

                                                                        January 14, 2010

FILE MEMORANDUM

FROM:            Thomas K Lorz

SUBJECT:  
Delayed Installation of ESBS’s at McNary Dam in 2010

Background : 
Before the 2009 passage season, at the request of CRITFC and its member tribes, the region was asked to consider a delayed installation of guidance screens (ESBS) at McNary Dam.  Normally, these screens would be deployed per the Fish Passage Plan (FPP) guidance on or before April 1.  Given the extremely small numbers of adult lamprey passing McNary Dam in recent years, delayed screen installation was requested as a potential means to reduce loss of juvenile lamprey during some of the last good juvenile outmigration years.  The Corps  implemented the request in 2009 noting that juvenile lamprey appear to have an early peak in outmigration a week or so before the spring juvenile salmon migration begins to sharply rise.  The weight of existing evidence suggests that leaving the screens out for the first week or two of April could improve lamprey survival (which are known to suffer significant mortality on the intake screen systems) while not impacting too many salmon smolts.  While there is evidence that juvenile lamprey pass through the bottom of turbine intake screens, several studies indicate that juvenile lamprey may be uniformly distributed as they enter turbine intakes.  As stated in the Tribal Lamprey Restoration Plan (CRITFC 2008): 

For many years the common assumption was that most juvenile lamprey travel along the bottom of the river during their approach to dams and pass through turbine intakes under turbine intake screens. Among other things, this conclusion arose from the fact that juvenile lamprey lack a swim bladder, in contrast to juvenile salmon.  However, in several cases, data from lamprey trapped on fyke nets placed in turbines behind turbine intake screens and on the screens themselves indicate that they travel higher in the vertical water column than previously believed. For example, fyke net tests at Priest Rapids Dam indicate that juvenile lamprey were found nearly equally distributed from the top to the bottom of the turbine gatewell slot (Carlson 1995 unpublished data).  Moursund et al. (2003) found that 86% of juvenile lamprey found on the John Day Dam extended length turbine screens were within the top 10% and bottom 10% of the screen face (Figure 18).  They also documented 91% of PIT-tagged lamprey and 14% of run-of-river lamprey were captured at fyke net levels 1-4 behind the turbine intake screen.
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Figure 1.  Juvenile salmon and lamprey vertical and horizontal distribution on an ESBS as denoted by underwater cameras. Gray areas not sampled. Units in feet (Moursund et al. 2003 in CRITFC 2008).

Regardless of the exact number of juvenile lamprey that are impinged by turbine screens, the existing evidence indicates that screens are a considerable problem for juvenile lamprey that needs to be addressed.  
[image: image2.emf]
Figure 2.  Juvenile lamprey run timing at McNary Dam from 1994-2005 (From CRITFC 2008- Bleich and Moursund 2006 based on Smolt Monitoring Program data).

Existing data indicates that the peak of the juvenile lamprey migration over many years is roughly in the middle of May (Figure 2).  The Corps conducted underwater camera observations of extended length screens at McNary Dam and conducted impingement studies at John Day.  While impingement of lamprey on the screens was observed, problems with the camera prevented a reliable accounting of the impact.  Subsequently, the Corps funded studies at McNary and John Day to further address the issue (Moursund et al. 2000; Moursund et al. 2002; Moursund et al. 2003; Bleich and Moursund 2006).  Research indicated that 98% of impinged lamprey were unable to free themselves from the screens at typical screen face velocities (Moursund et al. 2000). As evidence of impingement persisted, recommendations were made to mitigate these impacts by reducing screen gap size from 3.175 mm to 1.75 mm (Bleich and Moursund 2006).  However, the cost of replacing screens with reduced gap size is expensive and has limited testing.  Cost estimates and more evaluations would need to be done before full scale installation could begin.
The Corps’ McNary operation for 2009 included delayed installation of the screens until April 7, with the installation completed by April 14.  The Corps was also tasked with putting together a change form for the 2010 FPP that would provide for future delayed installation of these screens at McNary.

The new language in the 2010 FPP reads as follows:

Section 2.3.1.2.b.1.  Operate ESBSs with flow vanes attached to the screen.  Installation of the ESBSs will not start before the first Monday of April and will be completed within the following two weeks.

Gary Fredricks from NOAA prepared an analysis describing best estimates for the impacts to early migrating juvenile salmonids.  I was tasked to do the same for juvenile lamprey.  I assumed that all the screens would be installed by April 19th, the latest installation date possible under this language.  Further I assumed that units would have screens installed in reverse order of prioritization.  At issue is the lack of data for juvenile lamprey passage at the projects.  What information that was available was utilized for this analysis.
Analysis:  
I consulted with members from the Fish Passage Center and they produced the SMP daily collection index of lamprey passing McNary dam from April 1 to April 30 across the years of 2000 to 2009 (See table 1).  It is important to realize that these data only reflect macropthalmia and not ammocetes because ammocetes are rarely found in SMP sampling.  Furthermore, these numbers do not account for juveniles that go through screens or are lost through the gap between the top of the screens and the gatewell intake.  Thus, these numbers are likely very conservative and may not be representative of the actual juvenile lamprey passage for any particular year.
Table 1: Daily Collection Numbers of Juvenile Lamprey at McNary expanded for a 24 hour period
	Date
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	Average

	1-Apr
	360
	 
	 
	 
	 
	 
	 
	 
	 
	 
	36

	2-Apr
	408
	 
	 
	 
	 
	 
	 
	 
	 
	 
	41

	3-Apr
	594
	68
	10
	25
	40
	230
	80
	20
	30
	 
	110

	4-Apr
	502
	76
	636
	17
	60
	157
	94
	0
	45
	 
	159

	5-Apr
	600
	144
	1155
	7
	70
	120
	100
	0
	60
	 
	226

	6-Apr
	612
	60
	308
	371
	63
	108
	95
	0
	45
	 
	166

	7-Apr
	240
	40
	300
	707
	55
	95
	90
	280
	30
	 
	184

	8-Apr
	1938
	48
	128
	560
	52
	113
	168
	210
	82
	 
	330

	9-Apr
	1218
	72
	450
	400
	50
	130
	245
	140
	600
	10
	332

	10-Apr
	600
	120
	284
	436
	38
	95
	156
	78
	200
	11
	202

	11-Apr
	1388
	68
	316
	468
	25
	63
	71
	50
	120
	12
	258

	12-Apr
	1680
	76
	250
	358
	29
	78
	103
	32
	67
	106
	278

	13-Apr
	960
	61
	276
	233
	33
	95
	170
	6
	40
	232
	211

	14-Apr
	311
	116
	232
	350
	36
	94
	235
	173
	16
	315
	188

	15-Apr
	240
	96
	199
	513
	40
	91
	298
	305
	0
	420
	220

	16-Apr
	280
	148
	342
	275
	20
	68
	427
	246
	3
	342
	215

	17-Apr
	170
	331
	1570
	20
	86
	40
	679
	107
	5
	270
	328

	18-Apr
	502
	200
	860
	74
	69
	35
	2776
	113
	9
	140
	478

	19-Apr
	650
	76
	2610
	125
	40
	33
	13905
	120
	13
	0
	1757

	20-Apr
	180
	17
	5136
	189
	79
	39
	8895
	50
	10
	176
	1477

	21-Apr
	123
	48
	6101
	320
	127
	45
	4160
	9
	6
	344
	1128

	22-Apr
	160
	24
	5100
	240
	101
	63
	3506
	9
	18
	176
	940

	23-Apr
	210
	96
	6088
	160
	28
	80
	2811
	10
	29
	0
	951

	24-Apr
	920
	23
	3300
	146
	4
	58
	2140
	39
	23
	70
	672

	25-Apr
	470
	80
	2800
	133
	30
	34
	1536
	100
	17
	337
	554

	26-Apr
	2380
	120
	7587
	275
	0
	32
	1095
	0
	22
	484
	1200

	27-Apr
	1680
	 
	3200
	650
	0
	30
	851
	0
	28
	753
	799

	28-Apr
	540
	 
	2700
	670
	0
	35
	753
	0
	32
	822
	617

	29-Apr
	676
	30
	3842
	704
	201
	39
	661
	30
	37
	900
	712

	30-Apr
	950
	15
	2140
	562
	0
	22
	566
	339
	58
	633
	529


With the collection information I then computed a survival estimate at McNary dam with and without screens prior to spill and then post spill. I assumed a 1:1 ratio for lamprey to flow for a particular passage route, i.e. 40% spill would equate to 40% of the lamprey using the spillway.  For the survival estimates I computed a low end FGE value and a high FGE to get a range of potential impacts.  I then expanded the lamprey collection numbers to a population and estimated the number of juvenile lamprey that would be impacted by delaying the screen installation until April 19.   

Assumptions for FGE and Survival:

Due to the lack of significant research specifically dealing with lamprey, most of the information had to be derived.  Lamprey Fish Guidance (FGE) has been reported at approximately25% at Bonneville 2nd Powerhouse (Monk et. al, 2002) and 22% at John Day Dam (Moursund et al. 2003).  Based on this and the information noted above that lamprey use the entire water column and FGES may therefore be higher, I analyzed both 25% and 50% FGE for McNary to better ensure the likely impact was captured.  Survival numbers are based in part on salmonid research and best professional judgment.
Fish Guidance:  
Low 25%          
High 50%
Mortality:



Low 


High

Screens:


25%


60%

Turbine:


10%


20%

Spill:



0%


5%

Using the above estimates for guidance and survival I was able to estimate mortality for the different operational scenarios.  These are outlined in Table 2.
Table 2: Percent Mortality & Difference Between Low and High End of Range
	 
	 
	Percent Mortality
	 
	 
	 

	Mortality w/screen
	w/o Spill
	
	W/Spill
	
	Difference

	FGE  - .25 Low Mort
	13.75
	 
	8.25
	 
	5.5

	FGE  - .50
	40
	
	26
	
	14

	FGE - .25 High Mort
	30
	
	20
	
	10

	 
	 
	
	
	
	 

	Mortality w/o screen
	 
	
	
	
	 

	FGE  - .25
	10
	
	6
	
	4

	FGE  - .50
	20
	
	14
	
	6

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	Range w/wo Screens
	3.75
	
	2.25
	
	 

	 
	20
	 
	12
	 
	 


With the population and the above mortality estimates I then went through several operational scenarios and estimated the number of mortalities and percent of the April population that this represented.  I had previously consulted with FPC to estimate the passage season for juvenile lamprey through the use of SMP data.  Refer to Figure 3 and table 3.  (Note, week 14 is corresponds to last week of March and the first week of April depending on the days of the week for that year)
Figure 3: Percent Passage of Juvenile Lamprey at McNary Dam
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Table 3. Percent weekly average Juvenile Lamprey passage timing at McNary Dam based on average weekly passage index for the years 2000 to 2008.
	Week at McNary Dam
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Overall

	14
	0.4
	9.7
	7.9
	15.1
	0.2
	0.0
	3.3
	2.4
	0.2
	4.4

	15
	20.2
	14.5
	9.3
	17.6
	3.8
	4.6
	6.9
	10.0
	0.5
	9.7

	16
	12.8
	22.7
	12.9
	4.6
	2.7
	3.3
	16.8
	9.2
	0.2
	9.5

	17
	4.9
	3.2
	13.0
	1.8
	2.9
	1.7
	4.6
	1.5
	0.3
	3.8

	18
	7.1
	1.1
	8.6
	1.3
	1.0
	1.7
	4.2
	2.2
	0.7
	3.1

	19
	3.5
	2.1
	1.4
	0.7
	1.0
	0.3
	3.3
	0.5
	1.3
	1.6

	20
	2.0
	3.5
	0.1
	0.6
	0.8
	0.9
	5.4
	1.3
	1.0
	1.7

	21
	2.5
	8.7
	0.3
	0.5
	1.5
	6.5
	8.4
	5.7
	28.5
	6.9

	22
	2.9
	3.4
	1.4
	0.6
	2.4
	30.6
	17.6
	1.8
	32.5
	10.4

	23
	5.4
	9.2
	17.6
	33.7
	32.1
	21.2
	12.8
	6.7
	20.7
	17.7

	24
	10.7
	5.4
	6.1
	18.2
	27.5
	5.7
	3.8
	11.6
	2.6
	10.2

	25
	3.8
	4.4
	2.2
	0.7
	9.1
	3.2
	2.1
	10.3
	1.7
	4.2

	26
	2.8
	1.1
	1.9
	0.7
	3.6
	1.2
	1.6
	6.1
	2.9
	2.4

	27
	1.7
	0.4
	4.0
	0.7
	0.4
	0.6
	1.3
	2.6
	0.4
	1.3

	28
	1.7
	1.0
	2.7
	0.3
	0.8
	0.8
	1.2
	5.7
	0.7
	1.7

	29
	1.3
	1.8
	1.8
	0.3
	1.3
	1.6
	1.1
	6.2
	0.8
	1.8

	30
	1.1
	0.1
	0.9
	0.2
	1.0
	3.7
	0.7
	1.6
	0.7
	1.1

	31
	0.8
	0.5
	1.8
	0.3
	0.8
	3.3
	1.1
	1.6
	0.6
	1.2

	32
	0.2
	0.0
	3.9
	0.2
	0.8
	3.2
	0.4
	1.3
	0.8
	1.2

	33
	0.3
	0.2
	0.3
	0.2
	1.1
	2.1
	1.1
	3.9
	0.5
	1.1

	34
	0.6
	0.2
	0.1
	0.3
	0.7
	1.2
	1.0
	3.3
	0.6
	0.9

	35
	0.7
	0.1
	0.1
	0.5
	1.9
	0.5
	0.6
	1.6
	1.1
	0.8

	36
	0.6
	0.5
	0.4
	0.4
	0.8
	1.2
	0.6
	1.1
	0.3
	0.7

	37
	0.6
	0.2
	0.2
	0.3
	1.0
	0.6
	0.0
	1.8
	0.1
	0.5

	38
	1.0
	0.4
	0.1
	0.3
	1.1
	0.1
	0.0
	0.0
	0.0
	0.3

	39
	0.4
	0.7
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2

	40
	1.3
	0.7
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2

	41
	0.9
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	42
	1.2
	0.6
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2

	43
	0.1
	0.4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	44
	0.2
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	45
	0.5
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	46
	0.8
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	47
	1.0
	0.1
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	48
	2.1
	2.7
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.6

	49
	1.7
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2


From the above graphs it appears ~20 -25% of SMP juvenile lamprey may be passing the project during the Corps’ proposed April delayed installation of the screens.  

Results:

Table 4 depicts juvenile lamprey mortality differences between the proposed delayed installation and the FPP scheduled installation operations.  The level of improvements that could be achieved for juvenile lamprey by delaying screen installation are illustrated in the column labeled difference.  The actual level of improvement is likely somewhere in-between.  FGE and screen mortality are the most important factors in estimating the numbers of lamprey impacted and there is little information for either.  The 25% guidance was based on fyke net studies done at lower river projects specifically, Bonneville and some work at John Day.  Bonneville Powerhouse 2 is equipped with Standard Length Screens, STS, and while McNary has extended screens which will likely increase guidance/impingement an unknown amount.  John Day has extended length screens but has a deeper forebay than McNary which will likely impact distribution of lamprey throughout the water column.  As for mortality, there is anecdotal information mostly from video and instances when screen cleaners break so the impinged juvenile lamprey are not removed and can be enumerated.  This is why I included a relative wide range for mortality.    
Table 4:  Estimates for number and percent of April outmigration impacted by different scenarios at McNary dam.

	 
	 
	 
	 
	 
	 

	 
	Current Installation Schedule
	Delayed Installation
	Difference

	Lamprey Mortality (no.)
	 
	 
	 
	 
	 

	High FGE Estimate
	4,849
	
	2,562
	
	2,287

	Low FGE estimate
	3,144
	
	2,287
	
	857

	 
	
	
	
	
	 

	Percentage of April Population
	
	
	
	
	 

	High FGE estimate
	6.4%
	
	3.4%
	
	3.0%

	Low FGE Estimate
	2.1%
	 
	1.5%
	 
	0.6%


Based only upon the limited data on macropthlamia sampled at the McNary SMP sites, the likely range of impact is somewhere between ~2300 to 900 juvenile lamprey which equates to 3.5 to 0.6% of the lamprey population at McNary in April.  For the entire juvenile lamprey population, including ammocetes that passes through McNary the percentages of loss are likely higher.
Conclusion

Based upon this analysis and the weight of existing scientific evidence, a juvenile lamprey survival benefit could be found by delaying the installation of extended screens at McNary Dam.  Given the extremely low numbers of juvenile and adult lamprey upstream of McNary Dam, and a real potential for extinction that lamprey are facing, modifying operations that can benefit lamprey and pose limited impact to salmonids should be considered.  This analysis assumed that screens would be installed by April 19th.  There are several key uncertainties that affect this analysis:
· FGE is one of the primary drivers for this analysis.  There is conflicting data about the level of guidance for the different life histories of juvenile lamprey.
· The SMP collection numbers which determine the population passing McNary only include fish that were captured in the facility; impinged juveniles that either went through or were sweep off through the gap would not be accounted for.  This should not affect the percentages but would increase the number lamprey mortalities.  Thus, the mortality rate of 60% for the bypass passed lamprey could be low.  

If the screens are installed earlier than the 19th the survival benefit would decrease.  
The analysis also indicates that almost the same level of survival improvement is achieved when spill was initiated on April 10th.  This suggests another possible operation: initiate some level of spill prior to April 10th to reduce lamprey passage at the powerhouse and increase the spill level on April 10th above the current 40% of river flow until the screens are installed.  This option would also reduce the impacts to salmonid migrants and better protect life history diversity necessary to recover both salmon and lamprey.
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