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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. Two alternative management scenarios before the Secretary of
the Interior must be addressed in the Secretarial Determination: (1) Conditions with dams, also
referred to herein as the “Current Conditions”; and, (2) Conditions without dams and with the
KBRA, also referred to herein as the “Proposed Action.” This expert panel (Panel) was
convened to attempt to answer a provided list of specific questions that had been formulated to
distinguish between the effects of the two alternatives (Current Conditions and the Proposed
Action) on coho salmon (Oncorhynchus kisutch) and steelhead (Oncorhynchus mykiss). Coho
salmon in the Klamath River Basin are included in the Southern Oregon/Northern California
Coast Evolutionary Significant Unit (SONCC ESU) and were federally listed as threatened
under the Endangered Species Act on May 6, 1997 (62 FR 24588). Critical habitat was designated
for coho salmon on May 5, 1999 (64 FR 24049). Steelhead in the Klamath River Basin are
included in Klamath Mountains Province Evolutionary Significant Unit (KMP ESU). While
steelhead are not as yet listed as threatened or endangered, the National Marine Fisheries
Service (NMFS) remains concerned about the status of KMP ESU steelhead (West Coast
Steelhead Biological Review Team 2001). Steelhead in the Klamath River Basin consists of
winter and summer runs.

The Panel faced a difficult challenge. The Panel was presented with an enormous amount of
material, spread out in many documents. The proponents of the Proposed Action provided no
single synthesis or overview document compiling their conclusions along with the supporting
scientific evidence. The panel furthermore was funded to meet for only 5 days and the report at
the end of that time. While a tight deadline does concentrate the mind, and encourages focus on
the most important of the evident issues, it also exacts a cost in limiting the depth of the review.
Most especially, it limits the opportunities to follow a trail of scientific evidence back to its
source in original data, and to resolve conflicting sources of information. Thus, the Panel relied,
to a considerable extent, on the summary information made available, other published
information, and their expertise and experience with other systems. The Panel’s statements are
based on careful review of this material and group discussions. However, the Panel’s
statements are no substitute for further scientific investigation. The Panel recommends that its
statements not be used in lieu of doing the necessary and feasible data collection, analyses, and
modeling that is recommended below.

Missing from the information provided to the Panel are a detailed plan of implementation of the
KBRA; an integrated view of how the two alternatives might affect specific life stages of each
species; and stage-specific or life-cycle models. Such models would allow the contrasting effects
of the two actions on reproduction, growth, mortality, and movement to be quantified and
combined within and across life stages into a population response. To permit quantitative
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estimation, KBRA actions should be specified in terms of location, timing, duration, extent,

expected use by species and life stage, and resultant changes in reproduction, growth, and

survival. This effort requires integration of information gathering and analysis, and it requires

commitments to a predictable decision-making process to ensure effective allocation of

resources within the restoration program. Given the lack of integration of decision rules for
KBRA activities with information and analysis (models) about the likely responses of habitat
and fish, the Panel can make only qualitative statements conditional on assumptions about the

missing pieces of the puzzle.

With that backdrop, the Panel offers partial answers to the questions posed and the following

overall conclusions, based on a synthesis of our responses to the questions.

1)

(2)

Although Current Conditions will likely continue to be detrimental to coho, the
difference between the Proposed Action and Current Conditions is expected to be small,
especially in the short term (0-10 years after dam removal). Larger (moderate) responses
are possible under the Proposed Action if the KBRA is fully and effectively implemented
and mortality caused by the pathogen C. shasta is reduced. The more likely small
response will result from modest increases in habitat area usable by coho with dam
removal, small changes in conditions in the mainstem, positive but unquantified
changes in tributary habitats where most coho spawn and rear, and the potential risk for
disease and low ocean survival to offset gains in production in the new habitat. Very
low present population levels and low demographic replacement rates indicate that
large improvements are needed to result in moderate responses. The high uncertainty in
each of the many individual steps involved for improved survival of coho over their life
cycle under the Proposed Action results in a low likelihood of moderate or larger
responses (i.e., any single step can offset gains on the other steps). Improvements on the
order of two to four times the current freshwater survival are likely needed to offset the
current low marine survival. Nevertheless, colonization of the Project Reach between
Keno and Iron Gate Dams by coho would likely lead to a small increase in abundance
and spatial distribution of the ESU, which are key factors used by NMFS to assess
viability of the ESU.

The Panel is more optimistic that the Proposed Action could result in increased spatial
distribution and numbers of steelhead, and in the long term (decades), increased
numbers relative to those under Current Conditions. If the Proposed Action is
implemented ineffectively, there may be no detectable response of steelhead. If the
Proposed Action is implemented effectively, and the other related actions occur [e.g.,
Total Maximum Daily Load (TMDL)], then the response of steelhead may be broader
spatial distribution and increased numbers of individuals within the Klamath system.
This assessment is based on the likelihood of steelhead being given access to substantial
new habitat, steelhead being more tolerant than coho to warmer water, the fact that
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@)

(4)

other similar species (resident redband/rainbow trout?) are doing well in the upstream
habitat, and that steelhead are currently at lower abundances than historical values but
not yet rare. Key issues affecting success will be how the KBRA is implemented, the
degree of colonization of the upper watershed by steelhead, the success of passage
through the unfavorable conditions in Keno Reservoir and upper Klamath Lake, how
reliant the current population is on hatchery fish, the outcome of interactions between
steelhead and resident O. mykiss, and the influence of hatchery releases on the fitness of
wild fish.

The questions posed to the Panel are not answerable in quantitative terms. The Panel
was provided with qualitative information and asked to respond to questions requiring
quantitative answers. The Panel identified six principal obstacles to drawing convincing
conclusions between the two alternatives: (1) insufficient specificity of the KBRA;
uncertainties about (2) fish passage through Keno Reservoir and Upper Klamath Lake,
(3) hatchery effects, (4) disease, and (5) water demand responses to KBRA; and, (6)
limited understanding about coho and steelhead abundances, migration patterns, and
factors affecting survival at each life stage. With this degree of uncertainty, the Panel
guardedly gave partial answers to the questions, still with some misgivings because of
the potential for misinterpretation of the Panel’s responses. “Expert opinion,” even of an
independent panel, should not be used as a substitute for scientific analysis of solid data.

As part of this report, the Panel offers general recommendations, beyond responding to
the questions in the charge. These general recommendations give the Panel’s advice on
how to ensure that the best scientific information is brought to bear on this important
issue in the future. These recommendations include: development of an overall
conceptual model, ensuring access to needed expertise for quantitative analyses,
formation of a centralized science advisory group with strong leadership, formulation of
monitoring and research plans, specification of the details of the actions within the
KBRA and how they will be implemented, some additional temperature analyses and
modeling to better characterize within-day variability, and development and use of
stage-specific and life cycle models of growth, mortality, reproduction, and movement
to better contrast the Current Conditions versus the Proposed Action alternatives, and if
the dams are removed, to ensure the effectiveness of the KBRA.

'Redband trout, rainbow trout, and steelhead are all part of a complex aggregation of sub-species and life histories
of Oncorhynchus mykiss. For ease of the reader, the term O.mykiss is used to refer to the resident form of
redband/rainbow trout and the term steelhead is used for the anadromous life history pattern.
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1.0 Introduction

The allocation of water among competing uses in the Klamath Basin (Figure 1) has often been
contentious. In recent years, stakeholders began discussions to reach a settlement agreement
that would equitably resolve water resource management conflicts in the basin. In February
2010, this goal was reached when 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 dams together with
improvement of fish passage facilities at Keno Dam and Link Dam would provide for upstream
anadromous fish passage to historically occupied habitats. The Klamath Basin Restoration
Agreement (KBRA) addresses basin-wide environmental restoration and resource management
issues. 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
tisheries 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:

¢ Conditions with Dams (Current Conditions): No change from current management
including current laws and regulations;

e Conditions without Dams and with KBRA (Proposed Action): Removal of the lower
four Klamath River dams that are part of the Klamath Hydroelectric Project and
implementation of the full range of actions/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, followed by
peer reviews of the expert panel work products. Consequently, four expert panels were created
to address native fish issues as they are impacted by the two alternative scenarios. These four
panels are: 1) Lamprey; 2) Resident Fishes; 3) Coho Salmon/Steelhead; and, 4) Chinook Salmon.
This report presents the findings of the Coho Salmon and Steelhead Expert Panel (Panel).

1.2 Expert Panel

At the request of the USFWS, Atkins (formerly PBS&]J) convened an independent expert panel
to evaluate the potential effects of the two alternative scenarios on coho salmon (Oncorhynchus
kisutch) and steelhead (Oncorhynchus mykiss) in the Klamath River Basin. In order to ensure that
the panelists and their work products were not biased, it was Atkins’ responsibility to:
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1) manage the process in which panelists were screened and selected; 2) facilitate the Panel
deliberations; and 3) assist with the preparation of the Panel’s conclusions in a report to the
USFWS.

Through existing contacts and referral networking, Atkins identified a pool of almost 60
potential panelists. Prior to commencing the screening process, Atkins had no working
relationship, and only limited direct knowledge of the panelists’ expertise or professional
affiliations. Attempts were made to contact all potential candidates for the Panel. The goal was
to provide a panel of six experts. The Panel was designed to include an ecohydrologist, fish
ecologist, fish population modelers, and experts on coho salmon and steelhead ecology.

Three additional criteria required of each panelist were:
e Ability to meet the timeframe for the review process;

e Ability to provide an expert review that would be widely regarded as both credible and
independent; and,

e Candidates had to be free from potential or perceived conflicts of interest.

Brief biographies for each of the panelists selected for the coho salmon and steelhead expert
Panel are as follows (full resumes have been provided previously to the USFWS and are
included in Appendix A):

¢ Dr. Wim Kimmerer, Research Professor at the Romberg Tiburon Center, San Francisco
State University, has a PhD in Biological Oceanography from the University of Hawaii.
Dr. Kimmerer has 30 years of experience in research and analysis in a wide variety of
topics including the ecology of tropical lagoons, fisheries management planning,
eutrophication, plankton ecology, and the status of Chinook salmon (Oncorhynchus
tshawytscha) in California's Central Valley. His current research focuses on the San
Francisco Estuary, with emphasis on effects of human activities on the estuarine
ecosystem. Dr. Kimmerer was a member of the CALFED Ecosystem Restoration
Program Core Team which developed a strategic plan for the program, and was co-
Chair of the Ecosystem Restoration Program Science Board. He is a science advisor to
the Delta Science Program and to the Subtidal Habitat Goals Project.

e Dr. Kenneth Rose, E.L. Abraham Distinguished Professor of Louisiana Environmental
Sciences, Department of Oceanography and Coastal Sciences, Louisiana State University,
Baton Rouge. He received his PhD in Fisheries from the University of Washington. Dr.
Rose develops and evaluates population and community models of fish, including age-,
stage-, and individual-based models. Dr. Rose has published over 100 papers on various
aspects of ecological and fisheries modeling. He has served on many regional and
national advisory committees, including the NRC committee on a sustainable San
Francisco Delta, the Ecosystem Management committee for the Gulf of Mexico Fisheries
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Management Council, and multiple review panels for biological opinions and
reasonable and prudent alternatives related to salmonids in the San Francisco estuary.

e Dr. Daniel Goodman, Professor, Ecology Department, Montana State University,
Bozeman. He received his PhD from Ohio State University in 1972. His primary research
area is parameter estimation for use in probabilistic environmental models, with
applications in population viability analysis for endangered species, and management of
harvested populations.

e Dr. Joe Ebersole, Research Fishery Biologist, U.S. Environmental Protection Agency,
National Health and Environmental Effects Research Laboratory, Western Ecology
Division, Corvallis, OR. He received his PhD from Oregon State University where he is
currently a courtesy faculty member with the Departments of Fisheries and Wildlife and
Environmental Science. Dr. Ebersole conducts research on stream fish ecology, with a
recent focus on the behavior, distribution, and survival of fishes in stream networks.

e Dr. Thomas Dunne, Professor, Donald Bren School of Environmental Science and
Management, and Department of Earth Science, University of California, Santa Barbara.
He received his PhD from The Johns Hopkins University. Dr. Dunne conducts field and
theoretical research in fluvial geomorphology and in the application of hydrology,
sediment transport, and geomorphology to landscape management and hazard analysis.
He is an internationally recognized expert in fluvial geomorphology with dozens of
publications to his credit and has served on over 40 national and international science
committees.

e Dr. Greg Ruggerone, Vice President, Natural Resource Consultants, Inc., Seattle,
Washington. Dr. Ruggerone received his PhD in Fisheries from University of
Washington where he is currently an affiliated research scientist with the School of
Fisheries. Dr. Ruggerone brings 30 years of experience in anadromous fisheries ecology
and management to this project. He has conducted applied research in salmonid
predator-prey interactions, species competition, climate change effects on salmon
production in the ocean, effects of habitat changes on salmonid production, limnological
studies, effects of hydropower operations on downstream smolt and upstream adult
migrations, and harvest management. He has participated in extensive field studies in
applied fisheries biology and management in Alaska and the Pacific Northwest.

The opinions presented in this report reflect those of the panelists and not the views of their
respective employers or professional affiliations.

1.3 Review Process

Atkins was awarded the contract to conduct the expert panel work for all four panels on June
15, 2010. At that time, Atkins’ staff began assembling a pool of potential candidates for the coho
salmon and steelhead panel. The initial review schedule for this panel was delayed by the
USFWS in early August. The final expert Panel was confirmed on November 8, 2010.
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Background files were provided by the USFWS and submitted to the Panel for review as they
became available beginning November 18, 2010. The Panel convened for meetings in Yreka,
California, from December 13 through 17, 2010. The first day of the meeting (December 13)
consisted of briefings provided to the Panel by members of the Technical Management Team
(TMT) subgroups, whom include scientists with expertise in a variety of technical disciplines
relevant to the review process, as well as interested stakeholders. The Panel worked on this
report in private for the remainder of the week.

During the course of their work the Panel relied on numerous documents as cited in this report.
Key documents reviewed by the Panel included:

e Presentations from the TMT subgroups and stakeholders on December 13 (referenced in
the text by author’s last name and “PPT Presentation 12/13/2010”);

e KHSA, February 18, 2010;
e KBRA, February 18, 2010;

e Synthesis of the Effects of two Management Scenarios for the Secretarial Determination
on Removal of the Lower Four Dams on the Klamath River, Final Draft dated November
23, 2010 (Hamilton et al. 2010);

e Evaluation of Instream Flow Needs in the Lower Klamath River, Phase II Final Report
(Hardy et al. 2006);

e Upper Klamath Basin Restoration: KBRA Actions upstream of Keno (Barry 2010);

e Endangered and Threatened Fishes of the Klamath River Basin: Causes of Decline and
Strategies for Recovery (NRC 2004);

e Hydrology, Ecology, and Fishes of the Klamath River Basin (NRC 2008); and,
e Articles published in the scientific literature and agency reports.

During the meeting, each panelist took responsibility for specific sections of this report and
provided a draft of their text to the other Panel members. Atkins’ staff facilitated the meeting
but provided no substantive technical input. By the completion of the meeting, an initial draft
version of the Expert Panel Report had been reviewed and generally approved by each Panel
member. The draft version of the report was then revisited by the Panel after the meeting, and a
final draft was prepared and posted for stakeholder and agency comment on January 8, 2011.
Through a separate, independent scientific peer review process, the draft report was also
submitted to two independent reviewers for comment. Comments on the draft report were
received through January 25, 2011. Additional comments were received late on January 28,
2011. All comments were carefully cataloged, reviewed, and responded to, as appropriate, by
the Panel to create this final report. A complete list of all comments received on the draft
report, along with the Panel’s responses, is provided as Appendix C to this final report.
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1.4 Panel Role and Nature of Report

The Panel was asked to make a scientific assessment of the relative impacts of the two
alternatives on coho salmon and steelhead of the Klamath River Basin (excluding the Trinity
River).

A wide variety of information is available on the life history of coho and steelhead, and the
types of habitats used by these fishes in the Klamath Basin. The timeliness, quality, and utility
of the information available to the Panel was highly variable. Relative trends in abundance are
known for coho salmon and steelhead for some locations within the system. Some factors
affecting population trends have been described, as discussed below, but the relative
importance of respective factors or mechanisms that affect fish survival is less well known.
Many factors affect fish survival and abundance, and the influence of such factors is often
synergistic and nonlinear. Thus, projections of future abundance trends in response to
management actions have inherent uncertainties, which are further amplified by fluctuating
environmental conditions, economic and technological developments, and longer-term shifts in
river and ocean habitat quality caused by climate variation and change.

Some quantitative and qualitative information on physical habitat characteristics within
portions of the Klamath Basin have been described, including river flows, tributary conditions,
water quality, water temperature, and geomorphology. The future condition of these physical
and chemical variables will depend on drivers such as regional climate variation and change,
the stochastic nature of weather and hydrology, regional economic and land-use change, and
evolving political and regulatory philosophies of natural resource management. For evaluation
of the Proposed Action, the Panel relied, to the extent that it thought it could, upon projections
by agencies and consultants of how the physical attributes of the watershed might change in
response to dam removal, habitat restoration activities, and climate change, even though many
aspects of the Proposed Action (i.e., Fisheries Program, Drought Program, Phase II KBRA) have
yet to be described. Phase I KBRA describes many goals for habitat restoration, including some
general types of restoration projects. The KBRA describes general approaches to improve fish
habitat, but details of how each activity might influence the specific life stage or species of fish
have not been defined. Likewise, some restoration activities have improvement of water quality
as a goal.

The key challenge for the Panel, therefore, was to evaluate the physical and biological
information provided by agencies and stakeholders, to merge this information with the
knowledge base that the Panel brings to the subject, and to logically describe potential outcomes
of the two alternatives. The Panel members bring to the process their general knowledge of fish
biology, lake and river characteristics and behavior, and their experience in environmental
analysis in other systems including those that have been disturbed or actively managed. Their
method of assessment involves assimilating the agency-supplied material together with some
limited number of original documents and computational models used as the basis for the
agency and consultants’” reports. The Panel members can also supply their knowledge of other
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literature and case studies of similar issues elsewhere. The Panel did not have the time or
resources to examine original data or re-do analyses, even when such actions seem
straightforward and warranted for the assigned task. Thus, the analytical method of the Panel
involves assessing and interpreting the likely reliability and relevance of the technical
information supplied to them, evaluating its relevance to the biology of target fish, and
estimating the impacts of the two alternatives on coho and steelhead that are highlighted by the
questions about potential change in abundance and harvest based on the best available
information.

The findings presented in this report represent the collective opinion of the Panel developed
within a five-day workshop involving discussions and evaluations of the provided materials
followed by subsequent email exchanges. 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 assigned questions. Over and above the value of the Panel’s estimation, recommendations in
this review can serve as a guide for systematic data collection to reduce uncertainty in the
future.

Table 1. Summary of Klamath Basin Fisheries Program Milestones. Note that many of
the draft documents listed below are to be completed by agencies in the future and
were not available to the Panel during their review.

Year Milestones and Actions

2010 ¢ Klamath Basin Restoration Agreement signed on 18 February (effective date).
e Final Drought Plan by November 30 (not completed on schedule).

e Coho/Steelhead Expert Panel met 13-15 December.

2011 e Draft Phase I Fisheries Restoration Plan by 18 February.

¢ Draft Fisheries Monitoring Plan by 18 February.
e Draft Phase I Oregon Fisheries Reintroduction Plan.

e [nitiate reintroduction activities in Oregon.

2012 e [nitiate assessment of risks and potential impacts of climate change on
management of Klamath Basin Resources.

¢ Finalize NEPA for Phase I Fisheries Restoration Plan by 31 March.
e Finalize CEQA for Phase I Fisheries Restoration Plan by 31 March.
e Final Phase I Fisheries Restoration Plan by 31 March.

e Final Fisheries Monitoring Plan by 31 March.

e Detailed Plan for Facilities Removal on for before 31 March.

¢ Secretarial Determination made by 31 March.

2013 e Final Phase I Oregon Fisheries Reintroduction Plan.
¢ Draft Phase I California Fisheries Reintroduction Plan (presumed).

e Dam Removal Entity (DRE) develops Definite Plan for Dam Removal (presumed).

2014 ¢ Final Phase I California Fisheries Reintroduction Plan.
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Table 1. Summary of Klamath Basin Fisheries Program Milestones. Note that many of
the draft documents listed below are to be completed by agencies in the future and
were not available to the Panel during their review.

Year Milestones and Actions
2019 ¢ Draft Phase Il Fisheries Restoration Plan complete.
2020 e Target date to begin decommissioning the facilities is 1 January.

e Target date for completion of facilities removal is 31 December, at least to a
degree sufficient to enable a free-flowing Klamath River allowing volitional fish
passage.

e Review of fisheries outcomes by 30 June and recommendations for additional
measures, if needed.

2020-2021 e Keno Dam fish passage improvements occur.
2022 e Final Phase II Fisheries Restoration Plan by 31 March.
2022 ¢ Finalize NEPA for Phase II Fisheries Restoration Plan by 31 March.

Post-2022 ¢ Draft and Final Anadromous Fish Conservation Plans to be developed by ODFW.

¢ Draft and Final Phase II Fisheries Reintroduction Plan to be developed by ODFW.
2030 e Review of fisheries outcomes by 30 June and recommendations for additional
measures, if needed.
Source: KBRA
Klamath River Expert Panel Final Report
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2.0 Background

2.2 Alternatives

The two alternatives being considered by the Secretary of the Interior is described in detail here,
along with what the Panel understood (based on information provided) was included within
each of these alternatives.

2.2.1 Conditions With Dams (Current Conditions)

No change from current management, which includes on-going programs under existing laws
and authorities that contribute to the continued existence of listed threatened and endangered
species, as well as species relied upon for ceremonial, subsistence, and commercial purposes by
the Native American Tribes of the Klamath Basin (The Yurok, Hoopa, Karuk, and Klamath
Tribes), hereinafter Tribal Trust species. The Panel understood the Current Conditions to
include:

1. Continued operation of the Klamath Hydroelectric Project (Federal Energy Regulatory
Commission [FERC] Project No. 2082) in the same manner it is currently operated
without any new operating requirements related to the relicensing of the project by
FERG;

2. Requirements of the NMFS Biological Opinion (BO) for coho in the Klamath Basin
3. Implementation of Non-Interim Conservation Plan (ICP) Interim Measures;

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

5. 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);

6. Various fishery management plans prepared by the ODFW and the California
Department of Fish and Game (CDFG); and

7. Effects of climate change on streamflow for the Klamath River watershed; predictions of
these effects were presented to the Panel by Greimann (PPT Presentation 12/13/2010).

8. Implementation of ongoing restoration actions including (from Stillwater Sciences 2010):

e In the mainstem Klamath River: floodplain rehabilitation, large wood
installation, cattle exclusion, and gravel augmentation downstream of Iron Gate
Dam.

e In the Klamath River tributaries: floodplain rehabilitation, large wood
installation, cattle exclusion, fish passage, conifer forest support, fire treatment,

Klamath River Expert Panel Final Report
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2.2.2

conservation easements and land acquisition, road decommissioning, erosion
and sediment control, obtaining minimum flows, and instream flow studies.

Condition Without Dams and With the KBRA (Proposed Action)

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

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

1.

Removal of the four dams and reservoirs listed above together with improvements in
fish-passage facilities at the remaining Keno and Link River dams, thereby opening the
Klamath River to fish access upstream in the mainstem river as far as Keno Dam, and
possibly farther if fish are able to negotiate upstream obstacles and seasonally
unfavorable conditions.

Implementation of various KBRA restoration actions listed in Appendix C-2 of the
KBRA. These actions include water quality remediation actions, aquatic and riparian
habitat restoration, water conservation and water rights acquisition, addition of large
wood and gravel, channel and floodplain reconfiguration, erosion control, and
improvements to fish passage (including at Keno Dam). Available detail regarding these
actions (where they would occur and the miles or acres of area treated) is summarized
by Stillwater Sciences (2010) for the watershed downstream of Keno Dam (Table 2) and
by Barry (2010) for the upper Klamath Basin watershed upstream of Keno Dam
(Table 3).

Implementation of ICP Interim Measures.
Implementation of the two TMDLs cited previously; and

The effects of climate change on streamflow for the Klamath River watershed;
predictions more or less as presented to the Panel by Greimann (PPT Presentation
12/13/2010).

Table 2. KBRA Restoration Needs for the Klamath Basin Downstream of Keno Dam.

KBRA Activity Mainstem Tributaries
Floodplain Rehabilitation (miles of channel) 2 13.27
Large Wood Placement (miles of channel) 63 198
Cattle Exclusion (miles of river) 146 153
Conservation Easements, Acquisitions (acres) 1,176 21,800

Gravel Augmentation (downstream of Iron Gate Dam)

Fish Passage (number of sites) 0 73

Riparian Planting (acres) 0 346

Conifer Forest Management (acres) 0 7,945

Fire Treatment (acres) 0 116,050

Road Decommissioning (miles) 0 1,330

Treatment of Sediment Sources (projects) 0 240

Source: Stillwater Sciences 2010
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Table 3. KBRA Restoration Needs for Klamath Basin Upstream of Keno Dam

Miles, Riparian Acres (Along Stream Banks), or Number of KBRA Activity

Upper Klamath
Williamson River Sprague River Wood River Lake
Tributaries
Sevenmile Fourmile Upper In or Above
Creek/Canal | Creek/Canal Klamath/ Keno
KBRA Activity Mainstem | Tributaries | Mainstem | Tributaries | Mainstem System System Others Agency Lake Reservoir TOTAL
Fer.lce Construction and Offstream Watering 50 44 130 76 25 6 1 26 _ _ 318.4
(Miles)
Maintain Existing Fences, Manage Weeds _ _
and Exotic Plants (Miles) 112 10 220 132 42 46 16 38 616
Riparian Corridor Management Agreements 1,386 91.2 6,202 1,897 720 175 B B _ _ 10,471.2
(Acres)
Le\./ee Removal, Setback, or Breaching 2 _ 30 16 3 _ _ _ B B 51
(Miles)
Physical Habitat Improvements* (Miles) 12 5 22 15 15.4 - - 7 - - 69.4
Native Vegetation Management (Acres) 5,500 - - - - - - - - - 5,500
Improve Quality and Connectivity of
Endangered Sucker Nursery Habitats? 5,500 - - - - - - - - - 5,500
(Acres)
Channel Narrowing (Miles) - 2.1 - - - - - - - - 2.1
. 3 .
Graz.mg Management® (Full-Time _ _ 1 FTE _ 1 FTE _ _ _ B B 2 FTE
Equivalent)
Imprpvmg Dryland Range to Reduce Need _ _ 19,000 _ _ _ _ _ _ _ 19,000
for Riparian Pastures (Acres)
Whole Channel Reconstruction (Miles) - - 15 10 4.5 2.3 3 - - 34.8
Spring Improvement, Enhancement, and _ _ 20 20 _ _ _ _ B B 40
Reconnection* (Number of Springs)
Barrier and Impediment Removal (Number
. - - 2 6 - - - - - - 8
of Impediments)
Treatment Wetlands for Irrigation _ _ _ 3 B _ B _ _ _ 3
Drainwater (Number of Wetlands)
Floodplain Wetland Restoration and _ _ _ _ _ _ _ _ 10 10
Storage® (Mile)
Enhance Endangered Sucker Spawning
Habitat in Springs® (Number of Spawning - - - - - - - - 10 10
Sites)
Klamath River Expert Panel Final Report
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Table 3. KBRA Restoration Needs for Klamath Basin Upstream of Keno Dam

Miles, Riparian Acres (Along Stream Banks), or Number of KBRA Activity
Upper Klamath
Williamson River Sprague River Wood River Lake
Tributaries
Sevenmile Fourmile Upper In or Above
Creek/Canal | Creek/Canal Klamath/ Keno
KBRA Activity Mainstem | Tributaries | Mainstem | Tributaries | Mainstem System System Others Agency Lake Reservoir TOTAL
Study of Management and Reduction of _ B B B B _ B _ B 1 1
Organic and Nutrient Loads
Implement Recommended Organic and _ B B B _ _ _ _ _ Yes _
Nutrient Reduction Actions’
Restore Wetlands on Keno Reservoir - - - - - - - - - TBD from -
Study

Screening Pumps and Diversions ® (Number

. ; - - - - - - - - - Yes -
of Diversions)
Screening Pumps and Klamath Irrigation

: > S - - - - - - - - - Yes -
Project Diversions
Acquisition of 30,000 acre-feet of water Focused in the Sprague River, but acquisition could occur in any of these streams.

Notes:

! Physical Habitat Improvements include treatments of large wood and gravel placement to maximize productivity and capacity for early life stages of anadromous fish to facilitate reintroduction.
2 Includes future earthwork and other activities directed at the Lower Williamson Delta.

3 Covers one Full Time Equivalent (FTE), defined as one grazing management specialist, 5 years full-time, part-time thereafter, to assist landowners with developing ranch management plans and
maintain/enhance riparian corridor.

* Includes revegetating and reconstructing outlet channels, substrate treatments, and morphological changes to spring ponds.

5 Targeted miles of lake fringe wetlands restoration to include removal of levee material and re-use for habitat features such as raised channels or island habitats.

6 Targeted number of spawning sites to include gravel augmentation.

7 Actions will likely be a combination of treatment wetlands, engineered water treatment facilities, physical removal of particulate organics, and treatments to precipitate nutrients.

8 A total of 100 diversions targeted along Williamson, Sprague, and Wood Rivers; 20 diversions targeted at Upper Klamath Lake

9 Studies are underway.

Source: Barry 2010
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2.3 The Questions Put to the Panel

Three sets of questions developed by the TMT and stakeholders were provided to the Panel.
These consisted of general questions as well as questions specific to coho salmon and steelhead.
Because the Panel’s assignment was to assess the effects of the two alternatives on coho and
steelhead, the Panel addressed the general questions from a viewpoint that focused on these
two species. Question S-8 regarding the effects of drought on steelhead was removed from
consideration by the USFWS because the drought plan has not yet been developed (John
Hamilton, pers. comm., December 15, 2010).

The original set of questions included background information and commentary (Appendix B).
Questions are presented below with the introductory commentary removed. Also, several of the
questions were relatively similar between lists for coho and steelhead, in which case the
responses to the questions have been combined (Table 4).

In combining questions, the Panel restated most of the questions listed above for two purposes.
The first was to restate the questions so they applied more generally. For example, one question
from each of the lists applied to habitat (Table 4); by restating these as a single, more general
question the Panel was able to address the entire issue of habitat with a minimum of repetition.
The second purpose of restating the question was to remove redundancy regarding outcomes.
The questions have been condensed accordingly in Section 3.1-3.13. One question on
uncertainty (C-10) is discussed in a general section under that topic (see Section 4.2).

Table 4. Comparison of Report Sections, Topic, and Original Questions Posed to the Panel

Report Section Topic Original Question*
3.1 Sedimentation Management and Physical Habitat S-5,G-1
3.2 Temperature C-3,S-3,G-3
33 Water Quality G-2
3.4 Adult/Juvenile Migration C-7
3.5 Tributary vs. Mainstem Spawning C-8
3.6 Access to Habitat C-1,S5-1,G-4
3.7 Refugia C-2,S-2
3.8 Habitat Restoration S-7, G-4
3.9 Ecosystem Function C-5,S-9,G-10

3.10 Disease C-6,S-10
3.11 Hatchery Operations C-9
3.12 Recreational Fishery S-6, G-6, G-7
3.13.1 Habitat Restoration (KBRA) S-7,G-4
3.13.2 Diversity of Population Structures G-8
3.13.3 Population Spatial Structures G-9
3.13.4 Climate Change C-4, S-4, G-5
4.2.1 Uncertainty C-10

* Capital G, S, and G refer to coho, steelhead, and general questions respectively (Appendix B).
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2.3.1 General Questions

G-1) Sediment Management and Physical Habitat: How will alternatives affect the
sedimentation regime and physical habitat in the short-term (1-2 years) and over the 50-
year period of interest?

G-2) Water Quality: How will the two alternatives differ in reaching the goal of harvestable fish
populations?

G-3) Water Temperature: What are the likely effects of the water temperature regimes under the
two alternatives on rearing, spawning, and use of thermal refugia by native salmonids that
might be manifest in harvestable fish?

G-4) Habitat and Restoration (KBRA): The two proposed alternatives will result in different
paths and timelines for habitat management. What are the likely effects of the two
alternative habitat management paths on the recovery of Endangered Species Act (ESA)-
listed fish or in the level of harvest of fish populations?

G-5) Climate Change: To what degree will the adverse effects of climate change be mitigated
under the two project alternatives?

G-6) Abundance: How will the two alternatives affect abundance of the fish population and
what are the expectations for the enhancement of the fisheries? This question may have
several milestones along a timeline or population trajectory. For example, inasmuch as
some fish populations have been extirpated from the upper Klamath Basin for more than 90
years, when might fish be available for tribal ceremonial use within the upper Klamath
Basin? Using a time trajectory, when will a sustainable fishery start and at what levels?

G-7) Productivity: What are the most likely expectations for productivity over time and what is
the effect of productivity on the number of harvestable fish? What is the role of hatcheries
in relation to productivity?

G-8) Diversity: What will the effect of the two alternatives be on diversity of fish populations?
How will the resulting diversity be manifest in the harvestable population of fish? How
will potentially low baseline populations and/or introductions of hatchery fish affect
diversity under the two alternatives?

G-9) Spatial Structure: Will the two alternatives result in improved spatial structure of fish
populations and to what extent is that improved structure likely to result in harvestable
fish?

G-10) Ecosystem Restoration: How do the proposed alternatives address ecosystem function
and connectivity sufficiently to recover the lost harvest opportunities of fish populations?

2.3.2 Coho-specific Questions
C-1) Given current and future restored conditions of this new habitat, in conjunction with
KBRA actions, to what degree would access to this historical habitat likely affect coho

Klamath River Expert Panel Final Report
Coho/Steelhead Page 15 April 25,2011



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).

populations? To what degree would access to this historical habitat contribute to the
viability of Klamath Basin coho salmon populations?

C-2) Thermal Refugia: How will increased access to large cool-water areas such as Big Springs
in the JC Boyle bypass reach and Project Reach (between Iron Gate Dam and Keno Dam)
tributaries affect the future viability of the Southern Oregon Northern California Coastal
Coho (SONCC) as a population?

C-3) Phase Shift in Seasonal Temperatures: How will the two alternatives differ in the effects on
seasonal temperature patterns and coho life history strategies over the 50 year period of
interest?

C-4) Climate Change: Given the presence of large cascade-type springs in the areas upstream
the dams (e.g., ].C. Boyle), that may mediate the warming effects of climate change (Tague
et al. 2008; Tague and Grant 2009), how will access to these reaches affect the viability of
coho salmon populations? Overall, to what degree do you think the adverse effects of
climate change will be mitigated under the two alternatives being considered and what is
the likely effect on coho populations?

C-5) Ecosystem Function: Given the habitat predictions for salmonid populations under the two
alternatives, what inferences can be drawn about the likely population response of coho in
the 50 year period of interest? Are changes associated with dam removal and
implementation of KBRA, which target restoration of salmonid populations and a more
functional ecosystem, likely to increase coho populations?

C-6) Disease Effects to Coho Salmon: What are the likely conditions for fish health over the next
50 years under the two alternatives?

C-7) Migration of Adults and Juvenile Coho: How would the two alternatives affect habitat
connectivity, survival of the various life stages of coho salmon, and the overall populations
of coho salmon in the tributaries?

C-8) Tributary vs. Main-stem Spawning: Which of the two proposed alternatives offer the
greatest opportunity to increase coho spawning returns in both the main-stem Klamath
River and its tributaries?

C-9) Hatchery Effects: Under these two alternatives what would be the effects to wild coho
populations and harvestable coho populations? Specifically, how might differences in
hatchery operations affect coho local adaptation, fecundity, disease vulnerability and
genetics under the two alternatives?

C-10) Uncertainty of Model Predictions: Please describe your assessment of the uncertainty
associated with each of the alternatives relative to the long-term viability of coho
populations in the Klamath River Basin.
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2.3.3 Steelhead-specific Questions
S-1) Reintroduction and Access to Historical Habitat:

a. Have O. mykiss populations currently upstream of the dams retained the potential for an
anadromous life history?

b. Given passive reintroduction and future habitat conditions with Dams out with the
Klamath Basin Restoration Agreement (KBRA), to what degree would access to this
historical habitat likely contribute to sustaining or expanding steelhead populations?

c. How would these potential returns of steelhead compare to present returns to Iron Gate
Hatchery?

S-2) Thermal Refugia: To what degree will upstream thermal refugia benefit steelhead in the
basin?

S-3) Phase Shift in Seasonal Temperatures: How will the two alternatives differ in the effect on
seasonal temperature regime timing and what are the expected effects on steelhead
populations over the 50-year period of interest?

S-4) Climate Change: How will the two alternatives affect steelhead in the Klamath River?

S-5) Short -Term Effects of Dam Removal Downstream from Iron Gate Dam: How long would it
take for recovery of main-stem steelhead populations downstream of Iron Gate Dam
following dam removal? How might this affect low populations of summer steelhead?

S-6) Expansion of Recreational Fishery: Which of the two management options has the greatest
likelihood of expanding fishing locations and the length of seasons for steelhead? Above
Iron Gate Dam, where would fisheries for steelhead be most likely to develop?

S-7) KBRA Habitat Restoration: How will the two alternatives differ in the effects on
productivity, capacity, and habitat connectivity for steelhead?

S-8) Drought Conditions: Would the two alternatives have different effects on the frequency,
magnitude, and duration of low flows? If so, what are the likely effects of the differing low
flow regimes on populations of steelhead?

S-9) Ecosystem Function and Riverine Processes: Which of the two alternatives will provide the
most opportunities to provide a normative Klamath River and what will be the likely
effects on the steelhead populations?

S-10) Fish Disease: What are the expected effects, both short and long term, of dam removal and
implementation of KBRA on fish disease (other than C. shasta) and what affect might it have
on steelhead populations?
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3.0 Questions and Responses

3.1 Sedimentation Management and Physical Habitat (S-5, G-1)
Restated Question: How will alternatives affect the sedimentation regime and physical habitat
in the short term (1-2 years) and over the 50-year period of interest?

Summarized Answers:

Current Conditions: Continuation of current level of restoration activities and flow regulation
will provide very small, probably undetectable, benefits for the two species.

Proposed Action: Short-term effects of dam removal on sediment transport will be injurious to
upstream migrating coho and steelhead, but longer-term prospects of dam removal with KBRA
is an increase and expansion in spawning and rearing habitat - for steelhead probably
considerably, and for coho probably slightly. Adverse effects of dam removal on juveniles will
be restricted to those rearing in the mainstem, which should be a small percentage of the
number of the juveniles, especially coho salmon, in the system.

Discussion:

Current Conditions will probably result in minor effects on sediment that are unlikely to have
sufficiently large and enduring effects on the availability of habitat or on water quality for coho
and steelhead (the intended targets of these two examples).

Dam removal will allow a small extension (likely about 10-20 percent) of spawning and rearing
for both coho and steelhead into tributaries of the Project Reach?, and probably in short, low-
gradient reaches of the mainstem in the Project Reach. The augmented supply of gravel from
dam removal and restoration of natural supplies should take a few decades to travel along the
middle reach of the Klamath River between Keno Dam and Shasta River, and during its
intermittent travel and storage, it will expand spawning habitat and trigger other channel
changes that will add complexity to juvenile rearing habitat.

The fish will also be attracted to the cooling influence of large springs and more diffuse
discharges of groundwater along the Project Reach. Thermal refugia are especially important to
juvenile coho salmon when stream temperatures are warm. The outcome of interactions in
refugial habitats between juvenile coho, steelhead, O. mykiss3, and other species depends on a
variety of factors, including fish size and density, and is difficult to predict.

The short-term effects of the sediment release will be sediment concentrations in the range of
1,000 to more than 10,000 milligrams per liter (mg/L), which will be injurious to upstream
migrants of both species, and especially to any adult steelhead or “half-pounders” that hold or
spawn in the mainstem. However, these high sediment concentrations are expected to occur for

% The Project Reach is defined in this report as that section of the mainstem Klamath River between Iron Gate Dam
and Keno Dam.
% The Panel refers to steelhead in the report, and uses O. mykiss to refer to redband.
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periods of a few months in the first two years after the beginning of reservoir lowering and
sediment flushing. For a few years after that period, suspended sediment concentrations are
expected to be higher than normal, especially in high flow conditions, but not injurious to fish.
Sediment concentrations between the Project Reach and Scott River are expected to approach,
but not exceed levels that have been observed in large natural floods in the lower Klamath and
Trinity reaches, although the duration of turbidities high enough to be a nuisance to feeding
fish will be greater than at present.

In the long-term, KBRA activities in the tributaries of Upper Klamath Lake will enhance flow
and sedimentation and especially physical habitat quality, but will greatly benefit the fish only
if the coho and steelhead can access the tributaries through Upper Klamath Lake. There is not
strong evidence that coho previously migrated through Upper Klamath Lake (Hamilton et al.
2005).

Background

The physical habitat for fish in the Upper Klamath River Basin upstream of the Iron Gate Dam
(drainage area 4,563 square-miles or 14,763 square-kilometers) is affected by the underlying
geology. The Basin and Range in the most eastern, upstream part of the Klamath catchment
consists of low north-south-trending, fault-bound mountain ranges separated by wide valleys.
Sediments from the ranges have accumulated in the valleys, providing aquifers with significant
groundwater storage potential, draining to lakes, marshes, or directly to the tributaries of the
Klamath (Gannett et al. 2007). The High Cascade Province consists of high tablelands and wide,
shallow valleys developed in the deep, permeable volcaniclastic deposits associated with
geologically recent eruptions.

In both provinces, water from snowmelt and rainfall recharges the deep aquifers and travels to
the stream network as groundwater, which enters the channels and lakes as both diffuse lateral
inflow and in concentrated springs. As a result of the high permeability of these sedimentary
and volcaniclastic aquifers, the density (and therefore total channel length) of the drainage
network is low, and the rates of erosion and sediment supply (especially of mechanically
resilient gravel) are all low. The rivers flow on low gradients, originally through broad marshy
riparian zones that were sustained by the outcropping of water tables and provided productive
tish rearing habitat.

However, extensive lowering of the water table through a combination of channel straightening
and diking, and especially ground water extraction, has dried out these riparian zones and
diminished their capacity for sustaining woody vegetation. This dewatering of the riparian zone
is least intensive in the lowering reaches of the tributaries. The channels have been degraded
further by grazing, browsing, and trampling mainly by cattle. This herd management impact
has resulted in the addition of fine sediment to the stream channels, and the filling of some
pools and springs with fine sediment.
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The upper basin also contains approximately ten shallow lakes, the largest survivor of which is
Upper Klamath Lake (area ~67,000 acres). Several other large lakes, some of which were
originally more extensive than Upper Klamath Lake, have shrunk dramatically over the past
century as a result of drainage, diversion, and consumptive use of water that formerly entered
them. These changes degraded water quality in the streams and lakes of the upper basin.

Upper Klamath Lake has an average depth of about 6-8 feet (ft) or 1.8-2.4 meters (m) with local
depths of up to 20-30 ft (6.1-9.1 m). The maximum depth of Upper Klamath Lake is 61 ft (18.6
m). In addition to distributed and concentrated inputs of groundwater, the lake is fed by two
large tributaries: the Wood and Williamson rivers, the latter receiving much of its flow from the
Sprague River.

3.1.1 Upper Klamath Lake Inflows

Inflows to Upper Klamath Lake determine the availability of water in the tributaries, the lake,
and the Project Reach. Three aspects of the inflows to Upper Klamath Lake that provide a
backdrop for evaluating the Proposed Action are: the pattern of monthly flows before the dams
were constructed; the important role of ground water in the upper basin; and the frequencies of
persistent periods of above-average or below-average annual inflows to the Upper Klamath
Lake.

The aquifer-modulated tributaries, the storage in Upper Klamath Lake, and the former much
larger storage of runoff in the other lakes and marshlands of the upper basin used to delay the
timing of Klamath flow past the Keno and Iron Gate locations so that mean monthly stream
flow peaked in April (Figure 3). Now, with the dams in place, stream flow peaks in March,
before declining rapidly to 35-60 percent of the original unimpaired flow in the period May-

July.

The inflow to Upper Klamath Lake is greatly influenced by ground water. The total inflow to
Upper Klamath Lake is about 60 percent from the Williamson-Sprague system (NRC 2004), and
about 16 percent from the Wood River. The headwater streams in the upper Williamson River
are formed from rainfall, snow melt, and groundwater springs.

The modern seasonal pattern of water supply to Upper Klamath Lake from Williamson River
has been monitored since 1918, before the rapid increase in agricultural development which
began around 1950 (NRC 2008, p. 114). The record shows that the total annual supply from this
river system exhibits persistent periods of low and higher supply. For example, the first 30
years of the record were, on average, lower than during the following 30 years (NRC 2008,
Figure 4-11). This is a general characteristic of climatic and stream flow behavior in western U.S.
hydroclimatic regions that are subject to the influence of enduring oceanic and atmospheric
patterns such as the Pacific Decadal Oscillation (PDO) and the Southern Oscillation.
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Figure 3. Estimated historical mean monthly flows at Keno and Iron Gate compared to the
mean monthly flows at Keno (1949 to 2000) and Iron Gate (1961 to 2000) (From Hardy et
al,, 2006, Figure 4, p. 36).

3.1.2 Lake Levels

A significant hydrological characteristic of Upper Klamath Lake is its surface elevation, which
fluctuates annually by about 3 ft (0.9 m) in near-normal years and by about 5 ft (1.5 m) in dry
years. Its minimum level is now controlled at Link River dam. The upper range of lake level
fluctuations that occur in the spring control the area of seasonally inundated lakeshore
wetlands, which have been reduced in the past century by diking and drainage. These wetlands
are considered to be favorable rearing habitat for resident juvenile fishes and to be a sink for
nutrients. During late spring and summer, lake levels decline in response to decreasing
tributary inflow, support of downstream flow targets, and agricultural withdrawals. In recent
droughts, the level has fallen 2 ft (0.6 m) below the minimum elevation needed for inundation
of lakeshore wetlands. The Proposed Action alternative is expected to produce slightly higher
lake elevations in Upper Klamath Lake throughout the year compared with the Current
Conditions (Figure 4). These higher lake levels will increase inundation of lakeshore wetlands
that are used by larval and juvenile resident fishes (see Final Report for the Scientific
Assessment of Two Dam Removal Alternatives on Resident Fish).
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Figure 4. Average Monthly Flows and Upper Klamath Lake Elevations for the Current
Conditions and Proposed Action Alternatives. (Source: Greimann PPT Presentation
12/13/2010)

3.1.3 Channel Habitat Upstream of Upper Klamath Lake

The western and southern arc of the Upper Klamath Lake basin is drained by spring-fed
streams including Wood River and several smaller tributaries. These streams have reliable
natural hydrographs of cold water [~12 degrees Celsius (°C)] but low sediment supplies. The
springs and adjacent river channel beds tend to be covered with pumice rather than gravel. East
side tributaries to Upper Klamath Lake provide relatively limited habitat for steelhead, and
several are disconnected or dewatered, limiting access, although plans indicate a desire to
reconnect some of these habitats (Huntington et al. 2006). Crystal Creek provides coldwater
refuge for large O. mykiss in Pelican Bay, and could serve a similar function for steelhead and
Chinook salmon (Huntington et al. 2006).

There is significant springwater contribution to the flow of upper Williamson River during the
spring months, and water quality is generally good (supporting a world-class fishery for O.
mykiss and historically supporting anadromous fishes); conditions in Wood River are similar
(Hamilton et al. 2010; Huntington et al. 2006). The Sprague River is currently listed as water-
quality impaired and shows serious habitat degradation throughout most of its lowland reach
in the mainstem and both forks of the river, but before irrigation development it provided
excellent habitat for anadromous fishes.
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Under the Proposed Action, KBRA includes plans for aquatic habitat restoration in the Sprague,
Wood, and Williamson Rivers and in Upper Klamath Lake (Table 4). Hetrick et al. (2009)
estimated that over 420 (mi) (676) kilometers (km) of interconnected river and stream channels
currently exist upstream of Iron Gate Dam that may provide functional spawning and rearing
habitats for anadromous fish species with requirements that are generally similar to those of the
resident fishes. Hetrick et al. (2009) further stated that Huntington (2006) reported that up to an
additional 60-235 mi (97-378 km) of “potential habitat” exists in the Upper Basin that could be
rehabilitated into a functional condition. The Panel could not confirm these statements about
potential habitat, which are at odds with the field surveys from forty years ago by Fortune et al.
(1966), who reported that only a small portion of accessible streams have suitable spawning and
rearing habitat for salmonids. Fortune et al. (1966) conducted a relatively thorough on-the-
ground survey of habitat availability and quality in these tributaries, and reported significant
limitations on the area of spawning gravels because of the shortage of gravel supply from the
catchment, and the widespread occurrence of pumice and silt. Other limitations on habitat
quality included low dissolved oxygen, high temperatures between spring-fed reaches, some
barriers to fish passage, and limited rearing habitat complexity. The discrepancy may depend
on the meaning of the term “potential habitat” in the summary by Hetrick et al. (2009). If it
means habitat that currently is of low quality but which might be upgraded with restoration
activities, then the definition of the potential is largely a matter of economics, the willingness of
riparian landowners to participate, and willingness of irrigators to sell their water rights.
Huntington et al. (2006) repeatedly stressed that even the limited favorable reaches would
require significant habitat improvements in order to support returning fish populations.
Important components of these planned improvements are likely to be gravel augmentation
and the reversal of past streamflow reductions through the restoration of 30,000 acre-feet of
summer flows in as-yet-unspecified locations within the Upper Klamath Lake tributaries.

Apart from the lower reaches of the Williamson (roughly lower 10 mi or 16 km) and Wood
rivers, and the upper reaches of the North and South forks of the Sprague River, the flow
reduction and the degree of degradation are so intense that restoration to a “functional level” of
spawning and rearing habitat will require substantial effort. For example, because of the
geology of the basin there is a limited amount of spawning gravel, and therefore of bars and
pools. The seasonal, and in some places long-term lowering of groundwater tables by diking,
drought, and pumping extraction, has dried out riparian marshlands and does not support
woody riparian vegetation in long lowland reaches. Riparian vegetation has also been removed
through browsing by cattle. Fencing cattle away from the stream banks has led, in some places,
to sufficient recovery of grassy riparian vegetation to reduce sediment input to streams, which
will reduce phosphorus inputs to Upper Klamath Lake. Reduction of sediment input will
probably also allow flows to deepen the pools and remove fine sediments from existing gravel
bars, but the limitation on this process is likely to be the shortage of gravel in the channels and
the resulting low amplitude of bars, which force flow across channels and increase the scouring
of pools. There is significant potential for improving bar-pool habitat through gravel
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augmentation after quantitative analysis and project design. Also, it is not clear from the
assessment reports how much recruitment of riparian woody vegetation or sedges is expected
or needed to restore fish rearing habitat. The potential for improving stream temperatures
through shading could be estimated by calculating the alteration of the radiation balance
expected to result from whatever riparian vegetation is likely to colonize stream banks as a
result of KBRA.

3.1.4 Channel Habitat Downstream of Keno Dam

The 43 mi (69 km) reach of the Klamath between Keno and Iron Gate dams is generally steep
(gradient is ~0.0025-0.01), extensively confined by bedrock canyon walls, and has a sediment
supply much lower than the river’s transport capacity. Stillwater Sciences (2010) estimated from
various sources that the sediment supplied to this reach comprised only 24,000 tons (t) of sand-
gravel per year and 127,000 t of silt-clay. Thus, gravel bed-material storage on the free-flowing
reaches between reservoirs is sparse, being confined to generally lower gradient reaches such as
the Frain Ranch area [River Mile (RM) 218] and the mouths of the few tributaries. However,
most of this bed material is in the 100-500 millimeter (mm) or 3.94-19.69 inch (in) range, and
only 15-20 percent of it is in the range 10-100 mm (0.39-3.94 in).

Before impoundment, there was a distinctively low-gradient reach at the site of the Copco 1
Reservoir where the river flowed in a valley-wide meander belt through a floodplain containing
old channel scars with varying degrees of connection to the current channel. The Frain Ranch
reach also has a low gradient. Elsewhere, the free-flowing reach comprises long rapids, runs,
and pools among large boulders. There was also a low-gradient reach at the site of ].C. Boyle
Reservoir, but the sediment supply to this reach was, and will remain, very low.

Between the quiescent impoundments, the free-flowing reaches, especially the one between J.C.
Boyle Dam and Copco Reservoir, have generally high velocities with rapid fluctuations of
discharge between 350 and 2,400 cubic-feet per second (cfs) and of velocity during summer
because of peaking power production. These fluctuations inundate the substrate with fast-
flowing water and then dewater it on a daily basis. The Iron Gate Reservoir re-regulates these
flows into a hydrograph that propagates some minor fluctuation several miles downstream
during summer low flows, but is dominated by unreliable and highly variable late-winter peaks
of 5,000-30,000 cfs and extended low flows regulated to at least 700-1,300 cfs during the rest of
the year (Hardy et al. 2006).

Downstream of Iron Gate reservoir the river has a gradient of ~0.0025 and a cobbly surface with
a subsurface median grain size in the 10-20 mm (0.39-0.79 in) range. The mainstem has a
wandering habit with broad, irregular bends and occasional anastomosing side channels. The
average annual sediment supply to this reach increases gradually with increasing distance
downstream of Iron Gate as the river enters more erodible terrain, so some riffles and bars form
in the relatively low-gradient reach beginning at the R-Ranch (approximately RM 187).
However, the sediment supply remains low until it is strongly augmented at the Scott, Salmon
and Trinity river confluences, which, despite heavy impacts by water withdrawals and other
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management actions, provide large sediment supplies to the Klamath. The sediment supply
favors the development of more extensive bar, pool, and riffle habitat. However, the channel
downstream of Iron Gate Dam is simple in form and wide enough to be essentially unshaded.

Coho and steelhead use the mainstem for upstream passage to spawning areas and for seaward
migration of smolts. Only a relatively few steelhead and coho spawn in the mainstem, such as
in the braided reach at the R-Ranch, and most juvenile coho and steelhead likely rear in
tributaries, and juvenile coho avoid the mainstem during warm periods in July and August.

If dams remain in place, then the habitat conditions described above will persist with only
subtle changes due to foreseeable hydrological changes. For example, some habitat
improvements such as local gravel augmentation are already planned in a general way (no
details on amounts or locations were supplied to the Panel) in both the Lower Klamath
(unspecified as to whether this means the mainstem or the tributaries, but it most likely refers to
the tributaries of the Lower Klamath), and in reaches between the reservoirs. Other habitat
improvements are also planned in a general way under the KBRA that may gradually extend
small areas of both spawning and rearing conditions in the sediment-starved impounded reach
and spawning conditions in the lower river. The effects of persistent runs of wet and dry years,
and of anthropogenic climate change that are described elsewhere in this document will occur
whether dams are removed or not.

3.1.5 Hydrology and Geomorphology with the Proposed Action

Dam removal will have only small effects on the flood regime downstream of the Project Reach
because the small storage volumes of the four reservoirs do not currently influence flood flows
to any important degree. Peaking flows within part of the Project Reach will be abolished.
Bureau of Reclamation predictions of Klamath River flows with dams removed and KBRA in
place (B. Greimann PPT Presentation 12/13/2010, see Figure 4 above) illustrate an expectation
of higher flows in April and July-September, followed by decreased flows in October-
December. As far as the Panel can tell from the presentation materials, which were not
documented in detail, these predictions, along with statistical estimates of deviations from the
average, are based on a hydrological model of the basin’s water yield under current land
management and climate, but with some changes of water management. Hetrick et al. (2009)
used a planning model to examine how changing water operations could provide more
favorable habitat conditions for Chinook salmon. They used the 1961-2000 flow record of
inflows to Upper Klamath Lake to illustrate the potential for KBRA operations to conserve
water in the late fall and winter to provide higher spring flows for fry and juvenile rearing in
the spring and early summer. These proposals are roughly similar to the predictions by
Greimann (PPT Presentation 12/13/2010), although Hetrick et al. (2009) modeled longer
periods of increased flow during late spring and early summer when juveniles are rearing in the
main stem.

KBRA also involves plans for limiting the quantity of water diverted from Upper Klamath Lake
and the Klamath River for the Klamath Irrigation Project. This limitation would result in the
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availability of water for irrigation being about 10 to 26 percent less than current demand in the
driest years, with water availability for irrigation increasing on a sliding scale with increasingly
wet conditions. The current pattern of agricultural water deliveries being higher in dry years
than in wet years would be reversed. The Panel understands that the planning of such
limitations is still at the conceptual stage with neither the sellers nor their locations identified.
Under the Proposed Action, the KBRA can affect the channels in various parts of the potential
species ranges, mainly through artificial reconstruction of within-channel habitat in the Upper
Klamath Lake basin, and largely by restoration of a natural sedimentation regime downstream
of Keno Dam. There are also some (unspecified) actions within KBRA that will alter the physical
aspects of the channels in this lower basin, most likely within tributaries. The reconstruction
activities will be emplaced and will have their influence over the time scale of decades. As
discussed below, the changes in sedimentation will have both short-term and long-term
consequences.

3.1.6  Short-term Effects of Sediment Release

Geotechnical surveys of the magnitude and grain size of sediments stored behind the four dams
have documented approximately 8.1 million tons of impounded sediment, approximately 84
percent of which is in the silt-clay size range. Only 0.26 million tons are behind J.C. Boyle Dam,
and the rest is distributed evenly between Copco 1 and Iron Gate reservoirs. Stillwater Sciences
(2008; 2009; 2010) and the Bureau of Reclamation (Greimann et al. 2010) have estimated the
fraction of this sediment that will be eroded out of the impoundment sites under various
conditions of flow and reservoir management. Although there are important differences in the
timing of the sediment releases among the various simulations that both groups have made and
in their separate preferred release strategies based on engineering logistics and fish protection,
the major results are consistent and in agreement with the qualitative interpretations made by
earlier consultants (Ayres 1999; Shannon and Wilson 1999).

Stillwater Sciences (2008) predicted that a channel with assigned dimensions will cut down
through the deposits in each reservoir at a rate that will depend on the weather-dependent
water inflow rate and the rate of reservoir lowering (to be managed, but vulnerable to
unpredictable flood flows) and the (low) concentration of sand and gravel in the deposit in each
reservoir. Sediment from J.C. Boyle Reservoir will be flushed earlier and more completely than
sediment from the lower reservoirs. It is likely that within the first year (or two if drought
intervenes) 1.4-3.2 (~ 2) million tons of the sediment [consisting almost entirely of silt and clay
but with perhaps 200,000-300,000 (10-15 percent) tons of sand] will be flushed downstream of
Iron Gate. This would leave 60-83 percent of the sediment in place along the margins of the new
channel that would require rapid re-vegetation under adverse soil and moisture conditions in
order to avoid problems with invasive weeds and dust, as well as chronic erosion of fine
sediment into the river. The predicted first-year total of flushed sediment is smaller than the
total amount transported during major floods on the river, although the transport would occur
over a much larger number of consecutive days and at much lower discharges in the dam
removal case.
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Assuming dam removal begins in November, the Stillwater modeling of deposit erosion
predicts that fall and winter concentrations of sediment downstream of Iron Gate will range up
to about 10,000 mg/L at Iron Gate (3,000 mg/L at Orleans), declining to 2,000 mg/L at Iron
Gate (500 mg/L at Orleans). These are the seasons when adult coho, winter steelhead, lamprey,
and green sturgeon are expected to be using the mainstem and when half-pounder steelhead
are expected to be rearing in the mainstem (Stillwater Sciences 2009). The Oregon Department
of Fish and Wildlife (ODFW 2010) suggested that most adult steelhead would hold in tributaries
rather than the mainstem (based on observations in the Columbia River); most adult coho are
destined for tributaries. Some juvenile salmonids would be in the mainstem during fall and
possibly in winter. The sediment concentrations are computed to remain chronically within a
range of several thousand to several hundred mg/L for periods of up to six weeks for two
seasons at least (November-December and May-June) between periods of reservoir filling.
These periods include a significant proportion of the time when juvenile steelhead and coho
salmon would be moving downstream (Stillwater 2009; Greimann et al. 2010).

This silt-clay fraction is not currently represented in the channel bed downstream of Iron Gate
Dam. It is expected that this “washload” following dam removal will be transported far
downstream by even low flows, and will be flushed rapidly to the ocean by typical annual and
larger floods. This reasonable approximation was used in the simulation model runs by
Stillwater Sciences (2008; 2009; and, 2010), who also interpreted that there will also be some
deposition of this fine sediment along the channel margins and in the floodplain that was not
represented in the model simulations. The amount of this marginal sediment storage will be
greatest in low-gradient, sinuous reaches of the Lower Klamath River. Analogous modeling by
the Bureau of Reclamation (Greimann et al. 2010) has considered some important changes to
preferred release strategies, based on engineering judgments about safety and construction
management, but the implications for river conditions and biological effects are essentially the
same as the Stillwater projections.

Fine sediments carried downstream have the potential to lower dissolved oxygen as a result of
biochemical oxygen demand (BOD) of the carbon incorporated in the reservoir deposits, which
averages about 5 percent by weight (Table 3 in Stillwater 2008). The degree to which this BOD
reduces oxygen in the water column is under investigation (P. Zedonis PPT presentation
8/2/2010). However, water turbulence in the free-flowing river and input of oxygen rich water
from tributaries should help reduce the potential effect of BOD on oxygen content of the river
when sediment is released.

The flushing events will also involve considerable amounts of sand, some of which will be
carried close to the bed and is likely to permeate the channel bed and reduce the quality of
spawnable gravels. Calculations by Ayres Associates (1999) indicate that the channel bed in this
reach should be mobilized by flood flows with recurrence intervals of about 2 years. However,
sand will continue to emanate from the reservoir deposits for years after dam removal and the
entire reach will not be flushed of sand within one or two high flow events, so it is likely to take
more than a decade for the bed fining caused by dam removal to be reversed. Similarly, sand that
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is predicted to settle into some pools downstream of Iron Gate Dam will be scoured away in
floods of 1-2 year frequency. This form of sand storage will be less damaging to juvenile rearing
habitat than the distributed settling of sand into the gravel will be to the quality of spawning
beds. However, most coho and steelhead reportedly spawn in tributaries and they would not be
affected by sedimentation of gravels in the mainstem. Within the impounded reach the bed of
J.C. Boyle Reservoir will be flushed more effectively and sooner than the beds of the other
reservoirs. The buried floodplain on the bed of Copco 1 Reservoir, which included some
attractively complex channel and off-channel habitat before impoundment, may need some
dredging to recover former meanders and floodplain channels.

3.1.7 Long-term Effects of Sediment Release

After the first year or two, the chronically high turbidity will decline to much lower levels,
continuing to be fed by slow erosion of the floodplain and banks of the new channels through
the reservoir sites. As the dams are removed, there will no longer be reservoir filling periods to
interrupt sediment flushing, which will thus be driven by the seasonal and storm runoff regime.

The fining of the channel bed by sand intrusion and coverage downstream of Iron Gate Dam
will gradually be reversed, but not for decades as the sediment supply of sand from the
reservoir is likely to require that time scale to stabilize. Calculations of the likely frequency of
bed mobilization by Klamath River flows by Ayres Associates (1999) and Greimann et al. (2010)
predict bed mobilization every few years in the reach between the Iron Gate Dam site and the
Salmon River confluence, so the sand content of the gravel downstream of Iron Gate Dam will
gradually diminish over a small number of decades.

Stillwater Sciences (2008) did not calculate the transport of gravel out of the reservoir, but
acknowledged that it will occur much more slowly than even the sand transport. Most of the
gravel in the reservoir deposits is likely to occur around the upstream and lateral margins of
each deposit, and particularly at the mouths of tributaries, gullies and eroding alcoves. Thus, on
average, gravel trajectories will begin farther from Iron Gate Dam than the finer sediment.
Average annual transport distances of traced gravel particles in other rivers lie in the range of
several hundreds of meters, but in this case the presence of significant sand and fine gravel in
the source deposit, coupled with the generally high gradient of the Project Reach are likely to
increase the average annual distance of transport. However, the gravel will not clear the Project
Reach for many years after the dams are removed and will spread downstream only slowly. It is
likely that this wave of gravel will be spread broadly across the channel and on lateral bars in
the lower Project Reach (between Copco and Iron Gate dams) and in the first few miles
downstream of Iron Gate Dam. Farther downstream, on the time scale of the first and later
decades the mobile gravel is likely to augment the surface of riffles and bars, expanding the area
of spawnable habitat and increasing the rate of bank undercutting, recruitment of large riparian
wood fragments and the amount of juvenile rearing habitat over a relatively small proportion of
the channel bed.
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3.1.8 Future Habitat with the Proposed Action [Short-term and 50-year Prospect]
The immediate and simplest change in habitat resulting from the dam removal will be the
opening of approximately 69 mi (111 km) of channel in the Klamath mainstem and the lower
reaches of several tributaries between the Iron Gate and Keno dams. Because of the gradient
and limited or patchy spawning habitat, some of the mainstem portion of this reach will serve
primarily for facilitating passage between the few tributaries. A several-mile-long mainstem
reach currently inundated by Copco 1 Reservoir has the potential for reconstruction of habitat,
once its cover of sediment has been flushed away. The value of the mainstem habitat in the
Project Reach for steelhead rearing is higher than for coho; there is presently a robust O. mykiss
population (approximately 1,000 fish per mile) in the non-reservoir portions of that reach
(PacifiCorp 2004; Carter and Kirk 2008). The ODFW (2010) suggests that some spawning habitat
for steelhead is expected in the mainstem near Spencer Creek.

The Project Reach will continue to receive only a small amount of sediment because of the
resistant rocks in this portion of the watershed and the proximity of Keno Reservoir and Upper
Klamath Lake, which will continue to interrupt sediment supplies. The sediment supply will
continue to be far less than the river’s sediment transport capacity, and only the cobbles and
coarsest gravel will travel slowly enough and intermittently so that they will be stored
temporarily to provide a discontinuous substrate on the channel bed and some bars. Currently,
the material on the bed in these reaches between reservoirs is mainly in the cobble-boulder
range (Greimann et al. 2011). The most likely sites for significant, temporary sediment storage
will be the several tributary junctions, the Frain Ranch reach, and about 4 mi (6 km) around the
current site of Copco Reservoir, where a floodplain with active and abandoned meanders had
created significant sediment storage and morphological complexity before impoundment. Both
kinds of sites will probably also temporarily store small amounts of fine-grained sediment.
Gravel augmentation, planned for some sites, will provide some expansion of gravel bars, but
the river will continue to have a high capacity for transporting that gravel away from
augmentation sites. Amounts of money currently envisioned in the ICP Interim Plan for this
activity are sufficient to provide only several thousand cubic yards of gravel per year, which is a
small amount relative to the river’s transport capacity and relative to the extent of the valley
floor in the currently impounded reach. Selection of low-gradient sites, such as the bed of the
J.C. Boyle Reservoir, which currently receives almost no sediment, might be favorable for such
gravel augmentation.

The extent of new habitat for coho and steelhead upstream of Upper Klamath Lake will depend
on the success of these fish to travel through the lake and establish populations in the
tributaries. Thus, it will depend on the success of KBRA restoration activities. The issue is
discussed in Section 3.1.3. Hetrick et al. (2009) claim that 420 mi (676 km) of steelhead habitat,
together with 60-235 mi (97-378 km) of “potential habitat,” are available in the lake tributaries.
However, the proportion of this potential that is likely to be realized is not yet clear from the
planning for KBRA.
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3.2 Temperature (C-3, S-3, G-3)

Restated Question: What are the likely changes in water temperature regimes under the two

alternatives and their effects on rearing and spawning life history strategies?

Summarized Answers:

Current Conditions: The present temperature regime in the mainstem Klamath River is often
near the warm limits for salmonid adults during July through September and near the warm
limits for rearing during May through October.

Proposed Action: Daily mean temperature will be slightly warmer before and slightly cooler
after August, with potentially positive and negative results for affected life stages. The
Proposed Action has the potential to improve temperature conditions over those that will occur
under the Current Conditions, although the net effects of temperature changes on coho and
steelhead under the Proposed Action is not known due to both increased and decreased
temperature across multiple life stages. Further consideration of the potential importance of
within-day variation in temperature is warranted.

Discussion:

The coho question asserts that "under current conditions there has been a phase shift of
temperature downstream of the Project of approximately 18 days due to the Project dams," and
then asks how the two alternatives will "differ in the effects on seasonal temperature patterns
and coho life history strategies over the 50 year period of interest."

First, we consider the premise of an "18 day phase shift." This is a modeling prediction from
Bartholow et al. (2005), who used a modeling shell (called SIAM version 3.75) that links two
component models: MODSIM which simulates flows with a monthly time step, and HEC-5Q
which simulates temperature, evidently with a daily time step. The SIAM shell handles the
"disaggregation" of the monthly flow outputs into daily values for input to HEC-5Q.

The model fitting and testing were carried out with data from 1962-2001 when all four dams in
question were operating. The calibration and validation were conducted separately for
MODSIM and for HEC-5Q. The reported validation error (mean absolute value discrepancy) for
the flow model is on the order of one percent for the monthly means. However, the analysis did
not seem to include an error rate at the level of the disaggregated daily mean flow values that
are transmitted to the temperature model. The reported validation error (mean absolute value
discrepancy) for the temperature model is on the order of 2°C for daily mean temperature
(presumably using actual observed daily flow input). The analysis did not report validation of
the integrated system in which the errors of the flow model propagate through the temperature
model.

The reported validation was all internal to selected years in data sets with the dams in place, so
it does not address reliability of the predictions with dams removed. The way the modeling
represented the Proposed Action scenario was to reduce the "storage" for each removed dam to
1000 cubic-meters (m®) (whereas the reservoirs have maximum storage volumes in the millions
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of m3). Considering that the temperature model is one-dimensional, the ability of a section
calibrated as a lake to represent the temperature dynamics of a river reach is not a foregone
conclusion, and merits confirmation.

The "future scenario" was modeled by re-running 1962-2001 inputs (meteorology and inflow)
with or "without" the four dams in question (so the Current Conditions scenario is simply a
hindcast). This does not address trends in climate change, scenarios of demand for water, or
KBRA actions that might affect the water budget or temperature of inflows over the next 50
years.

For these reasons, the model prediction of an 18 day "phase shift" in the annual thermograph is
not a sure thing, and probably should not be taken literally. Qualitatively, the prediction is
plausible: elimination of the thermal storage in the four reservoirs will allow the affected river
reaches to track air temperature more closely, resulting in some increase in temperature
variability (higher highs and lower lows) and some shift toward earlier warming in the spring
and earlier cooling in the fall.

If, for the sake of argument, we accept the model results at face value, the reported 18-day shift
is the lag at which the lagged correlation is maximum between the Current Conditions and
Proposed Action trajectories averaged over the 40-year trajectories. It is not clear whether this
search for the lag with maximum correlation was for trajectories of daily values in the native
output of the model or whether it was for trajectories of monthly averages, as graphed in Figure
4 of Bartholow et al. (2005). The shift differed for different seasons (longer in the fall, shorter in
the spring and early summer), and differed considerably among years. Variances of the daily
means were greater in the Proposed Action scenario (higher high days and lower low days for
the daily means).

The January through mid-August monthly mean temperatures at the location of Iron Gate Dam
are predicted to be warmer by up to roughly 2°C; and the mid-August through November
monthly means are predicted to be cooler by up to roughly 5°C (Figure 4 in Bartholow et al.
2005). The effects attenuate with distance downstream from Iron Gate Dam.

This seasonal shift in daily mean temperature, if it materializes, would be good for salmon
using the mainstem after August; this will include the coho and winter steelhead spawning
migrations. Conversely, the predicted shift would be bad for salmon using the mainstem
through August. Most returning summer steelhead would likely experience higher mainstem
temperatures (Stillwater 2010). The very early portion of the adult winter steelhead run would
also experience higher temperatures in July (see timing of return in Stillwater 2010), whereas the
later portion of the winter run would experience cooler water under the Proposed Action (dam
removal).

Against these comments on possible consequences of long-term seasonal averages of daily
mean temperature, it must be noted that the fish do not directly experience these mean
temperatures. The fish experience the hour-by-hour temperatures on each day. Regardless of
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the direction of shift in the daily mean water temperature owing to dam removal, the spread of
temperatures between day and night, and the range of variation between warm days and cool
days, will increase under the Proposed Action.

Therefore we can expect circumstances, for example, where even though the mean daily mean
temperature for a period in the fall is decreased by dam removal, the highest temperatures
experienced by the fish (warm hours of the day on warm days) will increase.

On the other hand, if the fish use cooler hours of the night for migrating in the mainstem from
one thermal refuge to the next, the cooler cold hours and cooler cold days (during the warm
season) under the Proposed Action could benefit the fish. Cooler fluctuating temperatures can
also allow time for repair of proteins damaged by thermal stress, allowing persistence through
periods of high maximum daily temperatures (Schrank 2003).

In other words, evaluating the net benefit or harm to fish from the temperature effects of dam
removal as part of the Proposed Action will require more detailed information about the
movement patterns of the fish and more detailed (and reliable) predictions of location-by-
location and hour-by-hour thermal exposure of affected fish.

3.3 Water Quality (G-2)

Restated Question: How will the alternatives affect water quality in the Klamath Basin?

Summarized Answers:

Current Conditions: Water quality in Upper Klamath Lake and the reservoirs downstream to
Iron Gate Dam will continue to be poor. Some improvement is possible because of non-KBRA
activities.

Proposed Action: Water quality under the Proposed Action should generally improve over the
conditions expected with the continuation of current conditions, but with unknown or likely
small improvements in many of the water quality parameters. Water quality should improve
between Keno Dam and Iron Gate Dam after dam removal. The limited detail provided in the
KBRA suggests that minimal reduction in nutrient loading and small increases in dissolved
oxygen levels upstream of Keno Dam are likely. Microcystis blooms are expected to diminish
downstream of Keno Dam as a result of increased channel bed mobility and sand transport

Discussion:

The most important water quality issues occurring in Upper Klamath Lake and the reservoirs
downstream of Upper Klamath Lake include low dissolved oxygen (DO), high ammonium
concentrations, and the formation of blooms of cyanobacteria ("blue-green algae") including the
noxious Microcystis aeruginosa.

Oxygen concentrations at Keno Dam went to zero at times during 1996-1998, but were never
below 4 mg/L at Iron Gate Dam (Campbell 2001). Depression of dissolved oxygen in Upper
Klamath Lake and the reservoirs is due to elevated oxygen demand caused by high levels of
organic matter, mainly due to production by algae (Doyle and Lynch 2005) and to some extent
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due to high ammonium concentrations (Sullivan et al. 2010). Eutrophication (i.e. excessive
production of organic matter) in Upper Klamath Lake and Keno Reservoir can be attributed to
high nutrient loading rates. This kind of problem is common in water bodies receiving runoff
from urban and agricultural areas (e.g., Chesapeake Bay). Paleolimnological evidence shows
that sediment and nutrient loading to the Upper Klamath Lake and resulting biological
productivity in the lake increased concurrent with increasing human settlement in the basin
(Eilers et al. 2004). However, this paper also showed that the lake was eutrophic before
European settlement, presumably as a result of high levels of nutrients naturally occurring in
the watershed.

The limiting nutrient has been reported to change from nitrogen (N) in spring to phosphorus (P)
in fall based on water-column concentrations (Campbell 2001); but large fluxes of P from
sediments suggest an additional loading term (Kuwabara et al. 2009). Experiments with nutrient
addition showed N limitation of growth for total phytoplankton and for the cyanobacterium
M. aeruginosa from Iron Gate and Copco reservoirs during the summer (Moisander et al. 2009).
This potentially toxic form was first reported in 2005 (Moisander et al. 2009). Blooms of the
cyanobacterium Aphanizomenon have been large enough to support an industry harvesting
about 1,000 metric tons annually for human consumption as a dietary supplement (Carmichael
et al. 2000).

Blooms of M. aeruginosa, occur worldwide, and although generally they are understood to result
from over-enrichment of nutrients, control strategies have been slow in coming (Paerl 1988).
However, under Current Conditions, the M. aeruginosa blooms occur only in the reservoirs
downstream of Keno Dam, presumably because of N limitation upstream of Keno Dam
(Moisander et al. 2009). Since this species is intolerant of turbulent water, blooms will likely be
eliminated by removal of the dams under the Proposed Action.

The measures proposed in KBRA to ameliorate hypereutrophication and blooms (Barry 2010)
are inadequately described for quantitative evaluation by the Panel. Proposals include
construction or reconnection of wetlands to remove nutrients. The description provided to the
Panel (Barry 2010) says the restoration is "Likely to be combination of treatment wetlands,
engineered water treatment facilities, physical removal of particulate organics, treatments to
precipitate nutrients (alum, clay, etc.). Cost are certain to be large, precise estimates will follow
appropriate studies." Although these suggestions, if carried out, could reduce nutrient loading
and particulate matter in the lake, the "appropriate studies" necessary to determine the
magnitude and cost and, most important, the likely effectiveness of this group of actions have
not been done. Even a simple mass-balance calculation using crude estimates of the magnitude
of restoration actions would bound the likely improvements. Experience from other locations
where eutrophication is a major problem suggests that, at a minimum, drastic reductions in
loading from the watershed must accompany local amelioration to be effective. These
reductions must account for the apparently high natural nutrient inputs from the local
watersheds, and the unavoidable leakage occurring in watersheds heavily altered for urban and
agricultural use. Thus, it would be premature to conclude that any problems caused by these

Klamath River Expert Panel Final Report
Coho/Steelhead Page 33 April 25,2011



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).

blooms, including low dissolved oxygen, will be substantially reduced by KBRA. The National
Research Council (NRC 2004) report was not sanguine about the likelihood of success in
improving water quality in the face of current upper basin land use and depleted hydrology.

3.4 Adult/Juvenile Movement and Migration (C-7)
Restated Question: Can adult and juvenile coho salmon readily and successfully move between

habitats downstream of Iron Gate Dam during the various life stages?

Summarized Answers:

Current Conditions: Juvenile coho movements between tributaries and mainstem are impeded
by high, stable summer temperatures in the mainstem and by low flows in some periods.
Impediments to adult coho migrations within the mainstem and into some tributaries have not
been documented downstream of Iron Gate Dam.

Proposed Action: Both positive (e.g., greater juvenile access to habitat, greater temperature
variability, warmer temperature in early spring, cooler late summer and early fall temperature)
and negative effects (e.g., higher early summer temperatures) associated with the action prevent
the Panel from determining the net beneficial effects. The Proposed Action alternative will
create more opportunities for successful movement among habitats downstream of Iron Gate
Dam than expected under the Current Conditions alternative, but how these opportunities are
utilized and how the multiple effects on juveniles and adults combine into an overall response
is difficult to assess.

Discussion:
Adult Coho Salmon

Adult coho salmon enter the Klamath River from approximately September to mid-December
with peak upstream migration occurring between late October and mid-November (Stillwater
2010). Spawning generally occurs within a few weeks of arrival at the spawning grounds. The
mainstem Klamath River is used primarily as a migratory pathway by adult coho salmon to
tributary spawning areas. During 2001-2004, approximately 50 percent of all natural spawning
coho salmon occurred upstream of the Trinity River and only about 5 percent of the total
spawned in the Klamath mainstem (Comments on the draft report 2011; Ackerman et al. 2006).
The number of natural-origin versus hatchery coho spawners is not accurately documented
each year, although it is recognized that many spawners are of hatchery origin, especially in
some areas such as the Trinity River. Indirect estimates indicate that 90 percent of adult coho
salmon in the Klamath River system return directly to hatcheries or spawning grounds in the
immediate vicinity of hatcheries (Brown et al. 1994 in Stillwater Sciences 2010). These data
suggest a relatively small portion of natural spawning coho salmon occurs in the mainstem,
therefore only a small proportion of total spawners and embryos would be directly influenced
by dam removal under the Proposed Action.
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Stillwater Sciences (2010) suggested that the following factors may currently affect survival of
migrating adult coho salmon in the mainstem Klamath River: 1) high water temperature
resulting from reduced flows and poor water quality (e.g., low oxygen) can stress adult fish,
delay migration, reduce availability of cold water refugia, and promote infection and
transmission of disease, and (2) low flows may cause passage obstructions at tributary
confluences, although no evidence of blockages was provided. With regard to temperature, in
2002, average daily water temperature near Iron Gate Dam was 20°C in early September when
coho began to enter the river, falling to 15°C at the beginning of the peak migration period in
late October, and to less than 10°C by the end of the peak migration period in mid-November
(FERC 2007 in Hamilton et al. 2010). No quantitative estimates or approximations were
provided for coho pre-spawning mortality, but Hetrick et al. (2009) reported significant pre-
spawning mortality of Chinook salmon during October (average of approximately 50 percent,
with a range of 0 to 100 percent) when many coho also enter the watershed. No quantitative
estimates were provided for blockage of adult coho migration into tributaries resulting from
obstructions at tributary mouths when mainstem flow is low.

Although Stillwater Sciences (2010) suggested mainstem flows following dam removal will be
greater during the adult coho migration period, simulation modeling for 2012 to 2061 indicated
that flows would be lower during October through December (Figure 4 above; B. Greimann PPT
Presentation 12/13/2010). Therefore, potentially lower flows during the fall under the Proposed
Action alternative may reduce the ability of coho to migrate through the mainstem in order to
reach spawning areas in tributaries; however, field studies indicate flows within tributaries are
more important to passage than mainstem flows (Sutton 2007). Actions proposed under the
KBRA in the tributaries are intended to provide greater accessibility to spawning habitats in
tributaries, through manual alteration of tributary confluence channels (Stillwater 2010; KBRA
Action Item ID#2) and increased stream flows through purchasing of water rights (KBRA
Action Item ID#8). KBRA actions may increase flows in tributaries and alteration of the
tributary mouth morphology, but it is not possible to fully evaluate the effectiveness of these
potential actions at this time because the degree to which these factors currently reduce
reproductive success of coho salmon is unknown.

After dam removal, it is expected on the basis of simulations that water temperature during
adult coho migration at Iron Gate Dam will be approximately 2-8°C cooler than at present (see
Figure 8 in Hamilton et al. 2010, Dunsmoor and Huntington 2006). Water temperature at the
beginning of the coho migration period (September) can be stressful (~20°C), and Hetrick et al.
(2009) reported high pre-spawning mortality of Chinook salmon in October. However, pre-
spawning mortality has not been quantified for coho salmon in the Klamath River, and it is
difficult to extrapolate pre-spawning mortality of mainstem spawning Chinook to that of coho
salmon. Although coho begin entering the Klamath River in September when upstream
temperatures are high, coho appear to hold in lower river areas while waiting for cooler
temperatures and higher flows (Ackerman et al. 2006). Therefore, cooler water as a result of the
Proposed Action alternative might help alleviate stress or thermal mortality of coho salmon and
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might enable earlier upstream migration, but it is not possible to estimate to what extent cooler
water may enhance migration and spawning success of coho salmon.

Juvenile Coho Salmon

The large majority of juvenile coho salmon rear in tributaries rather than in mainstem habitats
during summer, largely because mainstem temperatures become too warm for coho salmon
(e.g., greater than 20°C in July and August) (Hamilton et al. 2010; Stillwater 2010). For example,
only 3 percent of pools surveyed in the mainstem (location not reported) were occupied by
juvenile coho salmon, compared with 41 percent by juvenile Chinook and 88 percent by juvenile
steelhead. In the large, relatively warm tributaries (e.g., Shasta River) and in the mainstem,
juvenile coho salmon occupy thermal refugia during periods of relatively high temperature
stress (Chesney, PPT Presentation 12/13/2010; see Section 3.7).

Lestelle (2010; PPT Presentation 12/13/2010) presented a conceptual model of seasonal habitat
use and movement patterns by juvenile coho salmon in the Klamath Basin, based on research in
the Klamath Basin and other regions. The working hypothesis is described here. Fry in natal
tributaries may disperse downstream in the spring, often during the period of receding spring
runoff. Fish that disperse to the mainstem Klamath River find residence along the river margin
or in adjacent slow velocity habitats within the river corridor. As water temperatures increase,
juveniles within mainstem habitats of the Klamath River initiate another movement in search of
thermal refuge, primarily cool water refugia in lower tributaries connected to the mainstem (see
Section 3.7; Sutton et al. 2002; Deas and Tanaka 2006; Sutton 2009; Hillemeier et al. 2009 in
Lestelle 2010). Juvenile coho salmon remain in these thermal refugia during summer when
mainstem temperatures are stressful, but they may move back into the mainstem to feed when
water cools at night, as has been documented in other watersheds. However, some tributary
refugia may not connect with the mainstem during summer and fall until flow increases. As
temperature declines in September, most juvenile coho generally remain associated with local
areas if conditions are suitable, or disperse if food availability or densities are unfavorable.
Some evidence in other watersheds and unpublished data in the Klamath River suggest that
juvenile coho along the margins of large rivers tend to grow faster than those in small
tributaries (Lestelle 2010, Yurok Tribe comments on the draft report). In fall, when flows
increase, some juvenile coho in the Klamath basin move to find habitat suitable for
overwintering (e.g., ponds), as documented in the Pacific Northwest. This behavior is apparent
for juveniles found in relatively steep tributaries in the mid-Klamath region in early fall prior to
increased flows. Passive Integrated Tag (PIT) tagging of juvenile coho in the mid-Klamath
region during summer and fall, together with fyke net trapping at numerous sites within the
mainstem corridor and stationary PIT tag detectors, show a significant redistribution of coho
over the winter. The extent of redistribution has tended to be less for fish residing in the
mainstem corridor upstream of Happy Camp (RM 110), where mainstem and tributary flow
variation is generally small. Significant overwintering habitat includes ponded water areas,
especially those areas in the lower watershed. Growth of coho in these ponds appears to be
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substantial. The migration of coho smolts primarily occurs during April and May, although
some fish emigrate in March and June.

Evidence suggests that high and stable water temperature in the mainstem is a key factor
limiting movement and dispersal of juvenile coho salmon during the summer. Mainstem water
temperature near Iron Gate Dam during the Proposed Action alternative is predicted to be
about 2-4°C warmer during February to mid-July and about 2-8°C cooler from mid-July to
January, and diurnal fluctuations would also be much greater with dam removal (see Section
3.2). Greater variability in diurnal water temperatures and in response to weather patterns may
facilitate greater movement of coho salmon between refuge areas. This would benefit coho
salmon under the Proposed Action alternative.

In spring, elevated water levels (mainstem and tributaries) likely enable movement of fry and
yearlings (pre-smolts) to and from the mainstem and tributaries under either alternative, but the
Proposed Action alternative would enable access to warmer mainstem water in spring than is
currently available. Warmer mainstem water in spring during the Proposed Action alternative
might provide greater growth potential for coho compared with the cooler mainstem water
expected under Current Conditions. Growth potential of mainstem margin habitats may be
greater than that of tributaries (Cederholm and Scarlett 1982 in Lestelle 2010, Yurok Tribe
comments on the draft report). The size of natural coho smolts in the Klamath River is large
(avg. ~130-141 mm; data provided by Yurok Tribe comments on draft Panel report). Under the
Proposed Action alternative, coho would still need to leave the mainstem areas when water
temperature reached stressful levels, which might occur earlier than under the Current
Conditions alternative (see Section 3.2). During fall, mainstem temperatures would cool off
earlier under the Proposed Action alternative, and allow earlier and potentially longer access to
mainstem habitats and to potential overwintering areas. The cooler water with the dams out
may reduce stress during early fall but slightly reduce growth potential of fish residing there
during late fall.

Coho smolts primarily emigrate from the Klamath River during April and May. Experimental
PIT tag releases of coho salmon from Iron Gate Hatchery demonstrate that these fish undergo
high mortality from the hatchery to RM 20 (35 percent, 50 percent, 46 percent in 2006, 2007,
2008, respectively), and most mortality occurred upstream of Scott River (Beeman et al. 2009).
Greater growth potential associated with increased mainstem water temperature in spring
might provide a small benefit for emigrating coho smolts under the Proposed Action
alternative, except for late-migrating fish that may encounter high water temperatures that will
occur earlier under this alternative. Bioenergetic modeling could evaluate this effect of water
temperature on coho salmon. These fish may also be more susceptible to pathogens (Section
3.10). Monthly flows in the Klamath River are not expected to change markedly during the
spring smolt outmigration period (see Figure 4 above; Greimann PPT Presentation
12/13/12010), although Hetrick et al. (2009) suggested there may be higher spring peak flows
after dam removal that would benefit outmigrating smolts.
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3.5 Tributary versus Mainstem Spawning (C-8)
Restated Question: Which alternative offers the greatest opportunity to increase spawning

habitat of coho salmon in the mainstem and tributaries downstream of Iron Gate Dam? (see
Section 3.6 for habitat opportunities upstream of Iron Gate Dam)

Summarized Answers:

Current Conditions: Spawning habitat capacity and quality, and spawner abundances have not
been consistently documented for coho, but nearly all spawning occurs in tributaries. Present
conditions appear to be degraded for coho based on their population status.

Proposed Action: The Proposed Action may increase and improve spawning habitat for coho,
but the benefits will depend on the combined effects of changes in flow and temperature due to
removal of the dams and the effectiveness of unspecified KBRA activities targeting spawning
habitat in tributaries. The area of mainstem spawning gravel downstream of Keno Dam will
increase but its quality will be diminished by sand content for at least the first few years. Fall
flows in the mainstem will be lower and may influence coho spawning migrations to tributaries.

Discussion:

During 2001-2004, approximately 50 percent of all natural spawning coho salmon occurred
upstream of the Trinity River, almost entirely in tributaries (Comments on the draft report 2011;
Ackerman et al. 2006) The number of natural origin coho spawning in tributaries versus
mainstem habitats is not documented each year, although it is recognized that many spawners
are of hatchery origin. Indirect estimates indicate that 90 percent of adult coho salmon in the
Klamath River system return directly to hatcheries or spawning grounds in the immediate
vicinity of hatcheries (Brown et al. 1994 in Stillwater 2010). Although little spawning occurs in
the mainstem where dam removal would have its greatest effect, juveniles produced in
upstream tributaries would have access to mainstem rearing and migration reaches when
conditions were suitable.

Significant efforts (in terms of monetary expenditures) would be made to improve conditions in
the Klamath Basin downstream of Iron Gate Dam under each alternative (Table 2; Stillwater
2010), but the level of effort would be considerably greater under the Proposed Action
alternative (Table 5). Most of the effort would occur in tributaries where nearly all coho spawn.
However, at this early stage of planning, the linkage of the specific habitat restoration activities
with predicted effects on targeted species (e.g., coho), life history stage, and process (e.g.,
migration, spawning, rearing, foraging) has not been completed. Some of these projects have
the potential to benefit spawning coho salmon (e.g., fish passage, treating sediment sources,
setting minimum flows, cattle exclusion, gravel augmentation), but it is impossible to estimate
the effects these actions might have on spawning coho salmon with the information available.
There has not been an assessment to determine whether coho spawning habitat quantity and
quality is limiting reproductive success and, ultimately, the overall abundance of coho salmon.
However, the Yurok Tribe believes coho spawning habitat is not a factor controlling productivity
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and abundance of coho salmon (Yurok Tribe comments on the draft report 2011). The extent to
which these actions might “fix” habitat problems is unknown. For example, what percentage of
stream banks that are influenced by cattle would be fenced? What percentage of riparian habitat
would be influenced by the proposed actions? It is critical that habitat restoration activities
target species and life history stages, that forecasts of likely effects be made, and that
monitoring be used to evaluate projects and to make corrections as needed.

Very small numbers of coho salmon apparently spawn in the mainstem. Flows during the coho
spawning period in fall are expected to be somewhat less following dam removal (see Figure 7
in Hamilton et al. 2010; Figure 4 in this report). However, cooler temperatures during fall under
the Proposed Action alternative might benefit those few coho that spawn in the mainstem, if
they experience pre-spawning mortality in relation to moderately high temperatures, as do
Chinook salmon during October (Hetrick 2009; average of about 50 percent mortality among
sample periods). The Proposed Action alternative may lead to slightly better spawning habitat
for those few fish that spawn in the river (through gravel augmentation and re-establishment of
natural gravel supply from the impounded reach); however, we received no information on
numbers or percentage of natural-origin coho that spawn in areas downstream of Iron Gate
Dam.

Table 5. Magnitude of Anticipated Habitat Restoration Activities Downstream of Iron Gate
Dam (excluding Trinity River Basin) Under Each Alternative (The monetary expenditures of
the current conditions and dams-out alternatives would be approximately $100.9 million
and $242.5 million during 2012-2020, respectively).

Current Conditions without
Restoration Action Conditions Dams and with KBRA
Mainstem Klamath River
Floodplain Rehabilitation (miles of channel) 0.8 2.0
Large Woody Debris (miles of channel) 10 63
Cattle Exclusion (miles of river) 122 146
Conservation Easements/Land Purchases (acres) 0 1176
Gravel Augmentation Downstream of Iron Gate Dam Yes Until dams removed
Klamath River Tributaries
Floodplain Rehabilitation (miles of channel) 6.21 13.27
Large Woody Debris (miles of channel) 38 198
Fish Passage (number of locations 66 73
Cattle Exclusion (miles of river) 41 153
Riparian Planting (acres) 0 346
Mechanical Thinning to Promote Conifers (acres) 200 7,945
Fire Treatment (acres) 45,000 116,050
Conservation Easements/Land Purchases (acres) 10,000 21,800
Road Decommissioning (miles of road) 470 1,330
Treating Sediment Sources (projects) 100 240
Instream Flow Studies Yes Yes
Obtaining Minimum Flows Possible Likely

Source: Stillwater 2010
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3.6 Access to Habitat (C-1, S-1, G-4)

Restated Question: How will increased access to habitat upstream of Iron Gate Dam benefit

coho salmon and steelhead populations?

Summary Answers:

Current Conditions: Coho salmon and steelhead will not have access to habitats upstream of
Iron Gate Dam.

Proposed Action: Access to habitat between Iron Gate and Keno Dams will allow for a small
increase in coho and potentially larger increases in steelhead populations. If both upstream and
downstream passage through Keno Reservoir and Upper Klamath Lake are successful, then
access to upstream habitat (above Upper Klamath Lake) could increase the abundance of
steelhead (possibly substantially) and coho salmon if fish utilize the new habitat and can
successfully complete their life cycles. Increased diversity of life histories and greater spatial
distributions are also possible if the new habitat is of high quality that results in fish being more
successful in completing their life cycles. However, recolonization of habitats above Upper
Klamath Lake are uncertain because many factors may limit population success, especially for
coho salmon.

Discussion:

The Panel was provided with several qualitative and quantitative estimates of positive
responses by coho salmon and steelhead populations to projected changes in both habitat
quality and quantity under the Proposed Action alternative (Table 6). Population responses to
habitat alterations are notoriously challenging to estimate, and honest estimates must include
an evaluation of key assumptions and uncertainties. The Panel believes that the qualitative
e