow) period (e.g., falls height, chute velocity, plunge pool depth, etc.) to determine if barriers are passable, not passable, or potential barriers.
· Qualitatively assess whether the base flow upstream fish passage barriers have the potential to become passable at flows higher than base flow. 

Deviations from The Technical Study Plan

Voluntary Enhancements

PCWA surveyed two inaccessible river reaches for passage barriers using low elevation helicopter fly-overs on the Middle Fork American River and the Rubicon River upstream from Ralston Afterbay.  
PCWA revisited several potential barriers that were identified during the 2005–2006 meshohabitat mapping (PCWA 2006; PCWA 2007b) to collect the detailed measurements necessary for fish passage calculations.  
PCWA surveyed several potential barriers that were identified during other field studies (e.g. fish population sampling), but were not located during the 2005–2006 mesohabitat field mapping and collected detailed measurements at the potential barriers to calculate fish passage.  
Other Deviations

There were no other deviations from the AQ 6 – TSP.

Outstanding Study Elements

The following study element will be completed in early 2009 during the draft review period of this report and then presented in the 2009 final version of the report:
· In collaboration with the Aquatic Technical Working Group (TWG), identify potential fish passage issues at Project diversion dams and identify if there are any barriers which require hydrodynamics modeling to assess fish passage at a range of flows other than base flow.  Only barriers that prevent access to sections of river with important spawning or rearing habitat (as determined in collaboration with the Aquatic TWG) would be considered for modeling.

Proposed Modification to Technical Study Plan
No modifications are proposed to the AQ 6 – TSP.
4.0 Extent of Study Area
The study area includes the bypass reaches, peaking reach, and Project reservoirs and diversion pools.  The specific fish passage study locations include the following: 

· Potential fish barriers identified during the 2005–2006 Aquatic Habitat Characterization Study (PCWA 2006; PCWA 2007b).

· Tributary confluences within the bypass and peaking reaches including: Duncan Creek, South Fork Rubicon River, Pilot Creek, Long Canyon Creek, North Fork of the Middle Fork American River, Volcano Canyon Creek, Otter Creek, Canyon Creek, and several other small tributaries. 

· Project reservoir dams (French Meadows, Hell Hole, Middle Fork Interbay, Ralston Afterbay) and the confluences of the rivers into the reservoirs (e.g., the confluences of Five Lakes Creek and the Rubicon River with Hell Hole Reservoir).
· Project diversion pool dams (Duncan Creek, South Fork Long Canyon, and North Fork Long Canyon) and the confluences of the streams into the diversion pools.
· Other Project infrastructure (stream gaging weirs, river road crossings, river tunnel crossings).
Some portions of the study area were very difficult to access due to rugged terrain.  Field data were collected only in portions of the study area that were accessible.  Inaccessible portions of the study area were assessed remotely, either with aerial video and/or with low elevation helicopter fly-overs (Map AQ 6-1).  

5.0 Study Approach
A combination of data collected prior to development of the AQ 6 – TSP and data collected as part of the AQ 6 – TSP were used to identify and assess upstream fish passage barriers throughout the MFP study area.
· Data collected prior to the AQ 6 – TSP:
· Helicopter aerial video of all MFP streams (acquired fall 2005); 
· Ground-based aquatic mesohabitat mapping data collected on approximately 36% of the length of MFP streams during 2005–2006 (PCWA 2006; PCWA 2007b); and
· Visual observations during various helicopter fly-overs for Project reconnaissance and field work. 

· Data collected in 2007–2008 as part of the AQ 6 – TSP:
· Ground-based barrier mapping and barrier measurements at reservoir and diversion pool inlet streams;

· Ground-based barrier mapping and barrier measurements at tributary inflows to the bypass and peaking reach streams;

· Field visits and barrier measurements at Project infrastructure facilities;

· Field visits and barrier measurements at key natural barriers identified from: (1) the 2005–2006 mesohabitat mapping; (2) a review of the 2005 helicopter video; or (3) by other means such as during fish population or amphibian studies or from reviews of historical documents; 
· Video mapping of barriers (2005 aerial video) in inaccessible portions of the Rubicon River and the Middle Fork American River upstream of Ralston Afterbay; and
· Low elevation helicopter fly-over barrier mapping and measurement estimation in inaccessible portions of the Rubicon River and the Middle Fork American River upstream of Ralston Afterbay. 
Map AQ 6-1 shows the locations where each of the methods was used to identify barriers in the MFP study area. 

Potential upstream fish passage barriers were classified as falls, chutes, or cascade types as defined by Powers and Orsborn (1985) or as critical riffles (Thompson 1972).  Potential barriers were quantitatively evaluated for passage at base flow (low flow) from measurements collected during field visits using the analytical methods of Powers and Orsborn (1985) and Thompson (1972).  Base flow passage barriers were qualitatively assessed in the field or from photographs for their potential to become passable at flows higher than base flow.
Potential fish passage barrier methods are organized and discussed below as follows: (1) bypass and peaking reaches; (2) Project infrastructure; (3) tributary confluences; and (4) reservoir inlets.
Fish Passage Barriers in the Bypass and Peaking Reaches

Potential passage barriers were identified and classified in the Project bypass and peaking reaches using the 2005–2006 field mesohabitat mapping data, a review of the 2005 helicopter video, 2007 low elevation helicopter fly-overs, and 2007–2008 site visits to barriers (Map AQ 6-1).  

5.1.1. 2005–2006 Field Mesohabitat Mapping
Potential fish passage barriers were identified using the 2005–2006 mesohabitat mapping database (approximately 36% of the length of streams in the MFP were surveyed).  Information collected at the barriers during the 2005–2006 surveys included fall height and plunge pool depth for falls and cascades.  Generally, photographs were taken and spatial coordinates were collected at each barrier using a Global Positioning System (GPS).  
5.1.2. 2005 Aerial Video Review and 2007 Helicopter Fly-Over 
In inaccessible portions of the Middle Fork American and Rubicon rivers, the 2005 helicopter aerial video (taken during base flow) was reviewed to identify reaches with two categories of barrier density, low or high.  Video was available for all rivers in the study area; however, the video was considered to be “low quality” on the smaller streams (Duncan Creek, Long Canyon Creek, North Fork Long Canyon Creek, South Fork Long Canyon Creek, Middle Fork American River above Middle Fork Interbay) that were either too small to be seen in the video clearly or obscured by vegetation, thus making accurate aerial assessment of barriers in these areas impractical.  Map AQ 6-1 shows these locations. 
During fall 2007, low elevation helicopter aerial surveys were conducted on the inaccessible sections of the large river bypass reaches upstream of Ralston Afterbay that coincided with the upstream distribution limit of hardhead and Sacramento pikeminnow (Map AQ 6-1).  The Rubicon River from approximately river mile (RM) 3.0 to RM 15.0 and the Middle Fork American River from RM 26.0 to RM 33.0 were surveyed.  
Photographs were taken of each barrier during the low elevation helicopter fly-over.  Barrier dimensions were estimated from the photographs.  Five accessible barriers were used to calibrate the estimated measurements made from photographs.  These five barriers were assessed both from the helicopter and ground measurements.  The GPS location was also recorded at each potential barrier. 
5.1.3. 2007–2008 Field Visits

Barriers identified from the 2005–2006 field mesohabitat mapping (see above), from aerial video (see above), or identified during field work for other technical studies (e.g., fish population and amphibian sampling) that were particularly large or created by Project infrastructure or in critical locations that might preclude fish passage to large sections of river were visited in 2007–2008 to collect detailed measurements to more accurately evaluate upstream fish passage.  
5.1.4. Barrier Classification and Data Collection 
All potential barriers encountered during the 2005–2006 field mesohabitat mapping, during 2007–2008 field visits, and from the aerial video and the helicopter fly-over were characterized into the following categories:
· Falls, chutes, or cascades as defined by Powers and Orsborn (1985) or as critical riffles (Thompson 1972); and
· For the 2007–2008 data, cascade barriers were further subdivided into their component parts and recorded as a series of falls and/or chutes to estimate passage using the method of Powers and Orsborn (1985). 

The barrier data collected during the 2007–2008 field visits are shown in Figure AQ 6-2.  Appendix A shows a blank field form. 
Fish Passage Barriers at Project Infrastructure

Each of the Project facilities that could potentially create passage barriers (dams, diversion facilities, tunnel stream crossings, road crossings, and gaging facilities) was visited.  Detailed measurements of facilities were collected in the field and/or from engineering drawings.  Upstream fish passage was then evaluated.  The importance of the facility as a fish passage barrier was assessed, in part, based on the proximity of natural fish barriers upstream and/or downstream of the facility.

Reservoirs and diversion pools were assumed to be impediments to downstream fish passage for the purpose of this analysis.  Downstream movement was assumed to be impeded (reduced or delayed) due to the diversion pool/dam structure, fish behavior, predation, and/or potentially entrainment (AQ 7 – Entrainment TSP (PCWA 2007c)).  The potential effects of entrainment and downstream movement barriers will be assessed in the AQ 7 – Entrainment Technical Study Report (TSR).
Fish Passage Barriers at River Tributary Confluences

At major river tributary confluences within the bypass and peaking river reaches, the portion of the tributary within the influence of the mainstem river’s high to low flow water lines was surveyed for fish passage barriers.  In addition, a minimum of 100 meters (typically much more) of the tributary above the high water line of the mainstream river was also surveyed.  Surveys typically extended until an upstream fish passage barrier was encountered.  The tributaries that were assessed at their confluence with the Project mainstem rivers are listed in Table AQ 6-1.  Where potential passage barriers were identified within the influence of the mainstem river’s water surface elevations, the elevation of the barrier was surveyed relative to the river main channel high water elevation.

Fish Passage Barriers at Reservoir Inlets 

At each reservoir and diversion pool, significant tributaries (i.e., tributaries that provide rearing or spawning habitat) were surveyed for barriers from the low pool to high pool water mark.  The location and elevation (in relation to the high water mark of the reservoir or diversion pool) of any potential barriers were surveyed.  The following reservoir/diversion pool tributaries were surveyed:
· Duncan Creek (Duncan Creek Diversion Pool);
· South Fork Long Canyon Creek (South Fork Long Canyon Diversion Pool); 
· North Fork Long Canyon Creek (North Fork Long Canyon Diversion Pool); 
· Middle Fork American River (French Meadows Reservoir);
· Middle Fork American River (Middle Fork Interbay);
· Middle Fork American and Rubicon rivers (Ralston Afterbay); and
· Five Lakes Creek and Rubicon River (Hell Hole Reservoir).
Quantitative and Qualitative Evaluation of Fish Passage
Upstream passage was evaluated quantitatively at base flows using the swimming and leaping capabilities of trout (particularly rainbow trout) and minnows/suckers (hardhead, Sacramento pikeminnow, Sacramento sucker).  The general upstream fish passage assessment methodology outlined in Powers and Orsborn (1985) and Thompson (1972) was used to evaluate passage at potential vertical barriers, high velocity chutes, and/or critical riffles based on field measurements of the barriers.  Appendix B provides a detailed discussion of the analysis approach and methods and the literature sources of the quantitative fish performance data.  Because the MFP is located upstream of major anadromous fish passage barriers (Nimbus and Folsom dams), only the swimming capabilities of resident trout species were utilized.
Barriers were analyzed for passage by 12-inch (340 mm) trout and minnows/suckers (for a detailed explanation of fish size see Appendix B).  The fish swimming speed versus time relationships used in the barrier evaluation are shown in Figure AQ 6-3.  Corresponding vertical and horizontal leaping relationships based on the maximum (burst) swimming velocity were used to assess passage at vertical barriers (Figure AQ 6-4) and the prolonged swimming relationships were used to evaluate water velocity versus fish swimming distance for the chute and critical riffle passage analysis (Figure AQ 6-5).  Water depth was also used to assess falls, chute, and critical riffle passage.  The details are provided in Appendix B. 
The biological parameters and criteria used in this analysis were intended to represent the overall populations of the target species (trout and minnows/suckers).  It is important to note, however, that individual fish likely exhibit a wide range of swimming capability.  The range of capabilities of trout are addressed, in part, by using “upper” and “lower” swimming velocities (Figure AQ 6-3).  The ability of any single individual to navigate a potential barrier may be greater or lesser than the “average” individual used for this analysis.  Also, this evaluation does not consider the cumulative effect of multiple upstream fish passage barriers located within a relatively short river reach.  The cumulative effects on upstream passage likely exceed the effects of any single barrier.
As some potential barriers could only be observed visually from the air, these barriers were assessed qualitatively.  If they appeared highly likely to be barriers, then they were classified as “potential barriers.”  They were classified as “potential” only because barrier measurements were estimated and quantitative measurements to validate the estimates were not available.
The base flow potential barriers were also assessed qualitatively for fish passage at high flows by visually determining if there were obvious passage routes through or around the barrier that would be present at higher flows that would allow passage.  This was only an approximate analysis.  Section 3.3 outlines the Aquatic TWG collaborative process if a particular barrier appears to require detailed quantitative assessment over a range of flows greater than base flow.  
Species Distribution

Only resident fish species exist in the Project rivers and streams.  A list of fish present in the Project rivers and streams, based on AQ 2 – Fish Population surveys (PCWA 2008), is presented in Table AQ 6-2.  No anadromous species are present in the Project rivers.  Adfluvial kokanee salmon were planted and are present in Hell Hole Reservoir and one kokanee salmon was also found in French Meadows Reservoir (although kokanee salmon are not actively planted in French Meadows Reservoir) (PCWA 2008).  Kokanee migrate upstream from reservoirs into streams to spawn in the fall.  Rainbow and brown trout are present throughout the Project area, except that brown trout are not present in Long Canyon Creek (including North and South Fork Long Canyon creeks).  The upstream distribution limit of hardhead and pikeminnow was assessed by snorkeling during summer 2008 (PCWA 2009) and was approximately 0.5 miles above Ralston Afterbay on the Middle Fork American River and approximately 5.4 miles (hardhead) and 7.6 miles (pikeminnow) upstream of Ralston Afterbay on the Rubicon River.  The Sacramento sucker distribution roughly followed the minnow distribution, however one Sacramento sucker was observed farther upstream in the Rubicon River near Ellicott Bridge (RM 20.9) during sampling in 2007 (PCWA 2008).
6.0 Study Results
Key Findings

Fish Passage Barriers in the Bypass and Peaking Reaches 
· Many natural and non-Project (e.g., Tunnel Chute) barriers to upstream fish movement were present throughout the Project peaking and bypass reaches.  Barriers to upstream movement were frequent in nearly all river reaches; little opportunity existed for fish to move long distances upstream in the Project rivers and streams due to the presence of barriers.

Fish Passage Barriers at Project Infrastructure
· MFP facilities (4 large dams, 3 small diversion structures, 1 tunnel stream crossing, 1 road crossings, 3 gage weirs) created additional barriers to upstream fish movement.  However, these barriers were located in reaches that contain natural barriers and typically did not preclude fish from accessing large sections of river due to the nearby presence of natural and non-Project barriers.

Fish Passage Barriers at Tributary Confluences
· Nearly all of the tributaries to the MFP bypass and peaking reaches that were surveyed had natural barriers near their confluence with the bypass and peaking reach rivers that precluded upstream fish movement into the tributaries (16 of the 18 evaluated).

· Two tributaries to the peaking reach provided accessible habitat for fish: North Fork of the Middle Fork American River and Otter Creek (approximately the lower 1.5 miles of Otter Creek).  
· Project operations did not affect access to the bypass and peaking reach tributary streams, except that a critical riffle temporary barrier could potentially occur at the Otter Creek confluence when flows are very low in Otter Creek, daily peaking flow in the peaking reach is low (e.g., <200–300 cfs), and the arrangement of the channel on the delta is such that very shallow flows are created.
Fish Passage Barriers at Reservoir Inlets
· Three of the four reservoirs and two of the three diversions pools had river/stream inlets that were barrier free and the reservoir or diversion pool elevations did not affect upstream fish passage.  

· Several natural barriers existed in the channels of the Rubicon River and Five Lakes Creek below the high water mark of Hell Hole Reservoir.  On both streams, however, there were natural barriers immediately upstream of the reservoir high water mark that precluded upstream access to the rivers, regardless of the reservoir water surface elevation. 

· The South Fork Long Canyon Diversion Pool had a critical riffle barrier where a gravel delta formed at the inlet.  When the diversion pool was not full the critical riffle was exposed and created a potential barrier to upstream movement from out of the diversion pool area into the stream.
Upstream Barrier Limits to Hardhead and Pikeminnow Distribution

· The upstream limit to hardhead and pikeminnow on the Middle Fork American River was a large natural barrier complex 0.5 miles above Ralston Afterbay.  The upstream distribution limit on the Rubicon River above Ralston Afterbay was a series of natural barriers along several miles of river (RM 3.4 to RM 8.2).  The hardhead distribution ended at a natural waterfall at RM 6.0 and the Sacramento pikeminnow distribution approximately ended at a large natural waterfall at RM 8.2. 

Hydrodynamics Modeling
· No fish passage barriers were identified where further study appeared warranted to understand passage over a wider range of flows (e.g., flow sensitive barriers that prevent access to large sections of river with important spawning or rearing habitat). 
Fish Passage Barriers

Potential fish passage barriers were categorized into four groups: (1) natural barriers in the bypass and peaking reaches; (2) Project infrastructure barriers; (3) barriers at tributary confluences; and (4) junction barriers at reservoir inlets (Tables AQ 6-3, 6-4, 6-5, and 6-6 respectively).  Map AQ 6-2 shows all of the individual passage barriers identified and the inferred abundance of natural barriers in reaches mapped only from aerial imagery and/or helicopter fly-overs.  Maps AQ 6-3 and AQ 6-4 show enlargements of Map AQ 6-2 for the lower and upper Project area, respectively.  Pictures and details of many of the barriers are available in Appendix C.
6.1.1. Natural Fish Passage Barriers in the Bypass and Peaking Reaches

Many natural and non-Project barriers to upstream fish movement were present throughout the Project peaking and bypass reaches.  Typically, little opportunity existed for fish to travel long distances in an upstream direction in the Project rivers and streams due to the presence of these barriers (Table AQ 6-3 and Figure AQ 6-2).

Natural barriers were most abundant in the smaller streams (Duncan Creek, Long Canyon Creek, North Fork Long Canyon Creek, and South Fork Long Canyon Creek) and the upstream, higher gradient reaches of the large rivers (Middle Fork American River upstream of Middle Fork Interbay and Rubicon River between Long Canyon Creek and Deer Creek).  Appendix D shows gradient plots for each of the Project rivers.
Natural barriers were less abundant in the lower gradient sections of the larger rivers: (1) Middle Fork American River in the peaking reach and in an isolated section of river within the Ralston Afterbay to Middle Fork Interbay reach (RM 26.5–RM 33.3); and (2) Rubicon River from below Hell Hole Dam to Deer Creek (RM 24.7–RM 28.8) and from near Long Canyon Creek to Ralston Afterbay (RM 0.7–RM 3.4) (Appendix D).
Peaking Reach

The peaking reach from Ralston Afterbay to Folsom Reservoir was segmented by two large, non-Project related barriers: Ruck-a-Chucky Falls and Tunnel Chute (Map AQ 6-3 and Table AQ 6-3).  The lower half of the peaking reach was currently barrier free from Folsom Reservoir upstream to Ruck-a-Chucky Falls (14.7 miles).  Within this section of river, there were historically two barriers that currently do not exist.  The proposed Auburn Dam site bypass tunnel created an upstream fish passage barrier until just recently (Map AQ 6-3).  Construction of the tunnel and cofferdam began in the late 1960’s.  In fall 2007, the tunnel was sealed and the river was returned to the historical channel.  Historically, there was also at least a partial natural barrier at Murderer’s Bar (approximately RM 2.0) that was removed by gold miners prior to 1882 (Yoshiyama, et al. 1996).  This location still had a narrow high velocity chute, but from our analysis it appeared to be passable.
Ruck-a-Chucky Falls is a large multi-falls barrier that appears to be natural, but was apparently created in the 1940’s by a landslide at the location where the Army Corps of Engineers was doing initial work for a proposed sediment dam (B. Deitchman, Pers. Comm.).  Upstream of Ruck-a-Chucky Falls (RM 10.7), there has an approximately 12-mile section of barrier free river to Tunnel Chute (RM 22.9).   
Tunnel Chute was created by miners in the 1880’s to bypass the Horseshoe Bar section of river.  The 18-foot drop at the chute created an upstream barrier that prevents fish from accessing upstream habitat.  At very high flows (>10,000 cfs) tunnel chute can completely fill with water and cause excess water to flow through the historic natural channel at horseshoe bar and potentially allow fish passage around tunnel chute.  Information regarding the magnitude of flow necessary to “water” the horseshoe bar channel is currently being developed as part of the AQ1 – Instream Flow TSP (PCWA 2007d) and will be reported in the summer of 2009.  Within the Ruck-a-Chucky Falls to Tunnel Chute section of river, tributary habitat was accessible in Otter Creek.    
Approximately two miles upstream of Tunnel Chute, Ralston Afterbay Dam created an upstream barrier and downstream impediment to fish movement.  In the reach between Tunnel Chute and Ralston Afterbay Dam, tributary habitat was accessible in the North Fork of the Middle Fork American River.  
Large Rivers Above Ralston Afterbay (Rubicon River and Middle Fork American River)
Numerous natural fish passage barriers were present on both the Rubicon and Middle Fork American rivers between Ralston Afterbay and the headwater reservoirs (French Meadows and Hell Hole reservoirs) (Map AQ 6-3, Map AQ 6-4, and Table AQ 6-3). Barriers were abundant in sections of the rivers where the canyon was relatively narrow and the channel gradient was steep (>2%) and they were less frequent in sections of river where the canyon was wider and the gradient was lower (<2%) (PCWA (2006) Rosgen stream classifications and Appendix D).   
Rubicon River.  There was a 3-mile section of the Rubicon River from Ralston Afterbay (RM 0.6) upstream to the Long Canyon Creek confluence (RM 3.6) that was low gradient (<2%) and contained few potential barriers.  From the Long Canyon Creek confluence upstream to approximately Deer Creek (RM 25.0), the gradient was steeper (>2%) and there were many passage barriers.  From Deer Creek upstream to the debris from the Hell Hole Dam failure, there were few barriers (lower gradient channel (<2%)).  The Hell Hole Dam failure in December 1964 left an approximately 1+ mile impassable section of river that flows subsurface through the remaining debris.  Immediately below the dam, there was a short section (0.3 miles) of continuous surface flow (i.e., upstream of the subsurface flow section).  Hell Hole Dam was both an upstream passage barrier and a downstream passage impediment. 
Middle Fork American River.  The Middle Fork American River had several impassable barriers in a locally narrow, steep gradient (>2%) section of river at MF26.6, 0.5 miles upstream of Ralston Afterbay.  Upstream from the barriers, there was a relatively long, lower gradient, section of river (approximately 6 miles) where no barriers were identified (to near Brushy Creek at MF33.0).  In the upper 2 miles of the reach up to the base of Middle Fork Interbay Dam, the canyon was narrow and steep gradient (>2%) and abundant natural barriers were observed in the aerial video and various helicopter fly-overs. 
Middle Fork Interbay created an upstream passage barrier and a downstream passage impediment.  From Middle Fork Interbay (RM 35.6) upstream to French Meadows Reservoir, the relatively narrow canyon and steep gradient (>2%) channel contained abundant natural barriers.  The first impassable barrier in the reach was immediately upstream of Middle Fork Interbay.  French Meadows Reservoir was an upstream passage barrier and a downstream passage impediment.  The river upstream of French Meadows Reservoir was barrier free for approximately 8 miles (RM 57.9).
Passage Barriers that Limit Hardhead and Pikeminnow Distribution.  Barriers on both the Middle Fork American and Rubicon rivers prohibited large scale upstream movement of fish upstream of Ralston Afterbay.  On the Middle Fork American River there was a significant series of large barriers beginning 0.5 miles upstream of Ralston Afterbay.  Only 0.5 miles of river was accessible to fish moving upstream out of Ralston Afterbay.  No hardhead or pikeminnow were found above these barriers (PCWA 2009).  
On the Rubicon River upstream of Ralston Afterbay, a series of potential barriers (e.g., partial blockage of upstream passage) and barriers exists upstream of RM 3.4 (Table AQ 6-3).  Many of the barriers were inaccessible and assessed qualitatively as potential barriers from the low elevation helicopter flyover.  Several of the largest barriers were accessed on the ground.  The first large barrier (5+ feet falls) that was rated impassable occurred at RM 6.0, approximately 5.4 miles upstream from Ralston Afterbay (Map AQ 6-3 and Table AQ 6-3).  Pikeminnow, but no hardhead, were found above this barrier.  Another large, impassible falls barrier was located at RM 8.2 with approximately 8+ feet of drop (7.4 miles upstream of Ralston Afterbay).  A small number of pikeminnow were observed immediately upstream of this barrier, but not farther upstream (PCWA 2009).

Historically, steelhead and Chinook salmon reportedly ascended the Rubicon River as far as a natural barrier approximately “4 to 5 miles” upstream of the Middle Fork American River confluence (Yoshiyama, et al. 1996).  This may be the barrier identified at RM 6.0 (just upstream of Pilot Creek).  

Within the accessible segment of the Rubicon River (below RM 6.0), there were two tributaries, Long Canyon Creek and Pilot Creek.  Both of these tributaries, however, had impassable barriers within 0.2 miles or less upstream of their confluences with the Rubicon River (Map AQ 6-3 and Table AQ 6-4). 
Small Streams
Impassable natural barriers were common in all of the small streams (Duncan Creek, Long Canyon Creek, North Fork Long Canyon Creek, and South Fork Long Canyon Creek).  In particular, the lower portions of both Duncan and Long Canyon creeks were particularly steep gradient (>4%) and confined.  These sections of river were inaccessible, but numerous natural barriers were observed in the aerial video and during various helicopter fly-overs (Project reconnaissance and field work).  The accessible portions of the small streams that were lower gradient (>2 and <4%) and mapped during fieldwork, also contained many natural barriers (Figure AQ 6-4 and Table AQ 6-3).
6.1.2. Fish Passage Barriers at Project Infrastructure

Twelve Project infrastructure features created fish passage barriers in the Project streams and rivers (Table AQ 6-4, Map AQ 6-3, and Map AQ 6-4).  Seven dams and diversions (Ralston Afterbay, Middle Fork Interbay, French Meadows Dam, Hell Hole Dam, Duncan Creek Diversion, North Fork Long Canyon Diversion, and South Fork Long Canyon Diversion) created barriers to upstream passage and were also impediments to downstream movement.  Of the remaining five infrastructure passage barriers, three were flow gaging weirs (gages upstream of Duncan Creek Diversion and below French Meadows Dam and the abandoned gaging weir below Middle Fork Interbay).  The two other infrastructure passage barriers were the Hell Hole to Middle Fork Tunnel crossing on North Fork Long Canyon Creek and the campground road crossing on South Fork Long Canyon Creek just upstream of the South Fork Long Canyon Diversion. Pictures of all the infrastructure barriers are shown in Appendix C. 
In all cases, natural or non-Project barriers existed above and/or below the Project infrastructure barriers (Maps AQ 6-3 and AQ 6-4).  As a result, Project infrastructure isolated little additional river or stream habitat beyond that already segmented due to natural upstream passage barriers.  For example, on South Fork Long Canyon Creek there was a very large natural falls and chute combination barrier just downstream of the South Fork Long Canyon Diversion.  Upstream of the diversion there was a long section of ephemeral stream during the summer where the creek passed through an old debris flow channel and created a natural fish passage barrier.  
6.1.3. Fish Passage Barriers at Tributary Confluences
Peaking Reach

Eleven tributaries to the peaking reach were surveyed for barriers near their confluence with the Middle Fork American River (Table AQ 6-1, Table AQ 6-5, and Map AQ 6-2).  Of the 11 tributaries surveyed, nine were steep gradient and had natural passage barriers just upstream of their confluence with the Middle Fork American River.  As discussed previously, the North Fork of the Middle Fork American River and Otter Creek were the only tributaries that provided a significant amount of accessible tributary habitat for fish.
The lowermost 1.5 miles of Otter Creek was accessible from the mainstem river.  A potential temporary critical riffle existed at the confluence of Otter Creek and Middle Fork American River at a small gravel delta where the tributary stream entered the river.  During summer hydropower peaking flows (e.g., 1,000 cfs) the stage height of the Middle Fork American River covered most of the riffle (some was still exposed) and Otter Creek was easily accessible.  At lower flows (e.g., <200–300 cfs), the delta was mostly exposed and shallow water on the delta face could potentially create a temporary impassable barrier to larger fish if flow in Otter Creek was low.  During our visits, the flow in Otter Creek was sufficient and the arrangement of the channel on the delta was such that passage was possible.  No other fish passage barriers were observed in the approximately 1.5 miles of lower Otter Creek that was surveyed.  An impassable chute existed at RM 1.5. 
The North Fork of the Middle Fork American River was accessible from the mainstem Middle Fork American River.  Qualitative assessment and observations during other filed studies suggest that the North Fork of the Middle Fork American River is without barriers for more than 2 miles upstream from the confluence.   

Large Rivers Above Ralston Afterbay (Rubicon River and Middle Fork American River)

Six tributaries to the Middle Fork American River, Rubicon River, and Long Canyon Creek bypass reaches upstream of Ralston Afterbay were surveyed for barriers (Brushy Canyon Creek, Duncan Creek, Long Canyon Creek, Wallace Creek, Pilot Creek, and South Fork Rubicon River) (Table AQ 6-1, Table AQ 6-5, and Map AQ 6-2).  In all cases, the tributaries had impassable barriers at or just upstream of their confluence with the mainstem.  Long Canyon Creek provided the longest section of habitat upstream of the confluence (0.2 miles) with the Rubicon River.  Impassable barriers, however, prevented further upstream fish passage.
6.1.4. Fish Passage Barriers at Reservoir Inlets

All major inlets to reservoirs and diversion pools were free from natural or reservoir created fish passage barriers except the Hell Hole Reservoir inlet and the South Fork Long Canyon Diversion inlet (Table AQ 6-6 and Map AQ 6-4).  
At the inlet to Hell Hole Reservoir there were five natural channel barriers in the Rubicon River below the Hell Hole Reservoir high water mark (i.e., river barriers when the reservoir was not at full pool); however, there were also three natural impassable barriers in the Rubicon River just upstream of the reservoir (above the high water mark) that precluded upstream passage in the river regardless of reservoir elevations.  The elevations of the barriers below the full pool water mark are shown in Table AQ 6-6 and the plan view map locations are shown in Map AQ 6-4.  The barriers located in the Rubicon River upstream of the reservoir were very near the reservoir confluence (Table AQ 6-3).  Upstream of these barriers, there appeared to be at least 0.6 miles of the Rubicon River free of barriers.  Detailed surveys were not conducted farther upstream.  
There was also a potential natural stream barrier on Five Lakes Creek approximately 13 to 14 feet below the Hell Hole Reservoir high water mark.  Upstream from the high water mark, there was a section of creek free of barriers.  Detailed surveys were not conducted within this section of creek, but from the aerial imagery, topography maps, and various helicopter fly-overs there appears to be less than 0.7 miles of creek that would be barrier free.  Upstream of this, the topography is very steep and numerous barriers (falls) are assumed to exist. 
The South Fork Long Canyon Diversion pool created a gravel delta at the inlet.  When the diversion pool was full, fish passage out of the diversion pool was possible.  When the diversion pool was not full a critical riffle was exposed on the gravel delta that created a potential barrier to upstream movement from out of the diversion pool area into the stream.  It should be noted that when the diversion pool was not full, it was when water was not being diverted (summer/fall) and there was essentially a small shallow pool in the bottom of the diversion pool area.  

Fish Passage at High Flows
Fish passage was qualitatively assessed to determine if barriers at base flow might become passable at higher flows.  In most cases, the mechanism that would have allowed impassable barriers to become passable at higher flows was the inundation of high flow channels, which would provide an alternate route around barriers.  Many of the natural base flow barriers were evaluated to potentially become passable at much higher flows than base flow (e.g., spring runoff flows) when high flow channels around the barriers would become inundated (Table AQ 6-3).  In most cases, however, it appeared that at moderately higher flows than summer base flow, most of the falls and chute type barriers would not become more passable as the falls heights would remain nearly the same and the water velocities in the chutes would increase.  Section 3.3 outlines the process to quantitatively assess passage at range of flows higher than base flow if key barriers are identified (also see below).
Operational Fish Passage Barriers   
There were no Project operations identified regarding the magnitude or timing of flow releases or reservoir water surface elevations that appeared to be creating fish passage barriers or affecting passage at natural barriers, except for those discussed previously at Hell Hole Reservoir and South Fork Long Canyon Diversion (section 6.2.4) and the Otter Creek confluence (section 6.2.3).

Hydrodynamics Modeling

We did not identify any potential fish passage barriers, natural or Project infrastructure, which required quantitative hydrodynamics modeling to better understand passage over a wide range flows.  Nearly all of the barriers observed in the Project rivers and streams were fall type barriers.  In most cases, these types of barriers appeared to be insensitive to moderate flow alteration, i.e., the limiting factor, fall height, would change little without large changes in flow (note: some small falls could be washed out at moderately high flow).  Also, frequently, no single barrier or small barrier precluded fish from accessing large sections of river that contained important spawning or rearing habitat.  For example, the barriers on the Middle Fork American River and Rubicon River above Ralston Afterbay that limited the upstream distribution of minnows were a series of large falls barriers that were very insensitive to flow (i.e., were clearly barriers over a wide range of flows).  Hydrodynamic modeling of these barriers would be challenging and provide limited additional management information.
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