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INTRODUCTION 


The Action Agencies’ (AAs) August 2007 FCRPS Biological Assessment (BA) and NOAA 
Fisheries’ 2010 Supplemental Federal Columbia River Power System (FCRPS) Biological 
Opinion (BiOp) identified juvenile and adult salmon and steelhead performance standards, 
metrics, and targets.  These include Juvenile Dam Passage Performance Standards, Juvenile In-
river Survival Performance Metrics, Juvenile System Survival Performance Targets, and Adult 
Performance Standards (BA-Attachment B.2.6-2 and BiOp-RPA Table, RM&E Strategy 2 – 
Hydrosystem Research, Monitoring, and Evaluation, pg. 72-74). 


In addition, the 2008 Columbia Basin Fish Accords Memorandum of Agreement between three 
Treaty Tribes and the AAs (The Accords) clarify that while dam survival is the overarching 
performance standard, juvenile fish spill passage efficiency (SPE) and forebay residence time is 
not expected to be degraded with installation of new fish passage facilities at the dams. 


Since the BA and BiOp were developed, juvenile dam survival testing methodologies have 
advanced to address potential biases in studies conducted to date and are adjusted in this paper 
through adaptive management, improving the accuracy of performance estimates going forward, 
but also increasing anticipated study costs.  This document summarizes the Juvenile Dam 
Passage Performance Standards requirements in the BiOp; and presents how the AAs and NOAA 
Fisheries expect to conduct future Juvenile Dam Passage Performance Standards evaluations 
(and assess the related metrics in The Accords). 


1.   JUVENILE DAM PASSAGE PERFORMANCE STANDARDS AND METRICS 


1.1.  Juvenile Dam Passage Performance Standards 


In the BiOp (RPA Table, RM&E Strategy 2, pg. 72),NOAA Fisheries concurs with the Action 
Agencies’ strategy to support performance monitoring and adaptive management related to 
hydropower actions.  For Juvenile Dam Passage Performance Standards the BiOp states that: 


“The Action Agencies juvenile performance standards are an average across 
Snake River and Lower Columbia River dams of 96% average dam passage 
survival for spring Chinook and steelhead and 93% average across all dams for 
Snake River subyearling Chinook. Dam passage survival is defined as survival 
from the upstream face of the dam to a standardized reference point in the 
tailrace. (See RM&E Hydrosystem Performance Monitoring, Appendix B.2.6-2). 
NOAA Fisheries considers the “effect zone” of the dams to extend into the 
forebays. However, the available information does not support the establishment 
of a dam survival or delay performance standard that includes the forebay. NOAA 
Fisheries expects that surface passage improvements proposed in the RPA will 
decrease delay and increase survival through the forebays of dams that will be 
configured with new surface passage routes (see Chapter 8 for a more detailed 
discussion of this topic).” 


The specific operations targeted for performance standard tests will be defined in the Fish 
Passage Plan.  Testing plans and methodologies will also be coordinated and reviewed through 
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the Regional Forum’s Studies Review Workgroup (SRWG).  Per the BA and BiOp, when dam 
improvements are made and tested and resulting dam survival estimates from two years’ studies 
meet or exceed the standard, the target would be met for that dam. 


Dam survival is the probability of survival from the upstream face of a dam to the standardized 
reference point in the tailrace; it includes all routes of passage, and the immediate tailrace of a 
given dam without reservoir effects.  It is often reported as “Concrete Survival” in research 
reports.  The downstream boundary of the tailrace varies by project, but is standardized as the 
location downstream of the project where river hydraulic conditions are likely to be little affected 
by expected project operations under the range of acceptable flow conditions for testing juvenile 
dam passage survival (Rakowski et al, 2010). 


Going forward, hydrosystem performance standards will be empirically estimated using the 
methods and procedures explained later in this document, which will be coordinated with the 
SRWG.  The AAs will invite independent technical experts to participate in the SRWG’s review 
of test results.  Juvenile Dam Passage Performance Standards will be assessed based on 
empirical estimates of passage survival at each dam incorporating the effects of the passage route 
and the immediate tailrace without the reservoir effects.  Dam passage survival will be estimated 
to a precision level of ±3% at the 95% confidence interval using mark/recapture survival 
estimating techniques such as radio or acoustic telemetry. 


Due to natural variability, test conditions cannot be held entirely static, but the two years of 
testing will have the same planned operation.  Nevertheless, consistent with the BA and BiOp, 
performance standards will not be assessed during a year with extreme flow conditions which 
result in operations other than that intended at a given project.  If dam survival estimates from 
two consecutive acceptable tests1 meet or exceed the standard, the target would be met for that 
dam.  Performance will be assessed using average point estimates for spring and summer, 
respectively.  If dam survival estimates from an acceptable test fail to meet or exceed the 
standards, the Action Agencies and NOAA Fisheries, in coordination with other regional 
resource managers, will need to determine if average survival rates for the Snake River or 
Columbia River dams meet the standards (see 2008 BiOp, RPA Table, RM&E Strategy 2, pg 
72)2


The hydrosystem performance standards apply to Snake River and Upper Columbia River ESUs.  
There are not sufficient data specific to separate stocks to support the development of separate 
standards for Snake River and Upper Columbia River stocks, nor other specific ESUs.  Survival 
estimates can be averaged among several dams provided that the particular ESU in question 
passes only through those dams.  For example, for Snake River fall Chinook, an average survival 
across all eight mainstem dams is acceptable as these fish migrate through each project.  For 
Upper Columbia River Chinook salmon or steelhead, an average survival across the four lower 
Columbia River mainstem dams is acceptable. 


; or determine what operational or structural modifications need to occur in order to achieve 
the standards at the dam of interest. 


                                                           
1 Tests do not have to be conducted in two consecutive years. 
2 In the event that a particular dam does not meet the performance standard and the AAs choose to average survival estimates 
across either Snake or Columbia River dams, the AAs will propose an averaging strategy, taking into account survival estimates 
from two years of testing at each dam. 
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It is not feasible to evaluate dam survival for all ESUs at all eight mainstem dams each year; 
therefore, the timing of field studies to assess dam survival performance standards will be 
determined by biological priorities and cost effectiveness considerations.  Dams where 
performance standards are being met or are close to being met will generally be lower priorities 
for testing.  For those dams not currently meeting the standard, field studies of dam survival 
would be performed after key survival improvements have been implemented.  However, the 
performance standards will be achieved by the end of the BiOp term. 


Specific dam improvements and operations to achieve performance standards, where necessary, 
will rely on adaptive management and will draw on the menu of actions found in Configuration 
and Operation Plans (COPs) prepared by the US Army Corps of Engineers (Corps).  A COP is 
being or has been developed for each dam to evaluate and develop potential hydro project 
improvements to achieve performance standards and other biological objectives, in close 
coordination with regional parties at the technical level.  Following completion of appropriate 
dam passage improvements expected to facilitate achievement of performance standards, a 
performance standard test will be conducted.  Once the juvenile dam passage performance 
standards are met, the implementation of additional Phase I or other COP actions are 
discretionary and will be reviewed and discussed with the AAs and NOAA Fisheries at the 
executive level before the responsible party makes a decision.  Regional parties may request 
discretionary actions at RIOG.  If after testing, the standard is not met following implementation 
of Phase I COP actions, the Corps will consider Phase II actions and/or will update the COP in 
coordination with regional parties to determine additional potential actions to achieve the 
standards at the dam of interest. 
 


1.2.  Additional Performance Metrics: SPE, Delay, and In-river Survival 


In addition to supporting the hydrosystem performance standards above, The Accords provide 
that current forebay delay would not be increased and SPE metrics would not be reduced.  They 
also specify that studies to estimate dam passage performance standards will estimate other 
passage metrics including passage distribution, efficiency, and tailrace delay.  Current estimates 
and ranges of forebay delay and spill efficiency (SPE) metrics are provided in Appendix A Table 
1. 


Dam survival performance standards remain the fundamental metric relied on by the AAs and 
NOAA Fisheries to assess juvenile dam passage and survival.  In an unexpected case where 
maintaining SPE and/or passage delay metrics would reduce dam survival or impede 
achievement of the juvenile dam survival performance standard or the adult performance 
standard, operations (including spill as necessary) may be adjusted to meet those performance 
standards. 


In-river reach survival estimates are also being developed as part of the overall hydrosystem 
RME program. In-river reach survival metrics include survival impacts that result from 
hydrosystem passage, but are not included in the dam survival measurements.  These metrics 
also include impacts not attributed to the hydrosystem.  They have been provided as part of the 
BiOp analysis to provide a useful means of assessing overall BiOp implementation progress.  
Actual vs. expected in-river survival estimates (based on COMPASS modeling) will be 
compared periodically throughout the life of the BiOp.  Discrepancies between these estimates 
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can trigger the adaptive management process to diagnose the cause of the discrepancy and take 
necessary corrective actions (see Supplemental Comprehensive Analysis, Appendix F for 
details).  In-river reach survival combined with transportation survival provides a picture of 
overall system survival for ESA-listed fish.  It provides an early indicator of potential 
performance problems and may signal the need to conduct additional diagnostic testing in the 
hydrosystem. 


The AAs will track adult performance standards and confirm that the relatively high levels of 
adult survival currently observed are maintained or increased.  Detailed information on adult 
performance standards can be found in the BiOp (RPA Table 7). 
 
2.   TESTING METHODOLOGY AND CRITERIA 


A new methodology has been developed (through Adaptive Management) to more accurately 
estimate dam passage survival by preventing a potential bias caused by comparison of a control 
group’s survival estimate that starts at the time of release to the treatment group’s survival 
estimate that starts at the upstream face of the dam being tested, many miles downstream of the 
release location.  This section details the methodology that will be used to assess Juvenile Dam 
Passage Performance Standards at the mainstem FCRPS dams and specifies the criteria to judge 
whether or not a performance standard test and the results of that test apply in meeting 
performance standards. 
 


2.1.  Standardized Testing Methodology 


The federal agencies are using adaptive management under the BiOp to update the study 
methodology contemplated by the BiOp for new studies going forward.  The new study 
methodology is being applied prospectively, however results from previous testing using either a 
single or paired-release methodology may also be considered valid in meeting performance 
standards (see Gary Fredricks’ memo on suggested conditions for determining the acceptability 
of past study results for performance standard evaluations dated December 1, 2010; Appendix 
B). 


In 2009, the Corps funded the development of a new survival model and implementation plan for 
estimating dam passage survival and associated metrics.  The intent of this work was to develop 
a model and plan that would provide robust estimates of survival by minimizing areas of known 
and potential bias associated with currently used survival models and study designs.  The 
Virtual-Paired Release model and study design, developed by Dr. John Skalski at Columbia 
Basin Research School of Aquatic Science at the University of Washington, has been adopted for 
BiOp performance standard testing by the AAs and NOAA Fisheries.  This model has undergone 
independent scientific review by fisheries scientists and statisticians throughout the Columbia 
Basin through the AFEP review process.  Additionally, it has been reviewed by the Independent 
Scientific Review Panel and has received unanimous support by the Northwest Power and 
Conservation Council.  Documentation for this model can be found on the internet at: 
http://www.nwcouncil.org/library/isrp/isrp2009-43.htm 


A potential source of bias associated with the previously used standard Paired-release Survival 
Model (Burnham et al. 1987) was due to how study fish were released to estimate dam passage 



http://www.nwcouncil.org/library/isrp/isrp2009-43.htm�
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survival.  With the Paired-release Survival Model, treatment fish were released 18-36 hours after 
tagging far enough upstream to allow study fish to approach and pass a given project similar to 
their untagged cohorts.  Upon arrival (typically 1-4 days post release) treatment fish were 
regrouped into virtual release groups at the upstream forebay boundary or dam face.  This 
distance in time and space allows any mortality associated with handling or tagging to be 
expressed before treatment fish reach the project of interest.  Control fish were released at the 
given project’s downstream tailrace boundary 18-36 hours after tagging and paired with virtual 
release groups of treatment fish.  Any mortality associated with handling or tagging may not 
have been fully expressed.  As a result, this source of mortality is assigned to the reach from 
release to the primary detection array.  The result can be a lower estimate of survival for the 
control group than for the treatment groups.  When dam passage survival is calculated the result 
can be an upward biased estimate of survival. 
 
The Virtual Paired-Release model was designed to minimize or eliminate the probability of this 
source of potential bias.  The model uses three release sites to estimate dam passage survival 
(Figure 1): a treatment group released as described above, a control group released at the 
downstream boundary of the project of interest’s tailrace, and a control group released at the 
primary detection array (far enough downstream so fish dying as a result of dam passage and 
bearing live tags are not detected).  Survival for the virtual release groups of treatment is 
estimated to the primary detection array using a single-release design (Skalski et al. 1998).  
Survival from the downstream tailrace boundary to the primary detection array is estimated 
independently using the two downstream release groups and a paired-release design (Burnham et 
al. 1987) (Figure 1).  Using this design survival for “freshly” tagged control fish are not directly 
paired with “veteran” treatment fish.  When used at multiple contiguous projects all fish released 
upstream of the project can be used as treatment fish for the downstream project.  This serves to 
significantly increase the sample size thereby reducing the variance around the dam passage 
survival estimate at the downstream project. 
 
Starting in 2010, survival studies implemented for performance standard testing were conducted 
using the new standardized methods, which have been reviewed and coordinated through the 
SRWG and Anadromous Fish Evaluation Program (AFEP) forums.  These updated standardized 
methods include: 


• Estimating dam survival with a 95% confidence interval of less than ±3% 


• Utilization of acoustic telemetry technology including methods for deploying receiving 
equipment and filtering and processing of raw data into detection history data 


• Definitions of performance standard metrics (e.g. SPE, forebay delay, forebay, and 
tailrace boundaries) 


• Fish collection, handling, surgical tagging, and release protocols3


                                                           
3 In 2012, fish rejection criteria for selecting fish to tag were updated to reduce the proportion of fish that are excluded from 
being tagged for performance standard studies.  The proportion of fish collected that are excluded from being tagged will be 
examined each year to ensure the tagged population adequately represents the run at large.  
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• Survival model(s) used for estimated dam passage survival and route-specific and or 
reach survival 


• Reporting of results including assumption testing 
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Figure 1.— Schematic of the minimum design configuration to estimate dam passage survival 
based on a virtual release (i.e., 1V ), a paired release ( 2R , and 3R ), and three downriver 
hydrophone (or radio antenna) arrays.  At the dam face, fish detected passing are used to 
construct the virtual release of fish known to have arrived at the dam. 


 
The Juvenile Dam Passage Performance Standards described in the BiOp were developed using 
earlier paired release models.  With NOAA Fisheries concurrence, the new, more stringent study 
design described above will now be used to assess Juvenile Dam Passage Performance 
Standards.  In the event that performance standard testing results in a near miss of the standard, 
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the AAs and NOAA Fisheries in coordination with the RIOG, will review the results on a case 
by case basis to determine if the result is acceptable. 
 


2.2.  Criteria for Successful Performance Standards Tests 


2.2.1.  Dam Passage Survival Estimates 


As provided for in the BiOp, the seasonal point estimate of dam passage survival must be greater 
than or equal to 96% for spring migrants (yearling spring/summer Chinook salmon, and juvenile 
steelhead) and 93% for subyearling fall Chinook salmon.  The variance requirement prescribed 
in the BiOp is intended to be a measure of the precision of the point estimate of survival for a 
given dam.  As specified in the BiOp, the 95% confidence interval shall not exceed ±3%.  An 
exception is if the variance exceeds ±3.0 %, the lower bound of the 95% confidence interval 
must exceed 93% for yearling Chinook salmon and steelhead and 90% for subyearling Chinook 
salmon.  Also, if single-release survival estimates meet or exceed the standard of 96% for spring 
migrants and 93% for summer migrants, the estimates will qualify as meeting the performance 
standard.  The use of these exceptions will be reviewed by the AAs and NOAA Fisheries, in 
coordination with the SRWG before a test result is accepted as meeting the performance 
standard. 


All models require acceptance of certain assumptions, some of which can be tested 
mathematically.  For an estimate of dam passage survival to be considered, valid assumptions 
associated with the survival estimation model must have been met.  It should be noted however, 
that some violations may occur due to differences between the size distributions of study fish 
relative to the population at large.  This difference is in part due to limitations in the technology 
and is related to tag size and the tag burden for smaller fish; especially subyearling Chinook 
salmon.  Every effort will be made to ensure that study fish are representative of the run at large.  
The cause and magnitude of assumption violations shall be documented with survival model 
results.  Also, if substantial temporal differences exist between the timing of study fish passage 
and passage of the run at large, the AAs will confer with NOAA Fisheries and the SRWG to 
determine whether test results may be considered representative of the run at large. 


2.2.2.  Verification of Passage Metrics 


As described in section 1.2 above, spill passage efficiencies and forebay delay are to be within 
the ranges provided for in Appendix A of The Accords (Appendix Table 1), unless they would 
interfere with achievement of performance standards.  If maintaining SPE and /or passage delay 
metrics would reduce dam survival or impede achievement of the dam survival performance 
standards, operations (including spill as necessary) may be adjusted to meet the dam survival 
performance.  Based on the passage solutions currently proposed, this is not expected to be an 
issue. 


2.2.3.  Representative Water Year 


Years when the average project outflow during the study period is outside the middle 90% of the 
70 year average spring flow record (5th to 95th percentile) may be excluded from consideration 
for performance standard testing.  Years when project outflow falls outside of the 5th to 95th 
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percentile range will be examined on a case by case basis for consideration as candidate years in 
meeting performance standards. 


2.2.4.  Consistency of Target Operations 


Performance standard tests will be conducted in accordance with specific planned operations and 
configurations as defined in Appendix E of the annual Fish Passage Plan after coordination and 
review by the SRWG.  Both of the testing years will have the same planned operation, although 
it is understood that actual spill levels will not always be the same as the targeted level and that 
an amount of reasonable variance will not invalidate a test.  Maintaining targeted spill levels at 
mainstem FCRPS projects during performance standard testing is often complicated by variable 
flows, runoff pattern, and/or load requirements.  During higher flow years, unusual runoff 
patterns, and/or lighter load periods, involuntary spill (over-generation, over turbine capacity, or 
both) will likely cause actual spill levels to exceed target levels planned for performance 
standard testing. 
 
To ensure future spill levels provide expected performance over the long run, mean actual spill 
levels during the two successful test years will be compared to the targeted spill levels at each 
dam.  If the difference between targeted and mean actual spill is within a variance of: 


• 5 percent (absolute) for a percent spill operation 
• 5 kcfs for a flat spill level operation at Snake River projects 
• 10 kcfs for a flat spill operation at Columbia projects 


then mean target spill levels will not be adjusted.  If after a second year of otherwise successful 
testing, actual spill is greater than this criteria, the AAs with NOAA Fisheries concurrence, may 
elect to accept the highest actual spill level minus 5 percent (or 5 kcfs for Snake River dams and 
10 kcfs for Columbia River dams) OR an average of the two actual spill levels under which the 
two successful tests were conducted as the new target spill level to attain juvenile performance 
standards.  Alternatively, to be determined on a case by case basis, the AAs with NOAA 
Fisheries concurrence may elect to either conduct additional testing at the original target spill 
level or adjust future target spill levels by the amount exceeding the acceptable variance as stated 
above. 


2.2.5.  Variability Between Test Years 


Because of the high variability in runoff and precipitation, it is unlikely that two test years will 
have identical conditions in terms of average spill and shape of the hydrograph.  Even years with 
identical average spills can have very large differences in the timing or shape of spill and flow 
over the season, including large differences during the biological testing.  To alleviate concerns 
that testing needs to be done in two different types of water years, two factors will be looked at 
to determine if a second study year is different enough from the first study year to be considered.  
If either of these two criteria is met, then the test will be considered valid.  The first criterion is 
that the average flows during the biological tests for the two years must be at least 5% different.  
The second criterion specifies that the shape of the hydrograph between the two years of testing 
must be at least 5% different.  A minimal 5% hydrograph difference will be determined using the 
following equation: 







11 


∑∑ >−
ayLastStudyD


DayFirstStudy


ayLastStudyD


DayFirstStudy
xxy |05.0|||  


Where: 
x is the average daily flow for the first year of study 
y is the average daily flow for the second year of study 


 
If neither of these two criteria are met, the AAs and NOAA Fisheries, in coordination with 
regional parties, will discuss whether or not the years were sufficiently different and whether or 
not another test would be advisable. 


2.2.6.  Other Planning Considerations for Performance Standard Operations 


Timing of dam survival tests will be dependent on run timing for the species of interest and river 
conditions.  Run-timing and river conditions will be accounted for in the pre-season regional 
planning forums (e.g. SRWG) and monitored as near to real time as possible as the study period 
approaches.  Any adjustments that are required in release timing or operations will be 
coordinated through the SRWG and/or Technical Management Team (TMT). 


In early to mid-July, Snake River subyearling Chinook salmon largely cease to actively migrate, 
thereby violating the assumptions of the survival model.  Therefore, the Juvenile Dam Passage 
Performance Standard studies will target actively migrating fish and will generally be completed 
in early to mid-July and will not be conducted on subyearling Chinook passing dams later in the 
year.  
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4.   APPENDIX A 


Appendix A Table 1.— Current estimates of spill passage efficiency, and delay (excerpted from 
Table 1, Attachment A in The Accords). 
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Project Most Recent SPE Date of SPE Data Source Most Recent Median Delay 


LGR 43-66 2002-2005 2.28h-10h 
LGS 57-82 2006-2007 4.4 - 6.5h 
LMN 58-75 2006-2007 2.2 -3.0h 
IHR 73->90 2005-2007 1.1 - 2.3h 


MCN 45-57 2005,2007 1.0 - 3.9h 
JDA 48-75 99,00,02,03 0.2 - 8.5h 
TDA 70->90 2002-2005 0.51 - 0.70h 
BON 53-54 2004-2005 0.01- 3.4h 


St
ee


lh
ea


d 


    


LGR 51-74 2002-2005 1.72 - 6h 
LGS 36-51 2006-2007 5.5 - 36.3h 
LMN 48-64 2006-2007 5.5 - 19.0h 
IHR 61->90 2005-2007 1.1 - 1.9h 


MCN 52-78 2005,2007 4.38 - 10.2h 
JDA 45-64 99-00,03 0.3 - 13.4h 
TDA 90 2002-2005 0.23 - 0.8 h 
BON 74-75 2004-2005 0.01 - 9.7h 


Su
by


ea
rli


ng
 C
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ok
 


    


LGR 67-88 2005-2007 8.37 -15.87h 
LGS 58-84 2006-2007 6.8 - 16.3h 
LMN 81->90 2005-2007 2.7 - 3.0h 
IHR 84->90 2005-2007 2.0 - 5.0h 


MCN 61-64 2005,2007 0.84 - 3.2h 
JDA 58-59 99,00,02,03 1 - 3h 
TDA 63->90 2002-2005 0.62 - 0.69h 
BON 55-75 2004-2005 0.01 - 5.7 h 
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5.   APPENDIX B 


       December 1, 2010 F/NWR-5 
 
FILE MEMORANDUM 
 
FROM: Gary Fredricks 
 
SUBJECT: Suggested conditions for determining the acceptability of past study results for 
performance standard evaluations 
 
During recent discussions with the FCRPS Action Agencies, the AA’s have proposed to use the 
results of past fish survival studies to demonstrate compliance with the performance standards 
specified in NOAA Fisheries’ May 2008 FCRPS Biological Opinion. 
 
In development of the FCRPS Biological Opinion we did not anticipate using past dam survival 
studies as surrogates for future performance evaluations.  However, we understand and 
appreciate the desire to reduce future research spending by conducting a “retro analysis” that 
would examine the acceptability of past test results with an eye towards the possible use of these 
in meeting the performance targets. 
 
It is NOAA’s responsibility to evaluate if the performance standards have been met.  It is with 
this goal in mind that the following set of conditions were developed for use in considering 
whether the results of past studies should be accepted for use in demonstrating compliance with 
the dam passage performance standards.  Many of these suggested conditions follow the 
guidance put forth in Section 3 of the draft FCRPS Juvenile Dam Passage Performance Standard 
and Metrics document. 
 
1.  Control group single release survival estimates must be high.  The per kilometer mortality 
rate for these control groups must be similar to the mortality rate experienced by the base 
population of fish passing through the same river reach (between the control release point and 
the downstream detection arrays).  In some past studies, the treatment groups actually survived at 
higher rates than the control groups giving greater than 100% dam survival estimates.  The new 
Virtual Paired Release model that is planned for use in future performance standard evaluation 
studies is designed to address this upward bias issue.  The method proposed to address this 
concern required the development of a per kilometer mortality estimate based on survival of PIT 
tagged fish passing through the same reaches and years as the studies under consideration for 
meeting the standards.  Spring migrant data are available; however, the summer migrant data 
would need to be generated by the NOAA Science Center since these estimates are not normally 
reported.  These estimates will include the June 1 to July 15 time period to avoid the period when 
fish begin to stop migration. 
 
2.  The actual spill operations and methods (surface spill, spill patterns, etc.) used in the 
past survival studies must be similar to the proposed future operations.  Section 2.2.4. 
“Consistency of Target Operations” of the Performance Standard document describes the degree 
to which operations during the study may diverge from the planned operation and still be 
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acceptable.  In general, those past spill operations that were within 5% (or 5 kcfs for Snake River 
and 10 kcfs for Columbia River projects that spill a flat rate) are considered acceptable.  Those 
outside this range will require further discussion.  Another way to look at this is that if the future 
proposed operation is modified to be within 5% (or 5 kcfs for Snake River and 10 kcfs for 
Columbia River projects that spill a flat rate) of the past operation, then the past study result 
would be accepted. 
 
3.  The study operations should be relatively consistent across the study period.  Standard 
block design tests with two treatments will be accepted unless the treatments were so drastically 
different that predator concentrations and their effectiveness may have been affected (thereby 
biasing the dam survival estimate).  Examples of this may be “spill on” vs. “spill off” tests or 
some studies that compared 24 hour spill to 12 hour spill.  In general, it is assumed based on 
previous research such as that by Faler et al. that predators rapidly react to changes in river 
condition and would not be biased by most treatment tests.  Previous studies may not satisfy this 
requirement unless it can be determined that the operational differences have no significant 
effect on the dam survival estimate for the treatment chosen as meeting the performance 
standards. 
 
4.  The past studies must have been conducted over the same period of the migration that 
would be considered for future tests. 
 
5.  Methods used to re-analyze past study results for use in attaining the performance 
standards must be reviewed by the SRWG. The 0.5% improvement in the 2007 Little Goose 
Dam survival estimate as a result of a 2010 re-analysis by the USGS is an example of this 
concern (see Appendix C of the Performance Standard document, John Beeman’s June 8, 2010, 
letter to Marvin Shutters). 
 
6.  The lower error bound of past dam survival estimate results must meet or exceed the 
lower bound required in future studies.  Since future performance studies are required to meet 
a 95% confidence interval of +/-3%, the lower bound limits for past studies would be 93% for 
yearling and 90% for subyearling migrants.  This is further described in Section 2.2.1. of the 
Performance Standard document. 
 
7.  Criteria listed under the Performance Standard document sections 2.2.3, 2.2.5 and 2.2.6 
also apply to past studies.  These include considerations for representative water years, 
variability between test years and transportation operations and run timing. 
 
8.  Past study results that did not meet the survival standards may still be accepted for use 
in performance standards attainment.  The BiOp allows for averaging dam survival results 
among groups of dams which vary depending on the particular ESU in question.  It is therefore 
possible that some past tests that do not meet the 93/96% standard would still be included in the 
“accepted” list.  This is further explained in Section 1.1 of the Performance Standard document. 
 
9.  A single release survival estimate may be accepted as meeting the performance standard 
if it meets the previous conditions stated above.  This may allow the use of study results even 
when the control group survival is suspected of biasing the relative survival estimate. 
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6.   APPENDIX C 


 
United States Department of the Interior 


 
U. S. GEOLOGICAL SURVEY COLUMBIA RIVER RESEARCH LABORATORY 5501-A 


Cook-Underwood Road Cook, WA 98605 USA (509) 538-2299 
 
June 8, 2010 
 
Marvin Shutters 
U.S. Army Corps of Engineers Walla Walla District 
201 North 3rd Avenue 
Walla Walla, WA 99362 
 
Marvin, 
 
This letter is to briefly explain why parameter estimates from a recent reanalysis of some passage 
and survival data differ from those in the original analyses.  On April 14, 2010 you office 
requested that the USGS estimate survival of several groups or conditions that were not included 
with past analyses by USGS at several hydro dams in the Columbia or Snake rivers.  The 
estimates of survival in the original and recent analyses were made using the route-specific 
survival model (RSSM) of Skalski and others (2002) implemented using the user-specified 
estimation routine (USER) software of Lady and others (2009; earlier analyses were based on 
earlier versions).  The recent data request was made to obtain data that were needed for 
evaluation of dam passage survival per the fishery agencies’ current interpretation of the 
biological opinion, which requires information that was not requested during the original studies. 
 
Although the data set was the same between the current and former analyses, slightly different 
point estimates are expected because the model structure for the current analysis was expanded 
to estimate more parameters.  The RSSM is a general framework for estimating recapture 
probabilities, passage probabilities, and survival probabilities that can be structured with as little 
or as much detail as is needed to fit the application.  The form presented in Skalski and others 
(2002) is a simpler representation similar to the models of our previous analyses. These simpler 
forms do not enable estimation of many of the parameters that are currently of interest to fishery 
managers, such as survivals of treatment or control groups in specific reaches (i.e., the single 
release estimates) or pooling the two time periods of Bulk spill treatments at Little Goose Dam in 
2007.  Thus, the model structures in the recent analyses were different than those of the previous 
analyses to enable estimation of more parameters.  Slight differences in results based on models 
with different structures are expected, and the differences in the recent and past analyses are 
reasonable given the precision of the estimates.  One example is the concrete survival of juvenile 
steelhead during the Bulk spill treatment at Little Goose Dam in 2006: the estimate and 95% 
confidence interval in the original analysis was 95.9% (93.3 to 98.1%) and in the recent analysis 
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was 96.4% (94.2 to 98.2%). A more complete description of the methods used and a full listing 
of the parameter estimates based on the revised models will be included in a short USGS report 
later this year. 
 
Please contact me if you have further questions, 
 
John Beeman 
Research Fishery Biologist 
509.538.2299 x257 
jbeeman@usgs.gov 
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Review of the FCRPS Juvenile Dam Passage Performance Standard and Metrics 
State of Oregon 


April 2012 
 
Oregon appreciates the opportunity to review and comment on NOAA Fisheries’ 
document entitled “Federal Columbia River Power System Juvenile Dam Passage 
Performance Standard and Metrics”, dated January 2012 (Standards Paper).  The 
document summarizes performance standards language in the 2008 Biological 
Opinion (2008 BiOp) and the 2010 Supplemental Biological Opinion (2010 Supplement) 
for the Federal Columbia River Power System (FCRPS).  It also describes the “Virtual 
Paired-Release” study design being implemented at FCRPS hydropower projects.  
The objective of the document is to describe the basis of decisions, establishing a 
decision framework for specific hydropower project operations such as spill level.  
The document states that these decisions will be based upon 1) the results of the 
Virtual Paired-Release studies and, 2) on past studies according to criteria identified 
in Appendix B of the document.  Oregon’s overall conclusions and recommendations 
are listed below, followed by more detailed discussion of each point. 
 


○ The Standards Paper should be revised to incorporate a broader assessment of the 
effects of the FCRPS on the entire life cycle of salmon and steelhead and on other 
species, including performance measures for : 


o the effects of passage through the forebays on migration timing and 
survival, 


o spillway passage, 
o delayed/latent mortality associated with passage through bypass 


systems and  
o factors associated with travel time through the FCRPS and timing of 


ocean entry. 
○ Acoustic tag study results should not be the sole basis for project operations 


decisions. 
○ The Standards Paper should establish a collaborative process in which the 


salmon managers work together to develop a comprehensive set of performance 
standards that include, but are not limited to dam passage survival as a measure of 
compliance. 


○ Historic studies should be reviewed collaboratively by the salmon managers to 
assess whether they meet the appropriate assumptions and criteria, before their 
results are used to evaluate performance. 


○ COMPASS does not capture many factors that are known to influence survival; it 
should not be used as a de-facto performance standard. 


○ The Standards Paper should establish a decision framework to determine 
hydropower project operations which are based on an ecosystem approach that 
incorporates all facets project operations and that considers the impacts to the 
extended life-cycle of salmon, steelhead and lamprey. 
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Revising Performance Standards using Adaptive Management 
 
As stated on pages 7 and 8 of the 2009 Adaptive Management Implementation Plan 
(AMIP), adaptive management is a cornerstone of the Reasonable and Prudent 
Alternative (RPA) as modified by the 2010 Supplement: 
 


“The Action Agencies and NOAA Fisheries are managing RPA actions 
adaptively, through 2018, to insure they incorporate the best available 
science and are informed by the current status of listed salmonids.”(pg. 7) 
 
“The 2008 RPA uses adaptive management to respond to results of new 
research and other scientific information on fish survival. As more is 
learned over time, mitigation action and studies will be updated to 
reflect the best available scientific information and to achieve the 
biological opinion performance standards and survival 
improvements...”(pg. 8) 


 
As such, the stated intent of the RPA is to ensure that the FCRPS hydropower projects 
are configured and operated to meet performance standards for fish passage survival and 
their management is subject to modification in response to new fish survival information.  
The Standards Paper appears to endorse this approach by: 
 


○ Stating that adaptive management has been used to modify the juvenile dam 
passage survival methodologies with the intent of addressing potential biases 
associated with different release groups.   


○ Describing how adaptive management will be used to achieve performance 
standards through implementing alternative actions at FCRPS hydropower 
projects as described in the Configuration and Operation Plans (COPs). 


○ Stating that adaptive management may be used to resolve discrepancies between 
actual (measured) and expected (modeled) estimates of in-river reach survival. 


 
Given the apparent commitment to adaptive management and the incorporation of new 
information into decision-making, the RPA, and by extension the Standards Paper, should 
include as a performance measure the effects of passage through forebays on migration 
timing and survival.  In the 2008 BiOp, NOAA Fisheries recognizes the importance of 
effects of passage through forebays, but concludes that establishment of performance 
standards related to the forebay was not supported by available information:  
 


 “NOAA Fisheries considers the “effect zone” of the dams to extend into the 
forebays. However, the available information does not support the 
establishment of a dam survival or delay performance standard that includes 
the forebay. NOAA Fisheries expects that surface passage improvements 
proposed in the RPA will decrease delay and increase survival through the 
forebays of dams that will be configured with new surface passage routes…” 
(2008 BiOp RPA Table, RM&E Strategy 2, pg. 72)   
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Because it has been over four years since NOAA Fisheries’ initial evaluation of available 
information and because substantial new information has since been gathered on travel 
time and survival through forebays and other routes of passage, a re-evaluation of 
available information is in order.  Recent studies have characterized and standardized the 
extent of hydraulic effects of forebays and tailraces and have measured survival and 
residence time.   
 
In addition to new performance standards associated with forebay survival and residence 
time, the RPA, and by extension the Standards Paper, should include performance 
standards associated with spillway passage.  Recent data indicate a strong relationship 
between spill and survival of Chinook, steelhead and sockeye (Figures 1 and 2).  
Tuomikoski et al. (2011) found that juvenile fish travel time and reach survival are 
related to project spill levels, surface spill bypass and water travel time.  For sockeye 
salmon, spill was the primary variable affecting fish travel time.  Improvements in life 
stage-specific and smolt-to-adult survival may be achievable across a range of marine 
conditions through increasing spill percentages and reducing water transit times during 
juvenile salmon out-migration (Haeseker et al. 2012).  Faulkner et al. (2010) concluded 
that, despite relatively lower flows and water velocities in 2010, yearling Chinook salmon 
and steelhead migration rates through the FCRPS were near average, and faster (i.e., 
travel times shorter) than those in years with similar levels of flow.  Relatively high 
spill proportions and the use of surface collectors at most projects likely helped 
compensate for the lower water velocities by shortening fish travel times. 
 
Establishment of spillway passage performance measures also has implications relative 
to the effects on survival of passage through turbines and juvenile fish bypass systems.  
The Independent Scientific Advisory Board (ISAB) concluded that the available 
evidence demonstrates that fish bypass systems are associated with some degree of 
latent mortality (ISAB 2012-1).  This conclusion is supported by studies of juvenile PIT-
tagged Chinook and steelhead which showed reduced adult returns for groups that 
migrated via the juvenile bypass systems (Tuomikoski et al. 2010).  In addition, a broad 
range of evidence indicates that delayed or latent mortality is also associated with juvenile 
fish bypass through powerhouses (FPC Memos May 21, 2009; Feb 3, 2010; Oct 6, 
2010; Jan 19, 2011).     
 
Finally, the RPA, and by extension the Standards Paper, should include performance 
measures associated with travel time through the FCRPS and timing of ocean entry.  
Petrosky and Schaller (2010) showed that lower survival rates for Chinook salmon are 
related to warmer ocean conditions and reduced upwelling in the spring and to slower 
river velocity or multiple passage through powerhouses at dams.  Schaller and 
Petrosky (2007) demonstrated how delayed mortality of Columbia River spring 
Chinook persisted even under favorable ocean conditions, indicating that the operation of 
the FCRPS is a key element contributing to delayed mortality. 
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Figure 1. Lower Granite to McNary 1998-2011 juvenile reach survival versus annual 
spill percentage (FPC 2012). 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure 2. McNary to Bonneville 1998-2011, juvenile survival and juvenile travel time 


versus annual average spill percentage (FPC 2012). 
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Relying on More than the Virtual Paired-Release Model and Study Design for 
Determining Compliance with Dam Passage Survival Performance Standards. 
 
There are unresolved technical issues regarding the implementation and use of results from 
acoustic tag studies.  As a result, these studies should not be the sole basis for project 
operations decisions.  Concerns include questions of whether tagged fish represent the run-at-
large, whether results are biased high and whether the study design enables an objective 
analysis of results.  
 
Evaluating Performance Collaboratively Using Regionally-Endorsed Standards 
 
The RPA, and by extension the Standards Paper, should establish a collaborative process 
in which the salmon managers work together to develop a comprehensive set of 
performance standards that include, but are not limited to dam passage survival as a 
measure of compliance.  This collaborative process should promote scientific consensus 
on whether the standards are being met by encouraging collaboration and cooperation in 
the design of studies and interpretation of results relative to the standards.  The Studies 
Review Workgroup (SRWG) should be part of the collaborative process.   
 
Using Caution when Evaluating Performance Based on Results from Historic 
Studies 
 
Historic studies were not designed as performance standards tests and may not meet 
required assumptions and criteria, as described in the Standards Paper (Section 2.2- 
Criteria for Successful Performance Standards Tests and Appendix B).  In many cases, 
study designs and results are not reported in sufficient detail to ascertain whether they 
meet the requirements for performance standards studies.  Before specific historic studies 
are used to evaluate performance, they should be reviewed collaboratively by the salmon 
managers to assess whether they meet the appropriate assumptions and criteria.  
 
Properly using COMPASS Modeling of In-River Survival Metrics  
 
The Standards Paper states that, in addition to dam passage survival, other metrics, such 
as in-river survival, will be developed as part of the overall RM&E hydropower program.  
NOAA Fisheries intends to periodically use COMPASS modeling to update expected in-
river survival estimates and compare those to observed estimates based on field studies.  
Discrepancies between expected and observed estimates of in-river survival could trigger 
the adaptive management process to determine the causes of the discrepancies and 
identify corrective actions.  Using COMPASS modeling results to estimate expected in-
river survival effectively establishes these estimates as a de-facto performance standard.  
However, given acknowledged limitations of COMPASS, the data it relies on as well as 
other factors known to influence survival in ways that are not captured or addressed by 
COMPASS makes its use as a standard inappropriate.   
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Applying an Alternative Decision Framework Consistent with the 2008 BiOp 
and 2010 Supplement 
 
A decision framework, as described in the scientific literature, is defined as a method 
of organizing and evaluating information, leading eventually to the making of a 
decision.  Linkov (2006) suggests multi-criteria decision analysis and adaptive 
management as a viable approach to ecosystem management decisions.  In the Standards 
Paper, NOAA Fisheries proposes to base decisions about hydropower project 
operations entirely on either the results of virtual paired-release acoustic tag studies 
or, in their absence, on historic study results. 
 
A decision framework to determine hydropower project operations should be based upon 
an ecosystem approach and should incorporate the apparent impacts of hydropower 
project operations on all salmon, steelhead and lamprey life stages.  Because the 
proposed decision framework in the Standards Paper does not consider the effects of 
hydropower project operations on the extended life-cycle of salmon, steelhead and 
lamprey, it is inconsistent with the multi-level life cycle basis of the analyses in the 2008 
BiOp and 2010 Supplement.  Performance evaluations should include all facets of project 
operations such as operating pool elevation, level of spill, timing of spill and duration of 
spill for fish passage.  Evaluations should consider all impacts of project operations 
including spill passage efficiency, forebay passage delay, forebay survival, juvenile reach 
survival, fish travel time, project survival, early ocean survival, smolt-to-adult return, and 
effects on other species such as lamprey and bull trout.  
 
In Summary 
 
Although the FCRPS has been shown to affect the entire juvenile life stage and other 
components of the salmon and steelhead life cycle, the approach to performance 
evaluations in the Standards Paper only considers effects on one component of one life 
stage, and does not address any impacts on other species.  The Standards Paper should be 
revised to incorporate a broader assessment of the effects of the FCRPS on the entire life 
cycle of salmon and steelhead and on other species. 
 
Oregon appreciates the opportunity to comment on the Standards Paper and looks 
forward to working collaboratively with NOAA Fisheries, the salmon managers and the 
Action Agencies to improve the document by revising the decision framework and 
including additional performance standards based on the best scientific information 
currently available.  
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Response to the April 2012 State of Oregon’s Comments on the draft document entitled: 
Federal Columbia River Power System Juvenile Dam Passage Performance Standard and Metrics 


 
Oregon comment 1: The Standards Paper should be revised to incorporate a broader assessment of the 
effects of the FCRPS on the entire life cycle of salmon and steelhead and on other species, including 
performance measures for: 


• the effects of passage through the forebays on migration timing and survival 
• spillway passage 
• delayed/latent mortality associated with passage through bypass systems and 
• factors associated with travel time through the FCRPS and timing of ocean entry. 


 
Response to Oregon comment 1: Juvenile Dam Passage Performance Standards (JDPPS) are but one 
element of the suite of metrics described in the 2008 Federal Columbia River Power System (FCRPS) 
biological opinion designed to monitor and evaluate measures implemented to improve survival rates of 
salmon and steelhead migrating through the mainstem FCRPS dams.  The JDPPS was specifically 
developed to assess whether minimum juvenile survival rates are being achieved as a result of 
operational or configurational improvements at individual dams.  Other metrics are designed to assess 
the survival of juvenile and adult migrants through longer reaches which include multiple dams and 
reservoirs.  Ultimately, the 2008 FCRPS biological opinion relies upon ESU-level and population 
monitoring (abundance and productivity metrics) to assess the overall status of the affected salmon and 
steelhead species. 
 
Many of the additional performance measures advocated by Oregon were considered in developing the 
dam operations and configurations that are to be tested using the methodology outlined in the JDPPS 
paper.  New life-cycle models, currently being developed in collaboration with regional co-managers, 
will serve as a tool for “broader assessments” of effects that Oregon has requested as part of the JDPPS 
paper. 
 
Oregon comment 2: Acoustic tag study results should not be the sole basis for project operations 
decisions. 
 
Response to Oregon comment 2: Performance standard evaluations using acoustic telemetry methods 
are used to validate (or invalidate) operation and configuration decisions; not make them.  Dam 
configuration and operations intended to meet JDPPS at FCRPS dams are based on the body of past 
biological and engineering studies, interpretation and input from the Fish Facility Design Review Work 
Group (FFDRWG), Studies Review Work Group (SRWG), Systems Configuration Team (SCT), and Fish 
Facility Operations and Maintenance Committee (FPOM).  While the overarching goal of improving dam 
operations and configurations for juvenile fish passage has been on achieving JDPPS, other factors 
considered by the Corps and the regional work groups include effects on adult and juvenile lamprey 
passage, adult salmon passage, adult salmon return rates, water quality, resident fish species, life-cycle 
costs, time to implement, technical feasibility, and uncertainty (risk).  Examples of the analysis 
framework, data and information used, and regional participation in these decisions are documented in 
the Bonneville, John Day, and The Dalles Configuration and Operation Plans.  Lamprey are addressed in 
the Corps’ 10-year Lamprey Passage Plan.  Oregon has been an active participant in the development of 
all of these plans. 
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Oregon comment 3: The Standards Paper should establish a collaborative process in which the salmon 
managers work together to develop a comprehensive set of performance standards that include, but are 
not limited to dam passage survival as a measure of compliance. 
 
Response to Oregon comment 3: See response to comment 2. 
 
Oregon comment 4: Historic studies should be reviewed collaboratively by the salmon managers to 
assess whether they meet the appropriate assumptions and criteria, before their results are used to 
evaluate performance. 
 
Response to Oregon comment 4: Agree.  The Corps will be scheduling special SRWG sessions to review 
historic data to determine whether past study results meet the agreed upon criteria and qualify as 
meeting the JDPPS. 
 
Oregon comment 5: COMPASS does not capture many factors that are known to influence survival; it 
should not be used as a de-facto performance standard. 
 
Response to Oregon comment 5: COMPASS has no bearing on the JDPPS testing protocols.  We disagree 
that NOAA Fisheries’ COMPASS model does not capture many factors known to influence survival.  The 
model has been favorably reviewed by the ISAB on three occasions; it is calibrated using PIT tag data; 
and it includes explanatory variables like travel times and temperature.  Furthermore, it estimates the 
proportion of fish passing individual projects via the available passage routes.  At this time, we are 
certain that it is the best tool available for comparing expected improvements as estimated in the 2008 
FCRPS BiOp with the empirical reach survival estimates from the PIT tag survival studies. 
 
Oregon comment 6: The Standards Paper should establish a decision framework to determine 
hydropower project operations which are based on an ecosystem approach that incorporates all facets 
project operations and that considers the impacts to the extended life-cycle of salmon, steelhead and 
lamprey.  
 
Response to Oregon comment 6:  Agree.  We believe we are doing this.  Responses to comments 1 and 
2 address this issue. 





