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Executive Summary

The Secretary of the Department of the Interior is required to decide if implementation of the
Klamath Hydropower Settlement Agreement (KHSA) and Klamath Basin Restoration
Agreement (KBRA): (1) will advance restoration of the salmonid fisheries of the Klamath Basin;
and 2) is in the public interest. There are two alternative management scenarios before the
Secretary of the Interior that must be addressed in the Secretarial Determination: (1) Conditions
with the lower four dams on the Klamath River in place and ongoing programs under existing
laws and regulation, also referred to herein as the “Current Conditions”; and, (2) Removal of
the lower four dams on the Klamath River and implementation of KBRA, also referred to herein
as the “Proposed Action”.

The Chinook salmon Expert Panel (Panel) was convened to attempt to answer a list of specific
questions (Appendix B) that had been formulated by the project stakeholders to assist with
assessing the effects of these two actions on Chinook salmon (Oncorhynchus tshawytscha). The
Panel carefully considered the following overarching question: Based on available information,
is the Proposed Action likely to increase abundance of naturally spawned Klamath River
Chinook salmon substantially above abundance expected under Current Conditions?

The Proposed Action appears to be a major step forward in conserving target fish populations
compared with decades of vigorous disagreements, obvious fish passage barriers, and
continued ecological degradation. The Panel concluded that a substantial® increase in Chinook
salmon is possible in the reach between Iron Gate Dam and Keno Dam. An increase in Chinook
salmon upstream of Keno Dam is less certain. Within the range of pertinent uncertainties, it is
possible that the increase in Chinook salmon upstream of Keno Dam could be large, but the
nature of the uncertainties precludes attaching a probability to the prediction by the methods
and information available to the Panel. The principal uncertainties fall into four classes: the
wide range of variability in salmon runs in near-pristine systems, lack of detail and specificity
about KBRA, uncertainty about an institutional framework for implementing KBRA in an
adaptive fashion, and outstanding ecological uncertainties in the Klamath system that appear
not to have been resolved by the available studies to date.

Most reports and presentations received by the Panel predicted very optimistic results for
Chinook salmon from the Proposed Action. The Panel is equally hopeful, but notes several
factors that temper its enthusiasm. Those factors and its position, therefore, may seem
pessimistic to some readers of this report. But the Panel sees its charge as listing concerns in the

! The term “substantial” should be understood here to mean a number of fish that contributes more than a trivial
amount to the population. Thus, the Panel envisions a number very roughly about 10percent of the average number
of natural spawners. This is on the order of 10,000 spawners, which is also within the range of calculations that have
been made based on new habitat made available. The larger this threshold is, the more likely would be a negative
conclusion about the likely success of the Proposed Action compared to Current Conditions. The Panel does not
suggest that this figure is a likely increase or a minimum increase that is expected. It is used only as a benchmark for
our discussions and to provide a basis for interpreting our response to the question.
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spirit of scientific openness and as research challenges and opportunities that if resolved
successfully will increase the likelihood of success resulting from the Proposed Action. The
Panel concludes that achieving substantial gains in Chinook salmon abundance and distribution
in the Klamath Basin is contingent upon successfully resolving the following nine factors:

1. Water Quality. The limitations on access to the upper basin because of water quality
problems in Upper Klamath Lake (UKL) and Keno Reservoir (KR) are resolved. The
water quality issues must be solved if the principle of minimizing ongoing intervention,
as stated in the KBRA, is to be followed. Otherwise, the benefits of access to the upper
basin habitat will not be fully realized.

2. Disease. Changes in hydrology, sediment movement, and spawning distribution reduce
disease incidence to levels that do not cause high mortality in out-migrating juveniles or
pre-spawning adults.

3. Colonization of the Upper Basin. Chinook salmon are able to migrate freely to the
upper basin, adapt to new conditions, and successfully complete the upper basin portion
of their life cycle.

4. Harvest and Escapement. Chinook salmon are sufficiently abundant after escaping the
fisheries to colonize all habitats, including newly accessible habitat.

5. Hatchery Versus Wild. Straying of hatchery Chinook salmon to spawning grounds does
not overwhelm the evolution of new life histories that develop to capitalize on new
habitat.

6. Predation. Predation by redband trout and other predators is sufficiently low.

7. Climate Change. The buffering effect of greater upper basin access is not overwhelmed
by climate change, or by a climate regime shift wherein drought and continued high
agricultural water demands are persistent features.

8. Fall Flows. Any reduction in productivity of Chinook salmon associated with lower fall
flows is sufficiently small compared to the magnitude of productivity gains.

9. Dam Removal Impacts. Dam removal does not have a substantial multi-year adverse
impact on mainstem Chinook salmon.

The more of the listed factors successfully resolved, the greater the chances of successful
rehabilitation of Chinook salmon in the Klamath Basin. Addressing all nine factors will
maximize the chances for success of the Proposed Action. In the situation here, the uncertainties
act to hinder success, although it is possible that uncertainty in some cases can also result in a
larger response than planned or expected. The Panel acknowledges that the success of the
Proposed Action may not require resolving all of the factors; but it cannot determine at this time
the relative importance of the different factors to Proposed Action success - partly because they
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covary. The Panel has strong reservations that KBRA, as presently described, will address all
these conditions to the extent required to achieve a substantial increase in upper basin Chinook
salmon with reasonable certainty. This is based on the Panel’s collective experience with other
large-scale restoration programs. Insofar as KBRA is open-ended and must be capable of
evolving and coping with uncertainty, the Panel was concerned about a tenth factor that will
bear on that evolution:

10. Scientific Leadership. A governance structure for the overall program is established
that includes a science program with a strong Lead Scientist. The science program,
which must be integrated with the rehabilitation’ program, should be tasked to
implement modeling, monitoring, data management, analysis, assessment, and
reporting. And, of course, the rehabilitation program will need to be funded adequately.
The science program provides the feedback that is essential to adaptive management.

The Panel notes that formal modeling, based on thorough synthesis of information and using
rigorous statistical methods for quantification and propagation of uncertainties, is the preferred
approach for estimating probabilities of uncertain outcomes. The Panel has declined to attempt
this by informal means.

The Panel reviewed the ongoing Chinook salmon life cycle modeling efforts and concluded that
this effort was off to a promising start, but with considerable work yet to be done. If sufficient
high quality data are acquired, and the modeling is completed and implemented successfully,
such modeling could calculate the probabilities at which the Panel chose not to estimate. The
Panel offers specific comments (Appendix A) to improve the development and implementation
of the life cycle modeling.

2 We use the word “rehabilitation” (a structurally and functionally adequate condition) throughout because
“restoration” infers a return to natural conditions (which is currently impossible given the intensive and extensive
economic development in the basin). Also see Roni et al. (2008).
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1.0 Introduction

The allocation of water among competing uses in the Klamath Basin (Figure 1) has long been
contentious. In recent years, stakeholders began discussions to reach a settlement agreement
that would help resolve some of the water resource management conflicts in the basin. In
February 2010, two settlement agreements were signed. Six dams occur along the Klamath
River between Upper Klamath Lake and Interstate 5 (Figure 2). These dams include Iron Gate,
Copco 2, Copco 1, J. C. Boyle, Keno Dam, and Link River Dam. The Klamath Hydroelectric
Settlement Agreement (KHSA) would result in the removal of Iron Gate, Copco 2, Copco 1, and
J. C. Boyle dams, as well as facilities of the Klamath Hydroelectric Project located on the
Klamath River and operated by PacificCorp. The removal of the four dams together with
improvement of fish passage facilities at the remaining Keno Dam and Link Dam would permit
upstream passage by anadromous fish to some historically occupied habitats. The Klamath
Basin Restoration Agreement (KBRA) addresses basin-wide environmental rehabilitation and
resource management. The Secretary of the Department of the Interior is required by March 31,
2012 to decide if implementation of the settlement agreements: (1) will advance restoration of
the salmonid fisheries of the Klamath Basin; and 2) is in the public interest.

1.1 Secretarial Determination

Two alternative management scenarios before the Secretary of the Interior must be addressed in
the Secretarial Determination. The first is conditions with dams, under which there would be no
change from current management (Current Conditions). The second is conditions without four
of the six dams and with implementation of KBRA (Proposed Action). This alternative would
include removal of the lower four Klamath River dams that are part of the Klamath
Hydroelectric Project, and implementation of the full range of actions and programs of the
KBRA.

To evaluate the impacts of these alternative scenarios on native fish resources in the Klamath
River Basin, the U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries
Service (NMFS) determined that existing and new scientific information regarding native fishes
and environmental conditions must be reviewed and evaluated by expert panels. This report
presents the findings of the Chinook salmon Expert Panel (Panel). Details relating to the review
process and Panel selection are presented in Appendix D. Panelist resumes are presented in
Appendix E.
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1.2

Alternatives

The two alternatives considered by this Panel are Current Conditions and Proposed Action.

Current Conditions
No change from current management. The Panel understood the Current Conditions to include:

1.

8.

9.

Continued operation of the Klamath Hydroelectric Project in the same manner it is
currently operated;

Meeting the apparently contradictory flow and lake level requirements of the NMFS
Biological Opinion for coho salmon and the USFWS Biological Opinion for shortnose
and Lost River suckers in the Klamath Basin;

Implementation of Interim Conservation Plan (ICP) interim measures (PacifiCorp 2008);

Implementation of the Upper Klamath Lake Drainage Total Maximum Daily Load
(TMDL) and Water Quality Management Plan, as required by the Oregon Department of
Environmental Quality (ODEQ 2002; 2010);

Implementation of the Action Plan for the Klamath River TMDLs addressing
temperature, dissolved oxygen, nutrient, and Microcystis impairments in the Klamath
River in California and Lower Lost River, as required by the California North Coast
Regional Water Quality Control Board (NCRWQB 2010);

Various fishery management plans prepared by the Oregon Department of Fish and
Wildlife and the California Department of Fish and Game;

Effects of climate change on the hydrology of the Klamath River watershed;
Periodic regime shifts in ocean productivity for salmonids; and

Implementation of ongoing rehabilitation actions (Stillwater Sciences 2010).

Proposed Action
Removal of the lower four Klamath Hydroelectric Project dams (Iron Gate, Copco 1, Copco 2,

and J.C. Boyle, also known as the Project Reach), and the full range of actions to implement the
KBRA. The Panel understood the Proposed Action to include:

1. Removal of the four dams and reservoirs listed previously;
2. Full implementation of the KBRA rehabilitation actions listed in Appendix C-2 of the
KBRA and summarized by Stillwater Sciences (2010) for the watershed downstream of
Keno Dam and by Barry (2010) for the watershed upstream of Keno Dam;
3. Implementation of the non-ICP interim measures listed in Appendix D of the KSHA;
and,
Klamath River Expert Panel Final Report
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4, Ttems 3-9 listed above for Current Conditions.

1.3 Role and Nature of Panel

The Panel was asked to make a scientific assessment of the impact of two strategies for river
management (the Proposed Action and Current Conditions) on Chinook salmon of the Klamath
River Basin (excluding the Trinity River). The overarching (key) question to the Panel was: will
the Proposed Action lead to more Chinook salmon? In addressing the overarching question, the
Panel was provided three sets of questions developed by the Technical Management Team
(TMT), which included scientists with expertise in a variety of technical disciplines relevant to
the review process, as well as interested stakeholders. The questions consisted of general
questions as well as questions specific to Chinook salmon. The Panel used these additional
questions for guidance rather than providing specific answers to each question. The original set
of questions, including a summary table, background information, and commentary, are
provided in Appendix B.

A wide variety of information was available to the Panel on the life history of Chinook salmon
and the biological, chemical and physical environments in the Klamath Basin. The scope of
the Panel's task was a week of reading before a one-week workshop consisting of two days of
presentations and four days of writing and editing, which was followed by about one month of
email correspondence, further reading, and editing. The Panel was provided nearly 800
documents and web-links, which would have taken many months of full-time work to read,
digest, and synthesize. The effort by the Panel was considerably greater than the budgeted time,
which was less than two weeks. Therefore, the Panel focused on the overarching question and a
subset of the documents, and divided tasks according to each Panelist's expertise.

The timeliness, quality, documentation, and usefulness of the information available to the Panel
were highly variable. The key challenge for the Panel, therefore, was to evaluate the information
provided by agencies and stakeholders, to merge this information with the knowledge base that
the Panel brought to the subject, and to logically describe potential outcomes of the two
alternatives. The Panel did not have the time or resources to examine original data or re-do
analyses, even when such actions seemed straightforward and appropriate for the assigned
task. Thus, the analytical method of the Panel involved assessing and interpreting the likely
reliability and relevance of the technical information supplied to it, evaluating the relevance of
this information to the biology of Chinook salmon, and predicting the impacts of the two
alternatives related to salmon abundance and harvest in the future.

Given this context, the findings presented in this report represent the collective expert opinion
of the Panel developed during a six-day workshop. The assessment as conducted by this Panel
combined qualitative and quantitative information with professional experience to estimate
potential outcomes of the two alternatives, which in turn allowed the Panel to at least partially
address the questions posed by project’s stakeholders (see Appendix B).

Klamath River Expert Panel Final Report
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The Panel compliments the TMT and other Klamath Basin scientists for the substantial body of
research conducted and provided, their willingness to openly share insights about that research,
and their thoughtful and helpful reviews of the draft Expert Panel Report on Chinook salmon.
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2. Rationale for the Conditions for Success

The Panel carefully considered the following overarching question: Based on available
information, is the Proposed Action likely to increase abundance of naturally spawned Klamath
River Chinook salmon substantially above abundance expected under Current Conditions?

The Panel concluded that a substantial’ increase in Chinook salmon is possible in the reach
between Iron Gate Dam and Keno Dam. A modest or substantial increase in Chinook upstream
of Keno Dam is less certain. Within the range of pertinent uncertainties, it is possible that the
increase in Chinook salmon upstream of Keno Dam could be large, but the nature of the
uncertainties precludes attaching a probability to the prediction by the methods and
information available to the Panel. The principal uncertainties fall into four classes: the wide
range of variability in salmon runs in near-pristine systems, lack of detail and specificity about
KBRA, uncertainty about an institutional framework for implementing KBRA in an adaptive
fashion, and outstanding ecological uncertainties that have not been resolved by the available
studies to date.

Achieving substantial gains in Chinook salmon with the Proposed Action is contingent upon
the following nine factors being adequately addressed, stated briefly:

1. Water Quality. The limitations on access to the upper basin because of water quality
problems in Upper Klamath Lake (UKL) and Keno Reservoir (KR) are resolved. The
water quality issues must be solved if the principle of minimizing ongoing intervention,
as stated in the KBRA, is to be followed. Otherwise, the benefits of access to the upper
basin habitat will not be fully realized.

2. Disease. Changes in hydrology, sediment movement, and spawning distribution reduce
disease incidence to levels that do not cause high mortality in out-migrating juveniles or
pre-spawning adults.

3. Colonization of the Upper Basin. Chinook salmon are able to migrate freely to the
upper basin, adapt to new conditions, and successfully complete the upper basin portion
of their life cycle.

4. Harvest and Escapement. Chinook salmon are sufficiently abundant after escaping the
fisheries to colonize all habitats, including newly accessible habitat.

¥ The term “substantial” should be understood here to mean a number of fish that contributes more than a trivial
amount to the population. Thus, the Panel envisions a number very roughly about 10percent of the average number
of natural spawners. This is on the order of 10,000 spawners, which is also within the range of calculations that have
been made based on new habitat made available. The larger this threshold is, the more likely would be a negative
conclusion about the likely success of the Proposed Action compared to Current Conditions. The Panel does not
suggest that this figure is a likely increase or a minimum increase that is expected. It is used only as a benchmark for
our discussions and to provide a basis for interpreting our response to the question.
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5. Hatchery Versus Wild. Straying of hatchery Chinook salmon to spawning grounds does
not overwhelm the evolution of new life histories that develop to capitalize on new
habitat.

6. Predation. Predation by redband trout and other predators is sufficiently low.

7. Climate Change. The buffering effect of greater upper basin access is not overwhelmed
by climate change, or by a climate regime shift wherein drought and possible continued
high agricultural water demands are persistent features.

8. Fall Flows. Any reduction in productivity of Chinook salmon associated with lower fall
flows is sufficiently small compared to the magnitude of productivity gains.

9. Dam Removal Impacts. Dam removal does not have a substantial multi-year adverse
impact on mainstem Chinook salmon.

The more of the listed factors successfully resolved, the greater the chances of successful
rehabilitation of Chinook salmon in the Klamath Basin. Addressing all nine factors will
maximize the chances for success of the Proposed Action. In the situation here, the uncertainties
act to hinder success, although it is possible that uncertainty in some cases can also result in a
larger response than planned or expected. The Panel acknowledges that the success of the
Proposed Action may not require resolving all of the factors; but it cannot determine at this time
the relative importance of the different factors to Proposed Action success - partly because they
covary. The Panel has strong reservations that KBRA, as presently defined, will address all
these conditions to the extent required to achieve a substantial increase in upper basin Chinook
salmon with reasonable certainty. This is based on the Panel’s collective experience with other
large-scale restoration programs. Insofar as KBRA is open-ended and must be capable of
evolving and coping with uncertainty, the Panel was concerned about a tenth factor which will
bear on that evolution:

10. Scientific Leadership. A governance structure for the overall program is established
that includes a science program with a strong Lead Scientist. The science program,
which must be integrated with the rehabilitation® program, should be tasked to
implement modeling, monitoring, data management, analysis, assessment, and
reporting. And of course the rehabilitation program will need to be funded adequately.
The science program provides the feedback that is essential to adaptive management

The following discussion presents the detailed rationale for each of the conditions for success.
During the course of developing these discussions, the Panel reviewed both the general and
Chinook salmon-specific questions (Appendix B). Upon reviewing the alternatives and the
Chinook salmon-specific and general questions, the Panel decided that ten major factors or

* We use the word “rehabilitation” (a structurally and functionally adequate condition) throughout because
“restoration” infers a return to natural conditions (which is currently impossible given the intensive and extensive
economic development in the basin). Also see Roni et al. (2008).
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conditions needed to be addressed. These are discussed below with answers to the review
questions originally posed®.

2.1  Water Quality (C-3, C-5, C-7, C-13)

Factor 1. The limitations on access to the upper basin because of water quality problems in
Upper Klamath Lake (UKL) and Keno Reservoir (KR) are resolved. The quality issues must
be solved if the principle of minimizing ongoing intervention, as stated in the KBRA, is to be
followed. Otherwise, the benefits of access to the upper basin habitat will not be fully
realized.

The Proposed Action should reduce nutrient loading and thermal inputs into UKL and KR to
some extent if one assumes that the KBRA will provide otherwise unavailable funding for
implementation of TMDL (total maximum daily loads) (ODEQ 2002, 2010). Under Current
Conditions, it is less likely that TMDLs would be met. However, the major Proposed Actions for
reducing those inputs, wetland rehabilitation and riparian re-vegetation, are unlikely to
produce substantial improvements in water quality of UKL and KR for several reasons.

High natural loading of phosphorus (P) from the watershed (Eilers et al. 2004) is magnified by
anthropogenic loading from irrigated agriculture and other sources; a low N:P ratio in the
inputs favors blooms of nitrogen-fixing cyanobacteria in UKL. Growth and subsequent decay of
the cyanobacteria release ammonium, elevate pH (converting ammonium to the toxic form of
ammonia), depress dissolved oxygen (DO), and raise biochemical oxygen demand (BOD). This
problem is particularly acute in KR, where additional loading of low-quality agricultural drain
water combines with an annual die-off of cyanobacteria to produce a region of persistently low
DO during the summer and fall. All of these effects are exacerbated by high summer-fall
temperature and high sediment oxygen demand in KR.

The current problem caused by blooms of the toxic cyanobacteria Microcystis aeruginosa in the
four lower reservoirs will likely be eliminated by the removal of the four dams, because M.
aeruginosa generally grows best in stratified water and does poorly when the water is well
mixed (Paerl et al. 2001). It is also nitrogen limited (Moisander et al. 2009), and presumably for
that reason, does not bloom in UKL or KR. However, releasing excessive amounts of nutrients
to the Klamath River, in the absence of the four lower dams (Asarian et al. 2010), means that the
river, versus the reservoirs, will process the nutrients, perhaps in the form of excessive
Cladophora biomass or increased periphyton production down river. Algal biomass and
production will vary with distance from the project area, N and P concentrations, turbidity, and
substrate stability. These changes could elevate pH, lower night time dissolved oxygen, and
cause gas supersaturation during afternoons in local areas.

® The notation or code used for the review questions is as follows: C and G refer to Chinook salmon and General
questions, respectively. The numbers following the letter refer to the specific question. For example, C-5 is Chinook
salmon question 5. Because the questions have multiple elements, a question may be addressed in more than one of
the conditions for success. The original set of questions, including background information and commentary, are
provided in Appendix B.
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These problems are clearly central to the thinking that went into KBRA. The supporting
documents show concern with attempting to mitigate these problems, and a commendable
effort to model the processes involved. A substantial fraction of KBRA funding is aimed at
reducing nutrient loading. Furthermore, the large uncertainties about the prospects for
improving water quality have been acknowledged by a call for substantial funding for further
investigations. These investigations are presumably intended to develop an effective plan for
alleviating the problems with water quality.

The Panel is nevertheless very concerned that the magnitude of the proposed solutions may not
match the scope and extent of the water quality problem. The principal question we ask is if the
most effective methods for source reduction could be found and implemented, would the
problems for fish be sufficiently reduced? More specifically for the scope of this Panel, would
these actions ultimately allow free passage of adult Chinook salmon through KR and UKL?

The TMDLs call for a 40 percent reduction in external phosphorus loading to UKL. Is this
sufficient to solve the water quality problems? The TMDL analysis predicts massive algal
blooms in two of eight years under the TMDLs (citation in ODEQ 2010; analysis not provided).
Thus, it appears that TMDLs may be insufficient to provide water quality conditions conducive
to fish passage in all years. We might ask, then, what is the relationship between nutrient
loading and algal biomass, and how much would peak-bloom algal biomass decrease for a
given reduction in loading? There is a clear conceptual relationship between nutrient loading to
a water body and algal biomass; as loading increases, there comes a point beyond which the
rate of increase of biomass reaches an asymptote (Figure 3). This effect, due essentially to
declining efficiency of the system to capture nutrients, has been observed in many places.

6 s

Loading

Figure 3. Conceptual relationship of steady-state nutrient loading from the watershed to
biomass of cyanobacteria in a water body. Arrows indicate two regions of the relationship
with different responses (see text).

Algal Biomass

Klamath River Expert Panel Final Report
Chinook Salmon Page 10 June 13,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

If the initial nutrient loading is on the rising limb of the curve (Arrow A), then reductions in
loading will result in nearly proportional reductions in biomass. Conversely, a starting point
out much farther on the loading axis where algal biomass has saturated (Arrow B) will produce
very little benefit for an incremental reduction in loading. There is some evidence that the
Klamath system is on the saturated limb of the curve: cyanobacterial blooms in summer fail to
use up all of the phosphorus but drive dissolved iron (a naturally-occurring micronutrient that
is abundant in volcanic rocks) down to limiting levels (Kuwabara et al. 2009). Thus considerable
reduction in phosphorus loading likely would be needed to reduce or limit cyanobacterial
blooms. Therefore the Panel wonders where on this curve the system is at present, and whether
this concept is part of the thinking that went into the proposed 40 percent reduction in loading.

Most KBRA actions for nutrient control call for construction of wetlands and riparian buffer
zones to capture and sequester nutrients. The Panel asks whether the needed reductions can be
achieved with an attainable area of wetlands, or conversely what reduction could be achieved
by the wetlands to be constructed under KBRA (pending outcome of investigations). The
following rough calculation illustrates our point. Some natural wetlands can sequester
something on the order of 1 gram (g) of P per square meter per year, or about 0.01 tons (T) per
hectare (Ha) per year (y) (T/Ha/y) (Mitsch et al. 1995). The total external loading of P to UKL is
about 182 T/y (ODEQ 2002, Table 2-4). To sequester that amount of P would, therefore, require
about 18,000 Ha of wetlands, which is about 78 percent of the area of UKL or about 40 percent
of the area of irrigated agriculture in the UKL basin. This does not seem like a feasible level of
effort for KBRA. A higher level of P sequestration, up to 0.1 T/Ha/y as observed in some
treatment wetlands (Kadlec and Wallace 2009), or a lower goal for P sequestration, would
increase the feasibility of P sequestration.

An additional difficulty, acknowledged in KBRA and in other documents, is the large pool of
phosphorus and other nutrients in the sediment. The flux of these nutrients (called an "internal
source") into the water column of UKL exceeds the loading from the watershed (Kuwabara et al.
2009). This implies a decades-long lag between reduction in nutrient loading from the
watershed and effective reduction of concentrations in the lake.

Control of high temperatures in UKL and KR also seems infeasible. Modest increases in
effective shade with TMDLs are projected to provide an additional 190 km of optimal stream
fish habitat, reducing the length of suboptimal habitat from 61 percent to 17 percent in streams
tributary to UKL. But UKL and KR will remain warm with June-September temperatures >20 °C
meeting the proposed water quality criteria, but not protective of salmon (McCullough 2010;
USEPA 2003). Although Strange (2010) reported that adult Klamath River Chinook salmon
migrated upriver successfully at temperatures of 22-24 °C, migration was prevented when
dissolved oxygen was <5 milligrams (mg) per liter (L) (mg/L). Following projected TMDL
BOD reductions, dissolved oxygen is expected to meet the criteria for warm-water fish of 6.5
mg/L (30 day mean minima) and 4.0 mg/L (absolute minimum), whereas the respective cold-
water criteria are 8.0 mg/L and 6.0 mg/L. The higher temperatures together with lower
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dissolved oxygen in KR and UKL may continue to pose a bottleneck for adult salmon migrating
through the lake, even if TMDLs could be achieved.

We have serious reservations that the required waste load allocations will be achieved because:
(a) effectively controlling diffuse pollution remains challenging at the basin scale; (b) all best
management practices may not result in meeting TMDLs; (c) regulatory mechanisms for
agriculture depend largely on education, voluntary compliance, and financial aid; (d) clear
timetables and specification of particular actions are lacking; and (e) increased fire and drought
frequency resulting from climate change will delay and possibly prevent attainment (AFS 2010;
ODEQ 2002; ODEQ 2010).

Recommendations: Although water quality improvements are more likely under the Proposed
Action than Current Conditions, the Panel is concerned by what may be an unrealistically
optimistic view of the prospects for remediation of hyper-eutrophication, echoing the
conclusions of the NRC (2004). The following recommendations are intended to help the
agencies develop a better grasp of the level of effort and the kinds of actions that would be
needed to effectively remediate the water quality problem.

Determine mass balances to roughly calculate the effects of each of the potential kinds of actions

(e.g., riparian re-vegetation, wetland construction) on nutrient loadings and concentrations in
the target water bodies. These calculations should explore the magnitudes of reductions
potentially available by reasonable levels of rehabilitation.

Expand water quality modeling of UKL to include a 3-dimensional circulation model with

cyanobacteria and sediment components. The purpose of this model would be to explore how
hydrology interacts with loading, weather conditions, and other factors to influence blooms.
Three-dimensional modeling is needed because circulation in UKL is wind-driven and algae
float and is transported by wind action. Additional models (perhaps 1-D) should explore the
interaction between eutrophication and sediment conditions.

Consider removal of Keno Dam and Reservoir, because the dam creates a 21-mile barrier to fish

passage.

Evaluate reductions in irrigated agriculture for lands draining to UKL and the Lost River for
their feasibility to reduce summer and fall nutrient additions from those waters. Consider
managing the refuges to further emphasize their benefits for fish and wildlife, which can be in
contrast to their agricultural objectives.

2.2 Disease (C-6, C-7, C-13)

Factor 2. Changes in hydrology, sediment movement, and spawning distribution reduce
disease incidence to levels that do not cause high mortality in out-migrating juveniles.

Incidence of infection and subsequent mortality caused by parasitism by two myxozoans in the
Klamath mainstem has been well documented (e.g., Bartholomew 2006, Bartholomew et al.
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2007, Stocking et al 2006, Hallett and Bartholomew 2006, Foott et al. 2010). An intense infectious
zone downstream of Iron Gate Dam is probably due to a confluence of high concentrations of
the intermediate host (a polychaete worm) and large numbers of Chinook salmon carcasses,
some of them highly infected. Worm abundance may be maintained at high levels by high
concentrations of organic matter in the discharge from UKL, stable hydrology, and limited
sediment movement and low sediment concentrations in the Klamath River.

Disease-related mortality appears, in many years, to contribute substantially to poor survival of
out-migrating juvenile Chinook salmon passing through the infectious zone. Thus, the overall
success of the Proposed Action for Chinook salmon appears to hinge to a large degree on the
potential for reduction in disease.

Although several aspects of the Proposed Action could lead to a reduction in disease-related
mortality, uncertainty about these aspects is very high. Access by Chinook salmon adults to the
upper basin could reduce incidence through dilution of the density of carcasses in any one
reach. However, the extent of the reduction is uncertain (partly because of the presence of the
Iron Gate hatchery and many carcasses nearby in the mainstem), and this scenario imposes a
risk of simply moving the problem to wherever large spawning aggregations co-occur with
high polychaete densities. Manipulation of flow or the remobilization of sand and fine gravel
when the dams are removed could scour some of the worms, reducing their abundance, but this
possibility has not been explored systematically. Reduction in food supply for worms through
reductions in nutrient loading to UKL seems like a remote possibility (see Factor 1, Water
Quality). Additionally, the predicted shift of several days of higher spring water temperatures
(and consequent higher myxozoan infection rates for a given joint distribution of fish and
parasites) in the lower Klamath River under the Proposed Action could reduce Chinook salmon
outmigrant survival to the degree that it increases disease incidence. However, earlier upriver
Chinook salmon passage, spawning, emergence, and juvenile migration could offset the earlier
actinospore release. The high uncertainty about these outcomes, and the importance of disease
to the success of the Project, together imply that it would be wise to implement several
investigations in parallel with the Proposed Action, including;:

¢ Epidemiological modeling of the spatial/temporal interactions of worms, salmon, and
parasites (see Appendix A13).

e Laboratory and flume studies using polychaetes isolated from the field or cultured
(Willson et al. 2010) to determine critical shear stress, sediment concentrations and other
information relevant to the impact of changing flow and sediment movement on the
abundance of wormes.

e Field experiments to extend laboratory results to more realistic conditions, including
using high flow releases to attempt to scour and remove polychaetes.
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2.3 Colonization of the Upper Basin (C-7)

Factor 3. Chinook salmon are able to migrate freely to the upper basin (Upper Klamath Lake),
adapt to new conditions, and successfully complete the upper basin portion of their life
cycles.

Migration of adult Chinook salmon is influenced by low dissolved oxygen (Davis 1975,
Alabaster 1989). ODEQ estimates that if the KBRA is fully implemented and actions have the
desired effect, DO will rarely fall below 6.0 mg/L. Given the lack of details in the KBRA and
the difficulty of the problem, it is uncertain whether the summer and fall low oxygen content of
KR can be sufficiently improved (see Condition 1, Water Quality; ODEQ 2010). If the TMDL is
not fully implemented, passage of adult Chinook salmon, especially fall-run, to the upper basin
will likely be blocked by low oxygen from approximately early July through late November
(Figure 4; see Water Quality).

Klamath River at Miller Island
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Figure 4. Graph of DO (mg/L) and temperature (2C) in the Klamath River near Miller Island
boat ramp, river mile 246 (KR).

This period encompasses a significant portion of the migration period for fall Chinook salmon,
and some late arriving spring Chinook salmon (Hamilton et al. 2010), that might attempt to gain
passage to the upper basin. Earlier migrating spring run Chinook salmon may pass through
Keno Reservoir prior to the onset of low water quality, but the spring run currently has very
few fish that might support recolonization of upriver areas. A perpetual trap-and-haul
program may be needed to provide adult Chinook salmon, especially the fall run, with access to
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the upper basin during much of the migration period. Without solving the water quality
problems, a fully self-sustaining run of fall Chinook salmon to the upper basin is unlikely.

Although trap-and-haul programs have been implemented in other watersheds, these activities
can introduce stress and mortality to the fish. This intervention program also implies that
managers will choose when to transport fish upstream and where to release the fish, rather than
letting the fish choose the time and migration path that may be most appropriate for them to
complete their life cycles. Furthermore, a trap and collection facility would need to be
constructed some distance downstream of Keno Dam in an area where both dissolved oxygen
and temperature are adequate for adult salmon. Considering the potential for stress during
transport, it would make sense to trap fish before they are exposed to major ambient stress.

Juvenile Chinook salmon emigrating from the upper basin (UKL and tributaries) have the
opportunity to pass though UKL and KR before temperature and dissolved oxygen reach
stressful levels in approximately late June or early July (Figure 4). Juveniles traveling though
UKL and KR may have difficulty locating the outlet at Link and Keno dams. Timing of the
juvenile migration will determine whether juvenile Chinook salmon arrive at the estuary and
ocean during a period that provides for relatively high survival there. These fish have not yet
developed traits that would enhance survival related to timing of ocean entry and ocean
conditions. Furthermore, climate change is expected to lead to a later onset of upwelling in the
ocean (ISAB 2007), which may be counterproductive for upper basin salmon that must escape
UKL and Klamath River before temperatures increase. Although Chinook salmon historically
inhabited the upper basin, conditions in the upper basin and lake were much better before
highly industrialized irrigated agriculture, and fish had evolved with the unique habitat
features there, so Chinook salmon introduced to the upper basin may have lower productivity
compared with the pre-dam populations.

The fraction of Chinook salmon that may successfully complete the portion of their life cycle in
the upper basin is a key uncertainty. Life-cycle studies in the upper basin should begin as soon
as possible to estimate the fraction of Chinook salmon that can complete their life cycles. This
information, coupled with historical smolt-to-adult survival rates estimated from CWT returns,
could be used to evaluate whether Chinook salmon could successfully establish in the upper
basin as long as upstream transport is maintained.

If a positive secretarial determination is made, valuable information could be obtained via
appropriate investigation in the approximately 8 years prior to dam removal. Adult Chinook
salmon could be trapped at IGD and hauled to UKL and tributaries. At a minimum, the
following data could be collected and used to develop and improve models of Chinook salmon
production in the upper basin (see the Modeling section below, and Appendix A):

1. Characteristics of spawning sites selected by released Chinook salmon.

2. Fry and fingerlings produced per female in each tributary.
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3. Juveniles produced per female measured at Link Dam and mortality associated with
passage through UKL.

4. Juveniles produced per female measured at Keno Dam (PIT-tag juveniles here)
5. Juvenile migration timing and growth at each life stage.

6. Survival (recruitment) of PIT-tagged juvenile Chinook salmon returning to Keno Dam.

2.4 Harvest and Escapement (C-1, C-2, G-3, G-5, G-6 through G-9)

Factor 4. Chinook salmon are sufficiently abundant after escaping the fisheries to colonize
all habitats including newly accessible habitat.

The current escapement floor for Klamath Chinook salmon is 35,000 fall Chinook salmon
spawning naturally in the basin. This is estimated to be near the MSY escapement level for the
present available habitat (all downstream of Iron Gate dam), and is estimated to be about 1/3
the carrying capacity of the present available habitat. Following dam removal, escapement will
need to be increased to ensure adequate seeding of the additional accessible habitat. The need
for greater escapement means that harvest levels may need to be reduced for at least several
years or until the population builds up sufficient adults return to the Klamath River, to seed all
habitats, including those in the upper basin, to levels that are sustainably harvestable at current
harvest mortality rates. In the short term, harvest under Current Conditions could be higher
than under the Proposed Action for a while. If Iron Gate Hatchery production is reduced or
eliminated, that will further constrain sustainable harvest. The reduction in harvest levels
during years of rebuilding could lead to greater harvest benefits in future years, if conditions
described here are met. The proposed Chinook salmon model could be used to evaluate this
tradeoff.

2.5 Hatchery versus Wild (C-8, C-10, C-12)

Factor 5. Straying of hatchery Chinook salmon to spawning grounds does not overwhelm the
evolution of new life histories to capitalize on new habitat.

Successful colonization and completion of the life cycle of Chinook salmon in new habitats,
especially those upstream of UKL, will require adaptations to new conditions especially with
respect to timing, migration, and coping with conditions in UKL and KR. Development of traits
leading to near-maximum survival will require time.

Interbreeding of hatchery and naturally spawned Chinook salmon inhibits development of
locally adapted traits in salmon that colonize new habitats (e.g., timing of migration and
spawning). Evidence indicates that hatchery salmon, including those originating from the
destination watershed, have lower fitness in natural environments than wild fish (Araki et al.
2008). Furthermore, interbreeding of hatchery and naturally spawned fish can reduce the fitness
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of their progeny. Estimates of this reduction vary considerably but in some studies reproductive
success was reduced by up to 90 percent (Araki et al. 2008).

The Proposed Action includes the proposal to eliminate production at the Iron Gate Hatchery
approximately eight years after dam removal. Eliminating the hatchery will eliminate
interbreeding of hatchery with naturally spawned salmon, and would likely increase the rate at
which Chinook salmon develop traits adapted to their new habitats. This could increase
survival of natural Chinook salmon. This would depend, in part, on the degree to which local
Chinook salmon stocks have been integrated into the hatchery brood stock and the degree to
which the current mixed hatchery and naturally spawning population maintained enough
genetic potential for life history diversity to adapt to conditions in the upper basin. If the
production at Iron Gate Hatchery is not reduced as planned, maintaining current hatchery
production is expected to inhibit development of locally adapted traits to the extent that
hatchery reared fish make up a substantial portion of the spawning escapement. In the lower
Klamath River, similar concerns are associated with the Trinity River Hatchery.

2.6 Predation (C-5, C-7, G-2, G-4, G-10)

Factor 6. Predation by redband trout and other predators is sufficiently low.

The interaction of juvenile Chinook salmon with populations of predators, including the
abundant redband trout, creates a trade-off in the biological benefits of the proposed project.
We focus on redband here because it is abundant year-round and piscivorous. Other predators
including fish, birds, and mammals may have similar effects, especially in Upper Klamath Lake.
Abundance of non-native predators (e.g., largemouth bass, yellow perch) now inhabiting the
reach between Keno and IGD would decrease with the change from reservoirs to a river, and
habitat conditions downstream of IGD are unsuitable for these species. However, both species
occur in the Sprague River.

Healthy redband individuals and populations provide evidence that Chinook salmon might do
well in the habitat upstream of IGD. Both species have co-existed previously, and microhabitat
creation would provide some degree of spatial separation, both of which would suggest the
potential predation effect could be relatively small. Chinook salmon currently coexist with
resident rainbow trout downstream of IGD, but these resident trout are smaller and likely less
piscivorous than redband trout in the Project Reach and the upper basin. It is unlikely that
redband would exclude Chinook salmon from the newly available habitat or become a major
impediment to their recolonization (ODFW 2008); however, the Proposed Action is supposed to
also increase redband abundance, which would act to increase the potential predation mortality
of redband on juvenile Chinook salmon. The Resident Fish Expert Panel Report anticipated a
substantial increase in the range and abundance of redband in the project reach under the
Proposed Action (Buchanan et al. 2011). This may increase predation on the juvenile Chinook
salmon, thereby reducing or canceling the benefits to Chinook salmon due to expansion of
habitat.
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The proper perspective to assess the importance of predation is in terms of the survival of the
juvenile Chinook salmon. It is unlikely that any increase in Chinook salmon will have a large
effect on redband, which are generalist feeders, and there are ample numbers of other forage
fish in UKL. The quantity of interest is the per capita mortality rate of Chinook salmon from
redband predation. If this rate is a large part of total mortality, it can become important to the
number of Chinook salmon juveniles that outmigrate, and thus to the long-term population
abundance of Chinook salmon achieved with the Proposed Action. Under Current Conditions,
Chinook salmon will not encounter the redband trout that are upstream of IGD.

If both Chinook salmon and redband abundances increase as projected under the Proposed
Action, the predatory interaction will likely become more intense. It is unlikely that the increase
in Chinook salmon numbers would directly cause an increase in redband numbers. However, a
behavioral response by redband to increased Chinook salmon abundance is possible, by which
the redband increasingly target Chinook salmon or aggregations of Chinook salmon, especially
in UKL tributaries. This would increase the per capita mortality rate of Chinook salmon via
redband predation beyond that expected with no change in behavior.

Even under the most favorable conditions for Chinook salmon of no increase in redband, no
behavioral response of redband, and low occurrence of Chinook salmon in redband diets, the
predation effect of redband could be important simply because of large numbers of piscivorous
redband. Observing low incidence of Chinook salmon in redband diets does not necessarily
mean that the predation mortality effect on Chinook salmon is small.

A staged approach is recommended to investigate redband predation on juvenile Chinook
salmon if the Proposed Alternative is selected. First, the survival rate of juvenile Chinook
salmon through UKL, and between KR and IGD, would be estimated via tagging studies of
Chinook salmon juveniles. This rate would be compared to survival rates in other life stages or
areas not exposed to predation. The Chinook salmon life cycle model also might be used to
assess the importance of predation. Other approaches include diet investigations, bioenergetic
modeling, and manipulation of redband abundance through the fishery. The recreational
fishery for redband can be viewed as an opportunity for cost-effective tagging and diet
information, and may provide ways to manipulate redband densities.

2.7 Climate Change (C-4, G-5)

Factor 7. The buffering effect of greater upper basin access is not overwhelmed by climate
change, or by a climate regime shift wherein drought and continued high agricultural water
demands are persistent features.

Expected climate changes over 50 years include freshwater warming of 1-3 °C; altered timing,
frequency, duration, and magnitude of peak flows; increased winter flood frequency (rain on
snow events); decreased cold water extent by 8-99 percent; altered timing of marine upwelling;
decreased marine pH (and marine productivity); and increased marine predators (e.g.,
Humboldt squid) (AFS 2010; Mote 2003). Peak stream flows already have shifted to earlier in
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spring and minimum flows have been reduced in summer (Leung and Wigmosta 1999). Earlier
snow melting and higher air temperatures reduce stream flow, except in winter. Average air
temperatures have increased 1 °C over the past 50 years (Mote 2003). Water temperature in the
Klamath River has increased 0.5 °C per decade (Bartholow et al. 2005). Air temperature increase
for the Pacific Northwest over the next century is projected to be 0.1-0.6 °C per decade (ISAB
2007). Additionally, because groundwater temperatures are typically 1-2 °C greater than mean
annual air temperature (Kasenow 2009), the temperatures of groundwater flows are expected to
rise slowly over decades, thereby reducing availability of cold-water refugia.

A compounding factor is that climate regime shifts are superimposed on long-term climate
change. The influence of regime shifts can be seen in precipitation records at Keno and Tule
Lake weather stations, where annual precipitation during 1927-1936 was approximately 20-26
percent less than precipitation during 2000-2009 (unpublished analysis of data by the Panel;
http:/ /www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?orklam).

Climate-related changes are predicted to increase freshwater disease, parasitism, and
competition and predation by alien fishes. Chinook salmon access to the upper basin under the
Proposed Action could increase salmon capacity to respond to climate-driven changes in
freshwater habitat by increasing access to additional cold water spawning and rearing refuges,
and by diversifying geographic distribution and timing of adult migration and smolt entry into
the ocean. The upper basin potentially adds much more cold water spawning and rearing
habitat than the project reach. The buffering effect of access to the upper basin may be
overwhelmed if a climatic regime shift occurs wherein the frequency of drought conditions
increases, and if drought results in persistently increased agricultural water demand.

Climate change also affects anadromous fish by influencing marine productivity and the
growth and survival of smolts and adults in the ocean. Although upwelling is predicted to
increase with climate change, it may begin later and be less suitable for the predicted earlier
ocean entry of smolts (ISAB 2007). Upwelling occurring later in the year may be especially
counterproductive for juveniles responding to warmer spring waters in UKL and Klamath
River if the warmer springs result in their emigrating to the sea at an earlier date. The warm
phase of the Pacific Decadal Oscillation is often associated with reduced upwelling and reduced
salmon production off the conterminous USA (Mantua 2009). Smolt to adult survival of
Klamath Chinook salmon is already very low (Coded Wire Tag recoveries of hatchery Chinook:
mknechtle@dfg.ca.gov; wild versus hatchery Chinook comparisons:
www.fws.gov/lsnakecomplan/, USFWS 2011) and harvest targets have declined over recent

decades; further reduction in marine survival may offset potential expansion of the freshwater
environment. Nonetheless, the Proposed Action offers greater potential Current Conditions for
Chinook salmon to tolerate climate change and changes in marine survival.
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2.8 Reduced Fall Flows

Factor 8. Any reduction in productivity of Chinook salmon associated with lower fall flows is
sufficiently small compared to the magnitude of productivity gains.

Monthly mean flows in the Klamath River under the Proposed Action are expected to remain
relatively unchanged compared with Current Conditions flows, except during October to
December when flows may be approximately 10-25 percent lower after dam removal (Griemann
PPT Presentation 1/10/2011). Adult fall Chinook salmon migrate and spawn in the Klamath
River during September to November. STT (2005) reported that productivity of Klamath
Chinook salmon (i.e., residual from Ricker recruitment curve) was positively (though not
highly) correlated with monthly flows during September, October, and November, suggesting
that lower fall flows associated with the Proposed Action might be detrimental.

The Panel noted that water temperatures under the Proposed Action are expected to be
approximately 3-8 °C lower during the spawning period (FERC 2007, Figure 3-51) and
dissolved oxygen may be higher (see Water Quality), which would affect the same life stage as
reduced fall flows. Pre-spawning mortality documented in the mainstem river may be related to
high water temperature and moderately low dissolved oxygen. Improved water quality
following dam removal might reduce pre-spawning mortality, and thereby help offset reduced
productivity associated with lower fall flows. The net effect of these two changes is unknown.
Additional analyses involving Chinook salmon productivity and flows, as described by STT
(2005), would be informative. Six years have gone by since the STT (2005) analysis, so the
number of cohort reconstructions available for analysis has gone up by 25 percent, and, in that
time, sampling for wild juveniles has been instituted and systematic recording of water
temperatures has begun, further increasing the data available for analysis to determine
correlations with temperature and flow on production and survival of the various life stages.
Correlations that were statistically borderline with the data in 2005 might now be resolved more
definitively.

2.9 Dam Removal (C-14, G-1)

Factor 9. Dam removal does not have a substantial multi-year adverse impact on mainst