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Introduction

This report was prepared to assess the reasonableness of an idea put forth by Davis Hydro at the Kilarc-Cow Creek hydroelectric site, and to address in a general way the potential viability of turning the Kilarc Canal into a Steelhead trout (Oncorhynchus mykiss)  spawning and juvenile habitat area.  I was asked to evaluate the idea with a prime focus on the technology of stream restoration discussed and taught by Dave Rosgen in Colorado
.  The remarks below address not the detailed comparison of the production facility vs. returning the water to the Old Cow, for that will require a large detailed habitat study of both the Canal and the bypassed reach.  I have visited two sections of the Old Cow and most of the habitat sections of the canal.  The following is an assessment of the possibility that a re-engineered canal combined with the bypass reach can be developed into a more productive habitat than the Old Cow bypass by itself.

Habitat / Fish Populations

The Old Cow Creek provides large area of suitable spawning and rearing habitat for cold-water fish (cold flowing clear water throughout year with abundant cover) so that many fish are found in the area
. According to the Aquatic Habitat and Fisheries Resources Report2 (AH) report, 90% of the sampled fish were rainbow trout and the rest were Riffle sculpin, brown trout, and Sacramento pikeminnow (sampled in the Kilarc bypass area of the creek during summer/fall samplings in 2003).  The AH report mentions that because Whitmore falls (several miles downstream of Kilarc powerhouse; the most downstream migration barriers in Old Cow Creek) is reclassified by CDFG and NOAA Fisheries as a passable barrier for steelhead under certain high flow condition.  The AH report not only focuses on the fish species presently existing in the area but also on possible steelhead restoration. 

Because the intake at Kilarc Diversion dam is unscreened, and during much of the year, most of the flow goes into the canal, many fish are entrained into the Kilarc canal and the forebay, therefore the entrained fish spend their remaining lives within the canal/ forebay.  Not all adult or juvenile fish that are swept into the canal at the diversion dam go into the canal.  There is a release-to-river outlet that releases in excess of 2 and 4 cfs.  This probably carries some fish back into the Old Cow bypass reach
.

“Although there were all size classes of rainbow trout and brown trout found through out the Old Cow Creek, the canal contained mostly small (less than 150mm) rainbow and brown trout.  The forebay contained mostly (80%) brown trout of all sizes and some large size rainbow trout (stocked by CDFG; small portion appear to be wild origin), in addition to very few golden shiner”2.  Further the AH report states that compared to the Old Cow Creek, the species and their size distributions were different in the canal/forebay area2.

Effects of Kilarc Diversion on Fish
Considering the fact that “Sampling conducted in both July/August and September/ October 2003 indicates that populations within the bypass reach are generally similar to or higher than those in the reference sites (above and below the bypass reach2)” the canal is likely to have had no negative effect on fish habitat in the bypass area.  If the diversion canal had a negative effect, there would probably be less fish in the bypass area.  This may be due to the narrow habitat observed and described2 there.

The water in forebay stays cool all year from the high altitude, rapid water movement, shade, small forebay size and the constant water discharge to the powerhouse.  Because of the relatively constant and limited discharge of water through the canal, there are only small fluctuation of water level, velocity, temperature in the canal and down to the powerhouse, which would result in minimal fish habitat disturbance.  This is in contrast to the habitat below the diversion dam, which currently has reduced flow, increased temperatures, diversion altered streambeds, reduced cover, and altered channel configurations
. 

The bypass area, canal, and forebay fulfill the habitat requirement for cold-water fish2, like salmon and trout, and the Kilarc current diversions are not likely to have significant negative effects on fish habitat in Old Cow Creek based on the observations above.  In addition, by having the diversion canal with some modification, there could be an increase in the fish population in whole of Old Cow Creek including the bypass.

With modifications, the diverted water could create a larger surface area of fish habitat (especially for juvenile fish) in the canal than that created by having the water in the bypass area.  Because Old Cow Creek, including the bypass area, has significant areas of U shaped cross-section2 (observed), addition of the diverted water would probably add only vertical habitat areas at many places.  Although large fish would benefit having deeper vertical habitat, juvenile fish habitat would be only shifted to the higher water column near surface (For example, juvenile rainbow trout utilize shallow water4).  More juvenile rearing habitat areas could support more juvenile trout, which is important to create a large base number of trout population.  Diverting a portion of the Creek water into the canal should help restore the trout population in the creek by benefiting the whole stream’s juvenile trout population.  Also, because the canal water is controlled at the diversion, there is no danger of flooding in the canal, fish eggs and juvenile fish could have opportunity to stay longer in the canal safely without washed away. Mortality of salmonid eggs and small juveniles were commonly found in floods (i.e. significant increase of mortality of alevin and early fry of Atlantic Salmon
 and eggs of sea trout
 in high flow).

Steelhead: The Primary Focus 

I have been asked to focus here on restoration of rainbow trout (juvenile and adult), which can become steelhead.  The Davis Hydro plan can provide more suitable trout habitat within the 3 mile-long canal and provide the fish a way to return to Old Cow Creek, before they enter the forebay.  In this way, the canal could significantly contribute to the enhancement of the fish populations in Old Cow Creek. 

There would not be needed major modifications to the current canal system.  Kilarc diversion does not have a screen, and under the Davis Hydro Plan, no screen is proposed.  
Because the trout in the canal have already been reported seen spawning , what would be needed is to enhance some of the poorer rearing and spawning areas in the canal and make them more suitable ones.  The Davis Hydro plan is to construct these habitat areas and multiple fish collecting and return paths to Old Cow Creek.

Small fish are more susceptible to entrainment from their poor swimming ability. “The usual solution to juvenile entrainment in diversions is to screen diversions, but can be expensive and often ineffective.  Combining it with a reduction in diversions during periods of high out migration, this way is more effective.4”  Instead of having a screen at the diversion, the Davis Hydro plan lets fish entrained and later release them through a downstream fishway(s).  They also have suggested diminishing the flow during certain periods of upstream migration.  Specifics were not provided.

Although there are some spawning beds within the canal, entrained pre-spawning fish will appear to have opportunities to pass upstream of the diversion dam and return to the upstream spawning grounds with physical and operation changes of the diversion according to Davis Hydro.  Low flow opportunities (with suitable attraction flow) can be provided at the diversion dam during their migration periods. When a fish ladder (or ladder like) structure needs to be made to support their migration, the operation at nighttime should be avoided. “Passage through fish ladders is relatively fast (in relation to total passage time). With the exception of sockeye, most species will not exit the fish ladder after dark. Longer ladder passage times are usually associated with holding in the ladder over night while waiting for daylight to exit.”
 Downstream moving juveniles and adults from above the diversion will be swept into the canal as they are now, but they can live and spawn in the canal and be carried down to the Old Cow in two different locations.

Description of the Canal

I have visited most sections of the canal and reviewed all the major trout habitat in the canal identified by Davis Hydro.  The Kilarc canal is made of three types of structure.  The first is steel flumes that can provide no habitat, and the flow may have to be slowed for upstream passage.   The second is made of about 4ft(w) by 4ft(h) concrete canal.  Both these types of canal sections also do not have any holding/hiding area and the water velocity is too high for smaller trout (rough surface measurement of >3ft/s).  Typically, rainbow trout (possible steelhead) fry (<50mm SL) need shallow (<50cm) water along stream edges in low velocity area (1-25cm/sec).  Juveniles (50-120 mm SL) are usually found among rocks or other cover in deeper (50-100 cm) and faster 10-30 cm/sec) water4.  These concrete areas will be initially untouched in the Davis Hydro proposal.  During periods of upstream migration for spawning, the velocities in these reaches would be dropped by releasing more water at the diversion dam, so that spawning adult fish can swim upstream easily past these areas
.

The Habitat Canal Parts

The other parts of the canal are very much like narrow and deep natural streams (average about up to 10ft wide by 2-3ft deep).  They have lower velocity (rough surface measurement of 0.5-3 ft/sec) and areas where consists of runs and riffle mostly and few small pools.  Most trout found in Kilarc canal are less than 2 year old (based on the fish length measurement in the PG&E report
).  

For the first year or two of life rainbow trout are found in cool, clear, fast-flowing permanent streams and rivers where riffles predominate over pools, where there is ample cover from riparian vegetation or undercut banks, and where invertebrate life is diverse and abundant4.  With minor modifications, this area may serve well as spawning and rearing habitat.  These are the areas Davis Hydro intends to improve the habitat by creating more riffles, elongated vegetated pools for macroinvertibrtes, and cover, and bringing in river gravel for spawning areas.  Many areas of the natural-like canal fulfill the suitable trout habitat characteristics, but some areas do not at present only because of lack of cover and low velocity areas.

Adult Trout

As I walked along the canal, many juvenile trout were spotted but very few adult trout. The canal seems to be not suitable for supporting large trout because of the small stream size.4  Migration of juvenile salmonids are caused by their environmental changes, habitat preference changes as they grow, and competition
  These smaller trout eventually migrate downstream into the forebay or return back to Old Cow Creek (through fish collection systems and downstream fishway(s), discussed in later section).

Needed Canal Enhancements

Here we discuss the potential enhanced rearing habitat (and spawning habitat in later section) for smaller trout. 

Velocities and Shape
Because the diversion canal is artificial, some areas of the canal are straight and therefore lacking natural low velocity hiding/holding areas, such as pools, undercut banks, tree roots, brush piles along the outside curves associating with a stream curvatures.  Because juvenile rainbow trout prefer water where riffles predominate over pools with lower water velocity and enough cover, the way to convert the canal to their suitable habitat is to add artificial and/or natural cover such as over-hanging vegetation, logs, boulders and tree roots to the high velocity areas of the canal.  This will provide them more areas with lower velocity to hold and hide.  Also, small pools can be added at few areas where canal is straight to reduce overall water velocity of the areas. 

According to the stream restoration guidelines by Dave Rosgen in Colorado1, the closest stream type of the Kilarc diversion canal is E3 (moderate sinuosity, gentle to moderate steep channel gradients, and very low width/depth ratios).  Because the Kilarc canal is controlled and does not flood, flood plain of E3 is ignored. This stream type has very stable channel materials, which resemble Kilarc canal’s channel materials combined with the man-made bottom structure (hard clay). Fish habitat improvement structures, which the guideline recommend for E3 stream type, are bank placed boulder, submerged shelter, and bank placed rootwads.

Cover & Variety

Cover (both above and in water) is also important to hide young trout from their predators (avian and fish).  Small trout near surface/shallow water are attacked by avian predators such as, king fishers, mergansers herons, and in deeper waters by predatory fish such as pikeminnow and large trout4.  Having variety of water depths, surface shapes, and covers not only benefits trout by providing feeding and resting habitat, but also by having variety of insects living in the various habitats.  In some confined areas of the canal, water velocity are high and where both sides are concrete habitat will not be created.  However Davis Hydro has shown me and I have reviewed about a mile of potentially good habitat assuming some engineering is done.  From my observation:

Habitat Area 1 (see Davis Hydro map 1.a) had good juvenile trout habitat overall (approx. surface flow: 0.5-2 ft/s; canal depth: 2-3 ft) and only minor enhancement (addition of cover) is needed. 

Habitat Area 2 includes good spawning beds (more discussion in next section), therefore juvenile trout habitat enhancement (addition of boulder, log, etc.) should be minimize in that area. However, toward downstream of this area was more favorable habitat for juvenile trout.  This area had more shallow areas where juveniles can hide. Approximate surface flow of the area was 1-3 ft/s and the depth was about 2 ft.  

Habitat Area 3 is likely to need the most enhancement.  There was less cover (both above and under water) and some side-walls are currently without vegetation and were eroding, and these areas need erosion control.  The approximate surface flow speed of this area was 1-3 ft/s and the depth was 1-2 ft.  This area had more shallow areas where juveniles can hide also with mixed gravel and hard bottom.  No significant woody debris, cover, or boulders were present.  All the three habitat areas are reported to be assessable by truck, but this was not verified. 

Spawning Trout
Suitable rainbow trout (possible steelhead) spawning ground has coarse (1-13 cm diameter) gravel of the tail of a pool or in a riffle, typically 20-155 cm/sec, and depths are 10-150 cm4 Habitat Area 2 had more gravels and less sand compared to other habitat areas.  The canal was shallower (about 1 ft) and wider than other habitat areas.  Approximate surface water velocity was 2-3 ft/s. The level of sand (which can suffocate eggs and susceptible to disease) seemed minimal in this area.  No mud or silt was observed.  More gravels in this area would help improve the spawning beds. Some areas do not have enough substrate so that the canal bottom surface (clay [I was told] bottom) was able to be seen in patches.  There should be enough gravel for spawning trout to dig and cover deposited eggs, so the eggs have enough cover (from predators, from washed away).  This could be increased in many areas to expand spawning grounds.

Fish return Passage
Because the canal and the forebay currently do not have any exit for fish, all entrained fish stay there for rest of their lives.  By adding fish return passageways, entrained fish have the possibility to return to Old Cow Creek, and the Canal become potential habitat.

A key engineering study area is how to guide these fish into the return fishway.  One of the most frequently used fish protection systems is surface bypasses associated with trashracks or angled bar racks with relatively close, particularly in the Northeast of the USA and in France.9  Surface bypass fish collection/diversion channel combining with other devices (louvers or screens) would increase the system efficiency.10  Above method also should work well for the case at the Kilarc project site. Because the canal water is controlled (i.e. depth, velocity), adjustment for the system could go smoothly. To minimize damages to the fish collecting system, a trash rack can be placed at the upstream.  It would collect drifting debris as well as ice masses which could damage the system.  

For the downward migrating fish, Davis Hydro utilizes a fish return pipe or ladder and the natural waterways (presently exist). The passageways should be designed carefully to support fish of any size, such as down migrating juvenile and adult trout, including possible down migrating post-spawn steelhead. 

Because the penstock drop measures about 1,800 ft (elevation at the forebay about 3,800ft; elevation of the powerhouse about 2,000ft), the distance of a fish passage way would become a long one.  Above the recreational fishing area (forebay), and the canal of the area is a planned location of a fish collection facility and a final return passage to the creek – primarily for juveniles.  

However, despite the long distance, installation of a fish passageway is not difficult due to a natural stream originating at elevation of about 3,700 ft. near a small bridge on the possible pipeline/passageway route I visited.  A fishladder or a fish return pipe can carry fish from the end of the screen near the forebay down to this small waterway.  This waterway soon joins and adds steady flow to a small natural stream.  This stream will then enter Old Cow Creek, about 1,500ft upstream of the powerhouse in what appears from the topo map to be the better habitat area of the bypass reach.

Research and Out-reach

Davis Hydro makes the point, with which I agree, that this area allows easy access of viewing wild living fish and can be used as a public outreach education.  The fish collection facility can provide a great fish monitoring station and research facility as it is accessible about 8 months of the year. As the fish and the collection facility/fishway should be inspected daily, the facility can provide a great fish monitoring station and research facility.  Comparing to upstream fish passage systems, downstream fish passage systems are much less advanced.  This station could provide valuable data to the downstream fish passage research.
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