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INTRODUCTION
In May 2008, a Memorandum of Agreement (MOA) between the Action Agencies, the Accord Treaty Tribes (Umatilla, Warm Springs, and Yakama) and the Columbia River Inter-Tribal Fish Commission addressed actions to protect Pacific lamprey, Entosphenus tridentatus (formerly Lampetra tridentata).  Specific to the U.S. Army Corps of Engineers (USACE), the MOA required collaboration with the tribes and the U.S. Fish and Wildlife Service (USFWS) to develop a 10-year lamprey plan, provided a proposed funding stream and total cost of implementing improvements, and identified specific actions to be considered to improve lamprey passage and survival. The following is a summary of the Corps commitments to improve Pacific lamprey passage as a part of the 10-year action agency commitments for projects to benefit fish affected by the Federal Columbia River Power System (FCRPS). 
The USACE will:
Overall Program 
· Employ an adaptive management approach to address and prioritize issues as they arise.
· Work with the Tribes and USFWS towards developing its existing 5-year lamprey plan into a 10-year plan, covering both adult and juvenile lamprey passage issues.

· Program $1.8 million in 2008 with funding ramping up to $2 to $5 million per year for 10 years.
Adult Lamprey 

· Address adult lamprey passage in the mainstem hydropower projects using PIT/radio-telemetry to determine overall effectiveness.

· Develop numerical passage metrics through the Lamprey Technical Workgroup.

· Conduct site inspections of each dewatered fish ladder.

· Evaluate, fully develop and implement as warranted lamprey auxiliary passage systems (LPS).

· Evaluate reducing entrance flows at night to assist lamprey entrance passage; and as warranted, expand through FCRPS main stem dams.

· Complete keyhole entrances at Cascades Island 2009 and John Day North 2010-2011, then implement, as warranted, throughout FCRPS main stem dams.

· Inventory all picketed leads, fish way cracks, blind openings and ladder exits.

· Begin replacing existing grating with new ¾-inch grating in most identified problem areas.

· Round sharp corners, as warranted.

· Develop feasibility, techniques, and protocols for counting.

Juvenile Lamprey 
· Continue to monitor the passage timing, number, and mortalities of juvenile lamprey collected at projects with juvenile fish bypass facilities.

· Replace turbine intake bar screens with smaller gap screens as warranted when in need of replacement.

· Consider lifting extended length screens (primarily at McNary but also at Columbia and Snake River dams) in consultation with the National Marine Fisheries Service (NMFS) and the tribes.

· Develop prototype lamprey separators.

· Work actively with industry to further miniaturize active tags then determine passage routes, out-migrant timing and survival of lamprey through FCRPS mainstem dams.

Goal

The goal of the Pacific lamprey passage program within the Northwestern Division of the USACE is to improve both juvenile and adult lamprey passage and survival through the FCRPS as a part of a regional effort to immediately arrest the decline of Pacific lamprey populations within the Columbia Basin and to quickly and substantially contribute towards rebuilding these populations to sustainable, harvestable levels throughout their historic range.
2011 LAMPREY IMPLEMENTATION & RESEARCH ACTIONS
At the core of the 10-year Plan is the commitment to work closely with the Tribes to coordinate and prioritize our research and implementation together.  Tribal and USACE representatives meet bimonthly to discuss progress and concerns related to implementation of improvements for lamprey passage.  From this process, and through coordination with regional fish managers via the Fish Facility Design Review Work Group (FFDRWG) and the Studies Review Work Group (SRWG), a prioritized list of future actions is developed.  This adaptive management approach is critical to a program where knowledge is limited and making rapid improvements is critical.  
Following is a bulleted list of planning, implementation, and research actions taken in 2010 and a preliminary prioritized list of actions to be taken in 2011.  
1.  Planning
· Annual report to MOA participants on progress of 10 year plan completed.
· Met and discussed research results and prioritization of Lamprey research and implementation goals with MOA participants bimonthly.  

· Regular policy discussions among Tribes, CRITFC, and USACE regarding Pacific Lamprey issues.
2.  Structural and Operational Implementation- Sean and Steve to Update
· On-going work on the Auxiliary Water Supply Pumps which provide flow to the JDAN Entrance
· Finalized the plans for the entrance modifications and awarded a construction contract September 21, 2011 JDA North Fish Ladder including many lamprey improvements.  Final implementation planned for winter in-water work periods of 2011-12 (AWS pumps, depending on funding), 2012-13 and 2013-14.  Changes that are expected to aid lamprey include:
· Install modified keyhole entrance with velocity reducing structures on the ladder floor.
· Install LPS inside entrance.
· Smooth and round corners wherever possible.

· Provide safe resting areas in relatively quiet areas.
· Replace existing diffuser gratings with ¾-inch lamprey criteria grating.
· Add 12-inch-wide metal plates over both sides of floor diffuser gratings.
· Completed 60% Plans and Specifications for for prototype lamprey entrance and passage system for Bonneville Dam (BON) Washington Shore - North Downstream Entrance (NDE).  
· Lifted picketed leads at BON Washington Shore AWS channel to allow improved access to LPS.  Preliminary results show 3-fold increase in use of the LPS and fewer lampreys falling back through count station.

· McNary Dam (MCN) south ladder entrances physical model at ERDC was used to finalize a lamprey entrance designs.
· Implemented small scale fixes at multiple dams (see Appendix B for list of accomplishments).
· Developed options for installation of separation screens for juvenile lamprey at NWW juvenile salmonid transport facilities.
· Enumerated juvenile lamprey captured in turbine cooling water screens and investigated potential modifications to reduce entrainment.
· Implemented night time flow reductions at BON Washington Shore Fish Ladder.  Turbines supplying water to the AWS system were turned down to reduce fishway entrance head to 0.5-ft of head, per USACE-funded reduced nighttime flow evaluations by the University of Idaho.
· Assisted Tribes with collection of adult lamprey at NWP dams for translocation .
· Delayed installation of extended bar screens at turbine intakes at MCN several weeks to reduce impacts to downstream migrating juvenile lamprey.
3. Research, Monitoring and Evaluations- Sean and Steve to Update

· Evaluated effects of ladder modifications and improvements on lamprey passage at Bonneville and upstream dams.  Preliminary results indicated an increase in dam passage efficiency at BON and higher dam to dam conversion rates.
· Underwater video evaluations at Cascade Island LPS used to investigate where there may be passage problems within the prototype system.

· Passage behind picketed leads and night time passage past the count window were evaluated using video.  2009 results indicated 65% of JDA passage occurred at night.
· Second year of evaluations of prototype Bonneville Dam Cascades Island entrance weir, bottom structure, and LPS system.  Preliminary results show improved lamprey entrance efficiency but continue to show high levels of ladder drop out.  Efforts to address this, such as installing resting boxes, will begin in 2011.  Results in 2010 showed limited effects on salmon passage.  Hydraulic anomalies from unusually high diffuser flows in the entrance area and a slipped orifice cover may have accounted for first year delays for salmon.   
· Initiated second year of flow reduction evaluations at MCN south entrance.  
· Results of evaluations of salmon behavior at the new lamprey orifices in the MCN south ladder exit area indicated few if any problems with delay or injury.  New lamprey orifices pass 50% of the lamprey seen on video observations.
· Initiated feasibility evaluations of nighttime flow reductions at Ice Harbor Dam.
· Obtained/improved baseline passage metric information at upstream dams (TDA, JDA, MCN, and Snake River dams) to better determine passage problem locations.

· Continue nighttime lamprey video window counts at BON, MCN, and Lower Granite (LGR).

· Finalized a 2-year study of materials, sizes, and shape criteria for a functional juvenile lamprey active tag.

· Continued development of standard protocols for handling and tagging juvenile lampreys for future passage investigations.
· Undertook first year of acoustic mobile tracking to determine fate of adults in BON reservoirs.

· Initiated benthic surveys for juvenile lamprey in reservoirs.
	FY11 NWP costs
	Appropriated

	ICFWRU/USGS Caudill
	$613,693.

	NMFS
	$459,670.

	Bonn Washington Shores Design
	$277,353.

	PIT Reader work
	$1,679.

	Fish Field Unit- Didson/Counting
	$313,350.

	DOE/PNNL CARLSON LAMPREY MONITORING/Chris Perry/USFWS - Accounting
	$226,006.

	FY10 and FY11 MOSER/NMFS/USGS/Caudill - Closeout
	$244,307.

	JSATS Equipment
	$165,510.

	DIDSON Equipment
	$119,829.

	FY11 Lamprey Labor
	$127,456.

	Subtotal Lamprey
	$2,548,855.

	JDAN- Fish Entrance Design- Salmon
	$841,779.

	JDAN- Entrance Contract & Pumps- Salmon
	14,828,824

	NWW
	??

	Total
	$2,548,855.72


APPENDIX A.  Executive Summary of Preliminary 2010 Research, Monitoring, & Evaluation Results
In 2010, late run timing, continued low numbers of lamprey passing through the hydrosystem, and low trap efficiency reduced sample sizes available for research and Tribal purposes.  

1.  ADULT LAMPREY PASSAGE COUNTS
Table 1.  2009 and 2010 Dam Day and Night Counts.  Day counts (historic index) are through November 9, Night counts were done from 15 June through 30 September, and LPS counts were through September 2.  
	
	Day Count
	Night Count
	LPS Counts
	Total

	
	2009       2010
	2009       2010
	2009       2010
	2009       2010

	BON*
	8624      6232    
	6262     12922
	4542       4661
	19,428   23,815

	TDA**
	2318      1726
	
	
	

	JDA
	2044      1662
	
	
	

	MCN
	676       833
	666    355
	
	1,342    1,188

	LGR
	12         15
	67       77
	
	  79         92


* Results from the 2007 and 2008 nighttime video counts study at BON found large numbers of fish moving downstream through the Washington Shore count station window, even resulting in a -613 total for nighttime passage in 2008.  It was suspected that large numbers of adults passed through the picketed leads behind the count station in 2009 and then moved back down the ladder through the count station.  Raising picketed leads leading into the auxiliary water channel near the count station in the WA shore ladder by 1 inch appears to have greatly reduced this phenomenon in 2010.


** Results from the night video counting at TDA found around 40% of lamprey adults in 2007 and 70% in 2008 passed at night.  The daytime TDA lamprey count in 2009 was 2,318 fish.  If we assume that 40% pass at night (60% during the day) then the total count would be 1,545 and the total count would be 3,863.  If 70% pass at night (30% during the day) then the night count would be 5,408 and the total count would be 7,727.  Using this same approach for 2010, when the daytime TDA count was 1,726, the night count estimates would be 1,151 or 4,027 and the total count estimates would be 2,877 and 5,753 fish.

2.  ADULT LAMPREY COLLECTION FOR TRIBAL PURPOSES
Collection of adult lamprey for Tribal uses began with fish salvaged from ladders during dewatering for winter maintenance. As dewatering capture numbers dropped additional fish captured primarily for research purposes at BON were also supplied to the Tribes starting in 2005.  New trapping sites specifically set up to supply fish for translocation needs were added at John Day (JDA) and The Dalles (TDA) dams in 2007 and additional sites are being planned at BON in 2011.

Collection of Adult Lamprey at USACE Dams for Tribal Purposes: 1999–2010.  Capture locations include BON traps, TDA traps, JDA traps, and ladder dewatering sites.

Distribution 
 99-00   00-01   01-02    02-03   03-04    04-05    05-06    06-07     07-08     08-09     09-10                

Warm Springs        138
   -
292      166         -           49           -
          -             20         -             -


  

Umatilla        
   611      249       510       484       133       120        409       394         477       483        402*    



Yakama Tribes
     -           -
  -           -            -           -             -
          -
          - 
         -              13


 

* Brood transfer to Nez Perce Tribe of 72 adults

3.  BONNEVILLE DAM – PASSAGE STUDIES
3.1  Basic Passage Metrics and Trends
The 2010 adult Pacific lamprey run began relatively late and early poor passage numbers prompted a technical discussion between USACE, Accord Treaty Tribes, CRITFC, and Nez Perce representatives (lamprey workgroup) regarding potential adjustments to lamprey tagging efforts at Bonneville Dam.  The lamprey workgroup and researchers from NOAA Fisheries and University of Idaho agreed that given the low passage numbers, it was appropriate to limit tagging effort to no more than 2% of the combined day, night, and LPS count at Bonneville.  This did have implications for meeting some study objectives.  Because the primary research objective in 2010 was a second year radio-telemetry evaluation of passage behavior in proximity to the modified Cascades Island fishway entrance, radio-tagging effort was given priority over half-duplex Passive Integrated Transponder (HD-PIT) effort.  The initial tagging targets to meet all study objectives were 300 radio-tagged fish, 1,000 HD-PIT only, and 300 double-tagged (HD-PIT and radio-tagged) fish.  In light of this agreement, 13 adult lampreys were tagged with HD-PIT tags only, and 312 adult lamprey were tagged with both HD-PIT and radio tags.  Passage was monitored at Bonneville, The Dalles, John Day, McNary, Ice Harbor, and Priest Rapids dams.  Radio-tagged fish were also monitored and/or mobile-tracked in reservoirs and tributaries, with an emphasis on the areas downstream from Bonneville Dam.  An additional 30 adult lamprey were tagged with Juvenile Salmonid Acoustic Telemetry System (JSATS) tags for a pilot study to evaluate migration behavior and fate in the Bonneville pool.  
Overall dam passage metrics for radio-tagged fish in 2010 were similar to estimates observed in prior years, but more fish approached and successfully passed the dam than in recent years (2007-2009).  Of the 312 lamprey radio-tagged and released, 275 (88%) approached the dam (2007-2009 mean = 73%), and 125 (40%) were known to have passed the dam (2007-2009 mean = 25%) by 30 September.  High flow conditions in June are thought to have delayed the lamprey run in 2010, which also delayed tagging effort.  Thus, the remarkable increases in these passage metrics may be due to the passage behavior of later-arriving lamprey.  
The greatest proportion of lamprey continues to approach and pass via the PH2 fishway entrances, followed by PH1 and the Spillway.  Dam passage times were generally longer than those reported in recent years (e.g., median release-to-dam passage time = 12.6 days, range 5.7-8.7 days in 2007-2009), though the higher dam passage times may have been driven by high June flows and differences in sampling distributions among years.
3.2  Reach Escapement of Adult Lamprey Tagged at Bonneville Dam

Reach escapement estimates have remained consistently higher for fish with HD-PIT tags only, both past multiple dams and through dam-to-dam reaches.  Higher escapement estimates by HD-PIT tagged fish, compared to radio- and double tagged fish, suggest that longer surgery time, and/or the presence of larger radio tags, and/or an external antenna negatively affected fish migration to upstream sites.  Escapement estimates from release below Bonneville Dam to top-of-ladder antennas were 40% for double-tagged fish in 2010.  Escapement estimates for Bonneville-tagged fish past McNary Dam were ~2% for double-tagged fish.  As in previous years, large lampreys were significantly more likely than small lampreys to pass through almost all monitored reaches in samples.  

As in past years, lamprey migration times were highly variable, but tended to be slow at dams (especially Bonneville Dam) and relatively rapid through reservoirs.  Of the radio-tagged fish that passed Bonneville Dam, 25% (including Snake River) were eventually recorded in spawning tributaries (primarily Klickitat, Deschutes, and John Day rivers), 35% were last recorded at top-of-ladder antennas at Bonneville and upstream dams, and 40% were last recorded in tailraces or at fishway antennas other than top-of-ladder sites.  Mobile tracking downstream from Bonneville Dam in 2009 indicated some fish may over-winter in this reach, as there were some sites several kilometers downstream where fish appeared to congregate.  In addition, many fish appeared to be holding near Bonneville fishway entrances well into the fall.
Of the 184 double-tagged fish released downstream of Bonneville Dam that were not detected at top-of-ladder antennas or other upstream locations, 21% were only detected in the tailrace or far downstream of the dam, 20% were last detected in proximity (approaching) a fishway, and 59% were detected in a fishway before their last detection.  Of that 59% (n=108), all were last detected either in the Washington Shore transition pool (n=17), the Washington Shore serpentine section (n=16), or the Bradford Island B-Branch transition pool (n=15).  These areas are known problem areas for adult lamprey.  Losses in the transition pools at Bonneville Dam may be associated with confusing flows, diffusers, and/or presence of predatory white sturgeon (Acipenser transmontanus).
3.3  Evaluation of Adult Lamprey Migration Behavior and Fate in Bonneville Pool
3.4  Modification Evaluation:  Cascades Island Fish Ladder Entrance
The primary objective for 2010 adult lamprey passage studies at Bonneville Dam was a second year evaluation of modifications to the Cascades Island (CI) Fish Ladder entrance (described elsewhere).  A combination of radio-telemetry and a half-duplex PIT-tag (HD-PIT) antenna array was used to evaluate passage at the modified entrance.  Because the changes may affect both adult lampreys and adult salmonids, we calculated entrance efficiency and passage metrics for three populations (adult lamprey, spring Chinook, and early summer Chinook) and the post-modification (2009 and 2010) results were compared to results from the CI entrance in past years.  As mentioned previously, fewer lamprey were available for HD-PIT only tagging (n = 13), which limited our ability to thoroughly evaluate behavior of lamprey within the new CI entrance LPS.
As in 2009 (58.3%), lamprey entrance efficiency at the CI fishway (61.1%) was substantially higher in 2010 than in 2007 (48.6%) or 2008 (35.6%), suggesting some post-modification benefit for lampreys.  However, lampreys were more likely to exit the fishway in both 2009 (exit ratio = 63.3%) and 2010 (58.2%) than in 2007-2008 (19.0–50.0%), and passage times associated with the CI entrance were similar to or longer than previous years.  While these latter results may be cause for concern, higher exit ratios and longer passage times were also recorded at the unmodified Bradford Island entrance in 2009, suggesting other factors were important that year.  Bradford Island metrics were generally better in 2010 than in 2009, and differed from the broader patterns seen at Cascades Island, suggesting that there may be some negative effect of the modifications on lamprey passage times and exit ratios.  Additional monitoring in future years should account for inter-annual variability.  Detection efficiency at the new the HD-PIT antenna system was high (84% radio-HD double tagged lamprey).

Spring Chinook salmon CI entrance efficiency in 2009 (59.0%) was at the low end of the range (56–98%, mean = 79%) from nine previous years, but entrance efficiency in 2010 (90%) was well within that range.  The median 2009 approach-to-entry time (59 min) was significantly longer than in most other years, but this metric improved in 2010 (42 min).  These results suggested that some spring Chinook had difficulty entering the CI fishway in 2009, but conditions seemed to improve in 2010.  Relatively few salmon exited the CI fishway (4%) in 2009 and even fewer exited in 2010 (0%).  Both exit ratios were low compared to previous years (range = 0–46%, mean = 24%).  In 2009, most fish rapidly passed from the entrance to the ladder base, but for unknown reasons, it took about 13 minutes for spring Chinook to do the same in 2010, well above normal (range = 7.4-11.8 min).  When we statistically controlled for environmental differences among years to the extent possible, overall conclusions remained the same.  Overall, the modifications seemed to have minimally affected spring Chinook passage at this entrance.
In 2009, early-run summer Chinook salmon results were qualitatively similar to spring Chinook results, with relatively low entrance efficiency and slower passage times, but effect sizes were generally smaller for summer-run fish.  Overall, the results suggested the observed changes in passage metrics were related to some difference in conditions outside or immediately adjacent to the CI entrance in 2009.  Behavior once inside the CI fishway did not substantially differ from prior years.  This pattern held in 2010, though passage times were relatively fast in 2010 with pre-modification years and 2009.  
Our preliminary conclusions are: (1)  The CI modifications have likely improved entrance efficiency for adult Pacific lamprey and although exit ratios and passage times were negatively affected by the modifications, there is a likely net benefit for lamprey; (2) Underwater video and other tools suggest collection and lower ramp passage are potential problems at the new Cascades Island LPS entrance; (2)  Hydraulic conditions created by the new weir and/or altered olfactory conditions related to the CI fishway modifications may have contributed to longer salmon passage times and reduced entrance efficiencies; and (3)  Hydraulic effects of the bottom structures and the new LPS did not appear to affect salmon behavior inside the CI fishway.  
3.5  Modification Evaluation:  Lifted Washington Shore Picket Leads

Three of four picket lead sections immediately downstream of the count station at the Washington Shore count station were raised in 2010 to improve adult lamprey access to the AWS channel LPS upstream.  Picket leads were supposed to be raised by 1 inch, but because this operation was done when the ladder was in operation, researchers could not see that the 1-inch blocks were actually resting on metal brackets.  Thus, the actual spacing varied but was closer to 2 inches.
Lifting the picket leads at this area resulted in substantial increases in use of the AWS channel and the LPS.  Preliminary results indicated that the number of double-tagged fish entering the AWS area increased from 6% (n=8) in 2009 to 20% (n=17), and more importantly, the number of fish successfully passing the AWS channel LPS increased from 5% to 18%.  Count station and LPS data corroborated tag study data, as both the total number (1,199 to 2,061) and relative proportion of LPS passage to daytime window counts (23% to 47%) at the Washington Shore ladder increased dramatically from 2009 to 2010.  This same pattern did not hold for the unaltered Bradford Island count station and LPS, further suggesting that raising the picket leads caused the increase in AWS channel LPS usage at the Washington Shore ladder.   
4.  THE DALLES DAM – PASSAGE STUDIES
Preliminary results on 2010 basic passage metrics are not available as of January 12.  Aside from minor modification of four raised weir orifices (2 at the East Fish Ladder and 2 at the North Fish Ladder), no significant changes were made or evaluated at The Dalles in 2010.
5.  JOHN DAY DAM – PASSAGE STUDIES
Preliminary results on 2010 basic passage metrics are not available as of January 12.  Analysis will include evaluation of adult lamprey passage at modified count station and exit section of John Day Dam.

6.  MCNARY DAM – PASSAGE STUDIES
6.1  Basic Passage Metrics and Trends

We trapped adult lampreys at McNary Dam in 2010 and tagged each with both a 2.2 g radio transmitter and a 23 mm HD-PIT tag.  Behavior and passage were monitored using radiotelemetry receivers and HD-PIT reader/antenna systems inside the fishways at McNary, Priest Rapids, and the four lower Snake River dams.  Lamprey performance metrics at McNary Dam, including fishway entrance efficiency and dam passage efficiency, were estimated and compared to results from 2005-2009.  We also used the six-year dataset to evaluate environmental, operational, and biological (i.e., lamprey size, migration timing) effects on upstream passage.  

Adult lamprey passage at McNary Dam in 2010 was near a record low (daytime count ~ 833).  We collected and tagged 18 adults (2.2% of the daytime count and 1.5% of the estimated total count).  The sample size was well below the 2010 target (n = 100), but complied with the regionally-coordinated handling limit.  Lamprey passage performance metrics for this small sample were broadly comparable to past years’ results.  Of 18 fish released, 12 (67%) returned to McNary Dam and entered a fishway.  Fishway entrance efficiency in 2010 was 71% and fishway passage efficiency was 67%. By comparison, in the previous study years 26-82% of all radio-tagged lampreys returned to McNary Dam after release, entrance efficiency was 73-91%, and fishway passage efficiency was 42-89%.  Total dam passage efficiency was 44% in 2010 compared to 12-56% in previous years. As in previous years, there was evidence in 2010 for lamprey passage bottlenecks in the south-shore transition pool and both the north fishway and north Powerhouse fishway entrances.  

Of eight lamprey that passed McNary Dam, four were last recorded at McNary ladder exit antennas, two were at Priest Rapids exits, two were at Lower Monumental Dam exits, and one was in the Lower Monumental tailrace.  (Note: several additional lamprey were detected at mid-Columbia dams in 2010, all from the 2009 McNary sampling; this is some of the first evidence for lamprey overwintering in the study area.)  

Across study years, larger lampreys were far more likely to return to and pass McNary Dam and to reach upstream dams than were smaller fish.  Upstream passage was also significantly related to seasonal timing, with the probability of passage highest for early migrants and lowest for those collected in late summer and fall.  Lamprey count data from John Day and McNary dams and the radiotelemetry results suggest that the proportion of the run that reaches interior basin sites depends on a combination of physiological constraints (e.g., size or energetic effects) and environmental controls (e.g., temperature, discharge, and photoperiod effects).  Results have important implications for the interpretation of lamprey performance metrics and for mitigation planning.
6.2  Modification Evaluation:  Tilting Weir Lamprey Orifices at the Oregon Shore Fishway
New lamprey orifices were installed in five of the  tilting weirs (2 orifices per weir) in the Oregon Shore fishway at McNary in 2010.  Underwater video was used to determine if the new orifices caused delay or injury to migrating adult salmonids, and video recordings were used to document lamprey usage of the new orifices.  Underwater video cameras collected data five days a week 5-10 hours a day so an additional objective was to determine the suitability of automated event detection and classification software for video processing.  During the lamprey run, video cameras recorded lamprey orifice usage during both the day and at night.  Results indicate we monitored 28% of spring Chinook run and 35% of the summer Chinook run, with no interactions with the lamprey orifices.  We monitored 54% of the fall Chinook run and 22% of the steelhead run with no interactions. Forty nine percent (49%) of the Sockeye run was monitored with seven interactions and attempted passage events.  These seven interactions equated to approximatel 0.01% of the Sockeye Run.  During the lamprey run, video observations covered approximately 10% of the run with 260 lamprey observed, corresponding to 277% of the fish counted at the count station window.  Fifty percent of the lamprey recorded in the vicinity (within the cameras field of view) of the lamprey orifices successfully passed the orifices. The other fifty percent disappeared from the cameras view without passing the orifices (some of these swam up in the direction of the top of the weir). Successful lamprey passage was characterized as attachment in front of the orifice followed by burst swimming through the orifice; 91% of the fish that passed the orifice passed in this manner.  Overall, orifices did not pose a risk to migrating salmonids and lamprey were able to transit through the orifices successfully.  Night viewing was possible using powerful infrared lighting, however, the majority of fish captured on camera were during day time hours.  Total counts at McNary totaled 830 adult lampreys passing during the day time and 345 lampreys passing at night near the count window, totaling 1175 lamprey passing McNary Dam.

Lamprey runways or plating over diffuser grating was installed in the lower Oregon Shore fishway at McNary dam and at lower diffusers in the South fishway at Ice Harbor in 2010.  Video monitoring at diffuser plating at McNary did not capture any lamprey utilizing the plating, however, large amounts of air bubbles in the water prevented the ability to see well at this location.

6.3  Reduced Fishway Velocity Testing at Night
South MCN ladder entrance velocities were manipulated to evaluate the effects of reducing nighttime entrance velocities using a different methodology than that used at BON.  This was accomplished by lowering the entrance weirs, thus reducing entrance water velocity, with no reduction in ladder auxiliary water volume.

Night-time entrance velocity reduction experiments in 2009-2010 indicated no significant differences in frequency of approach or entry during control versus reduced velocity evaluations (P-value range 0.41-0.61). However, there was no evidence of a strong negative effect on adult lamprey entrance efficiency or ladder passage and the small run size precluded trapping and adequate sample size. 
7.  JUVENILE LAMPREY
7.1  Juvenile Lamprey Tag Criteria and Tagging Protocol Development
7.2  Juvenile Lamprey Benthic Sampling

In 2010 the Corps began development of benthic sampling of juvenile lamprey to support the Lower Snake River Sediment Management Plan.  This plan involved using dredged sediment to create additional feeding and rearing habitat for salmonids.  Existing test disposal sites and reference sites are being evaluated to identify existing suitable habitat for salmonid and other fish species.  Existing test dredging disposal sites will be evaluated to determine water quality, sediment composition, fish community structure, and biological integrity.  The effect of this plan on juvenile lamprey and their distribution throughout the lower Snake River is unknown; there is currently a need to determine whether juvenile lamprey are present at test disposal sites and reference sites.  The objectives of this study are as follows: 1.) To Develop a sampling tool that will detect juvenile lamprey in deepwater habitats, 2.) Determine lamprey presence or absence at monitoring locations on the Lower Snake River, and 3.) Characterize the habitat in which lamprey are observed.  Sampling for juvenile lamprey included the use of a modified backpack shocker specifically designed to draw juvenile lamprey from the substratum and count them with underwater video.  The approach for this study is to search for lamprey with 24 predetermined areas on the Lower Snake River with 7 sampling trips every 3 weeks from April – July 2011.  At locations where lamprey are observed the habitat will be characterized by water depth, location coordinate, Near-bed water velocity, temperature and grain size distribution.  Data and results will be included in this report as it becomes available.
7.3  Juvenile Lamprey Entrainment in Turbine Cooling Water Strainers

The entrainment of juvenile lamprey in the turbine cooling water strainers was first identified as a concern in February of 2009, when approximately 400 juvenile lamprey mortalities were found in one of the unit strainers at Ice Harbor.  Since that time, NWW Operations Division has requested that their main stem dams conduct monthly cooling water strainer inspections and document the numbers of each fish species found.  Lower Granite, Little Goose, Lower Monumental, and Ice Harbor Projects have done this.  Additionally, Little Goose and Ice Harbor sometimes perform weekly inspections.  McNary conducted monthly inspections from March through June of 2010, with their last inspection being of one unit strainer in August, 2010.  The number of lamprey found has been quite variable, with none or a few found per strainer during August to December, but typically ranging from 0 to over 100 lamprey during January to July.  701 lamprey were removed from the Ice Harbor strainers on Feb. 2, 2010, which is the highest number counted during an inspection so far.  Occasionally a few live lamprey are recovered and released back to the river.

APPENDIX B.  Smaller Scale Fishway Implementation Actions 
The following is a summarized list of planned and completed minor fishway modifications to improve lamprey passage, as of January 13, 2011.  Most modifications will be completed by Corps project staff (O&M), small contracts, or by Corps-funded researchers.  This is a living document; new items may be added as we learn more about passage; some items may be deleted if additional research or review suggests that they would not result in improvements to lamprey passage.

1.  Bonneville Dam
	Project
	Description
	Date Completed

	BON
	WA Shore Ladder – Install ramp at the lip/sill of the downstream end of the 3 southern-most count station picket leads to improve access to AWS channel LPS.
	JAN 2011

	BON
	WA Shore Ladder - Install 3/4" picket leads immediately upstream and downstream of crowder area to improve counting and encourage use of AWS channel LPS.
	JAN 2011

	BON
	WA Shore Ladder - Install LPS entrances closer to picket leads at count station area to improve LPS use in AWS section.
	

	BON
	Install LPS at Cascades Island count station or AWS channel.
	

	BON
	WA Shore Ladder - Triangle at NUE/NDE junction pool.  Fix and/or resolve picket lead deployment at North Junction Pool to exclude sturgeon. 
	

	BON
	WA Shore Ladder - Construct and install filler plates for bulkhead and weir guides at fishway entrances (all PH2 fishway entrances).
	

	BON
	Bradford Island Ladder - Construct and install filler plates for bulkhead and weir guides at fishway entrances (all PH1  and spillway entrances).
	

	BON
	Move WA Shore Ladder NDE entrance LPS (to be removed in winter 2012-2013) to SDE
	

	BON
	Raise Bradford Island count station picket leads to 1" to improve LPS use in AWS section.
	JAN 2011

	BON
	Bradford Island Ladder - Install 3/4" picket leads upstream and downstream of count station in crowder area to improve counting and encourage use of AWS channel LPS.
	

	BON
	Bradford Island Ladder - Modify (ramp) at the lip/sill of the downstream end of the 3 western-most count station picket leads to improve access to AWS channel LPS.
	

	BON
	Design and install plates or bridge boxes at Bradford Island (A and B) diffuser pools to improve passage through transition pools.
	

	BON
	Move existing diffuser plates from center (orifice to orifice) orientation to side-wall orientation and add new plates as necessary in these diffuser sections.
	

	BON
	Raise WA Shore count station picket leads by 1" to improve LPS use in AWS section.
	MAY 2010

	BON
	WA Shore Ladder - Install diffuser plates at diffusers between weirs 34, 35, 36, 37.  Note:  These may be inactive diffusers.
	


3.  The Dalles Dam

	Project
	Description
	Date Completed

	TDA
	East Ladder - Modify (ramp or remove) 3 junction pool stub walls.  Stub walls used to prevent debris accumulation under bulkhead slot; bulkheads have not been used for >15 years here.
	

	TDA
	East Ladder - Modify (ramp or chamfer) first ladder weir orifice.
	

	TDA
	East Ladder - Modify (ramp or chamfer) weir orifice just upstream of 180 degree bend.
	

	TDA
	East Ladder - Modify (ramp or lamprey orifices) Weirs 154-157.
	

	TDA
	East Ladder - Install brushes or inserts in entrance and exit weir guides (all) to deter lamprey impingement/crushing.
	

	TDA
	North Ladder - Modify (ramp or chamfer) weir orifices in lower (rock) section (4" radius).
	JAN 2010

	TDA
	North Ladder - Install inserts or brushes in entrance and exit weir guides to deter lamprey impingement/crushing.
	

	TDA
	North Ladder - Install diffuser plating over grating in count station area.
	

	TDA
	East Ladder - Replace "eel plate" seals on upstream side of exit weirs to prevent lamprey from getting stuck behind guides.
	

	TDA
	East Ladder - Raise picket lead sections by 1" at count station to improve lamprey access to AWS area (and passage).  
	DEC 2010

	TDA
	East Ladder - Raise picket lead sections by 1" at count station to improve lamprey access to AWS area (and passage).  
	JAN 2011


3.  John Day Dam

	Project
	Description
	Date Completed

	JDA
	South Ladder - Modify (round upper edge or install grating) 12-ft depression just upstream of SE1 weir. 
	

	JDA
	South Ladder - Remove or plate over chain link grating/wall diffuser.  This diffuser is no longer used.
	

	JDA
	South Ladder - Replace 1" grating with 3/4" grating at upper section diffuser grating; replace trash racks with 5/8" gaps.
	

	JDA
	South Ladder - Install new hydraulic sills at exit flow control weirs.
	

	JDA
	South Ladder - Modify (ramp or ?) the 6" rise in floor at the stub wall, under road deck at half duplex  antennae.
	

	JDA
	South Ladder - Install brushes in entrance and exit weir guides (all) to deter lamprey impingement/crushing.
	

	JDA
	North Ladder - Modify (ramp) 1-ft sill at first upstream weir at count station section.
	MAR 20101

	JDA
	North Ladder - Exit section hydraulic sills?
	MAR 20101

	JDA
	North Ladder - Modify (ramp or ?) 1-ft sill at exit stub wall.
	MAR 20101

	JDA
	North Ladder - Modify count station section floor (raise by 1-ft) or install ramp to eliminate 1-ft rise at orifice opening.
	MAR 20101

	JDA
	Raise picket lead sections by 1" at SFL count station to improve lamprey access to AWS area (and passage).  
	FEB 2011

	JDA
	Raise picket lead sections to 1" at NFL count station to improve lamprey access to AWS area (and passage).  
	JAN 2009



1 John Day North Fish Ladder count station and exit section modifications addressed these problem areas.
3.  McNary Dam 
DEREK – NEED HOPPER LIST PUT IN ABOVE FORMAT FOR MCN and ICH with hard return between them

APPENDIX C.  Major Fishway Implementation/Operational Actions 
The following is a list of completed and planned major fishway implementation and operational actions to improve lamprey passage, as of January 13, 2011.  

	Project
	Description
	Date Completed or Adopted

	BON
	Installation of prototype WA shore ladder entrance area LPS
	

	BON
	Installation of first prototype Bradford Island ladder Exit area LPS
	Spring 2003

	BON
	Installation of final design Bradford Island ladder Exit area LPS
	Spring 2006

	BON
	Installation of WA shore ladder Exit area LPS
	Spring 2007

	BON
	Standardized night time flow reduction operations at WA shore ladder
	Spring 2009

	BON
	Modify Cascade Island ladder entrance  (variable width slot, floor bollards, and prototype LPS)
	 Spring 2009 

	BON
	Modify WA shore north downstream ladder entrance area with alternative lamprey entrances  and channel leading to an LPS
	Spring 2013

	JDA
	 Rebuilt north ladder exit section from count station up incorporating lamprey criteria modifications (contiguous smooth bottom, plates, rounded orifices, rest areas, etc.)
	Spring 2010

	JDA
	North ladder entrance modifications incorporating lamprey critera (variable width weir, bollards, LPS, new diffuser gratings, plates, fishpumps, etc)
	Spring 2014

	MCN
	Delay installation of extended screens 
	April 2009

	MCN
	Modify south shore ladder  incorporating lamprey criteria (plates, ramps, removal of obstacles, orifices in tilting weirs at exit section
	Spring 2010

	SYS
	Established new smaller gap ladder diffuser screen criteria
	2008

	SYS
	Initiate night video counting at BON, MCN, & LGR as part of long term counting program (O&M)
	Spring 2009


�Need to confirm date with Bob Cordie or Miro Zyndol.
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