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Mr. Parker Thaler         January 28, 2016 
State Water Resources Control Board 
Division of Water Rights 
Water Quality Certification Program 
PO Box 2000 
Sacramento, CA 95812-2000 
 
RE: Klamath Tribes response to NOP, transmitted electronically 

Dear Mr. Thaler: 

We offer the following response to the Notice of Preparation of the Environmental Impact Report 
(EIR) for the California State Water Board’s consideration of certifying Klamath Hydroelectric 
Project (KHP) operations under Section 401 of the Clean Water Act.  Additional material will be 
sent electronically in a series of emails.   

The Klamath Tribes have been intimately involved in KHP relicensing proceedings since they 
began in 2000. We have arrived at the firm conclusion that removal of at least the lower four KHP 
dams is essential to the long-term health of the Klamath River and to our Tribal culture and 
resources, and it is clearly the best approach to maximizing the success of reintroducing 
anadromous salmonids into the upper basin.   

Setting aside all other considerations, the appalling absence of environmental justice in the 
development and continued operation of the KHP is more than sufficient to justify regulatory action 
requiring that these facilities be removed.  We ask the California State Water Resources Control 
Board to squarely address the severe inequities that were thrust upon the Klamath Tribes, and on the 
other Klamath River tribes, when the KHP was constructed, and that have continued to this day.  
For 100 years, we have absorbed the environmental and cultural costs of the KHP, while others 
have profited.  Something must be done, this extreme injustice has gone on for far too long.   

  

The Klamath Tribes 
 



 

501 Chiloquin Blvd. ~ P.O. Box 436 ~ Chiloquin, Oregon  

                    (541) 783-2219 ~ Fax (541) 783-3706    

The Klamath Tribes expect the process to be collaborative in nature and stand ready to assist if the 
Board wishes to discuss any of our comments.  Please contact our Water Management Liaison, 
Larry Dunsmoor, to assist in this matter.  He can be reached at 541.783.2149 ext. 21 or by email at 
larry.dunsmoor@klamathtribes.com. 

Sincerely, 

 
Donald C. Gentry, Chairman 

 
cc:  Klamath Tribal Council 

  Will Hatcher, Natural Resources Director, Klamath Tribes 
Larry Dunsmoor, Water Management Liaison, Klamath Tribes 
Stan Swerdloff, Aquatics Supervisor, Klamath Tribes 

    FERC e-library for Docket P-2082 
 
 



Klamath Tribes NOP Response January 2016 1 

Comments from the Klamath Tribes Regarding the Scope and Content of the Environmental 
Information to be Included in the Environmental Impact Report for the Klamath Hydroelectric 

Project Relicensing 

January 28, 2016 

Government Contact:  Don Gentry, Chairman, 541-783-2219 

Staff Contact:  Larry Dunsmoor, Water Management Liaison, 541-783-2149 ext. 21 

Relicensing of the Klamath Hydroelectric Project (KHP) is an issue of great importance to the Klamath 
Tribes.  In this response to the Notice of Preparation of the Environmental Impact Report (EIR) for the 
California State Water Board’s consideration of certifying KHP operations under Section 401 of the Clean 
Water Act, we focus on two things.  Because we understand the challenges facing Water Board staff as 
they grapple with the large amount of information regarding the KHP, we try to provide some guidance 
to information in the record that we believe to be helpful, but perhaps difficult to locate.  To conserve 
our own time, we do not spend much effort to guide Water Board staff to content of the Final EIS/EIR 
for Klamath River Dam Removal, or to its sister Secretarial Determination Overview Report, because 
these are obvious sources upon which we are sure the Water Board staff will rely.  Secondly, we 
recommend alternatives that we believe the Water Board should analyze in the EIR. 

Environmental Justice 

Environmental justice is the most compelling issue to be considered in these proceedings.  The Klamath 
Tribes of Oregon did not benefit from the KHP, but they have been bearing the costs of the Project for a 
century, since construction began on COPCO 1. 

Construction of the first dam of the Klamath Hydroelectric Project, Copco 1, extirpated anadromous fish 
runs from the entire river basin above the dam.  Lane and Lane (1981; pages 150-157) recount the 
events surrounding development of Copco 1.  Mr. J. McKee, the Vice President of the California Oregon 
Power Company (COPCO), assured the Commissioner of Indian Affairs that during construction of the 
dam there was adequate provision made for passage, and that upon completion of the dam a fish ladder 
would be operational.  Both assertions were false.  Anadromous fish that had contributed to the survival 
of the Klamath, Modoc, and Yahooskin people for millennia were simply extinguished by a rapacious 
power company.  While some protests were made on behalf of the Klamath Tribes, nothing of substance 
was done to rectify the situation.  The deprivation of a bargained-for resource was a clear violation of 
the Treaty of 1864.  In the end, the interests of the Klamath Tribes were utterly ignored by COPCO, the 
states of California and Oregon, and our federal trustees.   

Subsequent to these events, COPCO proceeded with development of the Klamath Hydroelectric Project, 
which eventually moved into the ownership of PacifiCorp.  The company entered into contracts with 
agricultural interests in the Upper basin both upstream and downstream of Upper Klamath Lake, which 
benefitted Upper basin agriculture by locking in extremely low power rates for agricultural use.  This 
fostered intensive agricultural development of the Upper basin, resulting in extreme degradation of 
aquatic ecosystems and causing the hypereutrophication of Upper Klamath Lake.  In turn, these and 
other impacts led to further severe declines in the Klamath Tribes’ fisheries, resulting in the loss of the 
c’waam and koptu (Lost River and shortnose sucker) fisheries and declines in the redband fishery.  
Cheap power for agricultural uses, as well as direct actions by the company, led to extensive diking and 
conversion of wetlands to agricultural uses, destroying important ecosystem components and 
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contributing to the hypereutrophication of the lake.  While the Klamath Tribes work towards 
reintroducing anadromous fish into the Upper basin, the remaining stocks of anadromous fish continue 
to be damaged by the KHP. 

Most of the fishery and ecosystem related costs of the hydropower development, and of the attendant 
agricultural development, were externalized.  The Native peoples of the Klamath River were simply left 
to absorb these costs, which have been catastrophic.  The filing of a Final License Application for the KHP 
that ignored the restoration of anadromous fisheries, and a subsequent attempt to reverse (via litigation 
under the Energy Policy Act) the mandatory prescriptions by the United States requiring that provisions 
be made for fish passage, continued the corporate tradition of ignoring tribal needs and interests.   

As the Water Board considers environmental justice issues in this proceeding, the Klamath Tribes ask 
that you consider the following points: 

• Since the very beginning of the development of the KHP, the Klamath Tribes have absorbed 
catastrophic externalized costs of that development.  Such costs are not confined to the past, 
they are continual.  This has been, and continues to be, profoundly unjust. 

• A new FERC license will require that provision be made for upstream and downstream passage 
of fish at each KHP facility, as per the mandatory prescriptions established under section 18 of 
the Federal Power Act.  Because the Klamath Tribes will be actively reintroducing anadromous 
fish into the upper basin, we have a significant interest in the health and viability of remaining 
anadromous fish stocks in California, and thus in the deleterious effects of the KHP. 

In a Background Technical Report developed for the Klamath Facilities Removal Final Environmental 
Impact Statement / Environmental Impact Report, Gates and Novell (2011) described this issue in 
reference to all Klamath River tribes (Pages 1-1 – 1-2): 

Beginning early in the 20th century, dams were put in place on the 
upper and mid-Klamath to generate electrical power and to supply 
water for newly established farmland in the upper basin. The dams 
extirpated anadromous fish from the upper basin. Later, in the 1950s, 
more dams were built farther downriver on the Klamath to generate 
hydropower. Four of those dams, now owned by PacifiCorp, are the 
subject of this report. Copco Dam No. 1 was completed in 1918 and 
Copco Dam No. 2 in 1925. J. C. Boyle Dam was completed in 1958 and 
Iron Gate Dam in 1962. Along with the farms and dams came decreased 
water flows, raised water temperatures, increased susceptibility to 
excess nutrients that promote algae blooms, and drastically depleted 
salmon, the tribal communities’ most important food, in addition to 
other fisheries. Partial, but ramifying, ecosystem degradation resulted. 

In short, a large part of the incalculable value of the Klamath River as a 
resource for human life was taken away from the historic native users of 
the river and dedicated instead to promotion of agriculture and 
electrical power. The cost of this conversion was not accounted for but 
was, instead, externalized and absorbed by the native people. 
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Gates and Novell (2011) wrote specifically about the Klamath Tribes in their Appendix G, saying on page 
G-2 (bracketed text added for context): 

As a result [of KHP development], the power company and its 
customers have enjoyed power whose real price is never contemplated. 
The enormous cost of the lost fishery has been absorbed by the 
[Klamath] Tribes for nearly a century, while the power company and its 
customers enjoy what is essentially a subsidy provided by the [Klamath] 
Tribes. This continues to be the case today, in plain disregard of the 
commitments of the Treaty. 

Norgaard (2005) documented some of the costs that Native people bear through our loss of access to 
native foods.  She reported her findings in regard to the Karuk Tribe.  While each tribe has its own 
history of loss, the global findings of Norgaard (2005) are applicable to the other Klamath River tribes.  
Loss of or damage to native foods and other resources are summarized by Gates et al. (2011), who in 
their Executive Summary (pages 2-3) describe the current effects of the KHP dams in this way: 

The findings of the Cultural/Tribal Sub-team, as articulated in the CE 
BTR, are that the current operation of the dams adversely affects tribal 
trust resources, tribal rights to take those resources, other resources 
traditionally used by tribes, and, by extension, the native cultures that 
depend on these resources and rights. Strong social, cultural, and 
economic ties have bound together the tribes of the Klamath River 
basin—ties based in large part on a shared reliance on the region’s 
rivers and lakes and associated resources, particularly anadromous and 
resident fish. This reliance extends well beyond subsistence and 
commerce to the cultural and social fabric of the tribes, as evidenced by 
their traditional, ceremonial, and spiritual ways of life that depend on 
the rivers and lakes and the fish, wildlife, and vegetation the waters 
support. 

As described in this report, current operations of the four dam facilities 
under consideration for removal significantly contribute to 
compromised water quality, loss of habitat for anadromous and other 
aquatic species, and altered aquatic ecosystem functions. As 
determined by the CE BTR, these contributing factors have led to the 
decline of the anadromous and resident fisheries important to the 
continuance of an indigenous tribal way of life and their economies 
supported by aquatic resources in the Klamath River basin. The decline 
of the fisheries is directly and indirectly linked to the decline of the 
“Salmon People” of the Klamath River basin and their fishery-based 
economies. This decline is manifested in adverse effects, such as 
physical illness, mental illness, loss of traditional knowledge, economic 
instability of individual households, financial instability of tribal 
governments, and social conflict among native peoples and between 
native peoples and non-natives residing in the Klamath River basin. 
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Gates et al. (2011; Executive Summary pages 3-4) concluded the following with regard to removing the 
KHP dams: 

Under the Dams Out Scenario, it is expected that the attainment and 
benefits of the TMDLs will be achieved and accelerated, and water 
quality will substantially improve. Both anadromous and resident fish 
populations are expected to substantially increase, potentially to the 
point of delisting of some or all of the fishes currently listed under the 
ESA and/or the CESA. Additionally, the upper watershed will be opened 
for the re-establishment of anadromous fish populations. Also, under 
the Dams Out Scenario, the Klamath River basin’s health and the 
functionality of the larger ecosystem will increase, thus benefiting more 
than fish. 

Also, under the Dams Out Scenario, the health, welfare, economic base, 
and cultural development of the tribes would have the potential to 
substantially improve. Fishery-related food resources should trend 
toward historic conditions, an improvement that could lead to 
decreased heart disease, fewer strokes, decreased rates of diabetes, 
reduced risk of obesity, and reduced levels of depression. Healthy 
Chinook and coho salmon, steelhead, sturgeon, lamprey, suckers, trout, 
and freshwater clams and mussels would be available for tribal 
economic growth and cultural activities, such as fishing, hunting, 
gathering, and ceremonies. Restoration and availability of traditional 
resources, including fish, would facilitate the transmission of tribal 
information to the younger generation, thus providing an increased 
sense of unity and continuity over time. 

Clearly, the Klamath Tribes have been forced to bear exorbitantly disproportionate costs of the Klamath 
Hydroelectric Project.  None of those costs were passed on to the rate payers or shareholders who 
benefitted from the dams.  Their profits and benefits have come at the expense of the Klamath Tribes 
fisheries and fishing culture, at the expense of the quality and health of the aquatic ecosystems that 
have always been vital to the Tribes, at the cost of a traditional life style that had been sustained since 
time immemorial, and at a cost to the very lives, health and well-being of the Klamath, Modoc, and 
Yahooskin Paiute people.  Other tribes on the Klamath River will rightly make similar points.  The 
injustice of this continuing situation is profound, and the Klamath Tribes believe it should compel the 
Water Quality Board to take rectifying action.  

Cyanobacteria 

Existence of KHP reservoirs creates semi-lacustrine habitat that supports massive blooms of 
cyanobacteria, which tend to be dominated by Microcystis aeruginosa, which produces and releases 
toxins in KHP reservoirs and in the Klamath River far downstream of the reservoirs.  Water quality 
problems common in hypereutrophic reservoirs with abundant cyanobacteria are also prevalent in the 
KHP reservoirs, with attendant effects in downstream receiving waters.  Bioaccumulation of the 
microcystin toxin is also a concern.  These topics are addressed in the Final EIS/EIR for Klamath River 
Dam Removal – we have no additional information to offer.  The Water Board should evaluate the 
extent to which such blooms, the attendant water quality problems, and consequences to biota would 
occur and persist in the absence of the KHP reservoirs.   
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Effects on Anadromous Fish 

Expert Panel 

A Chinook Salmon Expert Panel was convened to evaluate the likely response of Chinook to removing 
the lower four dams on the Klamath River and implementing the KBRA.  We submitted comments to 
their draft report (Dunsmoor 2011).  In response to a comment from us requesting that they assess the 
likelihood of persistence of Chinook stocks under the alternatives of existing conditions and dam 
removal, they responded as follows (see Goodman et al. 2011, page 69-70, response to comment 190): 

There is much certainty that if the four dams are not removed, the 
Klamath Chinook salmon will continue to decline. 

In response to comment 211 on page 74 of Goodman et al. (2011), the expert panel responded with this 
statement: 

The Panel believes that dam removal is the greatest limiting factor 
precluding Chinook salmon rehabilitation. Time will also be needed for 
new Chinook salmon stocks to evolve to the evolving water quality 
conditions. Delaying dam removal seems an unwise proposal. 

We agree with these statements from the Chinook Salmon Expert Panel, and believe 
they should be taken to heart by the Water Board. 

Thermal Effects 

PacifiCorp hired Watercourse Engineering to develop a water temperature model for the Klamath River, 
which was called the Klamath River Water Quality Model (KRWQM).  While several technical reports 
resulted from this work and were submitted to FERC (Watercourse Engineering 2003, PacifiCorp 2004, 
PacifiCorp 2005a-c, and references therein), we did not believe that these reports provided an adequate 
analysis of KHP thermal effects on salmon and steelhead.   Therefore, we prepared Dunsmoor and 
Huntington (2006) which, using the outputs from the model developed by PacifiCorp, analyzed the 
simulated thermal regimes from the standpoint of stress to juvenile and adult anadromous salmonids, 
and evaluated likely ramifications to life cycles of these fish.  In addition, a series of tables and figures 
were developed in the appendices that quantified the thermal change of various dam removal scenarios 
from current conditions; these were developed in anticipation of these 401 certification proceedings, 
and were intended to be helpful to the Water Board in evaluating the effects of the KHP. 

In the section of Dunsmoor and Huntington (2006) entitled Conclusions Regarding KHP Effects on Water 
Temperature, the authors concluded (in part) the following (note that EC = Existing Condition, WOP = 
Without Project): 

1. During summer and fall, water emanating from Upper Klamath Lake is 
warmed considerably in Keno Reservoir, resulting in riverine 
temperatures between Keno Dam and JC Boyle Reservoir substantially 
warmer than the system potential. 

2. Additional thermal loading associated with JC Boyle Reservoir 
contributes water substantially warmer than the system potential to the 
top of the Boyle Bypass Reach and to the Boyle Peaking Reach. 

3. The low flow, spring-dominated Boyle Bypass Reach is cold with 
relatively little diel or seasonal fluctuation.  During the warm months, 
the thermal regime under WOP is substantially warmer than under EC, 
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but is generally within the thermal tolerances (and near the growth 
optimum) for salmonids. 

4. Large, diel flow changes associated with the Boyle peaking operation 
create large (approaching 10°C) daily fluctuations in temperature in the 
Boyle Peaking Reach. Lowest temperatures are coincident with lowest 
flows (~330 cfs) during off-peak periods when all flow in the reach 
emanates from the Boyle Bypass Reach. Highest temperatures coincide 
with on-peak periods when flows are dominated by water diverted 
(~1300 for one turbine, ~2600 cfs for both turbines) from JC Boyle 
Reservoir. 

5. Thermal inertia associated with Copco and Iron Gate reservoirs alters 
the timing and magnitude of the seasonal progression of warming in 
spring and early summer, and cooling in fall. Reservoirs delay warming 
of the Klamath River during spring under EC from Iron Gate Dam to 
Seiad Valley, an effect that disappears by early June.  The extent to 
which the more rapid warming without dams in place may be influenced 
by altered watershed conditions and by water management is unknown, 
but these factors are likely influential. The KHP-related delay in thermal 
response is accompanied by suppressed diel variability, which from mid-
July through August prevents cooling to levels below 20°C.  From mid-
August through September, Copco and Iron Gate reservoirs delay 
cooling 112 km downstream to Seiad Valley.  WOP temperatures are 
frequently 3-5°C cooler than EC below the dams at this time of year. 

In the section of Dunsmoor and Huntington (2006) entitled Significance to Fishery Management, the 
authors concluded (in part) the following: 

The KHP-caused temporal shift and spatial and temporal 
homogenization of the thermal regime are biologically significant to 
anadromous salmonids in the Klamath River. Benefits associated with 
modest delays in spring-time cooling are small compared to long delays 
in fall cooling during upstream migrations and spawning.  Loss of spatial 
and temporal variability reduces distributional opportunities for 
juveniles, but also likely affects adult run timing. 

Periods of cooler weather that would open usable migratory corridors 
under dam removal scenarios do not have the same effect under EC. 
Such corridors could allow for iterative upstream migration in which 
adults swim up a corridor until prevented from continuing by a 
temporary warm spell.  These fish would then be forced to occupy 
thermal refugia until cooler conditions returned and they could resume 
their migration. Fish following such a strategy would be moving 
upstream on the leading edge of tolerable conditions, would likely 
experience considerable thermal stress, and would be more likely than 
later-migrating fish to experience pre-spawn mortality or reduced egg 
viability.  Nevertheless, the presence of a segment of a population 
pushing the envelope in this manner is an important adaptive 
component of a population in a system like the Klamath, because these 
fish will be poised to take full advantage of years like 2002 when 
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conditions allow for early migration. The diversity in run timing that 
would result is an adaptive element that is likely to be selected against 
under present conditions, because fish attempting to follow such a 
strategy encounter adverse conditions. At present, effects of the KHP 
minimize the ability of fish to follow such a migration pattern. 

The KHP dams (reservoirs) have also helped create a situation in which 
the early component of the Klamath summer-fall chinook run, which 
once found progressively more favorable temperature conditions as it 
migrated up the mainstem Klamath above the Trinity River, no longer 
finds such conditions. Instead, fish encounter increasingly adverse 
conditions as they attempt to migrate upstream in the late summer.  
Relatively few summer-fall chinook now migrate up the Klamath River in 
August and the run appears even to be delayed in early September of 
some years.  Migrations at this time of year appear to have once 
accounted for a large portion of the run up the mainstem Klamath River 
(Snyder 1931), and still do in the nearby Rogue River (ODFW 1992). 

 The KHP exerts a profound effect on anadromous salmonid fisheries in 
the Klamath; it isolated all runs from the Upper Basin, appears to have 
altered the migration timing of fall-run fish, increased the duration and 
extent of Severely Stressful thermal conditions for adult and juvenile 
salmon and steelhead, and has likely decreased the ability of juveniles 
to use thermal refugia as effectively as might otherwise be possible.  
Results of two independent water quality modeling efforts indicate that 
removal of most or all of the mainstem KHP dams would significantly 
improve conditions for migration and spawning of adult fall chinook, 
and the KRWQM predicts that there may be neutral to positive effects 
on the habitats used by juvenile chinook and steelhead as well. 
Returning the Klamath to a thermal regime more similar to that 
measured by Snyder in 1926 may be the single most effective measure 
that could be taken to improve conditions for anadromous salmonids in 
the Klamath River.  Improvements in the thermal regime that could be 
gained through dam removal would facilitate efforts to reintroduce 
anadromous fish within and above the KHP. Furthermore, fishery 
benefits derived from habitat restoration efforts in the tributaries would 
almost certainly be enhanced by an improved thermal regime in the 
Klamath mainstem. 

Because we understand that the staff preparing the EIR will have an enormous amount of material to 
process, we offer example products from Dunsmoor and Huntington (2006) in the Appendix with the 
hope that it will help guide staff to potentially useful products from that report.   

The largest concentration of groundwater-dominated streams that provide benign thermal 
environments year-round occur above Upper Klamath Lake.  Huntington and Dunsmoor (2006) 
quantified thermal stress for adults and juveniles in the Williamson River (see Figure 11 in Huntington 
and Dunsmoor 2006, and below).  The Wood River Valley will also provide extensive areas of 
groundwater-dominated rivers and streams that would provide ideal thermal conditions for 
anadromous fish (Huntington and Dunsmoor 2006).  Restoring access to such thermally benign rivers 
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Figure 11 from Huntington and Dunsmoor (2006). 
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and streams is an important, and possibly essential, action that should be taken to increase the 
resilience of anadromous salmonids to climate change. 

We submitted comments to the Chinook Salmon Expert Panel that was convened as part of the 
Secretarial Determination process (Dunsmoor 2011).  In the draft report from the panel, there was some 
confusion about the thermal relationships between Upper Klamath Lake and releases from Iron Gate 
Reservoir in the late summer and fall.  For each year from 2004-2010, the plots in Dunsmoor (2011) use 
measured water temperatures, and relate the thermal regimes of the riverine and lacustrine sites to 
returns of fall Chinook to Iron Gate Hatchery.  We believe it to be a useful way to depict current 
conditions, demonstrating that late summer and fall water temperatures are warmer and less variable 
below Iron Gate Dam than in Upper Klamath Lake.  Such plots would also be an informative way to 
compare current conditions to simulated thermal regimes for various dam removal alternatives.  Figure 
1 for 2009 from Dunsmoor (2011) is included here as an example. 

Iron Gate Hatchery and Fish Disease 

We believe Iron Gate Hatchery (IGH) to be harmful to the wild runs of anadromous salmonids in the 
Klamath River.  Release of susceptible fish in large numbers from IGH (which happens frequently during 
spring) during disease outbreaks likely amplifies the disease in the river.  Such releases also are likely to 
produce an influx of large numbers of hatchery fish into thermal refugia and other habitats, worsening 
conditions for wild fish of multiple species.   

It appears that a nearly perfect situation has been engineered for myxozoan disease.  First, the Copco 
dams were built, resulting in the progressive coarsening of the river bed, and providing stable substrates 
for the polychaete host.  Second, Iron Gate Dam was built to re-regulate peaking flow regimes from the 
Copco dams, resulting in steady, homogenous flows downstream, conditions that also favor poychaetes.  
Layered upon these flow effects are those associated with altered upstream hydrology, which includes a 
complex milieu of things like out-of-basin diversions to the Rogue River Basin, extensive loss of 
wetlands, altered volume and management of Upper Klamath Lake, diversion of Lost River water into 
the Klamath River, diversions to agricultural uses above, around, and below Upper Klamath Lake, and 
on-going effects of climate change, to name a few.  Third, IGH concentrates spawning salmon in the 
reach that provides ideal conditions for the polychaete host, ensuring effective transmission of 
myxospores from infected fish to the host.  Fourth, millions of fry are released into this same area each 
spring, providing ready vessels for colonization by actinospores.  Here is how the situation is described in 
a portion of the FEIS/EIR for Dam Removal (Vol I, Section 3.3.3.3.5 Disease and Parasites): 

In the Lower Klamath River, the polychaete host for C. shasta and P. 
minibicornis is aggregated into small, patchy populations. The reach of 
the Klamath River from the Shasta River to Seiad/Indian Creek is known 
to be a highly infectious zone with high actinospores exposure, 
particularly from May through August (Beeman et al. 2008, 
Bartholomew and Foott 2010). This portion of the river contains areas 
of dense populations of polychaetes within low-velocity habitats with 
Cladophora (a filamentous green periphytic algae), sand-silt, and fine 
benthic organic material in the substrate (Stocking and Bartholomew 
2007). As described above, the reduced bedload mobility has increased 
the persistence of polychaetes under existing conditions. High parasite 
prevalence in the Lower Klamath River is considered to be a combined 
effect of high spore input from heavily infected, spawned adult salmon 
that congregate downstream from Iron Gate Dam and Iron Gate  
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Figure 1 from Dunsmoor (2011)  
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Hatchery and the proximity to dense populations of polychaetes 
(Bartholomew et al. 2007). The highest rates of infection occur in the 
Lower Klamath River downstream from Iron Gate Dam, generally the 
reach from Shasta River to Seiad (Stocking and Bartholomew 2007; 
Bartholomew and Foott 2010). 

We urge the Water Board to evaluate alternative approaches to addressing the disease-related 
problems caused or exacerbated by IGH, including an alternative that eliminates the hatchery 
altogether.   

More reasons than those related to diseases would support such an action.  A growing body of literature 
demonstrates a variety of negative effects to fish populations and their management resulting from 
hatchery supplementation (e.g. Christie et al. 2012; Christie et al. 2014; Chilcote et al. 2011 and 2013; 
Johnson et al. 2012; Bingham et al. 2014; many more available at 
http://nativefishsociety.org/index.php/science-research/wild-vs-hatchery-salmonid-interactions/).  The 
Klamath Tribes believe that managing for the integrity of wild salmonid populations is important to their 
long-term viability, and will maximize the success of re-introducing anadromous salmonids to the upper 
Klamath Basin, which is one of our primary management goals.   

Effects on Resident Fish 

Rainbow Trout 

Rainbow trout are highly migratory fish moving large distances within the Upper Klamath Basin, and 
provide a very important subsistence fishery for the Klamath Tribes.  Therefore, the Klamath Tribes 
contend that the KHP should be configured and operated in a manner that is amenable to sustainable 
production of abundant rainbow trout that are able to realize their growth potential and migratory 
capability throughout the KHP.   

At present, rainbow trout are influenced in many ways by KHP configuration and operation, each of 
which should be thoroughly evaluated by the Water Board.   In addition to information presented 
below, see in McKenna (2006) the section entitled Findings of Fact Concerning USFWS/NMFS Issue 3 
(begins on page 26) for a series of findings pertinent to rainbow trout.  Summarized effects of the KHP 
on rainbow trout include the following: 

• Upstream and downstream migrations are inhibited or prevented by the absence of fish passage 
structures and facilities on the lower three mainstem dams, a poorly functioning fish ladder at JC 
Boyle Dam, and a fish ladder that needs improvement at Keno Dam.  Diversion of all Klamath River 
water out-of-stream at Copco 2 Dam also precludes trout movement. 

• Mainstem spawning habitats have been lost under reservoirs, diminished due to loss of gravel 
recruitment, or eliminated entirely by diversion (below Copco 2 Dam). 

• Access to tributary spawning habitats has been restricted due to impassable dams and poorly 
functioning fishways. 

• Extreme flow and water quality fluctuations resulting from peaking appear to limit growth, 
abundance, and availability of food for adult trout, and greatly diminish successful rearing of young-
of-the-year trout.  A lot of material exists on this issue in the litigation record pertaining to the 
Energy Policy Act hearing in 2006.  In McKenna (2006), see the section entitled Findings of Fact 
Concerning BLM Issue 16 beginning on page 44 as a guide to the decisions made by the judge as well 
as the citations to the supporting materials.  The full record of the proceeding is in the FERC record.  
Figure 12 (see below) in Dunsmoor (2006) documents the frequency and intensity of peaking 

http://nativefishsociety.org/index.php/science-research/wild-vs-hatchery-salmonid-interactions/


Klamath Tribes NOP Response January 2016 12 

operations in the JC Boyle peaking reach from October 1995 through May 2006, demonstrating how 
peaking operations dominate the conditions in the river.  The extent to which peaking operations 
alter streamflow in the Klamath River are quantified in Huntington (2004) using an Indicators of 
Hydrologic Alteration (IHA) assessment. 

• Peaking-related bypass of miles of the Klamath River have completely eliminated habitat (via the 
complete dewatering of the Copco 2 Bypass), greatly diminished habitat (JC Boyle Bypass between 
the dam and the springs), or radically altered the hydrological and thermal regime (JC Boyle Bypass 
below the springs).  Huntington (2004) quantifies the flow alterations for the JC Boyle reaches using 
IHA methods. 

Alternatives to be Analyzed 

The Klamath Tribes recommend that the Water Board fully analyze in their Environmental Impact Report 
the following alternatives related to dam removal: 

1.  Current conditions.   

2.  Removal of the lower four dams on the Klamath River, and 

3.  Removal of the lower five dams on the Klamath River, and the Fall Creek facility. 

Alternatives 2 and 3 will functionally eliminate Iron Gate Hatchery.  If the Water Board decides to 
analyze alternatives to Iron Gate Hatchery in conjunction with the dam removal alternatives, then at 
least the following issues should be addressed in the evaluation: 

• Supplementation hatchery effects on disease dynamics. 
• Supplementation hatchery effects on fitness and viability of wild stocks. 
• Supplementation hatchery effects on active and passive efforts to re-introduce anadromous 

fish to the upper Klamath Basin. 
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Figure 12 from Dunsmoor (2006) 
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Appendix 
 
Example Figures and Tables from Dunsmoor and Huntington (2006). 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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Example from Dunsmoor and Huntington (2006) 
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SUMMARY OF THE CASE 

This expedited trial-type proceeding was brought pursuant to Section 241 of the 

Energy Policy Act of 2005, Pub. L. 109-58, § 241, 119 Stat. 594, 674-75 (Aug. 8, 2005) 

(“EPAct”) (codified in 16 U.S.C. §§ 797(e) and 811), and the underlying procedural 

regulations codified in 50 C.F.R. Part 221.  Section 241 amends sections 4(e) and 18 of 

the Federal Power Act (“FPA”) (amended and codified in 16 U.S.C. §§ 791-823d).  

Those sections provide certain federal agencies authority to include conditions and/or 

fishway prescriptions in any hydroelectric license issued/re-issued by the Federal Energy 

Regulatory Commission (“FERC”).  See 16 U.S.C. §§ 797(e) and 811. 1 

More specifically, under section 4(e), the Secretary of Interior (“Interior”), acting 

through the Bureaus of Land Management (“BLM”) and/or Reclamation (“BOR”), may 

establish conditions deemed necessary for the protection of Indian reservations and 

public lands to be included in a hydroelectric license.  See 16 U.S.C. § 797(e).  Likewise, 

under section 18 of the FPA, the Secretaries of Commerce (acting through the National 

Marine Fisheries Service (“NMFS”)), and Interior (acting through the United States Fish 

and Wildlife Service (“USFWS”)) may prescribe fishways to provide for the safe, timely, 

and effective passage of fish.  Id. at 811.  Pursuant to section 241 of EPAct, any party to 

                                                 
1 On November 17, 2005, the Departments of Agriculture, Interior, and Commerce jointly published 
procedural regulations governing the expedited trial-type hearings conducted under section 241 of EPAct.  
See 70 Fed. Reg. 69,804 (Nov. 17, 2005).  Agriculture’s regulations are codified in 7 C.F.R. Part 1, 
Interior’s regulations are codified in 43 C.F.R. Part 45, and Commerce’s regulations are codified in 50 
C.F.R. Part 221.  The three versions of the regulations are substantively identical with minor variations to 
account for the different Department’s organizational components, and a slight variation on the reference to 
conditions and prescriptions.  Id. at 69,808.  Since this case was referred by NMFS to the United States 
Coast Guard (its designated Administrative Law Judge Office) for adjudication, 50 C.F.R. Part 221 governs 
this proceeding.  See 50 C.F.R. § 221.26 (a). 
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the FERC license proceeding is entitled to a determination on “disputed issues of material 

fact” concerning the conditions and fishway prescriptions following an expedited 

evidentiary hearing on the record before a judge.  See Pub. L. 109-58, § 241, 119 Stat. 

594, 674-75 (codified in 16 U.S.C. §§ 797(e) and 811). 

As the party requesting the hearing, the burden of proof rests with PacifiCorp to 

establish its version of the facts on each disputed issues of material fact by a 

preponderance of the evidence.  See Order Granting Motion to Confirm Burden of Proof 

(July 6, 2006); 5 U.S.C. § 556(d) (establishing that the burden of proof rests with the 

proponent); and 50 C.F.R. § 221.57 (adopting the preponderance of the evidence standard 

of proof). 

The parties framed fourteen disputed issues of material fact for decision.  In this 

case, PacifiCorp partially proved its version of the facts with respect to USFWS/NMFS 

Issue 8.  The utility company also proved its version of the facts with respect to BLM 

Issue 19 and partially proved its version of the facts with respect to BLM Issues 10 and 

11.  However, PacifiCorp failed to prove its version of the facts with respect to the 

remaining disputed issues of material fact. 

This decision is made following a two-day prehearing conference; the submission 

of thousands of pages of written direct and rebuttal testimony, exhibits, and transcripts; 

the filing of and ruling on numerous pretrial motions; and over forty-five hours of hearing 

over a five day period.  The preliminary statement, a listing of the stipulated disputed 

issues of material fact to be decided, the findings of fact on each of those disputed issues 

of material fact, a discussion analyzing the basis for the findings of fact, and rulings on 

the proposed findings of fact and conclusions of law are set forth below. 
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PRELIMINARY STATEMENT 

This case concerns disputed issues of material fact with respect to preliminary 

prescriptions and conditions that the NMFS and Interior agencies seek to include in any 

FERC issued re-license for the operation of the Klamath Hydroelectric Project No. 2082 

(“Project”).  The Project is located on the upper Klamath River beginning in Northern 

California and extending through Southern Oregon.  The Project consists of five (“5”) 

main stem dams: 1) Iron Gate Dam; 2) Copco II Dam; 3) Copco I Dam; 4) J.C. Boyle 

Dam and Diversion; and 5) Keno Dam.  PacifiCorp is the current owner, operator, and 

holder of the FERC license to operate the Project. 

On February 26, 2004, PacifiCorp filed an application with the FERC for a 

license to continue operations at the Project.  In response to this application, FERC issued 

a Notice of Application Ready for Environmental Analysis, which included a Request for 

Preliminary Prescriptions and Conditions.  By letter to the FERC dated March 24, 2006, 

NMFS filed its “Comments, Recommended Terms and Conditions, and Preliminary 

Prescriptions for the Klamath Hydroelectric Project, FERC Project No. 2082.”  Included 

with that letter were NMFS’ section 18 preliminary prescriptions for the construction 

and/or modification of fishways at multiple Project facilities.  The preliminary 

prescriptions were developed jointly with USFWS.  A copy of the preliminary 

prescriptions is contained in Attachment A. 
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Separately, in a letter to the FERC dated March 27, 2006, the BLM and the BOR 

each filed section 4(e) preliminary conditions (together with USFWS section 18 

preliminary prescriptions that were jointly developed with NMFS) (collectively referred 

to as “Interior Agencies”).  A copy of the preliminary conditions and prescriptions is 

contained in Attachment B.2 

Pursuant to 16 U.S.C §§ 797(e) and 811 (as amended), and 50 C.F.R. Part 221, in 

letters dated April 28, 2006, PacifiCorp requested an expedited trial-type hearing to 

challenge the factual bases supporting the preliminary prescriptions and conditions.  

Since three of the five, Project dams are located in Siskiyou County, California, its 

County Counsel filed a notice of intervention concerning the preliminary conditions in 

support of PacifiCorp’s hearing request.  The California Department of Fish and Game 

(“CDFG”), the Klamath Tribes, the Hoopa Valley Tribes, and the Conservation Groups 

all filed notices of intervention concerning the preliminary conditions and prescriptions.  

Attachment C provides a chart that details each intervenor and their disputed issue(s) of 

concern.3 

                                                 
2 Since they were jointly developed, the USFWS’ section 18 preliminary prescriptions are identical to the 
NMFS section 18 preliminary prescriptions.  The only distinction between the two is the Secretary of 
Interior is responsible for filing USFWS’ preliminary prescription whereas the Secretary of Commerce is 
responsible for NMFS’ preliminary prescription. 
3 The Conservation Groups are comprised of eight separate organizations: 1) American Rivers; 2) Trout 
Unlimited; 3) Northcoast Environmental Center; 4) Pacific Coast Federation of Fishermen’s Associations 
and the Institute of Fisheries Resources (“PCFFA/IFR”); 5) WaterWatch of Oregon; 6) California Trout; 7) 
Friends of the River; and 8) Oregon Natural Resources Council. 
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Pursuant to 50 C.F.R. § 221.23, NMFS consulted with the Interior Agencies.  

They jointly decided to consolidate the hearing requests, and refer the consolidated  

matter to the United States Coast Guard ALJ Docketing Center for assignment of an 

Administrative Law Judge.  On June 22, 2006, Chief Administrative Law Judge Joseph 

N. Ingolia assigned the Hon. Parlen L. McKenna to preside over the consolidated hearing 

and issue a decision on the disputed issues of material fact within ninety (90) days from 

the date of referral in accordance with section 241 of EPAct and 50 C.F.R. Part 221. 

In accordance with 50 C.F.R. § 221.12, an initial prehearing conference was held 

on July 6 and 7, 2006.  During the initial prehearing conference, the disputed issues of 

material fact were narrowed.  The next section of this decision contains a list of the 

disputed issues of material fact. 

The hearing commenced in Sacramento, California on August 21, 2006, and 

ended on August 25, 2006.  Post-hearing briefs, including proposed findings of fact, were 

filed on September 5, 2006.  Reply briefs were filed on September 11, 2006.  Rulings on 

each parties proposed findings of fact are contained in Attachment D.  Several Motions to 

Strike have yet to be ruled upon; the rulings on those Motions will be addressed in this 

decision.  The witnesses and exhibit lists are set forth at the end of this decision.4 

                                                 
4 The parties agreed to file joint post-hearing briefs as follows: 

a) PacifiCorp and Siskiyou County filed a joint post-hearing brief; 

b) NMFS and FWS filed a joint post-hearing brief (adopted by CDFG); 

c) BLM filed a post-hearing brief; 

d) The Conservation Groups filed a post-hearing brief; and 

e) The Indian Tribes filed a joint post-hearing brief. 
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DISPUTED ISSUES OF MATERIAL FACT 

  Fourteen (14) disputed issues of material fact were identified in this proceeding  

as follows: 

1. USFWS/NMFS ISSUE 2(A): Whether stocks of anadromous fish suitable to 
conditions above Iron Gate are available to use prescribed fishways? 

2. USFWS/NMFS ISSUE 2(B): To what extent facilitating the movement of 
anadromous fish via prescribed fishways presents a risk of introducing pathogens 
to resident fish inhabiting the basin above Iron Gate? 

3. USFWS/NMFS ISSUE 2(C):  To what extent facilitating the movement of 
steelhead above Iron Gate Dam via prescribed fishways presents a risk of 
residualizing, and whether and to what extent that [residualization] would pose 
adverse effects to the resident trout fishery resource? 

4. USFWS/NMFS ISSUE 3:  Whether and how current Project operations affect the 
resident trout fishery resource in the absence of passage? 

5. USFWS/NMFS ISSUE 4:  Whether entrainment at Project facilities is adversely 
affecting resident fishery resources? 

6. USFWS/NMFS ISSUE 6:  Whether 58 miles of habitat suitable for use by 
anadromous fish exists with[in] the Project? 

7. USFWS/NMFS ISSUE 7:  Whether access to habitat within the Project would 
benefit coho salmon, and if so, to what extent? 

8. USFWS/NMFS ISSUE 8:  Whether access to habitat within the Project would 
benefit Pacific lamprey, and if so, to what extent? 

9. BLM ISSUE 10:  Whether the seasonally high flows will help to improve riparian 
conditions in the J. C. Boyle bypass reach; and if so, whether and to what extent 
such improved riparian conditions will affect native riparian-focal bird species? 

10. BLM ISSUE 11:  Whether project operations adversely affect riparian resources 
and native riparian-focal bird species in the J.C. Boyle peaking and bypass 
reaches? 

11. BLM ISSUE 14:  Whether the seasonal high flow specified in BLM Conditions 4 
A.1(c) will have a net adverse effect on redband trout spawning? 
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12. BLM ISSUE 16:  Whether and how current Project operations affect the redband 
trout fishery resources, insofar, as that resource would be addressed by the River 
Corridor Management Condition? 

13. BLM ISSUE 17:  Whether and to what extent BLM’s two-inch-per-hour upramp 
rate for the J.C. Boyle facility will affect fish resources and other aquatic 
organisms? 

14. BLM ISSUE 19:  How the flows proposed by BLM may affect the existing 
whitewater boating and flyfishing in the J.C. Boyle peaking reach? 

Pursuant to 50 C.F.R. § 221.60, the undersigned’s findings of fact with respect to 

each disputed issue of material fact will be final and binding on the Secretaries of Interior 

and Commerce in their final actions under sections 4(e) and 18 of the FPA. 

RULINGS ON PENDING MOTIONS 

 There are six pending motions to strike that have not yet been ruled upon.  The 

Motions are as follows: (1) Yurok Tribe’s Motion To Strike Testimony of PacifiCorp 

Witnesses Chane and Giorgi dated August 15, 2006; (2) Federal Fisheries Services 

Motion to Strike Certain Portions of the Written Direct Testimony filed by PacifiCorp 

dated August 16, 2006; (3) BLM’s Motion to Strike Testimony of PacifiCorp Witness 

Forrest Olson dated August16, 2006; (4) Klamath Tribe’s Motion to Strike Certain 

Testimony of PacifiCorp’s Witness dated August 16, 2006; 5) Klamath Tribe’s Motion to 

Strike Alteration of Direct Testimony dated, August 16, 2006; and 6) NMFS/FWS 

Motion to Strike Certain Portions of the Written Rebuttal Testimony Filed by PacifiCorp 

dated August 18, 2006.  A Motion for Reconsideration of an Order Granting PacifiCorp’s 

Motion to Supplement Rebuttal Exhibits of Ken Carlson filed by the Federal Fisheries 

Services, dated August 28, 2006, is also pending.  The rulings on said motions are set 

forth below. 
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1. Motions to Strike and Motion for Reconsideration are 
DENIED. 

The Federal Fishery Services, the BLM, the Yurok Tribe, and the Klamath Tribe 

all seek to strike certain written direct and/or rebuttal testimony of all five of PacifiCorp 

witnesses: (1) Mr. Ian Chane addressing USFWS/NMFS Issue 8; (2) Dr. Albert E. Giorgi 

addressing USFWS/NMFS Issue 8; (3) Mr. Ken Carlson addressing USFWS/NMFS 

Issue 6; (4) Mr. Kevin Malone addressing USFWS/NMFS Issues 2 and 6; (5) Forrest 

Olson addressing the Tennant Method.  In support of each motion, the Federal Fishery 

Services, the BLM, the Yurok Tribe, and the Klamath Tribe argue that the 

aforementioned evidence is irrelevant because it is outside of the scope of the issues 

agreed upon by the parties for the hearing and, in many instances, seek to introduce 

subjects that have previously been dismissed/withdrawn from the proceeding.  The 

Agencies also filed a motion on August 28, 2006, seeking reconsideration of this judge’s 

Order Granting PacifiCorp’s Motion to Supplement the Rebuttal Exhibits of Mr. 

Carlson.5 

 In these proceedings, “relevant, reliable, and probative evidence” is admissible at 

the hearing so long as the evidence is not privileged, unduly repetitious, or cumulative; 

and its probative value is not substantially outweighed by the risk of prejudice, confusion 

of the issues, or delay.  See 50 C.F.R. § 221.55.  Although the Federal Rules of Evidence 

do not apply in these proceedings, those rules do serve as guidance.  Id. at § 221.55(a) 

                                                 
5 The Federal Fisheries Services also sought to strike portions of Mr. Malone’s testimony addressing 
USFWS/NMFS Issue 9.  Since that issue has been withdrawn and removed from this proceeding, the 
motion to strike is dismissed as moot. 
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(4).  Under those rules, relevant evidence is broadly defined as any evidence [however 

slight] tending to make the existence of consequential fact more or less probable.  See 

Fed. R. Evid. 401.  The Advisory Committee Notes to Federal Rules of Evidence 401 

make clear that a fact to which the evidence is directed need not be in dispute to be 

relevant.  See 56 F.R.D. 183, 216 (1972).  Those notes provide that “[w]hile situations 

will arise which call for the exclusion of the evidence to prove a point conceded by the 

opponent, the ruling should be made on the basis of such consideration as waste of time 

and undue prejudice (see Rule 403), rather than under any general requirement that 

evidence is admissible only if directed to matters in dispute.”  Id. 

The undersigned recognizes that issues concerning the effectiveness of volitional 

passage, the Tennant Method, and the prospective temperature effects from the BLM 4(e) 

conditions were either withdrawn/dismissed from this proceeding.  However, the 

controversial testimony and evidence contains information that bears on the issues in this 

case.  Thus, it is relevant and admissible.  This is especially true given the fact that the 

parties are not prejudiced by the admission of this evidence.  The parties have been aware 

of the information for sometime now (for instance the United States Geological Survey 

Report, dated September 20, 2005, entitled “JC Boyle Bypass Segment Temperature 

Analysis” was received by PacifiCorp from the government in discovery).  Further, the 

parties received the written direct/rebuttal testimony in advance of the hearing, they had 

an opportunity to cross-examine the witness, and they introduced countervailing evidence 

at the hearing.  Therefore, the motions to strike testimony filed by the Federal Fishery 

Services, the BLM, the Yurok Tribe, and the Klamath Tribes are DENIED. 
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2. Klamath Tribes Motion to Strike Errata of Mr. Malone’s 
Direct Testimony is DENIED. 

Klamath Tribes moved to strike PacifiCorp’s Errata Regarding the Direct 

Testimony of Kevin Malone, arguing that the change to the testimony was substantive 

and impermissible.  

With respect to discovery, the regulations place continuing obligations on the 

parties to promptly amend or supplement any prior response to discovery upon learning 

that the response is incomplete or incorrect when made.  See 50 C.F.R. § 221.42(a).  The 

regulations are silent whether the same rule applies with respect to written direct 

testimony.  Recognizing that a rule requiring a party to go forward with evidence that is 

known to be incomplete or incorrect would be an exercise in futility, PacifiCorp’s Errata 

is GRANTED, and Klamath Tribes’ motion to strike is DENIED. 

PRELIMINARY FINDINGS OF FACT 

 The Findings of Fact on the disputed issues of material fact are based upon a 

complete review of all evidence of record.  The facts are as follows: 

A. BACKGROUND 

1. Four of the five Project dams are at issue in this trial-type expedited 
proceeding conducted under section 241 of EPAct and 50 C.F.R. Part 221: a) 
Iron Gate Dam; b) Copco I Dam; c) Copco II Dam; and d) J.C. Boyle Dam 
and Diversion or the Klamath Hydroelectric Project.  (Entire Administrative 
Record). 

2. Iron Gate development consists of a dam, reservoir, and an 18 megawatt 
(“MW”) powerhouse.  It was constructed in 1962, and is the farthest 
downstream development in the Project area located at river mile (“RM”) 190 
in Siskiyou County, Ca.  The Iron Gate development also includes Iron Gate 
Fish Hatchery, which was constructed at the same time as the power 
generation facility.  The Iron Gate Fish Hatchery releases fall-run Chinook 
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salmon, Coho salmon, and winter steelhead trout under the terms of its 
existing FERC hydroelectric license.  (KTr-CWH-Ex. 1 at 8-9; KTr-CWH-Ex. 
5 at 11; KTr-CWH-Ex. 20 at 79). 

3. Copco I development consists of a dam and a 20 MW power plant.  It is the 
first development that was constructed in the Project area in 1917.  Copco I is 
located upstream from Iron Gate Dam at RM 198.6 in Siskiyou County, Ca.  
(KTr-CWH-Ex. 1 at 8-9; KTr-CWH-Ex. 5 at 11). 

4. Approximately a quarter-mile downstream from Copco I at RM 198.3 in 
Siskiyou County, Ca is the Copco II development.  Copco II was constructed 
in 1925, and diverts water to a 5,900 foot water conveyance system serving a 
27 MW power plant.  Because it has very minimal active storage capacity, 
Copco II powerhouse operates as a “slave” to Copco I.  (KTr-CWH-Ex. 1 at 8-
9; KTr-CWH-Ex. 5 at 11). 

5. The J.C. Boyle development was constructed in 1958 and consists of a dam, 
reservoir, and powerhouse.  It is located farthest upstream at RM 224.7 and 
the 80 MW powerhouse is located several miles downstream at RM 220.4, 
both in Southern Oregon.  (KTr-CWH-Ex. 1 at 8-9). 

B. USFWS/NMFS DISPUTED ISSUES OF MATERIAL FACT 

1. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 2(A) 

2A-1. The selected anadromous stocks of fish at issue in this proceeding are: a) 
wild Chinook salmon; b) Coho salmon; c) steelhead trout; and d) Pacific 
lamprey.  (Entire Administrative Record). 

2A-2. An anadromous fish is a fish that migrates to and from the ocean and 
spawns in its river of origination in order to complete its life cycle.  (Aug. 
23, 2006 Tr. at 26:7-11). 
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a. Historically, Anadromous Fish were distributed above Iron 
Gate Dam 

2A-3. While the precise geographic distribution is uncertain, historical records and 
tribal accounts demonstrate that anadromous fish (Chinook salmon, Coho 
salmon, and steelhead trout) migrated past the present site of Iron Gate Dam 
which provided a viable ecosystem and habitat for those stocks of fish.  
(Aug 24, 2006 Tr. at 11:1-6, 26:21 - 27:7, and 68:10-14; NMFS/FWS-Issue 
2A-Garza-Ex. 7 at 1; NMFS/FWS-Issue 2C-Hooton-Ex. 1 at 2:1-17; 
NMFS/FWS-Issue 6 Hamilton-Ex. 1 at 3:1-14; NMFS/FWS-Issue 6-
Hamilton-Ex. 10 at 5; NMFS/FWS-Issue 16-Hamilton-Ex. 16; NMFS/FWS-
Issue 8 Hamilton-Ex. 6 at 6-7;HVT-Franklin-Ex. 1 at 2:3-9; 2:20 to 3:5; 
HVT-Franklin-Ex. 6;CDFG Pisano Exhibit 1 at 6:10-15; Yurok Tribe’s 
Direct Testimony, Witness: Cleveland R. Steward, Issue: NMFS/FWS 8 
(“Yurok-Steward 8 Direct”) at 3:18-4:8; KTr-CWH-Ex. 5 at 10; 
NMFS/FWS PFF 2A.1 and 8.2; NGO PFF 2A.1; Indian Tribes PFF 2A.2). 

2A-4. Chinook salmon (both spring and fall-run) were abundant in the tributaries 
of Upper Klamath Lake, including Jenny, Fall, and Shovel Creeks, as well 
as the Wood, Sprague, and Williamson rivers.  (NMFS/FWS-Issue 2A-
Garza-Ex. 7. at 5-6; NMFS/FWS-Issue 2C-Hooton-Ex. 17 at 20; NGO Ex. 3 
at 6; NGO Ex. 19; KTr-CWH-Ex. 1 at 5-6; KTr-CWH-Ex. 4 at 225; KTr-
CWH-Ex. 5 at 13-15; KTr-CWH-Ex. 18 at 5-14). 

2A-5. Steelhead trout utilized habitat in Spencer, Shovel, Fall, Camp, and Scotch 
Creeks, and they were likely distributed as far upstream as Link River.  
(NMFS/FWS-Issue 2A-Garza-Ex. 7 at 6-7; KTr-CWH-Ex. 1 at 5-6; KTr-
CWH-Ex. 5 at 15-16; KTr-CWH-Ex. 18 at 5-14; KTr-CWH-Ex. 20 at 79). 

2A-6. Coho salmon spawned in Fall Creek.  (Aug. 24, 2006 Tr. at 273:11-274:8; 
NMFS/FWS-Issue 2A-Garza-Ex. 7 at 7-8;NMFS/FWS-Issue 8-Hamilton-Ex. 
1 at 4:3-13; NMFS/FWS-Issue 8-Hamilton-Exhibit 6 at 6-7;NMFS/FWS-
Issue 8-Hamilton-Ex. 11 at 236; Yurok-Steward 8 Direct at 3:20- 4:8; Yurok 
Tribe- Steward 8 Rebuttal at 4:12 to 5:8; KTr.-CWH-Ex. 4 at 216; KTr-
CWH-Ex. 5 at 16; NMFS/FWS-Issue 7-Simondet-Ex. 5 at 117; NMFS/FWS-
Issue 7-Simondet-Ex. 1 at 4:7-18; NMFS/FWS-Issue 7-Williams-Ex. 1 at 
5:8-6:4; KTr-CWH-Ex. 4 at 216-224; Indian Tribes PFF 7.1). 
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2A-7. There is insufficient evidence in the record to determine whether Pacific 
lamprey historically were distributed above the present site of Iron Gate 
Dam.  (Aug. 24, 2006 Tr. at 121:2-122:1, 124:2-125:19, 250:23-252:13; 
253:13-23; 255:8-13; PAC-Chane-R-1 at 2:23-3:1; CDFG Pisano Ex. 1 at 
13:8-9; KTr-CWH-Ex. 5 at 16-17).  However, the evidence does show that 
Pacific lamprey do occur in the Lower Klamath River, below Iron Gate 
Dam.6 

b. Project Dams Have Changed the Migratory Behavior of 
Anadromous Fish in the Klamath River 

2A-8. The construction of the Project dams has changed the migratory behavior of 
anadromous fish in the Klamath River System, blocking upstream migration 
and limiting those fish to habitat below the dam.  (Aug. 24 Tr. at 11:2-12:9; 
NMFS/FWS-Issue 2C-Hooton-Ex. 1 at 2; NMFS/FWS-Issue 2A-Garza Ex. 1 
at 3; NMFS/FWS-Issue 2A-Garza Ex. 7 at 1; KTr-LKD-Ex.-13, at 1; 
NMFS/FWS-Issue 2C-Hooton- Ex. 17, at 20; KTr-CWH-Ex. 3). 

2A-9. No anadromous fish presently inhabit the waters above Iron Gate Dam.  
(Id). 

2A-10. Migration is one of several defining life history characteristics of 
anadromous fish, especially salmonids.  (NMFS/FWS-Issue 2A-Garza-Ex. 1 
at 2:8-3:25; NMFS/FWS-Issue 2A-Garza-Ex. 6 at 6; NMFS/FWS-Issue 2A-
Garza-Ex. 8 at 13; NMFS/FWS-Issue 2A-Garza-Ex. 4 at 3; Aug. 24, 2006 
Tr. at 11:24-15:9; NMFS/FWS 2A.7). 

2A-11. Today, wild anadromous fish (Chinook salmon, Coho salmon, and steelhead 
trout) can only migrate up to the base of Iron Gate Dam, using nearby 
tributary and main stem habitat to spawn.  (Aug 24, 2006 Tr. at 10:18 to 
11:1; 17:15-18; NMFS/FWS-Issue 2A-Garza-Ex. 1 at 4:4 to 5:7; 
NMFS/FWS-Issue 2A-Garza-Ex. 7 at 1-2; NMFS/FWS-Issue 2A-Curtis 
Rebuttal Testimony Ex. 1at 2:1-16; CDFG Pisano Exhibit 1 at 4:20 to 5:28; 
CDFG Pisano Exhibit 4; HVT, Franklin, Ex. 1 at 2, lines 10-17; Yurok-
Steward 8 Direct at 3:1-9; Steward Yurok Ex 5; KTr.-LKD-Ex. 13; see also 
NMFS/FWS PFF 2.A.2 and 8.2; NGO PFF 2A.2; Appendix to Reply of 
PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 2). 

                                                 
6 The issues concerning whether Pacific lamprey stocks suitable to conditions above Iron Gate Dam are 
available, and whether Pacific lamprey would benefit from access to habitat within the Project area are 
discussed in great detail below in response to USFWS/NMFS Issue 8. 
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2A-12. If access was provided, anadromous fish would migrate past Iron Gate Dam.  
(Aug. 24, 2006 Tr. at 11:12-23; 170:2-17; 273:11-274:8; NMFS/FWS-Issue 
2A-Garza-Ex. 1 at 2-3, 5:3-4; NMFS/FWS-Issue 2A-Garza-Ex. 6 at 6; 
NMFS/FWS-Issue8-Moser-Ex. 1 at 8:4-9:16 and 13:11-17; HVT-Franklin-
Ex. 1 at 3:10-20 and 5:3-6; NGO Ex. 3, at 5:22-23, 7:11-9:20 and 13:11-
17; CDFG-Pisano-Ex. 1 at 10:12-11:8; NGO PFF 2A.5; see also Appendix 
to Reply of PacifiCorp and Siskiyou County Responses to Proposed 
Findings on USFWS/NMFS Issues at 3). 

c. The Habitat above Iron Gate Dam is Similar to the Habitat in 
Some Tributaries below Iron Gate Dam 

2A-13. Habitat below Iron Gate Dam, like habitat in the Project-bounded area, has 
variable suitability across locations, time, and life stages.  (Aug. 24 at 
283:25-20).  Anadromous salmonids have used downstream habitat that is 
no more favorable than that located above Iron Gate Dam.  (CDFG Pisano 
Ex. 1 at 4:18-51, 7:10-9:7 (Coho in other parts of the Klamath system 
occupy water with temperatures in excess of 26 о C), 9:8-10:12 (spawning in 
degraded streams); Yurok-Hillemeir Direct Testimony-NMFS/FWS Issue 7 
at 4:24-5:3; KTr-CWH-Ex 4 at 219 (juvenile Coho salmon observations in 
the main stem Klamath River where temperatures exceed 20 оC)). 

2A-14. Warm water temperatures in the summer and cold water temperatures in the 
winter will not preclude anadromous fish from successfully utilizing habitat 
above Iron Gate Dam.  (NMFS/FWS-Issue 2A-Garza-Ex. 1 at 2:8-3:25; 
NMFS/FWS-Issue 2A-Garza-Exh. 6 at 6; NMFS/FWS-Issue 2A-Garza-Ex. 8 
at 13; NMFS/FWS-Issue 2A-Garza-Exh. 4 at 3; Aug. 24, 2006 Tr. at 11:20-
15:9). 

2A-15. The findings of fact in USFWS/NMFS Issue 2B addressing disease is 
incorporated herein. 

2A-16. The findings of fact in USFWS/NMFS Issue 6 addressing the mileage of 
suitable habitat within the Project-boundaries are incorporated herein. 

2A-17. The amount of delay associated with anadromous fish migrating above Iron 
Gate Dam is uncertain.  (c.f. Aug. 23, 2006 Tr. at 224:18- 227:17,  237:7-
20; 226:20-25; Aug. 24, 2006 Tr. at 42-11:15, 54:10-55:2; NMFS/FWS-
Issue 7-Simondet Rebuttal, at 7:7-8; KTr Huntington Rebuttal Ex. 6, at 9:7-
20, 11:18-19, 13:16 to 14:16; KTr LKD Rebuttal Ex. 15, at 3:11-4:2, 4:20-
5:12; KTr CWH Rebuttal Ex. 6, at 3:22-4:2; NMFS/FWS-Issue 2-Hamilton 
Rebuttal, Ex. 1 at 2:18 to 3:20; NMFS/FWS-Issue 6-Hamilton Rebuttal at 
6:7-24; NMFS/FWS-Issue 2-Hamilton Rebuttal Ex. 8; KTr LKD Rebuttal 
Ex. 15, at 3:8-5:12; KTr CWH Rebuttal Ex. 6, at 4:2-10; Indian Tribes PFF 
2A.8, 2A.10, 2A.11). 
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2A-18. Likely mortality rates of juvenile anadromous salmonids migrating through 
reservoirs will vary widely among species, and will depend largely on size 
(larger migrants will do better) of the migrating fish.  Thus, small sub-
yearling fall Chinook are likely to experience lower passage success than 
larger Coho, yearling Chinook or steelhead out-migrants.  (KTr-CWH 
Rebuttal Ex. 6 at 2:6-17, 3:10-14; Aug. 25, 2006 Tr. at 64:7- 65:8, 65:14-
22; Indian Tribes PFF 2A.12). 

2A-19. Predation of outmigrating salmonids above Iron Gate Dam is likely to be 
low.  (NMFS/FWS-Issue 2 Hamilton-Rebuttal Ex. 4 at 224-225; Aug. 25, 
2006 Tr. at 64:7 to 65:8, 65:17-22). 

2A-20. The fact that anadromous fish currently complete life cycles through eight 
dams and reservoirs on the Columbia and Snake rivers, and historically 
completed life cycles through Upper Klamath Lake, provides strong 
evidence that anadromous salmonids could also migrate through the 
reservoirs created by Project facilities.  (Aug. 24, 2006 Tr. at 26:21-27:7; 
KTr FAE Rebuttal Ex. 7, at 2:2-17; KTr FAE Ex. 32, at 5:21-25; Indian 
Tribes PFF 2A.9).  

d. There are Stocks of Fish Suitable to Conditions above Iron 
Gate Dam 

2A-21. The NMFS and the USFWS (collectively referred to as “Federal Fishery 
Services”) seek to, among other things, restore native anadromous fish 
species to their historical habitats above Iron Gate Dam.  See NMFS/FWS-
Issue 7-White-Ex. 14, Attachment A, at A-9 through A-12.; Yurok-Hillemeir 
Direct-Issue 7 at 6). 

2A-22. The record shows that those anadromous fish proximate to Iron Gate Dam 
are genetically most similar to those populations that existed in the Upper 
Klamath basin prior to the construction of the dams.  (NMFS/FWS Issue 2A-
Garza-Ex. 1 at 4:1-5:7 and 6:1-3; NMFS/FWS-Issue 2C-Hooton-Ex. 1 at 
2:19-3:11, 4:12-5:10, and 6:1-3).  The evidence shows that these stocks of 
fish have genetic traits suitable for reintroduction into the upper Klamath 
River basin.  (Id.; see also NGO PFF 2A.3). 
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2A-23. There are numerous examples from other streams and rivers systems that 
provide persuasive evidence that anadromous fish possess the capacity and 
capability to successfully adapt and colonize new habitat or recolonize 
historic habitat, including streams or river systems with lakes or reservoirs.  
(NMFS/FWS-Issue 2A-Garza-Ex. 1 at 2:8-3:25; NMFS/FWS-Issue 2A-
Garza-Ex. 6 at 6; NMFS/FWS-Issue 2A-Garza-Ex. 8 at 13; NMFS/FWS-
Issue 2A-Garza-Ex. 4 at 3; NGO Ex. 3 at 12:13-13:9; NGO Ex. 20; HVT, 
Franklin, Ex. 1 at 4:-5:2; CDFG Pisano Ex. 1 at 10:20-22; NMFS/FWS 
PFF 2A.8). 

2A-24. The record evidence shows that Chinook salmon, Coho salmon, and 
steelhead have varying life histories and would use differing areas of habitat 
within the Project at somewhat different times of year as they did prior to 
construction of the Project.  (Aug. 24, 2006 Tr. at 212:5-10; HVT-Franklin-
Ex. 2 at 2:20-26; NMFS/FWS-Issue 6-Hamilton-Ex. 1 at 3:1-14; 
NMFS/FWS-Issue 6-Hamilton-Rebuttal-Ex. 1 at 1:22-25, 4:21-5:11). 

i. Stocks of fall-run Chinook salmon Suitable to 
Conditions above Iron Gate Dam are Available to use 
Prescribed Fishways 

2A-25. Chinook salmon historically were and continue to be the most abundant 
anadromous fish in the Klamath basin.  In the last 25 years, annual runs of 
Chinook salmon have ranged between 30,000 and 240,000.  Historically, the 
runs were much higher.  (KTr-CWH-Ex. 4 at 225). 

2A-26. In the Klamath River basin, there are at least two distinct Chinook salmon 
populations: the fall-run and spring-run.  The runs are named for the season 
of entry and migration up the river, which do not necessarily coincide with 
the spawning time.  (KTr-CWH-Ex. 4 at 225).7 

                                                 
7 Some literature indicates that there are three populations of Chinook salmon in the Klamath River Basin: 
1) fall-run; 2) late fall-run; and 3) spring run.  (KTr-CWH-Ex. 4 at 225). 
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2A-27. The majority of adult fall-run Chinook salmon enters the river to spawn in 
early September and continues through late October.  Although the optimal 
temperature for adult Chinook salmon is below 14о C, they can withstand 
temperatures exceeding 20о C  for short periods of time.  It takes 
approximately 2 to 4 weeks after entering the river to reach the spawning 
grounds, where the adult fall-run Chinook salmon spawns and dies.  This 
spawning period coincides with the declining temperatures, which by early 
November are within the optimal range for the developing embryos (i.e., 4-
12о C).  (KTr-CWH-Ex. 4 at 225-26).8  

2A-28. The record evidence shows that juvenile fall-run Chinook salmon begin 
outmigration to the ocean as early as January and migration is complete by 
the beginning of April.  Juvenile Chinook salmon are thermally tolerant and 
can withstand temperatures exceeding 20о C provided there is  abundant 
food, thermal refugia (i.e., areas of cool water where the fish can seek 
refuge when the water temperature becomes to warm), and other conditions 
are not stressful.  (Aug. 24, 2006 Tr. at 202:9-12, 212:5-10; KTr-CWH-Ex. 4 
at 226-27; KTr-LKD-Ex. 13 at 6, 7-8). 

2A-29. Historically, the success of fall-run Chinook salmon in the drainage basin 
above Iron Gate Dam was associated with the thermally moderate spawning 
and incubation environments (which included spring-fed streams and/or 
areas of strong groundwater input).  In addition, the warming, nutrient-rich 
waters also provided excellent habitat during the spring for sub-yearling 
Chinook. (NGO Ex. 3 at 6; NGO Ex. 19). 

2A-30. The fall-run Chinook salmon in Bogus and Scott Creeks are most suitable to 
conditions above Iron Gate Dam.  (KTr-CWH-Ex. 13 at 17; NGO Ex. 3 at 7; 
NGO Ex. 19). 

                                                 
8 Historically, fall-run Chinook salmon entered the river to spawn in July, peaked in August, and they were 
largely completed by September.  Today, the time the fall-run Chinook salmon enter the river to spawn has 
shifted by 2 to 4 weeks presumably because the high temperatures in the main stem Klamath River has 
become unfavorable for the adult salmon or because of excessive harvest of early run fish.  (KTr-CWH-Ex. 
4 at 225-26). 
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ii. Minimal stocks of spring-run Chinook salmon 
Suitable to Conditions above Iron Gate Dam are 
Available to use Prescribed Fishways 

2A-31. Today, wild spring-run Chinook salmon have been significantly reduced.  
The vast majority of Chinook salmon is fall-run.  (KTr-CWH-Ex. 4 at 225 
and 229; NGO Ex. 3 at 8-9; NGO Ex. 19). 

2A-32. Habitat degradation is the primary cause of the decline of spring-run 
Chinook salmon in the Klamath system.  (KTr-CWH-Ex. 4 at 229-30). 

2A-33. Like Coho salmon, spring-run Chinook salmon has a stream-type life history 
(meaning that the juveniles remain in the stream for one year or more before 
outmigrating to the ocean).  (KTr-CWH-Ex. 4 at 229). 

2A-34. Unlike adult fall-run Chinook salmon that spawn soon after reaching their 
spawning habitat, adult spring-run Chinook salmon enter the river before 
they are ready to spawn and reside in deep pools for 2-4 months before they 
spawn.  (KTr-CWH-Ex. 4 at 229). 

2A-35. Adult spring-run Chinook salmon enter the Klamath system to spawn in 
April through July and aggregate in deep pools where they hold until 
September.  Water temperatures below 16о C are generally regarded as 
optimal for adult spring-run Chinook salmon.  However, in Salmon River 
located below Iron Gate Dam, temperatures of pools holding spring-run 
Chinook salmon often exceed 20о C.  (KTr-CWH-Ex. 4 at 229). 

2A-36. Spawning peaks in October, juvenile Chinook salmon emerge between 
March and July, rear through the summer and fall, and migrate to the ocean 
in the following spring.  (KTr-CWH-Ex. 4 at 229). 

2A-37. The record evidence demonstrates that the Lower Williamson and Wood 
Rivers provide the best near term potential sites for producing spring-run 
Chinook salmon above Iron Gate Dam.  The North Fork Sprague also has 
significant potential assuming effective habitat rehabilitation occurs.  (NGO 
Ex. 3 at 7-8; NGO Ex. 19). 

2A-38. However, finding suitable candidates of wild spring-run Chinook salmon 
might be problematic.  Currently, the spring-run Chinook salmon in the 
Salmon River provide the only alternative for using wild fish in the 
reintroduction effort but that stock of Chinook salmon is also not highly 
abundant.  (KTr-CWH-Ex. 13 at 17-18; NGO Ex. 3 at 8-9; NGO Ex. 19). 
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2A-39. Further, deteriorating water temperatures in the summer are likely to block 
migration of adult spring-run Chinook salmon before they reach suitable 
holding or natal areas.  (KTr-CWH-Ex. 13 at 11). 

iii. Stocks of Coho Salmon Suitable to the Conditions 
above Iron Gate Dam are Available to use Prescribed 
Fishways 

2A-40. The findings of facts in USFWS/NMFS Issue 7 addressing Coho salmon are 
incorporated herein. 

2A-41. The evidence shows suitable stocks Coho salmon are available to used 
prescribed fishways above Iron Gated Dam.  (FOF 7-1 through 7-15). 

iv. Stocks of Steelhead Suitable to the Conditions above 
Iron Gate Dam are Available to use Prescribed 
Fishways 

2A-42. Steelhead trout are the most widely distributed anadromous salmonids in 
North America.  They have been able to succeed in a wide variety of habitat 
because of their keen ability to adapt to changing conditions, higher 
physiological tolerance than other salmonids, and ability to spawn more than 
once.  This variability ensures that runs of steelhead can continue through 
periods of adverse conditions.  (KTr-CWH-Ex. 4 at 230-31).9 

2A-43. Adult steelhead trout enter the Klamath River to spawn from August to 
February.  Spawning, which takes place any time from January through 
April, peaks in February and March.  (Kr-CWH-Ex. 4 at 231). 

2A-44. Juvenile steelhead trout emerge in the spring and most spend approximately 
two years in freshwater before outmigrating to the ocean.  Although juvenile 
steelhead trout demonstrate a preference for cold water temperatures (of 15-
19о C), they can withstand incrementally higher temperatures exceeding 22о 
C provided food is abundant and by finding thermal refuge or by living in 
areas where nocturnal temperatures drop below the thermal threshold.  (Aug. 
24, 2006 Tr. at 213:20-214:6; KTr-LKD-Ex. 13 at 8-9; KTr-CWH-Ex. 4 at 
231). 

                                                 
9 The evidence suggests that like Chinook salmon, steelhead trout may be divided into two population: a) 
winter steelhead (ocean-maturing); and b) summer steelhead (stream-maturing).  (KTr-CWH-Ex. 4 at 230).  
The summer steelhead trout is on the verge of extinction and is not addressed in this proceeding.  (KTr-
CWH-Ex. 4 at 233). 
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2A-45. Historical numbers of steelhead trout in the Klamath are unknown, but total 
run sizes in the 1960s were estimated at 170,000.  In the 1980s, the 
estimated population numbers dropped to 100,000 and the numbers are still 
declining to the extent that now the winter steelhead trout is considered to 
be at risk of extinction.  (KTr-CWH-Ex. 4 at 231-32). 

2A-46. Habitat that is presently suitable for anadromous wild steelhead is more 
widespread in the upper basin than is habitat suitable for Chinook salmon.  
(NGO Ex. 3 at 9; NGO Ex. 19).  This habitat is presently being used in 
varying degrees by resident rainbow/redband trout.  (NGO Ex. 3 at 9; NGO 
Ex. 19). 

2A-47. Many streams or segments of streams contain fair to good steelhead habitat 
above Iron Gate Dam.  (NGO Ex. 3 at 9).  While access to habitat for 
steelhead trout might be a problem because of gradients, it is critical 
because the diversity of life history strategies enables the fish to adapt to 
changing environmental conditions and habitat  (Aug. 23, 2006 Tr. at 24:21-
26:19; 63:9-65:9; 68:22-69:10; NGO Ex. 3 at 9) 

2. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 2(B) 

2B-1. The pathogens present below Iron Gate Dam include: Ceratomyxa Shasta 
(C. Shasta); Ichthyophithirius multifiliis (Ich); Flavobacterius columnaris 
(F. columnaris); Paravicapsula minibicornis (P. minibicornis); and 
Trematode metacercaria.  (Aug. 24, 2006 Tr. at 39:11-40:5, 199:2-200:1; 
Aug. 25, 2006 Tr. at 42:18-25; NMFS/FWS-Issue 2B-Foott-Ex. 1 at 2:1-
3:3;NMFS/FWS-Issue 2B-Foott-Ex 5 at 5; CDFG Cox Ex. 1 at 3:8-23 and 
4:20-21; NMFS/FWS PFF 2B.1; NGO PFF2B.2; Indian Tribe PFF 2B.1; 
Appendix to Reply of PacifiCorp and Siskiyou County Responses to 
Proposed Findings on USFWS/NMFS Issues at 14). 

2B-2. For the most part, the pathogens existing in the lower basin historically and 
currently exist in the upper basin of the Klamath River above Iron Gate 
Dam.  (Aug. 24, 2006 Tr. at 199:1-8 and 199:22-200:12; NGO PFF 2B.2). 

2B-3. The existence of virus Infectious Hematopoietic Necrosis (IHN) in the 
Klamath River system is exceedingly rare.  (Aug. 24, 2006 Tr. at 199:10-11; 
NMFS/FWS-Issue 2B Foott-Ex. 1 at 2:4-5; CDFG Cox Ex. 1 at 4:2-13; see 
also NMFS/FWS PFF 2B.11; Indian Tribes PFF 2B.2; Appendix to Reply of 
PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 16; but see Aug. 25, 2006 Tr. at 43:22-44:6; 
NMFS/FWS FF 2B.12; Appendix to Reply of PacifiCorp and Siskiyou 
County Responses to Proposed Findings on USFWS/NMFS Issues at 17). 
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2B-4. To date, no research or studies have been performed to detect the occurrence 
of IHN in the upper basin of the Klamath River.  (Aug. 24, 2006 Tr. at 199: 
12-15; Aug. 25, 2006 Tr. at 44:7-9).  

2B-5. There is insufficient evidence in the record to make a determination whether 
IHN exists in either the upper or the lower basins of the Klamath River. 

2B-6. In addition, multiple surveys on adult and juvenile Chinook salmon in the 
Klamath River show that Renibacterium salmoniranrum (R. 
salmoniranrum), a rare, insignificant bacterial pathogen, is present in the 
lower basin.  (NMFS/FWS-Issue 2B-Foott-Ex. 1 at 2:15-17 and 3:25-4.4;  
see also NMFS/FWS PFF 2B.2; Indian Tribes PFF 2B.3, NGO PFF at 
2B.3; Appendix to Reply of PacifiCorp and Siskiyou County Responses to 
Proposed Findings on USFWS/NMFS Issues at 14 and 18). 

2B-7. Like IHN, there is a lack of information concerning the presence of R. 
salmoniranrum in the upper basin.  (NMFS/FWS-Issue 2B-Foott-Ex. 1 at 
3:13-16, see also NMFS/FWS PFF 2B.2; Indian Tribes PFF 2B.3, NGO 
PFF at 2B.3; Appendix to Reply of PacifiCorp and Siskiyou County 
Responses to Proposed Findings on USFWS/NMFS Issues at 14 and 18). 

2B-8. Nevertheless, because of its low levels, R. salmoniranrum does not appear 
to pose a significant risk of disease in the salmonid population in the 
Klamath River system, and consequently the bacteria will not pose a 
significant threat to fish in the upper basin.  (NMFS/FWS-Issue 2B-Foott-Ex. 
1 at 3:6-11; NMFS/FWS-Issue 2B-Foott-Ex. 4 at 7-8; see also NMFS/FWS 
PFF 2B.2; Indian Tribes PFF 2B.3, NGO PFF at 2B.3; Appendix to Reply 
of PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 14 and 18). 

2B-9. Similarly, parasitic Trematode Metacercaria present in juvenile and adult 
Chinook salmon do not appear to present a significant health threat to 
resident fish in the upper Klamath.  (NMFS/FWS-Issue 2B-Foott-Ex. 1 at 
3:6-11; NMFS/FWS-Issue 2B-Foott-Ex. 4 at 7-8; see also NMFS/FWS PFF 
2B.2; Indian Tribes PFF 2B.5; Appendix to Reply of PacifiCorp and 
Siskiyou County Responses to Proposed Findings on USFWS/NMFS Issues 
at 14 and 18). 

2B-10. F. columnaris and Ich are ubiquitous in freshwater systems, and both are 
present throughout the Klamath River system above and below Iron Gate 
Dam.  (NMFS/FWS-Issue 2B Foott-Ex. 1 at 2:12-18; 3:1-3; CDFG Cox Ex. 
1 at 3:11-15; see also NMFS/FWS PFF 2B.3; NGO PFF 2B.4).  F. 
columnaris causes disease at higher temperatures.  (Aug. 25, 2006 Tr. at 
40:4-5). 
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2B-11. Likewise, C. Shasta and P. minibicornis are myxozoan parasites that are 
found throughout the Klamath River.  (NMFS/FWS-Issue 2B Foott-Ex. 1 at 
2:18-23; see also NMFS/FWS PFF 2B.4; Appendix to Reply of PacifiCorp 
and Siskiyou County Responses to Proposed Findings on USFWS/NMFS 
Issues at 15). 

2B-12. It is recognized that disease is the outcome of the interaction of a susceptible 
host and a pathogen in a poor environment that favors the pathogen and 
places stress on the fish.  The passage of adult fish into a poor upper river 
environment would have disease, possibly pre-spawning mortality as a 
likely outcome.  (Aug. 25, 2006 at 36:15-37:8; PacifiCorp PFF 178; 
CDFG-Cox-Ex. 1 at4:23-5:25). 

2B-13. The incidence of infection from pathogens is seasonal during summer 
months when water temperatures and algae blooms are high thereby 
resulting in poor water quality.  (Aug. 25, 2006 Tr. at 40:21-41:9; 47:21-
48:20; 50:1-18; NMFS/FWS-Issue 2B-Foott-Ex. 1 at 3:17-20). 

2B-14. In the upper Klamath, the water quality is only poor during the summer, but 
for much of the year the water system is quite good.  (Aug. 25, 2006 Tr. at 
40:20-41:2).  By the time the water quality deteriorates, many of the adult 
salmonid most likely would have died because its life cycle was complete 
whereas others would have died as a result of infection from the pathogen.  
(Aug. 25, 2006 Tr. at 41:8-9). 

2B-15. Opening up the upper Klamath to anadromous salmonids would not produce 
adverse results because adult salmonids would be passed late enough in the 
fall that water conditions in the upper basin would be good.  (Aug. 25, 2006 
Tr. at 41:22-25). 

2B-16. As for outmigration, juvenile salmonids would be out of the system prior to 
water conditions deteriorating and becoming conducive to disease 
development.  (Aug. 25, 2006 Tr. at 42:1-5). 

2B-17. C. shasta has been detected in the lower Williamson River, a tributary of 
Upper Klamath Lake, and in areas below Iron Gate Dam in nearly equal 
levels.  (Aug.25, 2006 Tr. at 39:13-18; NMFS/FWS PFF 2B.8). 

2B-18. Within the Klamath River system, steelhead trout are resistant to C. Shasta, 
a disease causing pathogen that adversely affects juvenile Chinook salmon.  
(Aug. 24, 2006 Tr. at 36:1-21, 68:18-22, 70:7-20, 197:17-20; Aug. 25, 2006 
Tr. at 50:13-18; NMFS/FWS-Issue 2B Foott-Ex. 1 at 4:24 to 5:2; 
NMFS/FWS-Issue 2B-Foott-Ex. 7 at 12-13; NMFS/FWS-Issue 2C-Hooton-
Ex. 1 at 5:12-16; KTr-LKD-Ex. 13 at 8; NMFS/FWS PFF 2B.5, 2B.9, and 
2B.10; NGO PFF 2B.5; Appendix to Reply of PacifiCorp and Siskiyou 
County Responses to Proposed Findings on USFWS/NMFS Issues at 16). 
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2B-19. Coho salmon are less resistant to C. Shasta than steelhead trout, but are 
more resistant to the virus than Chinook salmon.  (Aug.24, 2006 Tr. at 
197:21-22; Aug. 25, 2006 Tr. at 50:13-18; NMFS/FWS PFF 2B.9). 

2B-20. Generally, with the exception of F. columnaris and Ich, pathogens 
associated with anadromous fish do not impact non-salmonids.  
(NMFS/FWS-Issue 2B Foott-Ex. 1 at 3:25-4:3; NMFS/FWS PFF 2B.6; 
NGO PFF 2B.4; Appendix to Reply of PacifiCorp and Siskiyou County 
Responses to Proposed Findings on USFWS/NMFS Issues at 15).  For 
instance, both IHN and P. minibicornis are salmonid pathogens for which 
there exists no data associating them with non-salmonid fish in the upper 
Klamath.  (NMFS/FWS-Issue 2B Foott-Ex. 1 at 4:1-3). 

2B-21. In the life cycle of C. Shasta, the parasite multiplies primarily within the 
adult fish under low water temperatures of approximately 10-15 C and 
potentially, under certain circumstances, infects other fish if the parasite is 
released into the water column and is ingested by the Polykete worm of the 
species, manucia speciosa.  (Aug. 24, 2006 Tr. at 192:5-194:18; KTr-LKD-
Ex. 13 at 8). 

2B-22. Since a majority of the pathogens currently found in the lower basin also 
exist in the upper basin of the Klamath River system, a logical conclusion is 
that migration of anadromous fish would not be a significant factor 
contributing to disease on resident fish.  (Aug. 25, 2006 at 52:1-20; 
NMFS/FWS-Issue 2B-Foott-Ex. 1 at 3:24-25, 4:7-8, and 4:16-19; CDFG-
Cox-Ex. 1 at 5:6-9 and 6:6-11; NMFS/FWS PFF 2B.7 and 2B.15; NGO 
PFF 2B.6, Indian Tribes PFF 2B.6 and 2B.7). 

2B-23. To the extent that migrating anadromous fish carry a unique highly virulent 
pathogen, disease management protocols could be used as is customary.  
(KTr-CWH-Ex.17 at 16 and 85-87; KTR-CWH-Ex. 34 at 8:168-74; Indian 
Tribes PFF 2B.9). 
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3. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 2(C) 

2C-1. Resident rainbow/redband trout are distinct from anadromous steelhead 
trout.  Although the two species are similar (both are designated O. Mykiss), 
the life histories are different.  (Aug. 22, 2006 Tr. at 160:2-15; Aug. 24, 
2006 Tr. at 42:16-43:13, 43:5-13; CDFG-Chesney-Ex. 1 at 4:18-20; see 
also NMFS/FWS PFF 2C.1; NGO PFF 2C.3; Appendix to Reply of 
PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 21-22).  After hatching and early rearing in the 
riverine habitat, juvenile steelhead trout out migrate to the ocean where they 
mature into adults before returning to their riverine habitat for spawning.  
By contrast, resident rainbow/redband trout spend all of their life stages in 
the Klamath River.  (Aug. 24, 2006 Tr. at 42:16-43:13; PAC-Ols-D-1 at 
18:22-23; PAC-Carl-D-3 at 2:18; Appendix to Reply of PacifiCorp and 
Siskiyou County Responses to Proposed Findings on USFWS/NMFS Issues 
at 21-22). 

2C-2. Historically, anadromous steelhead trout extended up to and used tributaries 
of Upper Klamath Lake.  (FOF 2A-3; KTr-CWH-Ex. 5 at 15-16).  The close 
similarities between anadromous steelhead trout and resident 
rainbow/redband trout suggest these species historically co-existed.  (Aug. 
23, 2006 Tr. at 268:8 -11; NMFS/FWS-Issue 2C-Hooton-Ex. 1 at 2:3-17; 
CDFG-Dean-Ex. 1 at 4:8-14; HVT-Franklin—Ex. 1 at 6:1-10; KTr-CWH-
Ex. 6 at 8; NMFS/FWS PFF 2C.2, 2C.7-2C.9).  The distribution and 
resistance of rainbow/redband trout in Upper Klamath Lake to C. Shasta 
lends additional support that the two species co-existed and intermingled 
prior to the construction of Copco I Dam in 1917.  (Id.). 

2C-3. The erection of Iron Gate Dam necessarily changed the migratory behavior 
of anadromous fish in the Klamath River System, limiting them to habitat 
below the dam.  (FOF 2A-2).  Today, anadromous steelhead trout only 
migrate to the base of Iron Gate Dam, using nearby tributaries and main 
stem habitat to spawn.  (FOF 2A-3). However, if access was provided, 
steelhead would migrate past Iron Gate Dam into the upper Klamath River 
basin.  (FOF 2A-4). 

2C-4. The habitat for the anadromous fish has been significantly reduced 
subsequent to the construction of the Project dams.  (Aug. 24, 2006 Tr. at 
11:15-19). 

2C-5. Although environmental conditions and habitat above Iron Gate Dam have 
changed, anadromous fish are resilient and can adapt to most existing 
environmental conditions and habitat.  (Aug. 24, 2006 Tr. at 0012:10-13; 
0020:4-6). 
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2C-6. For instance, steelhead trout have the genetic ability to recolonize and use 
new habitat.  (Aug. 24 Tr. at 0011:2-0012:13; NMFS/FWS-Issue 2A-Garza-
Ex. 1 at 2:8 to 3:25; NMFS/FWS-Issue 2A-Garza-Ex. 6 at 6; NMFS/FWS-
Issue 2A-Garza-Ex. 8 at 13; NMFS/FWS-Issue 2A-Garza-Ex. 4 at 3; 
NMFS/FWS-Issue 2-Curtis Rebuttal at 4:15-17; CDFG-Dean-Ex. 1 at 3:8-
17; CDFG-Pisano-Ex. 1 at 5:15-28 and 8:14-9:7; NGO Ex. 3 at 12:3-21; 
HVT-Franklin-Ex. 8; HVT-Franklin-Ex. 2 at 2:20-26;  see also NMFS/FWS 
PFF 2A.3; Indian Tribes PFF 2A.3; NGO PFF 2A.7). 

2C-7. Resident trout have the genetic capacity to adopt anadromy and some may 
outmigrate to the ocean if passage exists.  (Aug. 23, 2006 Tr. at 196:16-24; 
KTr-CWH-Ex. 8 at 22-25; NGO PFF 2C.4). 

2C-8. While residualization (remain in freshwater) is common in juvenile hatchery 
steelhead trout, there is an absence of evidence of high levels of 
residualization in juvenile naturally-spawned steelhead trout.  (Aug. 23, 
2006 Tr. at 200:13-14; NGO-Ex. 3, at 11:5-7; HVT-Franklin Ex. 1 at 5:18-
22; KTr-FAE Ex. 32 at 7:3-22; NMFS/FWS PFF 2C.4, 6). 

2C-9. There are no scientific studies of the Klamath basin demonstrating that 
reintroduction of anadromous steelhead trout would detrimentally affect the 
genetic makeup of the resident trout fishery.  (Aug. 23, 2006 Tr. at 208:18-
23; NGO-Ex. 3, at 11:5-7; NGO PFF 2C.7; Indian Tribes PFF 2C.7, 
2C.10).  The potential for residualization is largely dependent on 
environmental conditions in the river and ocean.  (Aug. 23, 2006 Tr. at 
196:12-197:3; NMFS/FWS-Issue 2C-Hooton-Ex. 1 at 4:12-16; Indian 
Tribes PFF 2C.5). 

2C-10. There is little information on the nature of any competitive interactions 
between steelhead and resident trout in the Klamath basin.  (NGO Ex 3, 
Testimony of Dr. R.. Williams at 11:13-17; KTR CWH Ex 01 at 30; 
NMFS/FWS PFF 2C.11).  However, research does suggest that in some 
circumstances, resident trout may have a competitive edge over steelhead 
trout.  (Testimony of Dr. R.. Williams at 11:13-17; KTR CWH Ex 01 at 30; 
NMFS/FWS PFF 2C.12). 

2C-11. There are many examples from nearby river systems in the Pacific 
Northwest that show wild anadromous steelhead trout and resident 
rainbow/redband trout can co-exist and maintain abundant populations 
without adverse consequences.  The Deshutes River in Oregon, the Yakima 
River in Washington, and the river systems in Idaho are examples.  
(NMFS/FWS-Issue 2C-Hooten-Ex. 1 at 4:8-11; KTR-Espinoza-Issue 2 
Direct at 7:3-11; NGO Ex. 3 at 11:13-16; Indian Tribes PFF 2C.4; NGO 
PFF 2C.8). 
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2C-12. The risk of residualization of rainbow/redband trout may be minimized 
through adaptive management.  (KTr.-Huntington-Ex. 1; NGO Ex. 3 at 
11:8-12). 

4. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 3 

3-1. The Project contains various habitat areas for resident trout including: a) the 
J.C. Boyle bypass reach which extends 4.3 miles from J.C. Boyle Dam to the 
J.C. Boyle powerhouse; 2) the J.C. Boyle peaking reach extending 17.3 miles 
and traversing the California/Oregon state line; 3) a 1.4 mile section between 
Copco II diversion dam and Iron Gate reservoir; and 4) other reservoirs within 
the Project reach.  (PAC-Ols-D-Ex. 1 at 20:20-22:2; CDFG-Dean-Ex. 1 at 
4:19-25; NGO-Ex. 14 at 4; NMFS/FWS-Issue 3-Snedaker-Ex. 1 at 3:24-4:6, 
6:15-18; CDFG-Dean-Ex. 1 at 4:19-26, 5:22-6:4; NGO-Ex. 2 at 19:7-9). 

3-2. The 1.4 mile section of river between the Copco II Diversion Dam and Iron 
Gate Reservoir contains marginal trout habitat.  (PAC-Ols-D-Ex. 1 at 21:21-
23; PacifiCorp PFF 200; Appendix to National Marine Fisheries Service and 
United States Fish and Wildlife Service’s Joint Post-Hearing Reply Brief at 
20). 

3-3. There are a limited number of trout in the J.C. Boyle, Copco, and Iron Gate 
Reservoirs.  (PAC-Ols-D-Ex. 1 at 22:4-5; PacifiCorp PFF 201; Appendix to 
Reply of PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 32). 

3-4. Prior to the construction of the dams, redband trout within the Project area 
belonged to a single, large, intermixing population throughout the Klamath 
River Basin.  (NGO-Ex. 2 at 13:4-9; NGO-Ex. 14 at 4; NMFS/FWS PFF 3.1; 
NGO PFF 3.2; Appendix to Reply of PacifiCorp and Siskiyou County 
Responses to Proposed Findings on USFWS/NMFS Issues at 29 and 34). 

3-5. Although the trout sport fishery is robust in the Upper Klamath Basin, the 
juvenile trout from above J.C. Boyle Dam in the Oregon portion of the 
Klamath River are actually decreasing.  (NMFS/FWS-Issue 3-Hooton-Ex. 0A 
at 4:7-8, 6:15-17; Hooton-BLM-Ex. 4 at 22). 

3-6. Life history strategies (such as spawning above the J.C. Boyle Dam) are 
denied to the resident trout population below the dam.  (NMFS/FWS-Issue 3-
Hooton-Ex. 0A at 6:17-20; Hooton-BLM-Ex. 4 at 22; NGO-Ex. 2 at 14:10-12, 
17:15-18:2, 19:4-18; CDFG Dean Ex. 1 at 5:1-2; Aug. 23, 2006 Tr. at 
161:13-162:17; NMFS/FWS PFF 3.5). 
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3-7. Migration is one of several defining life history characteristic of trout.  (Aug. 
23, 2006 Tr. at 166:23-168:7; CDFG Dean Ex. 1 at 4:19-26; NGO-Ex. 14 at 
4; NGO PFF 3.3).  Their ability to migrate is one of several evolutionary 
advantages contributing to survival of trout in the Klamath River for millions 
of years through dramatic environmental changes.  (Id.). 

3-8. The Project restricts migration of resident fish within the main stem and into 
and out of tributaries.  (NGO Ex. 2 at 19:12-14).  Iron Gate, Copco I, and 
Copco II Dams do not have fishways and currently block all upstream fish 
passage.  Thus, the stocks above Iron Gate are isolated from counterparts in 
the lower basin.  Further, the stocks between each of Iron Gate, Copco I, and 
Copco II Dams are similarly isolated.  (NGO PFF 3.5; Appendix to Reply of 
PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at35). 

3-9. J.C. Boyle Dam has a fishway for migration of rainbow/redband trout.  (NGO 
PFF 3.6).  The current fish screen and ladder at the dam do not meet current 
state and federal fish passage criteria and impairs upstream migration.  (PAC-
MAL-D-Ex. 4 at 7-31; NMFS/FWS PFF 3.8 and 3.9; Appendix to Reply of 
PacifiCorp and Siskiyou County Responses to Proposed Findings on 
USFWS/NMFS Issues at 32). 

3-10. The effectiveness of the fishway has declined by 98% since initial operation 
of the fishway in 1959.  (NGO Ex. 17 at 379; NGO Ex. 2 at 20:19-20 
NMFS/FWS-Issue 3-Snedaker-Ex. 0 at 2:11-12; NMFS/FWS-Issue 3-
Snedaker-Ex. 8 at 8, Hooton-BLM-Ex. 4 at 11; NGO-Ex. 2 at 14:4-10; NGO-
Ex. 17 at 3; NMFS/FWS PFF 3.7; NGO PFF 3.6).  A rock cascade that starts 
at the entry of the fishway and extends downstream may be the cause for such 
limited use.  (Aug. 23, 2006 Tr. at 149:22-152:15; NGO PFF 3.6). 

3-11. PacifiCorp has agreed to improve the channel configuration below the fishway 
so that upstream migration of trout will no longer be impeded.  (PAC-Ols-R- 
Ex. 1 at 25:14). 

3-12. Improvements in efficiency to the fishway at JC Boyle Dam would result in 
significant trout population migration above the dam over time.  (Aug. 23, 
2005 Tr. at 176:17-23; NMFS/FWS PFF 3.11). 

3-13. Spencer Creek is a highly productive spawning and rearing habitat for 
rainbow/redband trout.  (NGO Ex. 16 at 3; NMFS/FWS PFF 3.7).  The stock 
of rainbow/redband trout in the bypass and peaking reaches below JC Boyle 
Dam is denied the use of Spencer Creek and other suitable habitat upstream of 
the J.C. Boyle Dam.  (NMFS/FWS PFF 3.7). 
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3-14. Historically, trout in the Copco II area would have moved up and downstream 
to access needed habitat.  To now meet essential life history needs, trout move 
further downstream over Copco II Dam and utilize either the bypass reach or 
other tributaries of Iron Gate Reservoir.  However, once they exit Copco II 
they cannot return as there are no upstream passage facilities.  Thus, the trout 
population is not self-sustaining.  (NMFS/FWS-Issue 3-Snedaker-Ex. 1 at 
6:15-21; NMFS/FWS- Issue 3-Snedaker-Ex. 16 at 127; NMFS/FWS-Issue 4- 
Hamilton-Ex. 7 at 1; NMFS/FWS PFF 3.13). 

3-15. Downstream migration of rainbow/redband trout is also adversely impacted 
because of the Project dams.  This is due to the hydraulics at the Project dams 
and mortality related to unscreened flow resulting in fish passage through 
Project dam turbines.  (NMFS/FWS-Issue 3-Snedaker Ex. 16 at 126-130; 
NMFS/FWS-Issue 3-Hooton Ex. 0A at 7:10-9:14; BLM-Hooton-Ex. 3 at 7-8). 

3-16. The Project’s limitation on riverine migration may have reduced the genetic 
diversity of the remaining stocks within the Project reaches.  (NGO Ex. 2 at 
3:6-10, 21:1-9; NGO Ex. 14, Figure 3 at 103; NGO PFF 3.8; NMFS/FWS 
PFF 3.3-3.5). 

5. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 4 

4-1. J.C. Boyle, Copco, and Iron Gate Dams support populations of resident 
fish including native and non-native species.  Popular sport fisheries 
occur in each reservoir targeting primarily bass, perch, and catfish.  
Rainbow trout, resident lamprey, and Lost River/shortnose sucker fish 
also occur in the reservoirs.  (NMFS/FWS-Issue 4- Hamilton-Ex. 12 at 1). 

4-2. It is estimated that “several tens of thousands of resident fish” are 
annually entrained at “each of the Projects” facilities.  (NMFS/FWS-Issue 
4-Hamilton-Ex. 12, at 28; NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 6:7-9; 
NMFS/FWS-Issue 4-Hamilton-Ex. 14 at 1; NMFS/FWS-Issue 4-
Hamilton-Ex. 10 at 3;  NMFS/FWS-Issue 4-Hooton-Ex. 14, at 112; 
NMFS/FWS-Issue 4-Hooton-Ex. 1, at 5:3-5; HVT-Steward-Ex. 1 at 3:19-
20; NMFS/FWS PFF 4.5; Indian Tribes PFF 4.1). 

4-3. Entrainment occurs when fish are drawn into Project facilities, such as 
power canals, turbines, and tailraces.  When drawn into turbine intakes, 
fish can be subject to injury and mortality.  (NMFS/FWS-Issue 4-
Hamilton-Ex. 1, at 4:22-25; NMFS/FWS-Issue 4-Hamilton-Ex. 5, at 1; 
NMFS/FWS PFF 4.1; Appendix to Reply Brief of PacifiCorp and 
Siskiyou County, at 37). 
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4-4. Mortality from entrainment can occur at each Project facility, thus fish 
surviving through one powerhouse could be exposed to potential 
cumulative mortality.  (NMFS/FWS-Issue 4-Hooton-Ex. 1, at 5:19-21; 
HVT-Steward-Ex. 39, at 2:3-7; NMFS/FWS-Issue 4-Hooton-Ex. 14, at 
113). 

4-5. Once entrained, the fish face a high risk of mortality.  For juvenile fish, 
the risk is between 10-30%.  (PAC-Ols-D-1 at 27). 

4-6. Entrainment mortality removes fish that would otherwise add to the 
population base downstream of the dam.  (NMFS/FWS-Issue 4-Hamilton-
Ex. 12 at 29). 

4-7. Iron Gate, Copco 1, and Copco 2 Dams are not equipped with fish 
screens or downstream bypass facilities to minimize fish entrainment.  
(NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 5:5-6; Appendix to Reply Brief 
of PacifiCorp and Siskiyou County, at 37). 

4-8. J.C. Boyle Dam has fish screening and bypass systems in place, but they 
do not conform to current fish screen criteria for resident and 
anadromous fish.  (NMFS/FWS-Issue 4-Johnson-Ex. 1, at 4:21 to 6:8; 
NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 5:6-7; NMFS/FWS-Issue 4-
Johnson-Ex. 5, at 65-66; Appendix to Reply Brief of PacifiCorp and 
Siskiyou County, at 37). 

4-9. The seals at J.C. Boyle Dam have rendered the fish screens partially 
ineffective, allowing fish to be entrained in the power canal and turbines.  
(PAC-Ols-R-1, at 26:13-17 and 27:1-3; Aug. 23, 2006 Tr. at 213:13 to 
214:13; NMFS/FWS-Issue 4-Hooton-Ex.1, at 4:4-5; NMFS/FWS-Issue 3-
Snedaker-Ex. 1, at 3:12-14; Appendix to Reply Brief of PacifiCorp and 
Siskiyou County, at 38). 

4-10. The J.C. Boyle facility uses Francis turbines, at an operational head of 
440 feet.  A 1987 report prepared by the Electric Power Research 
Institute (EPRI) concluded that fish mortality from entrainment at 
hydroelectric projects using Francis turbines averaged 24 percent.  The 
EPRI report found that entrainment mortality at hydroelectric projects 
using Francis turbines with operational head greater than 335 feet ranged 
from 33-48%.  (NMFS/FWS-Issue 4-Hooton-Ex. 1, at 5:23 to 6:2;  
NMFS/FWS-Issue 4-Hooton-Ex. 7, at 51, Table 4-1; NMFS/FWS-Issue 4-
Johnson-Ex. 1, at 2:11-15; Aug. 22, 2006 Tr. at 186:1-17); CDFG 
Hughes Ex. 1, at 4:12-18; HVT-Steward-Ex. 1, at 2:17-20; NMFS/FWS-
Issue 4-Hamilton-Ex. 12, at 28; NMFS/FWS PFF 4.10; Indian Tribes 
PFF 4.3; Appendix to Reply Brief of PacifiCorp and Siskiyou County, at 
39). 
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4-11. In light of the large percentage of river flow that is diverted into the J.C. 
Boyle power canal, the operation of Francis turbines, and the high 
operational head of 440 feet, fish mortality from entrainment at the J.C. 
Boyle project is likely in the higher end of the mortality ranged as 
described in the Electric Power Research Institute report.  (NMFS/FWS-
Issue 4-Hamilton-Ex. 12, at 28; NMFS/FWS-Issue 4-Hooton-Ex. 1, at 
5:23 to 6:5; NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 5:15-17; 
NMFS/FWS-Issue 4-Johnson-Ex. 1, at 2:11-15; NMFS/FWS PFF 4.11; 
Appendix to Reply Brief of PacifiCorp and Siskiyou County, at 40).  

4-12. PacifiCorp recognizes that entrainment at the J.C. Boyle Dam is a 
“problem that needs to be addressed.”  (Aug. 23, 2006 Tr. at 214: 4-10; 
PAC-Ols-R-1 at 26: 21-27:1). 

4-13. PacifiCorp has not conducted site-specific studies on the mortality levels 
of entrained resident fish at Project facilities, but did conduct a literature 
review that provides insight into the potential of the fish entrainment at 
J.C. Boyle, Iron Gate, and Copco Dams.  NMFS/FWS-Issue 4-Hamilton-
Ex. 1, at 5:20-23; NMFS/FWS-Issue 4-Hamilton-Ex. 13, at 2; 
NMFS/FWS-Issue 4-Hamilton-Reb. Ex. 1, at 2:7-10; NMFS/FWS-Issue 
4-Hamilton-Reb. Ex. 5, at 21; PAC-Ols-D-1, at 26:2-9; Aug. 22, 2006 Tr. 
at 178:16-19). 

4-14. Precise estimates of the number of fish entrained at the facility are not 
available.  However, extrapolating from data at other comparable FERC 
Facilities, PacifiCorp estimates a median annual entrainment of 75,655 
fish for reservoirs the size of J.C. Boyle, and 115,979 fish for reservoirs 
the size of Copco and Iron Gate.  (NMFS/FWS-Issue 4-Hooton-Ex. 14 at 
112). 

4-15. In the Project Area, non-native species are entrained to a greater extent 
than native species.  (NMFS/FWS-Issue 4-Hamilton-Ex. 12 at 17 and 29; 
PAC-Ols-D-1 at 26:20-21; PAC-Ols-D-15).  This may be the result of 
the relative abundance of non-native species vis-à-vis native species.  
(PAC-Olson-D-1 at 27-28). 

4-16. The J.C. Boyle reservoir contains sucker fish (shortnose and lost River) 
that are listed under the federal Endangered Species Act and those fish 
are susceptible to entrainment.  (PAC-Olson-D-15 at 8 and 10). 

4-17. Habitat degradation has been recognized as a common contributor to the 
decline in the abundance of shortnose and lost river sucker fish in the 
Klamath basin.  (KTr-CWH-Ex. 1 at 4). 
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4-18. Records from canal salvage operations at the J.C. Boyle power canal 
show that resident fish, in particular resident trout and sucker fish, are 
entrained and possibly killed in the power canal each year.  (NMFS/FWS-
Issue 4-Hooton-Ex. 1, at 5:6-17; NMFS/FWS-Issue 4-Hooton-Ex. 15; 
NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 5:17-19 and 6:3-5; NMFS/FWS-
Issue 4-Hamilton-Ex. 14, at 1; Aug. 23, 2006 Tr. at 212:25-213:21; 
Appendix to Reply Brief of PacifiCorp and Siskiyou County, at 38). 

4-19. Salvage records show the entrainment of over 690 trout into the J.C. 
Boyle reach during salvage operations between 1995 and 2002.  
(NMFS/FWS-Issue 4-Hamilton-Ex. 14, at 1).  During that same period of 
time, it appears that only 2 sucker fish were entrained.  (NMFS/FWS-
Issue 4- Hooton-Ex. 15, at 3-4 (Fish Salvage Data Table).  In 2003, J.C. 
Boyle fish salvage totaled 86 trout and 17 suckers.  (NMFS/FWS-Issue 4-
Hamilton-Ex. 14, at 1; NMFS/FWS-Issue 4-Hooton-Ex. 15 at 2-3). 

4-20. Canal salvage data provides a snapshot of the number of fish entrained at 
the time that salvage operations are performed, and thus such data 
represents only a small fraction of the total number of fish actually 
entrained each year.  (NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 6:3-5; 
NMFS/FWS-Issue 4-Hamilton-Ex. 14, at 1; NMFS/FWS-Issue 4-Hooton-
Ex. 1, at 5:10-17; NMFS/FWS PFF 4.8). 

4-21. Since sucker fish are bottom dwellers, they are less prone to entrainment 
through the shallow intakes at Copco and Iron Gate Dams.  (NMFS/FWS-
Issue 4-Hamilton-Ex. 12 at 17).  Moreover, nearly all of the non-larval 
sucker fish appear to be too large to pass through the existing trash racks 
at the powerhouse intakes at Copco and Iron Gate.  (PAC-Ols-D-1 at 
30:1-6; PAC-Ols-D-15). 

4-22. While the vast majority of fish entrained consists of small juvenile fish, 
the record shows that adult fish are also susceptible of being entrained 
and killed.  (PAC-Ols-D-1 at 27; NMFS/FWS-Issue 4-Hooton-Ex. 1 at 3; 
NMFS/FWS-Issue 4- Hooton-Ex. 18).  (Id.). 

4-23. In 1959, the year after J.C. Boyle Dam was completed, adult redband 
trout migrated from what are now known as the peaking and bypass 
reaches in large numbers to spawn in Spencer Creek and then return to 
the reaches after spawning.  (NMFS/FWS-Issue 4-Hooton-Ex. 13 at 22).  
Currently, the peaking reach life history appears to be gone and the 
bypass reach life history has been reduced to less than 10% of historical 
abundance and is composed of significantly smaller trout.  (Id.). 
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4-24. Resident trout are a migratory species.  Because Spencer Creek, located 
upriver of the J.C. Boyle facility, is a primary spawning and early rearing 
area for resident trout within the Project area, it is important that adult 
spawners from the river below the dam and juvenile trout from Spencer 
Creek both are able to successfully migrate upstream and downstream 
past J.C. Boyle Dam.  (NMFS/FWS-Issue 4-Hooton-Ex. 1, at 3:6-17; 
NMFS/FWS-Issue 4-Hooton-Ex. 11, at 2; NMFS/FWS-Issue 4-Hamilton-
Ex. 1, at 4:8-12; NMFS/FWS-Issue 4-Hamilton-Ex. 14, at 2; 
NMFS/FWS-Issue 4-Hamilton-Ex. 17, at 4; NMFS/FWS-Issue 4-
Hamilton-Ex. 13, at 4; Aug. 23, 2006 Tr. at 161:5 to 162:18; Aug. 24, 
2006 Tr. at 64:20-24; NMFS/FWS PFF 4.12; Appendix to Reply Brief of 
PacifiCorp and Siskiyou County at 40.). 

4-25. While it is true that the present population of resident trout is robust and 
supports one of the finest trout fisheries on the West Coast, the losses of 
juvenile trout through entrainment at the Project could, in the long run, 
adversely affect trout abundance and distribution.  (NMFS/FWS-Issue-4-
Hooton Ex. 1 at 6:9-13; NMFS/FWS-Issue 4-Hamilton-Ex. 1 at 4:16-16 
and 7:3-4; NMFS/FWS-Issue 4-Hamilton-Ex. 17 at 4; HVT-Steward-Ex. 
39 at 1:17-22). 

6. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 6 

6-1. The findings of fact in USFWS/NMFS Issue 2A are incorporated herein. 

6-2. Habitat is deemed “suitable” if it can be used successfully at least some of the 
time by one or more life stages of a Coho salmon.  (NMFS/FWS-Issue 6-
Smith-Ex. 1 at 2:18-2:24; PAC-MAL-D-30 at 65; HVT-Franklin-Ex. 2 at 
2:20-2:26; KTr.-CWH-Ex. 35 at 2:22-3:6; KTr-CWH-Rebuttal-Ex. 6 at 5:14-
6:2; Aug. 22, 2006 Tr. at 197:12-198:23; Aug. 24, 2006 Tr. at 1283:25-
285:20; NMFS/FWS PFF 6.1; Indian Tribes PFF 6.1; NGO PFF 6.1).10 

6-3. Anadromous fish are highly adaptive to differing conditions typically can 
readily migrate into and colonize new habitat or recolonize historic habitat.  
(Aug. 24, 2006 Tr. at 11:24-15:9; NMFS/FWS-Issue2A-Garza-Ex. 1 at 2:8-
3:25; NMFS/FWS-Issue 2A-Garza-Ex. 6 at 6; NMFS/FWS-Issue 2A-Garza-
Ex. 8 at 13; NMFS/FWS-Issue 2A-Garza-Ex. 4 at 3; HVT-Franklin-Ex. 8; 
HVT-Franklin-Ex. 2 at 2:20-2:26; CDFG-Pisano-Ex. 1 at 8:14-9:7). 

                                                 
10 The transcript indicates that the Federal Fisheries Services’ definition of “suitable habitat” appears on 51 
of PAC-MAL-D-30 (NMFS/FWS Responses to Discovery Requests).  The definition of “suitable habitat” 
actually appears on page 65 of that exhibit.  It is a response to Interrogatory 51. 
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6-4. While the exact amount of suitable habitat available for anadromous fish is 
uncertain, the record evidence shows that steelhead trout, Chinook salmon, 
Coho salmon, and Pacific lamprey will likely find suitable spawning and 
rearing habitat in the Project-bound area.  (Aug. 24, Tr. at 28:24-29:1; Aug. 
25, 2006 Tr. at 75:2-11; Malone Supplemental Rebuttal Ex., Attachment 2 at 
1; NMFS/FWS-Issue 6-Smith-Ex. 1 at 2:1-8; KTr-CWH-Rebuttal-Ex. 6 at 
2:16-17 and 3:7-18; KTr-FAE-Rebuttal Ex. 7 at 6:18-20). 

6-5. Spawning and rearing habitat requirements are similar among resident 
rainbow/redband trout, anadromous steelhead trout, anadromous Coho 
salmon, and anadromous Chinook salmon.  Habitat suitable for redband trout 
will generally be suitable for steelhead trout, Coho salmon, and Chinook 
salmon.  (HVT-Franklin-Ex. 12 at 3:4-8 and 3:19-25; NMFS/FWS-Issue 2-
Curtis Rebuttal-Ex. 1 at 2:10-15). 

6-6. Stocks of resident rainbow/redband trout are self-sustaining in habitat above 
Iron Gate Dam, suggesting that anadromous stocks will probably do the same.  
(HVT-Franklin-Ex. 12 at 1:14-4:25; PAC-Kirk-D-1 at 2:6-3:7; PAC-Carl-D-7 
at 2-68; PAC-Bald-D-2 at 28; KTr-CWH-Ex. 21 at 2). 

6-7. The record evidence shows that Coho and Chinook salmon may use tributary 
habitat with a gradient of up to 7%.  (Aug. 22, 2006 Tr. at 208:19-21).  
Steelhead trout may use tributary habitat with gradients as high as 15% and 
could therefore re-colonize areas inaccessible to Coho or Chinook salmon.  
(Aug. 22, 2006 Tr. at 44:1-46:11; KTr-CWH-Ex 7, Tables at 6-8). 

6-8. USFWS/NMFS Issue 2A-47 is incorporated herein. 

6-9. Expansive bottomland areas with abundant low-gradient channels, which are 
preferred salmon habitat, are more common in the Upper Klamath Basin than 
in the remainder of the Klamath system.  Such areas are particularly extensive 
above Keno Dam and Upper Klamath Lake, where spring-fed streams include 
the Williamson and Wood Rivers, smaller springbrooks flowing into these 
two rivers, Sprague River, and various streams.  (KTr-CWH-Ex. 1 at 5). 

6-10. The record, however, shows that there are approximately 28 miles of suitable 
habitat for anadromous fish to spawn in the main stem provided gravel is 
placed in those areas.  (NMFS/FWS-Issue 7-White Ex. 14, Table 3 at A-21).  
Such habitat includes areas cooled by springs (thermal refugia) in the J.C. 
Boyle bypass (Aug. 25, 2006 Tr. at 98:10-14 and 101:20-102:7; NMFS/FWS-
Issue 6-Sneadker-Ex. 1 at 5:18-6:2; NMFS/FWS-Issue 4-Hooton-Ex. 1 at 3:6-
9; KTr-Dunsmoor Direct-Issue 2 at 3:6-9 and 4:3-4:5; HVT-Franklin-Ex. 2 at 
3:9-22; KTr-CWH-Ex. 7 at 6-8; NMFS/FWS-Issue 6-Smith-Ex. 1 at 1:19-3:5; 
CDFG-Pisano-Ex. 6). 
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6-11. There are at least 12 miles of perennial stream reaches within the Project area 
that have gradients at or below 15%.  (NMFS/FWS-Issue 7-White-Ex. 14, 
Table 3 at A-21).  These include:  Jenny, Fall, Shovel, and Spencer Creeks, 
which presently support spawning by resident salmonids thereby suggesting 
that those habitat would be suitable for use by anadromous fish.  (Aug. 24, Tr. 
at 65:10-15; NMFS/FWS-Issue 6-Smith-Ex. 1 at 2:18-24; PAC-Ols-D-1 at 
6:18-20, 7:22-8:11, and 22:19-23; NMFS/FWS-Issue 6-Hamilton-Ex. 1 at 
4:12-5:9; NMFS/FWS-Issue 4-Hooton-Ex. 1 at 3:6-9; KTr-CWH-Ex. 20 at 82; 
KTr-CWH-Ex. 21 at 2). 

6-12. The only area in Fall Creek that is not suitable habitat for anadromous fish is 
the portion of the stream below the PacifiCorp diversion to the penstock and 
the powerhouse.  Further, Fall Creek upstream of the Spring Creek diversion 
experiences low flows in the summer months which would also make it 
unsuitable habitat for anadromous fish.  (KTr-CWH-Ex. 20 at 82). 

6-13. Fall and Shovel Creeks have the water temperatures most suited for juvenile 
Coho salmon rearing.  Spencer Creek also has a reach extending 2.6 to 9.5 km 
above its mouth that contains abundant beaver ponds which, if they include 
pockets of cool groundwater, could provide good summer rearing habitat for 
Coho salmon.  (KTr-CWH-Ex. 21 at 3). 

6-14. There are also approximately 18 miles of intermittent stream reaches within 
the Project area that have gradients at or below 15%.  (NMFS/FWS-Issue 7-
White-Ex. 14, Table 3 at A-21; NMFS/FWS-Issue 7-Simondet Rebuttal Ex. 1 
at 4:6-11; HVT-Franklin-Ex. 2 at 2:20-26; NMFS-FWS-Issue 6-Hamilton-Ex. 
1 at 5:11-7:17; NMFS/FWS-Issue 6-Smith-Ex. 1 at 2:13-16 and 3:7-22). 

7. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 7 

7-1. The findings of fact under USFWS/NMFS Issue 2A are incorporated herein. 

7-2. Today, the runs of Coho salmon have greatly diminished in the Klamath River 
system, which is now composed largely of hatchery fish.  (NMFS/FWS-Issue 
7-Simondet-Ex. 5 at 117; KTr.-CWH-Ex. 4 at 216 and 224). 

7-3. The Coho salmon stock of the Klamath River is a sub-population of the 
Southern Oregon/Northern California Coast (“SONCC’) Evolutionarily 
Significant Unit (“ESU”), and is listed as a threatened species under the 
Endangered Species Act.  (NMFS/FWS-Issue 7-Williams-Ex. 7 at 1; 
NMFS/FWS-Issue 7-Williams-Ex. 6 at 34; NMFS/FWS-Issue 7-Williams-Ex. 1 
at 2:17-3:9; NMFS/FWS-Issue 7-Williams-Ex. 14 at 41; NMFS PFF 7.1; 
NGO PFF 7.2; NMFS/FWS-Issue 7-Simonet Ex. 5 at 117; Appendix to Reply 
Brief of PacifiCorp and Siskiyou County at 60 and 64; KTr.-CWH-Ex. 4 at 
224). 
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7-4. The SONCC Coho salmon population has experienced a 70% decline since 
the 1960s.   (NMFS/FWS-Issue 7-Williams-Ex. 7 at 1; NMFS/FWS-Issue 7-
Williams-Ex. 6 at 34; NMFS/FWS-Issue 7-Williams-Ex. 1 at 2:17-3:9; NMFS 
PFF 7.1; NGO PFF 7.2; NMFS/FWS-Issue 7-Simonet Ex. 5 at 117; Appendix 
to Reply Brief of PacifiCorp and Siskiyou County at 60). 

7-5. Habitat degradation is a primary cause for the decline of the SONCC Coho 
salmon.  (NMFS/FWS-Issue 7-White-Ex. 1 at 6:3-5; NMFS/FWS-Issue 7-
White-Ex. 18 at 6; NMFS/FWS-White-Ex. 4 at 3; NMFS/FWS-White-Ex. 5 at 
363 (page 401 of the report); NMFS/FWS-Issue 7-Simondet-Ex. 1 at 5:22 to 
6:1.  KTr-CWH-Ex. 1 at 4; NMFS PFF 7.21; Appendix to Reply Brief of 
PacifiCorp and Siskiyou County at 60). 

7-6. Coho salmon below Iron Gate Dam still utilize the habitat below the dam even 
though it has suffered degradation commensurate with that above the dam.  
(Aug. 25, 2006 Tr. at 118:16-119:2; CDFG-Pisano-Ex. 1 at 7:10-11:17; 
Yurok-Hillemeir at 4:15-5:3; NMFS/FWS-Issue 7-Simondet at 5:22-6:7; 
Indian Tribes PFF). 

7-7. Although portions of the habitat above Iron Gate Dam have been degraded, 
much of this habitat remains suitable and restoration projects are currently in 
progress or planned.  (NMFS/FWS-Issue 7-White-Ex. 1 at 6:7-9; NMFS/FWS-
Issue 7-Snedaker-Ex. 1 at 8:7-9:17; NMFS/FWS-Issue 6-Hamilton-Ex. 1 at 
8:11-13; NMFS/FWS-Issue 7-Snedaker-Ex. 7 at 35-48; NMFS/FWS-Issue 6-
Smith-Ex. 1 at 6:1 to 9:18; NMFS/FWS PFF 7.6). 

7-8. Habitat is deemed “suitable” if it can be used successfully at least some of the 
time by one or more life stages of a Coho salmon.  (FOF 6-1; NGO PFF 7.7).  
Such suitability varies across locations, life stages, and time.  Faced with such 
variability in a given tributary, Coho salmon will move to the extent feasible 
to more suitable habitat within that given tributary so long as access is 
provided.  (KTr-CWH-Ex. 4 at 216; FOF 2A-14; NGO PFF 7.7). 

7-9. Suitable habitat above Iron Gate Dam includes Spencer, Fall, Beaver, Deer, 
Shovel, Scotch, and Jenny Creeks.  The main stem also has suitable habitat.  
(NGO Ex. 27 at 2:3-3:10, 6, 7; NMFS/FWS-Issue 7-Simondet Rebuttal-Ex. 1 
at 2:22-5:5; HVT-Franklin-Ex. 1 at 3:9-4:6; KTr-CWH-Ex. 12 at 1-20; KTr-
CWH-Ex. 21 at 1-4; KTr-CWH-Ex. 36 at 2:18-26; KTr-FAE-ex. 34 at 2; 
Yurok-Hillemeir Direct Testimony-NMFS/FWS Issue 7 at 3:6; NGO PFF 7.6; 
Indian Tribes PFF 7.5). 

7-10. Adult Coho salmon enter the river to spawn in late September and reach peak 
migration strength between late October and mid-November.  While it appears 
that adult Coho salmon migration is keyed to water temperature (below 16о C) 
and river flow, adult Coho salmon migration have been observed where these 
stimuli are reduced.  (KTr-CWH-Ex. 4 at 217). 
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7-11. The record evidence shows that juvenile Coho salmon begin outmigrating to 
the ocean in late February, and continue migration through early July.  While 
juvenile Coho salmon rear in streams for one year and have a preference for 
cold water (ranging between 12 and 14о C), they can tolerate higher water 
temperatures (exceeding 20о C) where food is abundant, there are areas of 
thermal refugia, and other conditions are not stressful.  (KTr-CWH-Ex. 4 at 
218-19). 

7-12. Although water temperature in the summer above Iron Gate Dam is an issue, 
the record evidence shows that water temperature will not preclude Coho 
salmon from successfully utilizing the habitat within the Project area.  (CDFG 
Pisano Ex. 1 at 4:18-51, 7:10-9:7 (Coho in other parts of the Klamath system 
occupy water with temperatures in excess of 26 о C), 9:8-10:12 (spawning in 
degraded streams); Yurok-Hillemeir Direct Testimony-NMFS/FWS Issue 7 at 
4:24-5:3; KTr-CWH-Ex 4 at 219 (juvenile Coho salmon observations in the 
main stem Klamath River where temperatures exceed 20 оC)). 

7-13. Predation may also be a slight problem that could be minimized through use 
of remedial measures.  (NMFS/FWS-Issue 7-White-Ex. 14 at A-10, B-2, and 
B-40; NGO PFF 7.10). 

7-14. In restoration efforts elsewhere in the Pacific Northwest, Coho salmon and 
other anadromous juveniles successfully pass through reservoirs under 
similarly difficult circumstances.  (NGO Ex. 3 at 12:13-13:9; KTr-FAE-Ex. 1 
at 3:4-12; NGO PFF 7.11). 

7-15. Coho salmon below Iron Gate Dam would migrate above the dam if access 
was provided through fishways.  (FOF 2A-10; NMFS/FWS PFF 7.8; 
Appendix to Reply Brief of PacifiCorp and Siskiyou County at 62). 

7-16. Over time, access to habitat above Iron Gate Dam would benefit the Coho 
salmon population by: a) extending the range and distribution of the species 
thereby increasing the Coho salmon’s reproductive potential; b) increase 
genetic diversity in the Coho stocks; c) reduce the species vulnerability to the 
impacts of degradation; and d) increase the abundance of the Coho population.  
(Aug. 23, 2006 Tr. at 163:1-2; Aug. 25, 2006 Tr. at 107:5-20; NGO Ex. 27 at 
3:11-4:7 (allowing access to additional habitat does not decrease the size of 
the population existing below Iron Gate Dam); Yurok-Hillemeir Direct 
Testimony-NMFS/FWS Issue 7 at 5:7-8 (access to project area is one of the 
quickest ways to increase population abundance, 6:4-22; CDFG-Pisano-Ex. 1 
at 5, 11:18-12:23; NMFS/FWS-Issue 7-Simondet-Ex. 1 at 5:21-6:15; 
NMFS/FWS-Issue 7-Williams-Ex. 1 at 6:15-19, 7:15-9:22 (explaining that 
additional spatial structure reduces species vulnerability to changing 
environmental conditions); HVT-Franklin-Ex. 1 at 6:16-7:12 (explaining that 
diverse habitat leads to populations adapted to diverse life history forms and 
greater viability for the species; NGO ex. 4 at 11:15-28). 
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8. FINDINGS OF FACT CONCERNING USFWS/NMFS ISSUE 8 

8-1. The Findings of Fact in 2A are incorporated herein. 

8-2. Today, Pacific lamprey is found throughout the Klamath River main stem and 
tributaries downstream of the Project area and some have also been found in 
tributaries near Iron Gate Dam.  (NMFS/FWS-Issue 8-Hamilton-Rebuttal 
Exhibit 4; Yurok-Steward 8 Rebuttal at 2:9 to 3:2; FOF 2A-8; NMFS/FWS 
PFF 8.3; Indian Tribes PFF 8.2).  The Pacific lamprey fishery resources in 
the lower Klamath River are in decline.  (PAC-Chan-D-1 at 4:7-9; 
NMFS/FWS PFF 8.1). 

8-3. Although the historical upstream distribution of Pacific lamprey is unknown, 
suitable habitat for spawning and juvenile rearing is available within 
tributaries and stream reaches in the Project area.  (Yurok-Hillemeier 2and 8 
Direct at 6:4 to 7:15; Yurok-Steward 8 Direct at 5:1-8; NMFS/FWS PFF 8.4). 

8-4. Resident lamprey ammocoetes (juveniles) already rear within tributaries 
within the Project.  (Yurok-Steward 8 Rebuttal at 4:2-11; CDFG Pisano Ex. 
16; NMFS/FWS PFF 8.5). 

8-5. Ammocoetes of resident and Pacific lamprey have similar habitat 
requirements.  (PAC-Chan-D-1 at 8:8-9; Yurok- Steward 8 Rebuttal at 4:4-6; 
NMFS/FWS PFF 8.5). 

8-6. There is no measurable genetic difference between Pacific lamprey inhabiting 
different river basins along the Pacific coast.  (Yurok-Hillemeier 8 Direct at 
4:14 to 5:25.  NMFS/FWS-Issue 8-Hamilton-Rebuttal Ex. 3 at 15; Aug. 24, 
2006 Tr. at 105:9-24; NMFS/FWS PFF 8.6). 

8-7. Pacific Lamprey below Iron Gate Dam would migrate above the dam if access 
was provided through fishways.  (FOF 2A-10; NMFS/FWS PFF 8.9; Indian 
Tribes PFF 8.5). 

8-8. Volitional passage for Pacific lamprey has been designed and is in place in 
other river systems.  (NMFS/FWS-Issue 8-Johnso-Rebuttal Ex. 1 at 2:3-19, 
3:5-7; Aug. 24, 2006 Tr. at 178:8-179:1, 184:1-185:15; NMFS/FWS-Issue 8-
Moser-Ex. 1 at 9:12-16; Yurok-Steward 8 Direct at 5:12-26; NMFS PFF 8.8; 
Indian Tribes PFF 8.6). 



Klamath Hydroelectric Project  Docket No.: 2006-NMFS-0001 
Decision  FERC Project No.: 2082 

Page 38 of 87 

8-9. Access to habitat would benefit Pacific lamprey by increasing their viability 
through: a) extending the range and distribution of the species; b) providing 
additional spawning and rearing habitat; c) increasing the generic diversity of 
the species; and d) increasing the abundance of the Pacific lamprey 
population.  (NMFS/FWS-Issue 8-Hamilton-Ex. 1 at 8:1-11; Yurok-Steward 8 
Direct at 4:27 and 5:17; NMFS/FWS-Issue 8-Mesa-Ex. 1 at 5:16-6:6; CDFG-
Pisano-Ex. 1 at 11:19). 

C. BLM DISPUTED ISSUES OF MATERIAL FACT 

1. FINDINGS OF FACT CONCERNING BLM ISSUE 10 
 

10-1 About eighty (“80”) percent of the J.C. Boyle bypass reach (an area of 4.3 
miles in length) is confined by steep canyon walls.  Thus, only twenty (“20”) 
percent of the bypass reach (less than one mile in length) has potential for 
“riparian restoration.”  (PAC-Dwer-D-1 at 5:12-14, 5:20-23; Aug. 21, 2006 
Tr. at 71:13-22; BLM Reply Brief at 4-5). 

10-2 Relatively coarse bed sediment (i.e., gravel and cobble) can be mobilized in 
the bypass reach with flows of 1,700 cubic feet per second (cfs) and greater.  
(PAC-Tomp-R-1 at 4:8-10). 

10-3 The seasonal high flows proposed by BLM for the bypass reach will create 
more frequent and larger magnitude high flow events.  (BLM-Turaski-Ex. 4 at 
59, 89-91; BLM-Gard-Ex. 0 at 2:4-9). 

10-4 BLM high flows, as compared to current conditions, will mobilize and 
transport sediment more frequently within the Project.  (PAC-Tomp-D-1 at 
12:20-23). 

10-5 Seasonal high flows, in combination with the BLM’s proposed gravel 
augmentation program, will likely create a more dynamic channel with a 
wider range of sediment deposits.  This sediment will be deposited higher on 
the channel margin which will serve as an ecological benefit.  (BLM-Cluer-
Ex. 0 15:5-7, 24-16:4; Aug. 22, 2006 Tr.  at 54:4-23; BLM-Cluer-Ex. 0 at 
15:5-7). 

10-6 With the construction of dams and their operation, changes have occurred to 
the riparian community of the bypass reach.  Specifically, reed canary grass 
has encroached into the channel in places that have been exposed by Project-
diverted flows.  (PAC-Dwer-D-5 at 6-66; NGO-Ex. 1 at 13:7-9, 16:7-10; Aug. 
21, 2006 Tr.  at 102:24-103:3).   
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10-7 Reed canary grass can adversely affect downstream channel formation by 
effectively trapping sand, gravel, and small cobble in its dense root mass.  
Such material would otherwise have been transported downstream where it 
would replenish similar sized bed material scoured by floods.  (NGO-Ex. 1 at 
16:11-17:3).  This may adversely affect abundance and quality of fish and 
terrestrial habitat.  (NGO-Ex. 1 at 10:13-22). 

10-8 Approximately two-thirds of the riparian habitat in the J.C. Boyle bypass 
reach is riparian grass land, which is predominately reed canary grass.  (Aug. 
21, 2006 Tr.  at 97:24 to 98:9).  

10-9 Riparian-focal bird species are birds that use riparian habitats.  (BLM-
Alexander-Ex. 0 at 5:19-24; BLM-Alexander-Ex. 6 at 35; BLM-Turaski-Ex. 4 
at 74).  These species often have a special management or conservation status.  
(Id.)   

10-10 Avian riparian focal species consistently use riparian habitat in the J.C. Boyle 
bypass and peaking reaches during breeding season.  (PAC-Tres-D-1 at 7:6-
9:12).  

10-11 The eight species of riparian-focal bird species in the Project area do not nest 
in reed canary grass.  Nesting is such grasses make the birds accessible to 
predators.  (PAC-Tres-D-1 at 4:17-23, 11:14-20); Aug. 21, 2006 Tr.  at 
124:14–125:23). 

10-12 Avian riparian focal species prefer structurally diverse habitat.  (Aug. 21, 2006 
Tr. at 124:20-22; PAC-Tres-D-1 at 13:7-11). 

10-13 In the J.C. Boyle bypass and peaking reaches, riparian-focal bird species are 
associated with and primarily nest in woody riparian vegetation.  (BLM-
Alexander-Ex. 0 at 6:22 to 7:2; Aug 21, 2006 Tr.  at 124:14–125:23). 

10-14 Numerous factors determine how useful riparian patches are to avian riparian 
focal bird species.  An increase in the amount of riparian habitat does not 
necessarily correspond to a similar increase in birds that would use that 
habitat.  (Aug. 21, 2006 Tr. at 128:21 to 129:10; Aug. 22, 2006 Tr. at 18:3-
14). 

10-15 A relative increase in early woody riparian vegetation and a relative decrease 
in reed canary grass will likely increase abundance of riparian-focal bird 
species in the J.C. Boyle bypass reach.  (BLM-Alexander-Ex. 0 at 9:10-14; 
Aug. 21, 2006 Tr. at 120:21-25). 
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10-16 BLM proposed flows would not increase woody riparian habitat.  (PAC-Tres-
R-1 at 1:16-17; NGO-Ex. 1 at 7:11-18, 10:5-22 (which suggests that high 
flows, such as that associated with the proposed flows, scour woody riparian 
vegetation)).  

2. FINDINGS OF FACT CONCERNING BLM ISSUE 11 

11-1. J.C. Boyle Dam has captured an average of 6,124 tons/year of channel 
bedload and thus blocked its transport into the bypass and peaking reaches.  
(PAC-Tomp-D-1 at 14:9-15; Aug. 21, 2006 Tr. at 74:22-75:2). 

11-2. Channel bedload is the totality of cobble, gravel, and other sediment that form 
the channel bed.  Bedload mobilization is the natural geomorphic process 
whereby flow moves gravel for deposit on alluvial features and cleanses 
gravel of sediment. (Aug. 21, 2006 Tr. at 64:12-23).  Diversion has reduced 
the capacity of flow to mobilize the bedload by an estimated eighty-three 
(“83”) percent to ninety-six (“96”) percent in the bypass reach.  (PAC-Tomp-
D-3 at 6-139; Aug. 21, 2006 Tr. at 64:3-70:1). 

11-3. The bed material in the J.C. Boyle bypass and peaking reaches has coarsened 
due to the J.C. Boyle Dam limiting the sediment supply.  (BLM-Cluer-Ex. 5 at 
111, 129; BLM-Cluer-Ex. 0 at 6:14-16; BLM-Turaski-Ex. 4 at 70).  In 
addition, the sediment that is delivered to the channel or was in the channel at 
the time of Project construction is transported downstream during Project spill 
events in the bypass reach and during peaking flows in the peaking reach.  
(BLM-Cluer-Ex. 0 at 8:5-7, 14:10-12). 

11-4. In the J.C. Boyle bypass reach, the average annual flow released from the J.C. 
Boyle Dam has been reduced by eighty-one (“81”) percent—from 
approximately 1,560 cfs to 296 cfs—with the 100 cfs minimum flow 
occurring eighty-nine (“89”) percent of the time.  (BLM-Turaski-Ex. 4 at 68, 
83). 

11-5. Low base flows combined with sediment being blocked by the J.C. Boyle 
Dam result in smaller alluvial features.  (NGO-Ex. 1 at 10:13-16, 11:1-2; 
BLM-Cluer-Ex. 0 at 8:1-4). 

11-6. High flows can scour (uproot and dislodge) reed canary grass.  Moderate 
flows are likely to scour plants with less well-established root mats.  (NGO-
Ex. 1 at 15:14-16).  Larger flow events are likely to scour older plants with 
more well-established root mats.  (NGO-Ex. 1 at 16:1-7; PAC-Dwer-D-1 at 
13:21-23). 

11-7. Project diversions decrease high flow events in the bypass reach by 
approximately fifty (“50”) percent.  (PAC-Dwer-D-5 at page 5-46, Table 5.7-
16 (as explained at page 5-45).     
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11-8. By decreasing the frequency of larger flows, the Project operations have 
reduced the number of flow events that can scour established reed canary 
grass.  (NGO-Ex. 1 at 16:4-10).       

11-9. If Project related coarsening of the bed had not occurred, it is likely that active 
features (e.g., point bars, islands) would have been characterized by finer 
sediment.  (Aug. 21, 2006 at 68:8 to 69:6; PAC-Tomp-D-3 at 6-129).   

11-10. Willow is a desirable riparian plant that germinates and establishes itself on 
freshly deposited alluvium (material transported and deposited by river flows).  
(BLM- Turaski-Ex. 4 at 74). 

11-11. Current operations continue to maintain, to a certain degree, woody riparian 
vegetation in the bypass reach.  (PAC-Dwer-R-1 at 8:24-26; PAC-Dwer-R-1 
at 3:14-20; NGO-Ex. 1 at 12:14-18).  

11-12. Reed canary grass is adapted to survive in frequently inundated coarse 
substrate and is capable of out-competing woody riparian vegetation.  (BLM-
Turaski-Ex. 4 at 73; PAC-Dwer-D-4 at 3-28).  

11-13. In the bypass reach, there is more riparian vegetation as a result of Project 
operations.  This increase of vegetation is attributed mainly to the 
encroachment of reed canary grass.  (Aug. 21, 2006 Tr. at 107:112-108:8).   

3. FINDINGS OF FACT CONCERNING BLM ISSUE 14 

14-1. In the J.C. Boyle bypass reach, the channel bed is dominated by sixty-four 
(“64”) percent boulders and twenty-eight (“28”) percent cobble.  A reduction 
in find grain deposits diminishes the quantity and quality of fish habitat.  
(BLM-Cluer-Ex. 11 at 2; BLM-Cluer-Ex. 0 at 1-5). 

14-2. Sediment trapping by J.C. Boyle Dam is the primary cause of low sediment 
availability in the bypass reach.  (FOF 11.1, 11.3; BLM-Cluer-Ex. 0 at 6:14-
20; BLM-Cluer-Ex. 5 at 111). 

14-3. BLM has proposed a gravel management plan in which 1,226 to 6,134 tons of 
sediment per year would be added to the Klamath River below J.C. Boyle 
Dam.  (BLM-Turaski-Ex. 4 at 60-61).    

14-4. Implementation of coordinated sediment delivery with seasonal high flows 
can result in deposition of gravel in velocity pockets on the bed and fine sands 
on the banks.  These deposits have ecological benefits including creating 
spawning pockets around boulders and in pools.  (BLM-Cluer-Ex. 0 at 13:10-
14; Aug. 21, 2006 Tr.  at 201: 10-15; BLM-Gard-Ex. R0 at 2:6-9). 
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14-5. Fine sediment can infiltrate salmonid spawning gravel and reduce incubation 
success or affect the ability of fry to emerge from the gravel.  (PAC-Carl-D-1 
at 7:4-6; BLM-Snedaker-Ex. 0 at 3:20-26).  

14-6.  Gravel embedded with greater than ten (“10”) percent fine sediment results in 
a substantial reduction in suitability of steelhead spawning habitat.  (BLM-
Gard-Ex. R0 at 1:20-21). 

14-7. Trout spawning gravel in the bypass reach is embedded with fine silt.  (BLM-
Gard-Ex. 0 at 4:1-6; BLM-Snedaker-Ex. 0 at 3:20-25).  In July 2006, the 
spawning gravel in the bypass reach below the emergency spillway was fifty 
(“50”) percent embedded with silt and sand.  (BLM-Gard-Ex. 0 at 4:1-14).   

14-8. An annual flushing flow can clean and redeposit gravel to provide quality 
spawning habitat.  (PAC-Carl-D-8 at 116-121).  To be effective, flushing 
flows need adequate duration and frequency to mobilize and redistribute fine 
sediments in the spawning beds.  (BLM-Turaski-Ex. 4 at A-41). 

14-9. The BLM River Corridor Management Condition calls for a one week 
seasonal high flow between February 1st and April 15th in years when inflow 
to J.C. Boyle Reservoir exceeds 3,300 cfs.  (BLM-Gard-Ex. 0 at 2: 4-13; 
BLM-Turaski-Ex. 4 at 59).  Based on an analysis of the historical flow record, 
the seasonal high flow would be implemented approximately every other year.  
(Id.; PAC-Carl-R-1 at 1:10 to 2:3).  The seasonal high flow would occur in 
February twenty-four (“24”) percent of the years, in March twenty-four (“24”) 
percent of the years, and in April three (“3”) percent of the years.  (Id). The 
median start date for the seasonal high flow would be February 18.  (Id).   

14-10. BLM’s proposed seasonal flushing flow would commence at 3,300 cfs and the 
medium flow would exceed 4,200.  (BLM-Turaski-Ex. 4 at A-16; PAC-Carl-
D-1 at 4:15-19; BLM-Gard-Ex. 0 at 2:11-13). 

14-11. The spawning period for redband trout between Copco 1 Reservoir and J.C. 
Boyle Dam is from February through May.  (BLM-Gard-Ex. 0 at 2:19-23).  
Most of the spawning takes place between March 15 and April 15.  (Id). 

14-12. Based on an analysis of the historical flow record, the seasonal high flow 
would be implemented between March 15 and April 15 in fourteen (“14”) 
percent of the years.  (BLM-Gard-Ex. 0 at 2:23-25). 

14-13. Salmonids will hold during high flows and resume spawning once the flows 
have dropped.  (BLM-Gard-Ex. 0 at 3:6-10).  The one week seasonal high 
flow will still leave 21 weeks for rainbow trout to spawn.  (Id). 

14-14. BLM’s proposed flushing flow would always occur during spawning season.  
(Aug. 22, 2006 Tr. at 59:23-25). 
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14-15. Flushing flows scheduled during or immediately after fish spawning could 
dislodge eggs and result in reduced recruitment.  (PAC-Carl-D-8 at 116).  
Flushing flows released just prior to spawning would produce more beneficial 
effects.  (Id.).    

14-16. In the bypass reach, PacifiCorp provides flows limited to 100 cfs eight-nine 
(“89”) percent of the time.  (BLM-Turaski-Ex. At 68).  When flows greater 
than 100 cfs do occur in the bypass reach, they are abrupt, are short in 
duration, and do not reflect a flow regime with seasonal variability.  (Id). 

14-17. The timing of the BLM seasonal high flow condition reflects the natural 
hydrologic flood regime under which redband trout evolved.  (BLM-Gard-Ex. 
0 at 3:11-17).  The BLM seasonal high flow condition will be implemented 
during the normal peak flow period.  (BLM-Gard-Ex. 0 at 3:11-17; Aug. 21, 
2006 Tr. at 175:20-22). 

14-18. Historically, redband trout rearing in the Oregon portion of the Klamath River 
downstream of the J.C. Boyle Dam migrated upstream to spawn in Spencer 
Creek.  (BLM-Hooton-Ex. 0A at 2:5-6).  Redband trout rearing below J.C. 
Boyle Dam moved upstream in two peak spawning migrations, one in the 
spring and one in the fall.  (Id. at 2:12-13).  Both spring and fall spawning 
migrations were associated with increases in the river flow.  (Id). 

14-19. Spring and fall freshets attract spawning rainbow trout upstream past J.C. 
Boyle Dam and juvenile trout migrant downstream to rearing areas below J.C. 
Boyle Dam.  (BLM-Hooton-Ex. 0B at 4:1-3; BLM-Hooton-Ex. 18 at 1; BLM-
Hooton-Ex. 19 at 1).   

14-20. Soon after the installation of J.C. Boyle Dam, upstream spawning migrations 
of redband trout were reduced and recent data shows little successful 
migratory movement occurs from downstream to upstream of J.C. Boyle 
Dam.  (BLM-Hooton-Ex. 0B at 4:10-16). 

14-21. The only observed trout spawning activities, including the presence of redds, 
currently occur in the main stem bypass reach just downstream of the existing 
J.C. Boyle emergency canal spillway.  (PAC-Carl-D-1 at 8:11-21; PAC-Carl-
R-1 at 5:22-6:1).   

14-22. Erosion from PacifiCorp’s use of the emergency spillway has significantly 
increased the rate of fine and coarse sediment delivery to the area below the 
emergency spillway.  (BLM-Cluer-Ex. 0 at 8:14-16; PAC-Carl-D-1 at 8:15-
17).  Since J.C. Boyle Dam operations began in 1958, approximately 69,000 
cubic yards of hillside sediment has been delivered to the stream from the 
erosional washout.  (BLM-Cluer-Ex. 0 at 8:14-16). 
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14-23. The location of the redds, near the erosional feature, is relatively unstable for 
two reasons.  First the spillway can be used at any time and its use probably 
destroys or buries redds and spawning gravel patches.  (BLM-Cluer-Ex. 0, 
10:1-8).  Second, the slope of the channel in this location is very steep (Aug. 
21, 2006 Tr. at 56:10 to 57:7), making this location inherently unstable during 
flood flows in the bypass channel.  (BLM-Cluer-Ex. 0, 10:1-8; BLM-Gard-Ex. 
0 at 4:9-14). 

14-24. Seasonal high flows can mobilize sediment accumulated at the emergency 
spillway deposit and distribute that sediment downstream where it can be 
deposited in more stable locations.  (BLM-Cluer-Ex. 0 at 15:17-25).   

14-25. If the gravel at the emergency spillway were transported downstream by 
seasonal high flows, they would be more valuable fish habitat because the 
gravel would be transported to more stable locations and better sorted into 
spawning sizes.  (Id.; Ex. PAC-Carl-D-8 at 120-121). 

14-26. If PacifiCorp installs bypass valves at the J.C. Boyle powerhouse, the 
emergency spillway will no longer be used and the unnatural sediment loads 
in the area will not be replenished.  (PAC-Carl-D-1 at 8:21-9:3). 

4. FINDINGS OF FACT CONCERNING BLM ISSUE 16 

a. Low Flows Reduce Fish Habitat 

16-1. Trout presently do not spawn in the peaking reach.  (PAC-Ols-D-1 at 7:20). 

16-2. Before the J.C. Boyle Dam was built, rainbow trout would use the Frain 
Ranch area of the J.C. Boyle peaking reach to spawn.  (BLM-Denman-Ex. 0 at 
3:6-15; BLM-Snedaker-Ex. 0 at 3:9-13). 

16-3. There are locations in the peaking reach with suitable spawning gravel, but 
these areas were on the margins of the stream channels and were exposed 
during lower flows.  (BLM-Snedaker-Ex. 0 at 3:13-19; BLM-Gard-Ex. 6 at 
21-24). 

16-4. Low flows contribute to the lack of spawning in the peaking reach. (BLM-
Simons-Ex. 0 at 7:12-20; BLM-Simons-Ex. 16 at 69, section 4.10; “[M]uch of 
the gravel at this location [in the peaking reach] was exposed during low flow 
conditions. Since peaking operations often begin in mid-May, trout embryos 
would still be in the gravel when daily desiccation begins. Therefore, much of 
the available gravel would not be suitable for incubation of trout embryos 
during most years.”  BLM-Gard-Ex. 6 at 24.”). 



Klamath Hydroelectric Project  Docket No.: 2006-NMFS-0001 
Decision  FERC Project No.: 2082 

Page 45 of 87 

16-5. Depositional features, such as gravel bars and side channels, are suitable 
spawning and rearing habitat for redband trout and serve as an oasis from the 
higher-velocity flows that occur during springtime snowmelt. (NGO-Ex. 1 at 
21:9-16, 21:1-2). 

16-6. The Project reduces the frequency and extent of inundation of depositional 
features in the bypass and peaking reach. (NGO-Ex. 1 at 21:3-16, 32:4-7.).  
This hydrologic impact reduces the availability of suitable rearing habitat for 
juveniles. (Id. at 21:3-16). 

b. Stranding 

16-7. Peaking is the most widely documented source of fish stranding. (BLM-
Snedaker-Ex. 6 at 25).  Peaking fluctuations can result in severe cumulative 
impacts to fish populations.  (Id).   Stranding is the separation of fish from 
flowing surface water as a result of declining river state.  (Id. at 5).   

16-8. PacifiCorp’s peaking operations cause high mortality to fish and other aquatic 
organisms through stranding.  (BLM-Snedaker-Ex. 0 at 4:25 to 5:11; KTR-
LKD-DT-BLM 16 at 4:3-22; KTR-FAE-DT-BLM 16 at 7:13-17). 

16-9. On July 5, 2006, a severe stranding along 225 feet of the peaking reach was 
documented near Frain Ranch.  (KTR-LKD-DT-BLM 16 at 4:3-10).  “[A]bout 
5,000 fish, more crayfish, and an order of magnitude more aquatic insects 
perished in a single peaking cycle . . . .”  (KTR-LKD-Ex. 3 at 5).  No redband 
trout mortalities were documented, however few trout fry exist in the peaking 
reach.  (Id.).  

16-10. The severe loss of fish and other aquatic life on July 2006 is directly 
attributable to PacifiCorp’s peaking operations. (Aug. 21, 2006 Tr. at 153:18-
21). 

16-11. July 5, 2006, was the first major downramp event of the season.  No stranded 
fish were found on July 6, during the second major peaking cycle, or on July 
7-8, 2006, during the third major peaking cycle.  (KTR-LKD-DT-BLM 16 at 
4:8-13; PAC-Ols-R-1 at 16:7-11).   

16-12. Peaking operations that cause high mortality likely only happen a few times a 
year, following the first peaking event after several months of steady flow.  
(PAC-Ols-R-1 at 16:16-17:7)  

16-13. Reduced ramp rates can resolve the problem of fish stranding.  (PAC-Ols-R-1 
at 17:1-9).   
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16-14. The downramp rate at the site where the severe mortality of aquatic organisms 
occurred was about 4.0 inches/hour.  (KTR-LKD-DT-BLM 16 at 4:14-22).  At 
a site further downstream where no mortalities of fish were observed, the 
ramp rate was 2.4 inches/hour, similar to BLM’s proposed condition of a 2 
inch/hour maximum downramp rate. (Id.).  

16-15. Project peaking operations kill, through stranding, large numbers of young 
fish and aquatic invertebrates that are the primary prey food for trout. (KTR-
LKD-Ex. 17 at 4:3-133 (enormous prey losses from stranding); KTR-LKD-Ex. 
3 at 4-5 (field study finds enormous prey loss from stranding); KTR-FAE-Ex. 
31 at 8:19-20 (redbands feed primarily on invertebrates; invertebrate “drift” 
5 to 6 times higher in Keno reach than in peaking reach); Aug. 21, 2006 Tr. at 
153:18-21 (significant loss of fish prey is a Project effect); BLM-Denman-Ex. 
0 at 2:19-22 (crayfish were food source for trout before peaking); BLM-
Denman-Ex. 0 at 3:6-8 (numerous dead crayfish were seen in the peaking 
reach after peaking events)). 

c. Downstream Displacement 

16-16. Flushing of juvenile salmonids downstream is likely in the peaking reach.  
(BLM-Snedaker-Ex. 0 at 9:16-17; BLM-Hooton-Ex. 0B at 7:12-15; BLM-
Snedaker-Ex. 8 at 19 (FERC Salt Caves Project EIS concludes that flows of 
1500 cfs in the peaking reach “lead to fry and fingerling trout being flushed 
downstream”)). 

16-17. Few fry have been captured in the Oregon section of the peaking reach; the 
section of the peaking reach with the highest ramp rates.  (BLM-Snedaker-Ex. 
5 at 52; PAC-Ols-D-20 at App. 3A at 20; KTR-LKD-Ex. 6 at 6-46).   

16-18. PacifiCorp’s mark-recapture studies did not mark or recapture any fry in the 
Oregon peaking reach; the area of peaking reach where peaking effects would 
be most pronounced.  (PAC-Ols-D-1 App. 3A at 36-37).   

16-19. In the California peaking reach, nine (“9”) of seventy-three (“73”) fry were 
recaptured, indicating some ability to maintain their location during peaking 
events.  (PAC-Ols-D-1 App. 3A at 36-37). 

16-20. Very few salmonid fry or other fish species are observed in the margins of the 
peaking reach.  (BLM-Hooton-Ex. 0A at 11:7-10; BLM-Snedaker-Ex. 0 9:16-
23; KTR-LKD-DT-BLM 16 at 3:16 to 4:8). 
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d. Energetic Costs/Size   

16-21. Flow fluctuations from peaking operations increase energetic demands on 
salmonids, decreasing energy available for overall health, growth, and 
reproduction.  (BLM-Simons-Ex. 19 at 16, 165). 

16-22. Peaking operations induce trout movement that would not be expected in a 
stable-flow regime.  Holding territory, while flows increase, force trout to 
swim faster to stay in place.  (BLM-Simons-Ex. 0 at 5:8-6:7).  Fish move 
laterally with changes in flow.  (KTR-LKD-DT-BLM 16 at 7:13-17; KTR-
LKD-Ex. 10 at 26).  During low flows fish will move towards the center of the 
channel and during high flows fish will move toward the edges of the channel. 
(Id.).  

16-23. Larger fish operate closer to the energetic margin, so energetic costs of 
peaking would be expected to reveal themselves in larger fish.  (KTR-LKD-R-
BLM 16 at 7:12-17).   

e. Macroinvertebrate 

16-24. Peaking operations reduce the production of sessile organisms, like 
macroinvertebrates, by ten (“10”) percent to twenty-five (“25”) percent.  
(BLM-Simons-Ex. 13 at 26). 

16-25. Macroinvertebrate drift rates, a measure of food availability for trout, in the 
non-peaking Keno reach were five to six times greater than in the peaking 
reach.  (BLM-Simons-Ex. 13 at 70).  Fluctuations in the peaking reach are 
undoubtedly a contributing factor to the lower macroinvertebrate drift rates.  
(Id.).   

f. Keno vs. Peaking Reach 

16-26. When comparing growth of trout in the non-peaking Keno reach to growth in 
the J.C. Boyle peaking reach, the following is observed: growth is greater for 
trout in the peaking reach through age two (“2”), similar growths are recorded 
between ages two (“2”) and three (“3”), and growth is greater in the Keno 
reach after age three (“3”).  (BLM-Simons-Ex. 13 at 64). 

16-27. Average trout size has decrease since Project operations began.  (BLM-
Hooton-Ex. 28).  For trout residing below J.C. Boyle Dam, the average length 
has decreased from about twelve inches (30 cm) in 1961, shortly after the J.C. 
Boyle facility was completed, to about seven inches (18 cm) in 1990.  (Id.)). 
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16-28. The average condition factor for trout in the peaking reach is similar to that in 
the Keno Reach.  (PAC-Ols-D-1 at 12:12-14; PAC-Ols-R-1 at 13:4-7; PAC-
Ols-R-5). 

16-29. While the average condition factor for trout may be similar, condition factors 
vary in the peaking reach and Keno Reach from season to season.  (PAC-Ols-
D-6 at 4). 

16-30. Trout in the Keno reach are older than those in the peaking reach.  (PAC-Ols-
D-12 at 3-4; PAC-Ols-D-5). 

16-31. Forage fish will provide a higher energy source than invertebrate drift for 
mature fish and allow for increased growth rates. (BLM-Snedaker-Ex. 0 at 
10:19-23, BLM-Simons-Ex.14 at 17, 53). 

16-32. The Project-caused impacts to forage fish in the peaking reach help explain 
the lower growth rates and absence of larger and older fish in the peaking 
reach, as compared to the Keno reach. (BLM-Snedaker-Ex. 0 at 10:15-17, 
11:8-13; KTR-LKD-DT-BLM 16 at 9:7-11). 

5. FINDINGS OF FACT CONCERNING BLM ISSUE 17 

17-1. The existing upramp rate for the J.C. Boyle facility is nine inches per hour.  
(BLM-Turaski-Ex. 4 at 67). 

17-2. The BLM has proposed an upramp rate of two inches per hour.  (BLM-
Turaski-Ex. 4 at 59). 

17-3. Most rivers in the Pacific Northwest do not naturally experience a ramp rate in 
excess of two inches per hour, except during or immediately after events such 
as an intense storm or flood event.  (BLM-Snedaker-Ex. 0 at 7:13-15; BLM-
Snedaker-Ex. 6 at 12-13; HVT-Steward Ex. 4 at 2:18-22; HVT-Steward Ex. 37 
at 14-15 (showing that the “upramp” rate for the naturally flowing 
Williamson River in the Upper Klamath Basin rarely, if ever, exceeded two 
inches per hour over the three years of flow data reviewed)). 

17-4. Limiting ramp rates to no more than two inches per hour have been widely 
accepted as being protective of fish resources.  (BLM-Snedaker-Ex.10 at 48-
49; BLM-Snedaker-Ex. 0 at 7:15-16). 

17-5. Daily peaking causes chronic increases in macroinvertebrate drift events.  
This in turn reduces the quality and abundance of drift forage for trout.  
(BLM-Snedaker-Ex. 6:8-11; BLM-Simons-Ex. 13 at 26). 
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17-6. Such drift events may increase fish feeding activity in the short term.  Over 
the long term, however, this can result in a depletion of macroinvertebrates, 
resulting in lower fish productivity.  (BLM-Snedaker-Ex. 7 a t4-5). 

17-7. Macroinvertebrate sampling showed that upramping caused an increase in 
macroinvertebrate drift.  (BLM-Snedaker-Ex. 0 at 10:9-17; PAC-Ols-D-1 at 
9:12-13). 

17-8. Species of dace, chubs, and suckers native to the Klamath River broadcast 
their eggs over the substrates where they remain until hatching.  (BLM-
Snedaker-Ex. 0 at 11:1-5).  Eggs deposited in this fashion and weak 
swimming fry of these species are especially vulnerable to entrainment and 
transport by peaking flows. (Id.). 

17-9. Impacts to native forage fish species (species on which trout prey) can impair 
growth and feeding of trout in the peaking reach.  (BLM-Snedaker-Ex. 0 at 
11:8-13; KTR-LKD-DT-BLM 16 at 7:8-12 (the evidence indicates that forage 
fish production is impaired by the peaking operations, and this affects trout 
growth in the peaking reach)) 

6. FINDINGS OF FACT CONCERNING BLM ISSUE 19 

a. Current Flow Regime 

19-1. The current flow regime at the J.C. Boyle powerhouse has two components.  
(PAC-Whit-D-1 at 4:23).   

19-2. First, there is a minimum base flow of 100 cfs from J.C. Boyle Reservoir into 
the J.C. Boyle bypass reach at all times, which combines with springs in the 
bypass reach to provide approximately 330 cfs where the J.C. Boyle 
powerhouse discharges water into the river at the start of the peaking reach.  
(PAC-Whit-D-1 at 4:23-5:4; PAC-Carl-D-1 at 15:1-6). 11   

19-3. Second, remaining inflows to J.C. Boyle reservoir are stored and diverted to 
the J.C. Boyle powerhouse for electric generation unless they exceed Project 
capacity, in which case the excess is spilled over J.C. Boyle dam into the 
bypass reach.  (PAC-Whit-D-1 at 5:5-7; PAC-Carl-D-1 at 14:21-22).   

                                                 
11 PacifiCorp Proposed Finding of Fact 95 states that the total cfs from the bypass reach which discharges 
into the peaking reach is approximately 330 cfs (100 cfs from J.C. Boyle Reservoir and 230 from springs in 
the bypass reach).   BLM wholly disputes this proposed finding and states that the total discharge is 
generally 320 (100 cfs from J.C. Boyle Reservoir and 220 from springs in the bypass reach).  (BLM Reply 
Brief at 15).  Inconsequential and/or picayune objections do not aid in moving this expedited process 
forward.  
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19-4. In wetter periods with higher reservoir inflows (usually from late winter 
through early summer), J.C. Boyle powerhouse is operated continuously, up to 
a two-turbine capacity of about 2,600 cfs.  (PAC-Whit-D-1 at 5:7-9; PAC-
Carl-D-1 at 14:19-21).   

19-5. During drier times of the year, the powerhouse is operated in a daily 
“peaking” mode with alternate periods of storage and generation through a 
twenty-four-hour cycle.  (PAC-Whit-D-1 at 5:10-11).   

19-6. In typical peaking operations, peaking reach flows are about 330 cfs (all from 
the bypass) during the storage periods from early evening through early 
morning, and then ramp up to about 1,600 cfs (one turbine operating plus 
bypass flows) or 2,800 cfs (two turbines operating plus bypass flows) during 
the middle of the day.  (PAC-Whit-D-1 at 5:14-17). 

19-7. As active storage is used up, the project ramps back down to 330 cfs in the 
evening.  (PAC-Whit-D-1 at 5:17-18). 

b. BLM’s Proposed Flows 

19-8. The BLM condition is intended to provide an overall increased base flow and 
flows that are more reflective of seasonal events, including high and low 
flows.  (BLM-Turaski-Ex. 4 at 89). 

19-9. The BLM flow proposal would substantially alter the established flow regime.  
(PAC-Whit-D-1 at 5:19).   

19-10. Under BLM’s proposal, there would be a higher base flow in the bypass reach 
of either forty (“40”) percent of the inflow to the J.C. Boyle reservoir, or a 
minimum of 470 cfs, whichever is greater.  (PAC-Whit-D-1 at 5:19-22; BLM-
Turaski-Ex. 4 at A-16). 

19-11. Most of the time, the proposed base flows would provide a minimum flow of 
approximately 700 cfs in the peaking reach, about twice the current baseflow.  
(PAC-Whit-D-1 at 5:22-6:1).   

19-12. The BLM proposal would provide a seasonal high flow event, for seven full 
days, between February 1 and April 15, when inflows first exceed 3,300 cfs, 
during which time power generation would be suspended to allow all inflows 
down the bypass reach (and on through the peaking reach) for one week.  
(PAC-Whit-D-1 at 6:3-6; BLM-Turaski-Ex. 4 at A-16).   
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19-13. During the period between May 1 and October 31, BLM Condition 4 would 
provide a single peaking event per week of 1,500 cfs to 3,000 cfs, with a 
priority set for Saturday, Sunday, and then Friday.  (PAC-Whit-D-1 at 6:7-8; 
BLM-Turaski-Ex. 4 at A-16).   

c. Whitewater Boating 

19-14. Boating is a common recreation activity in the peaking reach.  (PAC-Whit-D-1 
at 6:21 to 7:1). 

19-15. Whitewater boating takes place at the section of water between J.C. Boyle 
powerhouse and the California-Oregon border known as the peaking reach, 
which has been rafted commercially since 1979.  (PAC-Bald-D-1 at 3:1-3; 
PAC-Whit-D-1 at 7:7-10).   

19-16. Siskiyou County strongly opposes the proposed flow regime and believes it 
will induce severe and adverse affects on the county’s commercial whitewater 
rafting business, which produces needed revenue for the county.  (Aug. 21, 
2006 Tr. at 33:12–36:19)12       

19-17. Boaters in kayaks may be able to use the river with flows as low as 400 to 500 
cfs, but acceptable “technical” trips begin about 700 cfs and transition into 
higher quality “standard trips” about 1,300 cfs to 1,500 cfs.  (PAC-Whit-D-1 
at 11:14-18).   

19-18. Standard rafting opportunities are acceptable about 1,300 to 1,400 cfs, but 
they become optimal for commercial trips about 1,500 cfs.  (PAC-Whit-D-1 at 
12:3-4; PAC-Bald-D-1 at 2:14-15).   

19-19. Big water boating is optimal from about 2,400 to 3,000 cfs.  (PAC-Whit-D-1 
at 12:6-8).   

19-20. At flow levels above 3,500 cfs, the river starts to “flush” and it is up to the 
comfort of the individual outfitter or boater to take this on.  (PAC-Bald-D-1 at 
2:18-19). 

19-21. Predictable daily flows during current peaking operations support a substantial 
commercial whitewater boating industry on the Upper Klamath River.  (PAC-
Carl-D-1 at 15:22 to 16:1). 

                                                 
12 Siskiyou County also objects to the potential loss of peak power from Project facilities, should the 
proposed flows be allowed.  (Aug. 21, 2006 Tr. at 33:12–36:19). 
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19-22. About 4,000 to 5,000 (of an estimated 12,000) recreation days per year are 
specifically associated with commercial rafting.  “Recreation day” is defined 
as “one person visiting for any portion of a day.”  (PAC-Whit-D-1 at 7:3-4).   

19-23. In 2004, there were 4,141 commercial rafting visits on the Upper Klamath 
between May and October with 2,712 visits, or sixty-six (“66”) percent of the 
total visits, occurring in the months of July and August.  (PAC-Bald-D-1 at 
4:5-8; BLM-Turaski-Ex. 4 at A-36; BLM-Turaski-Ex. 4 at 80, 89; BLM-
Weidenbach-Ex. 0 at 5:6). 

19-24. The highest use days for whitewater boating are weekends (Friday-Sunday), 
with approximately sixty-five (“65”) percent of commercial rafting visits 
occurring on the weekends (statistics are from rafting visits made between 
May and October 2004 on the Upper Klamath).  (BLM-Turaski-Ex. 4 at 80, 
85). 

19-25. Even though the BLM conditions emphasize protecting the weekend boating 
opportunities, the conditions would substantially reduce the number of days 
when optimal whitewater boating (flows over 1,500 cfs) is available compared 
to existing conditions.  (BLM-Turaski-Ex. 4 at 59; BLM-Weidenbach-Ex. R0 
at 3:23 to 4:2; Aug. 22, 2006 Tr. at 93:17-23; PAC-Whit-D-1 at 16:17-19).   

19-26. Given BLM’s proposed flow regime, there will only be enough water through 
the system in very wet years to allow for boating during the week (excluding 
weekends), without peaking under the BLM flows.  (Aug. 22, 2006 Tr. at 
84:25-85:15). 

19-27. Under the flows proposed by BLM, in an average year (such as 2000), the 
approximate decreases in raftable days would be as follow: total number of 
days would decrease forty-four (“44”) percent (from 183 days to 102 days); 
the total number of weekend days would decrease eighteen (“18”) percent 
(from 78 to 64); the total number of days in the July-August period would 
decrease seventy-one (“71”) percent (from sixty-two (“62”) to eighteen 
(“18”)); and the total number of weekend days in July-August would decrease 
thirty-five (“35”) (from twenty-six (“26”) to eighteen (“18”)).  (BLM 
Proposed Ultimate Finding of Fact - Issue 19) 

19-28. There may be a shift of some percentage of existing midweek use to weekend 
days. (BLM-Turaski-Ex. 4 at 100; BLM-Weidenbach-Ex. 0 at 6:14-17). 

19-29. Under BLM’s proposed flows, there would be limited opportunity for boating 
parties to spread out trips to avoid or mitigate potential crowding or 
congestion. (BLM-Weidenbach-Ex. R0 at 2:2-5; Aug. 22, 2006 Tr. at 103:2-
10). 
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19-30. The BLM Flow Management Scenario (FMS) model provides estimates of 
available whitewater boating opportunities that would result from the BLM 
flow condition. (BLM-Turaski-Ex. 0 at 2:15-18, 4:1-8). 

19-31. Model results-for both the FMS model and PacifiCorp’s spreadsheet model-
are approximations of what impacts might actually occur to whitewater 
boating opportunities.  (BLM-Turaski-Ex. 0 at 10:12-15; PAC-Carl-R-1 at 
13:4-6; Aug. 21, 2006 Tr. at 181:5 to 182:4). 

19-32. BLM provided FMS model outputs for decreases in whitewater boating 
opportunities (raftable days) in an average, dry, and wet year for the 10-year 
period; the decreases were greater in a dry year and less in a wet year. (PAC-
Whit-R-3 (average year) (these are the values presented in the proposed 
ultimate finding of fact for Issue 19); BLM-Turaski-Ex. 5, Table 2 (presents 
values for average, dry, and wet years)). 

19-33. In the ten-year period used by the BLM for its FMS model, there were three 
average years, four wet years, and three dry years. (BLM-Turaski-Ex. 11 
(listing the entire 1960-2000 period of record, including the ten-year period of 
1991 to 2000 used in the BLM FMS model); BLM-Turaski-Ex. 0 at 7:18-8:11 
(explaining how the ten-year period is representative of the 1960-2000 period 
of record)). 

19-34. The FMS model does not explicitly consider mechanical or efficiency 
considerations when estimating rafting impacts.  (PAC-Smit-R-1 at 5:8 to 6:2; 
Aug. 22, 2006 Tr. at 88:12-16). 

19-35. The FMS model does not consider variables that affect the demand and need 
for generation at the Project, the value available at the J.C. Boyle project, or 
the variability inherent in electricity markets.  (Aug. 22, 2006 Tr. at 87:17 to 
87:20). 

19-36. The FMS model does not consider whether transmission generation is 
available or the mechanical or physical limitations that can be imposed on 
generating facilities, and does not attempt to maintain reservoirs within 
current summer operating levels.  (Aug. 22, 2006 Tr. at 87:21-88:4). 

19-37. As a result of these limitations of the FMS model, the model likely overstates 
the number of days and hours rafting will be available.  (PAC-Smit-R-1 at 
2:14-20; PAC-Carl-R-1 at 13:4-16). 
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d. Fly-fishing 

19-38. Trout fishing occurs in the J.C. Boyle bypass reach.  (PAC-Whit-D-1 at 8:1). 

19-39. Siskiyou County strongly opposes the proposed flow regime and believes it 
will induce severe and adverse affects on the county’s fly-fishing tourism 
industry, which produces needed revenue for the county.  (Aug. 21, 2006 Tr. 
at 33:12–36:19).     

19-40. In the peaking reach, many fly-fishing anglers describe the experience as good 
or excellent.  (PAC-Carl-D-7 at 2-68; NGO-Ex. 5 at 10:11-19). 

19-41. The ability to wade is an integral component to fly-fishing.  This includes not 
only the aesthetic experience of wading, but also the practical advantage of 
being able to better access places where fish my reside.  (Aug. 22, 2006 Tr. at 
113:3-117:10).   

19-42. Optimal fly-fishing conditions, particularly for those who wade, generally 
occur at 330 cfs base flows.  (PAC-Whit-D-1 at 12:11-13).   

19-43. Lower flows are preferred by anglers because lower flows provide: (1) 
improved access to fishable water because of improved wadeability that 
allows river crossings, access to the middle of the channel, and more casting 
space for fly anglers; (2) more fishable water, with current velocities and 
depths appropriate to preferred tackle and techniques; (3) the ability to use 
lighter tackle, which decreases the possibility of snagging rocks or vegetation 
in the channel; (4) more concentrated fish in specific locations; and (5) better 
aesthetics and possibly improved fishing success due to a larger proportion of 
“clear water” from Boyle bypass springs rather than more turbid water from 
Upper Klamath Lake.  (PAC-Whit-D-1 at 12:18 to 13:3). 

19-44. Higher flows diminish the quality of this opportunity, which becomes sub-
optimal at about 700 cfs and unacceptable at about 1,400 to 1,500 cfs.  (PAC-
Whit-D-1 at 12:13-15; BLM-Denman-Ex. 0 at 4:9-10; PAC-Whit-R-1 at 2:1-
4).    

19-45. Measured flows at a gage are not indicative of velocity conditions at all spots 
within the river.  (Aug. 22, 2006 Tr. at 114:23 to 115:8 (higher flows do not 
mean that wading is more difficult in all areas—some areas may be faster, 
some slower); Aug 22, 2006 Tr. at 133:15-23 (Knight cross) (noting 
fisherman’s ability to find back water area to fish when measured flows were 
1,500 cfs)). 
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19-46. In an average year (2000), the existing regime provides at least three daylight 
hours of “preferred” fishing flows (330 to 699 cfs) for 109 days or about fifty-
nine (“59”) percent of the season from May through October, and fifty-two 
(“52”) days or eighty-four (“84”) percent of the season from June through 
August.  (PAC-Whit-R-1 at 3:7-13).   

19-47. In an average year (2000), the existing regime provides at least three hours of 
“preferred” fishing flows for forty-five (“45”) of seventy-eight (“78”) (about 
fifty-eight (“58”) percent) of the “weekend” days (Friday, Saturday, or 
Sunday) from May to October.  (PAC-Whit-R-2).  

19-48. Under current operations, all day “high flow fishing” only occurs on twenty-
six days or twenty (“20”) percent of the May-October season.  (PAC-Whit-R-
2). 

19-49. The BLM condition will make wading more difficult in the peaking reach.  
(Aug. 22, 2006 2 at 120:3-20; BLM-Weidenbach-Ex. 2 at 93 (each higher flow 
increment may provide less wadeable area); PAC-Carl-D-7 at 2-93; NGO-Ex. 
5 at 7:12-13). 

19-50. Under BLM’s proposal, wading access (or fishability) at dawn and dusk will 
be more difficult at those locations where the flow velocity and depth will 
increase relative to current minimum flows.  However, pools and other 
locations with good access will continue to exist under the proposed schedule.  
(PAC-Carl-D-7 at 2-94; NGO Ex. 5 at 7:10-15; Aug. 22, 2006 Tr. at 121:1-
122-16, 132:22-134:1). 

19-51. Based on experience with changed flow regulation on other rivers, it is 
reasonable to expect that anglers in the peaking reach will attempt to adjust 
their tackle and techniques to accommodate the proposed flows if 
implemented.  (PAC-Carl-D-7 at 2-97; id. at 2-63-64, 2-95; Aug. 22, 2006 Tr. 
at 130:19-21).  Thus success of any such mitigation attempts is no contained 
in the record.  

19-52. Wading access, as set out in the “fishability” study conducted by PacifiCorp, 
is only one component of assessing flow needs for fishing opportunities.  
(PAC-Whit-D-8 at 17, 30 (other components include fishing success or effects 
on the fishery); Aug. 21, 2006 Tr. at 230:18 to 231:14). 

19-53. Many anglers believe that geological concerns of the fish stock out weight 
their concern about maintaining water levels which are optimal for wading.  
(BLM-Weidenbach-Ex. 2 at 98; PAC-Carl-D-7 at 2-98 (same); Aug. 21, 2006 
Tr. at 231:18 to 233:4; Aug. 22, 2006 Tr. at 131:1-4). 

19-54. The proposed flows will increase the population of the redband trout fishery.  
(See BLM Issue 16 Proposed Findings). 
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DISCUSSION 

A. USFWS/NMFS DISPUTED ISSUES OF MATERIAL FACT 
DISCUSSIONS 

1. USFWS/NMFS ISSUE 2(A) 

 USFWS/NMFS Disputed Issues of Material Fact 2A asks whether stocks of 

anadromous fish suitable to conditions above Iron Gate Dam.  PacifiCorp answers this 

question in the negative.  According to PacifiCorp, the stocks of anadromous fish at issue 

in this proceeding do not possess the biological and behavioral traits suitable to the 

conditions above Iron Gate Dam.  To support its position, PacifiCorp heavily relies on the 

KlamRas and EDT models to show that juvenile and adult fish survival rates associated 

with volitional passage would be minimal.  While the information contained in the 

studies was informative, PacifiCorp’s reliance on the Miller Radio-Telemetry study is 

misplaced. 

 The issue concerning suitability of stock for reintroduction above Iron Gate Dam 

is separate and distinct from the issue concerning survival rates associated with volitional 

passage.  See NMFS/FWS-Issue 2-Curtis Rebuttal at 2:18-23; Aug. 24, 2006 at 16:24-

17:18).  The latter is not an issue before the judge. 

a. The Miller Radio-Telemetry Study is Scientifically 
Unreliable. 

While the Miller Radio-Telemetry study (PAC-Mal-D-15) was admitted into 

evidence, I find that it is not scientifically reliable.  Accordingly, it will be accorded little, 

if any, weight.  This study was based on a small sample of juvenile salmonids, it used 

hatchery fish which lack the predator avoidance skills of wild fish, and the authors 
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themselves admitted that fish passage success and travel time may be underestimated.  

(Aug. 23, 2006 Tr. at 220:25-233:5; Aug. 24, 2006 Tr. at 53:2-55:2; PAC-Mal-D-15 at 

15, 19, 27 and 31; NMFS/FWS-Issue 7-Simondet Rebuttal-Ex. 1 at 7:3-11; NMFS/FWS-

Issue 2-Hamilton Rebuttal Ex. 1 at 2:18-3:7; NMFS/FWS-Issue 2-Hamilton Rebuttal Ex. 

8).  Further the study: 1) lacked a control group; 2) was conducted during one-water year 

type and so it does not represent the normal range of flow conditions; 3) was conducted 

with highly variable peaking flows; and 4) produced widely varying results between 18 

and 100 percent survival for different groups of salmonids in one reservoir.  (Id.). 

As the presiding judge in this case, I have an affirmative duty of ensuring that this 

decision is based on “relevant, reliable, and probative evidence.”  See 50 C.F.R. § 

221.55(a) (1).  The reliability requirement of 50 C.F.R. § 221.55(a) (1) adopts the “spirit” 

of Daubert v. Merrell Dow, 509 U.S. 579 (1993), as the standard to be used for 

determining the reliability of expert testimony in this administrative proceeding. 

In Daubert, the Supreme Court held that Rule 702 of the Federal Rules of 

Evidence imposes upon the trial court a gatekeeper obligation in order to “ensure that any 

and all scientific testimony or evidence admitted is not only relevant, but reliable.” 

Daubert, 509 U.S. 579.  The judge's gate keeping function was later extended to apply to 

all expert testimony.  Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137 (1999).  Daubert 

and its progeny interpret the Federal Rules of Evidence.  Although the Federal Rules of 

Evidence do not apply in these proceeding, they do serve as guidance.  50 C.F.R. at § 

221.55(a) (4).  As the 7th Circuit noted in Niam v. Ashcroft, “’Junk science’ has no more 

place in administrative proceedings than in judicial ones.”  354 F.3d 652, 660 (7th Cir. 

2004).  Although the Daubert factors could be used in this case to excluded Mr. Malone’s 
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testimony and the related exhibits concerning the Miller Radio-Telemetry study because 

it is unreliable, Lobster v. Evans, 346 F. Supp. 2d. 340, 344-45 (D. Mass. 2004), my 

practice has been to err on the side of admissibility.  United States Steel Mining Co., Inc. 

v. United States Department of Labor, 187 F.3d 384, 388-389 (4th Cir. 1999).; 

Consolidation Coal Co. v. Office of Workers' Comp. Programs, 294 F.3d 885, 893-94 (7th 

Cir. 2002). 

Because the Miller Radio-Telemetry study is not scientifically reliable, it does not 

offer viable support for PacifiCorp’s position. 

b. The Evidence Shows that There are Stocks of 
Anadromous Fish Suitable to the Conditions above Iron 
Gate Dam. 

PacifiCorp failed to prove that there are no stocks of anadromous fish suitable to 

the conditions above Iron Gate Dam.  The record shows that historically, anadromous 

fish, including wild Chinook salmon, Coho salmon, and steelhead trout migrated above 

the present site of Iron Gate Dam.  (FOF 2A-3, - 2A-6).  The record shows that 

construction of dams has necessarily changed the migratory behavior of anadromous fish 

in the Klamath River System, permanently blocking upstream migration and limiting 

those fish to habitat below the dam.  (FOF 2A-8).  It is undisputed that, today, wild 

Chinook salmon, Coho salmon, and steelhead trout only migrate to the base of Iron Gate 

Dam, using nearby tributary and main stem habitat to spawn.  (FOF 2A-11).  If access 

was provided through a properly designed, operated, and maintained fishways, 

anadromous fish would migrate past Iron Gate Dam into the upper Klamath River basin.  

(FOF 2A-12).  The evidence further shows that because of its genetic similarity to those 
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populations that existed in the upper Klamath basin prior to the construction of the dams, 

the stocks of anadromous fish (especially fall-run Chinook salmon and steelhead trout) at 

the base of Iron Gate Dam are suitable candidates to the conditions above that dam.  

(FOF 2A-22, 2A-25 through 2A-30, 2A-42 through 2A-47). 

 PacifiCorp argues that to be suitable for reintroduction and for anadromous fish to 

persist and thrive, the selected anadromous fish stocks’ spawning, rearing and life cycle 

window must fit the spatial, temporal and environmental conditions present in the Project 

above Iron Gate Dam.  PacifiCorp’s argument fails to give any weight to the fact that 

anadromous salmonids are highly adaptable to changing conditions and will migrate to 

and colonize unused habitat.  (FOF 2A-23, 2A-24, 2A-28 and 2A-29, 2A-44, 6-3).  The 

ability to adapt to a wide array of environmental conditions and colonize unused habitat 

or recolonize historical habitat are just a few life history strategies that have allowed the 

species to survive for millions of years in sub-optimal conditions.  (FOF 2A-15, 2A-35, 

2A-36, 2A-37).  The fact that the anadromous fish adapted to life below the dams 

following construction of the dams is strong evidence of their capabilities.  (Id).  The fact 

that anadromous fish in other streams and river systems have successfully colonized new 

habitat or recolonize historic habitat lends further support that the wild anadromous fish 

in the Klamath River could and would do the same.  (FOF 2A-8 and 2A-11). 

 Pacific lamprey is the only stock for which there is no clear evidence regarding its 

historical presence above Iron Gate Dam.  (FOF 2A-7).  PacifiCorp has proven, by a 

preponderance of the evidence, that historical observance of Pacific lamprey above Iron 

Gate Dam was most likely a misidentification because of the lack of genetic analysis at 

the time and the similarities between Pacific lamprey and resident lamprey.  (Aug. 24, 
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2006 Tr. at 121:17-122:2, 124:2-8; 125:13-19, 252:2-255:19; NMFS/FWS-Issue 3–

Snedaker-Ex. 14 at 21-23; NMFS/FWS-Issue 8-Hamilton Ex. 6 at 17 (recognizing that it 

is difficult to distinguish anadromous Pacific lamprey from resident taxa).  Therefore, the 

evidence concerning the historical presence of Pacific lamprey above Iron Gate Dam is 

inconclusive. 

2. USFWS/NMFS ISSUE 2(B) Discussion 

 In response to USFWS/NMFS Issue 2(B), PacifiCorp argues that facilitating 

movements of anadromous fish via prescribed fishways will provide increase risk of 

disease exposure of resident fish inhabiting the basin above Iron Gate Dam to pathogens, 

such as C. Shasta and IHN.  This argument is rejected.  The weight of the evidence shows 

that many pathogens are already present in the upper and lower Klamath Basin.  Thus, 

establishing fish passage will not increase the risk of disease.  (FOF 2B-2, 2B-10, 2B-11, 

2B-17, and 2B-22).  C. Shasta and P. minibicornis  exist throughout the Klamath River 

System in both the upper and lower basins, so migration of wild anadromous fish 

upstream from below Iron Gate Dam would not increase the risk of introducing 

pathogens to resident trout residing above Iron Gate Dam  (FOF 2B-11, 2B-17 and 2B-

22).  This is especially true given the fact that trout are resistant to C. Shasta and with 

respect to the remaining known pathogens, except F. columnaris and Ich, they do not 

impact non-salmonids.  (FOF 2B-20). 

As for IHN, there is insufficient evidence to determine whether that virus exists in 

either the lower or upper basin of the Klamath River.  (FOF 2B-4).  The record evidence 

shows that there has only been a single detection of IHN documented in the lower basin 
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in 1997, and since then there has been no further detection.  (FOF 2B-3).  The virus was 

detected in one adult Chinook salmon returning to Iron Gate Hatchery.  (Id).  Based on 

the Chinook salmon population size existing in the lower basin, I do not find a single 

detection nearly ten years ago in a fish suspected to be a “hatchery fish” to be significant 

or cause for alarm.  Moreover, to date, there has been no work or surveys completed 

concerning the actual occurrence of IHN in the upper basin.  (FOF 2B-6).  Therefore, any 

suggestion that IHN exists in either the lower or upper Klamath Basin would be mere 

speculation. 

Furthermore, there is insufficient evidence to determine whether R. 

salmoniranrum exists in the upper Klamath Basin.  Like IHN, no research or studies have 

been performed to detect the occurrence of R. salmoniranrum.  (FOF 2B-7).  

Consequently, PacifiCorp failed to prove that facilitating the movement of anadromous 

fish would present a high risk of introducing pathogens to resident fish inhabiting the 

basin above Iron Gate Dam. 

3. USFWS/NMFS ISSUE 2(C) Discussion 

 USFWS/NMFS Issue 2(C) asks to what extent facilitating the movement of 

steelhead above Iron Gate Dam via prescribed fishways presents a risk of residualizing, 

and whether residualization would adversely effects to the resident trout fishery resource.  

The experts are in agreement that residualization is characteristic of hatchery fish, and is 

quite rare in wild anadromous steelhead trout.  (FOF 2C-8).  During the hearing, 

PacifiCorp’s sole witness on USFWS/FWS Issue 2(c) conceded that the residualization of 

steelhead is not really an issue of concern.  (PAC-Ols-R-1).  The issue of concern to 
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PacifiCorp and Siskiyou County is the genetic effects on the resident trout.  (Id). It is 

undisputed that resident trout have the genetic capacity to adopt anadromy and 

outmigrate to the ocean, where passage exists.  (FOF 2C-7).  However, there exist no 

scientific studies demonstrating that reintroduction of anadromous steelhead trout would 

detrimentally affect the genetic make up of the resident trout fishery.  (FOF 2C-10).  The 

undisputed evidence shows that residualization is largely dependent on environmental 

conditions.  (Id). 

 Historically, anadromous steelhead trout extended up to and used tributaries of 

upper Klamath Lake.  (FOF 2A-3, 2A-5, and 2C-2).  The close similarities between 

anadromous steelhead trout and resident trout, together with the distribution and 

resistance of the resident trout to C. Shasta provides strong evidence that the two species 

likely co-existed prior to the construction of the dams.  (FOF 2C-2).  While the 

competitive interactions between the steelhead and resident trout in the Klamath basin is 

unknown, there are many examples from nearby river systems in the Pacific Northwest 

that show wild anadromous steelhead and resident rainbow/redband trout can co-exist 

and maintain abundant populations without adverse consequences.  (FOF 2C-10 and 2C-

11).  To minimize the risk of residualization by resident trout adaptive management may 

be utilized.  (FOF 2C-12). 

4. USFWS/NMFS ISSUE 3 Discussion 

 In response to USFWS/NMFS Issue 3, PacifiCorp argues that current project 

operations do not adversely affect the resident trout fishery resource in the absence of 

passage.  Indeed, PacifiCorp has proved that the redband fishery is excellent and robust, 
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as indicated by angling success in the J.C. Boyle bypass and peaking reaches.  While this 

is true, the evidence also shows that the Project confines the population between the 

Project’s dams and associated reservoirs.  (FOF 3-8).  Resident trout are not able to 

utilize their full range of life history strategies and spawning productivity and genetic 

diversity of the stock is impaired.  (FOF 3-13. through 3-16).  Further, unscreened flows 

through Project turbines result in mortality of juvenile and adult trout migrating 

downstream.  Therefore, the record evidence demonstrates that the resident trout fishery 

is adversely affected by current Project operations. 

5. USFWS/NMFS ISSUE 4 Discussion 

 USFWS/NMFS Issue 4 asks whether entrainment at Project facilities is adversely 

affecting resident fishery resources.  There is no dispute that entrainment is occurring at 

J.C. Boyle, Copco, and Iron Gate Dams.  (FOF 4-2).  In its literature based review, 

PacifiCorp admits that tens of thousands of resident fish are being entrained on an annual 

basis at each Project.  (FOF 4-2).  The facts show that non-native species are entrained to 

a greater extent than non-native species.  (FOF 4-13).  This is primarily because of the 

relative abundance of non-native versus native species.  Id.  The Federal Agencies appear 

to be most concerned with the impact entrainment is having on two species of fish, sucker 

fish and resident rainbow trout. 

 Precise estimates on the number of fish entrained are unavailable.  However, 

records from canal salvage operations at the J.C. Boyle power canal show that some 

resident fish, in particular resident trout and sucker fish, are entrained and possibly killed 

in the power canal each year.  (NMFS/FWS-Issue 4-Hooton-Ex. 1, at 5:6-17; 
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NMFS/FWS-Issue 4-Hooton-Ex. 15; NMFS/FWS-Issue 4-Hamilton-Ex. 1, at 5:17-19 and 

6:3-5; NMFS/FWS-Issue 4-Hamilton-Ex. 14, at 1; Aug. 23, 2006 Tr. at 212:25-213:21; 

Appendix to Reply Brief of PacifiCorp and Siskiyou County, at 38).  Salvage records 

show the entrainment of over 690 trout into the J.C. Boyle reach during salvage 

operations between 1995 and 2002, whereas only 2 sucker fish were entrained during the 

same period of time.  (FOF 4-17).  In 2003, J.C. Boyle fish salvage totaled 86 trout and 

17 suckers.  (NMFS/FWS-Issue 4-Hamilton-Ex. 14, at 1; NMFS/FWS-Issue 4-Hooton-Ex. 

15 at 2-3).  Of the two species, sucker fish are less prone to entrainment because they are 

bottom dwellers making it less likely for them to pass through the shallow intakes at 

Copco and Iron Gate Dams.  (FOF 4-19).  Therefore, it is reasonable to conclude that the 

adverse effect of entrainment for sucker fish would be minimal. 

 The Federal Fisheries Services rely on the “Link River Hydroelectric Project, 

Final Entrainment Study Report” (NMFS/FWS-Issue 4-Hamilton-10) to rebut 

PacifiCorp’s evidence that entrainment is not adversely affecting sucker fish.  The Link 

River Dam and Westside/Eastside are not in the proposed Project area.  They are 

currently proposed for decommissioning.  Therefore, reliance on this study is misplaced 

since they are not necessarily comparable. 

 Moreover, a review of the canal salvage data demonstrates that there is a 

significantly higher rate of sucker fish entrainment at the Link River and 

Eastside/Westside facilities than at the J.C. Boyle facility.  (NMFS/FWS-Issue 4- Hooton-

Ex. 15, at 2-4 (Fish Salvage Data Table)).  Of the 785 sucker fish recovered during 

entrainment salvage operations in 1995 through 2002, it appears that only 2 were 

entrained at the J.C. Boyle facility.  (Id.).  The number of entrained sucker fish recovered 
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during salvage operations at the J.C. Boyle in 2003 increased to 17.  This increase might 

be a result of the ineffectiveness of the fish screens.  But given the low numbers, it is 

difficult to conclude that entrainment is adversely affecting sucker fish.  This is especially 

true given the fact that the record shows that sucker fish are bottom dwellers that are less 

prone to entrainment through shallow intakes, such as those found at Copco and Iron 

Gate Dams.  The non-larval sucker fish residing in those two reservoirs appear to be too 

large to pass through the existing trash racks at the powerhouse intakes.  (FOF 4-20).  If 

there is an adverse affect from the low number of sucker fish being entrained, it is 

minimal. 

 The same is not true for resident trout.  The record shows that Spencer Creek 

located upriver of the J.C. Boyle facility has historically been a primary spawning and 

early rearing habitat for trout.  (FOF 4-22 and 4-23).  The construction of J.C. Boyle has 

adversely affected the migratory behavior of the resident trout.  Currently, the peaking 

reach life history appears to be gone and the bypass reach life history has been reduced to 

less than 10% of historical abundance and is composed of significantly smaller trout.  

(FOF 4-22).  Thus, the rainbow trout are not experiencing their full range of life history.  

Losses of juveniles through entrainment at the Project could, in the long run, adversely 

affect trout abundance and distribution.  (NMFS/FWS-Issue-4-Hooton Ex. 1 at 6:9-13; 

NMFS/FWS-Issue 4-Hamilton-Ex. 1 at 4:16-16 and 7:3-4; NMFS/FWS-Issue 4-

Hamilton-Ex. 17 at 4; HVT-Steward-Ex. 39 at 1:17-22).  Therefore, PacifiCorp’s 

argument that entrainment is not adversely affecting resident trout must be rejected. 
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6. USFWS/NMFS ISSUE 6 Discussion 

USFWS/NMFS Issue 6 asks whether 58 miles of habitat suitable for use by 

anadromous fish exists within the Project reach.  PacifiCorp answers this question in the 

negative, and in actuality, it is difficult to ascertain exactly how much suitable habitat 

exists within the Project reach.  Since the determination of what constitutes “suitable 

habitat” is within the realm of agency expertise, the Federal Fisheries Services definition 

of suitable habitat is hereby adopted.  Under that definition, habitat is deemed “suitable” 

if it can be used successfully at least some of the time by one or more life stages of a 

Coho salmon.  (FOF 6-2). 

Based upon this definition, it is clear that a significant amount of habitat that is 

suitable for anadromous fish exists above Iron Gate Dam.  Those habitat areas include: 1) 

The main stem (containing approximately 28 miles of suitable habit), which PacifiCorp 

admits is suitable for anadromous fish; 2) perennial tributaries (containing approximately 

12 miles of suitable habitat) and intermittent streams (containing approximately 18 miles 

of suitable habitat).  (FOF 6-9 through 6-14).   
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While connectivity is a problem, the record evidence shows that anadromous fish 

will not be precluded from using the areas identified as suitable habitat.  (FOF 6-8).  

Moreover, the fact that much of the habitat deemed suitable for anadromous fish are 

currently being used by resident fish strongly suggests that anadromous fish would utilize 

the habitat if access is provided.  (FOF 6-7).  Accordingly, PacifiCorp’s argument that 

the riverine and tributary habitat with the Project area is not suitable for production of 

anadromous fish must be rejected. 

7. USFWS/NMFS ISSUE 7 Discussion 

In response to USFWS/NMFS Issue 7, PacifiCorp argues that providing access to 

habitat within the Project would not benefit Coho salmon but instead would harm the 

overall health of the Klamath Coho salmon population.  PacifiCorp’s argument rests on 

two grounds:  first, that the Coho salmon habitat above Iron Gate Dam is “limited and 

marginal”; and second, that mortality risks of out-migrating smolts in the reservoir are 

great because of the high water temperatures and predation that providing access would 

be counterproductive.  Both arguments must be rejected. 

a. There is Significant Suitable Habitat above Iron 
Gate Dam for Coho Salmon. 

As explained in the discussion addressing USFWS/NMFS Issue 6, there is 

significant suitable habitat for anadromous fish (including Coho salmon) above Iron Gate 

Dam.  Suitable habitat above Iron Gate Dam includes Spencer, Fall, Beaver, Deer, 

Shovel, Scotch, and Jenny Creeks.  The main stem also has suitable habitat (which is a 

fact recognized by PacifiCorp).  (FOF 7-9; see also PAC Ols-D-1, at 38:11; NGO Ex. 27, 
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at 3:6-10).  Much of this habitat is currently being used by resident rainbow/redband 

trout that have similar habitat requirements to those of Coho salmon.  (FOF 6-5).  Said 

resident rainbow/redband trout are a self-sustaining population above Iron Gate Dam, and 

the evidence suggests that similar results could occur for the Coho salmon population.  

(FOF 6-6).  As such, PacifiCorp’s argument that the habitat above Iron Gate Dam is 

limited and marginal for Coho salmon is not persuasive. 

b. Habitat above and below Iron Gate Dam are 
Equally Degraded. 

PacifiCorp’s argument that the high water temperatures and predation above Iron 

Gate Dam is so severe that providing access above Iron Gate Dam would be 

counterproductive is not supported by the evidence.  The record evidence shows that the 

runs of Coho salmon have greatly diminished in the Klamath River to the extent that the 

species is listed as threatened under the Endangered Species Act.  (FOF 7-2 through 7-4).  

Habitat degradation has been recognized as the primary cause for the decline of Coho 

salmon.  (FOF 7-5).  Historically, Coho salmon spawned in abundance at Fall Creek, and 

some evidence suggests that the upstream distribution extended as far as Spencer Creek.  

(FOF 2A-6).  However, the construction of the Project dams has prevented Coho salmon 

from accessing its historic spawning grounds above the present site of Iron Gate Dam.  

(FOF 2A-8 and 2A-11).  Coho salmon continue to use the habitat below Iron Gate Dam 

even though it has suffered degradation commensurate with that above the dam.  (FOF 7-

6).  While water temperature above Iron Gate Dam is a problem for juvenile Coho 

salmon, the record evidence shows that water temperature will not preclude Coho salmon 

from successfully utilizing habitat within the Project area.  (FOF 7-11 and 7-12).  As a 
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matter of fact, it is well documented that Coho salmon have been known to occupy 

waters below Iron Gate Dam where temperatures exceed 20о C.  (Id). 

Further, the evidence shows that adult Coho salmon enter the river to spawn in 

late September and reach peak migration strength between late October and mid-

November when the water temperatures above Iron Gate Dam is low.  (FOF 7-10).  On 

the other hand, juvenile Coho salmon begin outmigrating to the ocean in late February, 

and continue migration through early July.  (FOF 7-11).  For a significant amount of the 

outmigration period, water temperatures are low.  Therefore, contrary to PacifiCorp’s 

argument, water temperature should not significantly affect adult or juvenile Coho 

salmon.  Further, with respect to predation, that can be minimized through use of 

remedial measures.  (FOF 7-13). 

c. Providing access above Iron Gate Dam will Benefit 
Coho Salmon. 

Last, the record shows that restoring access to historical habitat above Iron Gate 

Dam will improve the viability of the Coho salmon population by: a) extending the range 

and distribution of the species thereby increasing the Coho salmon’s reproductive 

potential; b) increasing genetic diversity in the Coho stocks; c) reducing the species 

vulnerability to the impacts of degradation; and d) increasing the abundance of the Coho 

population.  (FOF 7-16).  As such, PacifiCorp’s arguments must fail. 
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8. USFWS/NMFS ISSUE 8 Discussion 

USFWS/NMFS Issue 8 asks whether access to habitat within the Project would 

benefit Pacific Lamprey.  PacifiCorp answers this question in the negative and focuses 

much of its argument on the fact that lamprey-friendly ladders are unavailable. 

The issue concerning habitat benefit and whether lamprey-friendly ladders exist 

are two separate and distinct questions.  The latter, is not an issue in this proceeding.  

While the evidence concerning the upstream distribution of Pacific lamprey above Iron 

Gate Dam is inconclusive, the evidence shows that those species would indeed benefit 

from access to habitat within the Project reach.  (FOF 2A-7, 8-3, and 8-9).  Essentially, 

Pacific lamprey would be gaining additional habitat for spawning and rearing.  Therefore, 

PacifiCorp failed to show that Pacific lamprey would not benefit from access within the 

Project reaches. 

B. BLM DISPUTED ISSUES OF MATERIAL FACT 

1. BLM ISSUE 10 and 11 Discussion 

 BLM Issues 10 and 11 are closely related – has the Project adversely affected 

riparian habitat and riparian-focal species in the two J.C. Boyle reaches (Issues 11) and 

would the proposed BLM seasonal high flows improve those resources (Issue 10).13  The 

evidence shows that Project operations have negatively affected riparian habitat and the 

proposed BLM high flows will help improve riparian habitat.  However, the evidence 

                                                 
13 Many of the findings of facts associated with Issue 10 and 11 apply to both issues.  Therefore, each is 
cross-referenced and incorporated therein.  
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does not show that riparian-focal species have been negatively affected by Project 

resources or that the proposed seasonal high flows will assist riparian-focal bird species. 

 The Project has greatly affected and continues to affect the Project reaches.  One 

of the Project’s largest impacts involves effects to sediment supply.  (FOF 11-1, 11-3).  

On average, 6,124 tons of channel bedload is blocked each year at the J.C. Boyle dam.  

(FOF 11-2).  By limiting sediment supply, the bed material in the reaches has coarsened 

and active features (e.g., point bars, islands) are made up of less fine sediment.  (FOF 11-

3; 11-9).  Negative impacts can occur from such limited sediment supply.  For example, 

desirable riparian plants use freshly deposited sediment to germinate and a lack of 

sediment adversely affects fish habitat.  (FOF 10-5, 11-10, 14-4).  A gravel augmentation 

program has been developed which will offset some of the negative effects of the bedload 

blockage.14  Therefore, an important question to ask is whether the gravel augmentation 

program together with the current flow regime can improve the channel conditions, and 

whether BLM’s proposed seasonal high flow would provide additional benefit.   

PacifiCorp argues that the results of a study it sponsored indicate current flows 

effectively mobilize some coarse bed sediment. 15  However, BLM high flows, as 

compared to current operations, will mobilize and transport sediment more frequently 

within the Project.  (FOF 10-4).  Higher flows will allow for a wider range of sediment 

                                                 
14 PacifiCorp entered into a stipulation with BLM to clarify the composition of the sediment to be used and 
the intent of the BLM gravel augmentation plan.  (See Order Granting PacifiCorp’s Motion to Withdraw 
Disputed Issue of Material Fact 12 (issued Aug. 2, 2006)). 
15 This study contained several biases.  The tracer particles used in the study at the bypass reach were 
placed in the steepest section of the river and were limited to the center of the channel.  Both of these 
actions bias the study toward a finding that a given flow can greatly mobilize particles.  (Aug. 21, 2006 Tr. 
1 at 56:10-58:14).  
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deposits and allow sediment to be deposited higher on the channel margin.  (FOF 10-5).  

Both of which can serve as an ecological benefit.  (Id.) 

Current low flows not only affect the ability to mobilize coarse bed sediment, low 

flows also increase the prevalence of reed canary grass.  (FOF 11-7, 11-8).  Reed canary 

grass is a non-native invasive riparian plant.  (FOF 10-7; 11-12).  Moreover, it is not 

used by riparian-focal bird species for nesting.  (FOF 10-11).  Finally, reed canary grass 

can adversely affect the abundance and quality of fish habitat and out-compete woody 

riparian vegetation.  (FOF 11-7, 11-8).  High and medium flows can scour (uproot and 

dislodge) reed canary grass.  (FOF 11-6).  The current low base flows result in a 

diminished scouring effect on the reed canary grass.  (FOF 11-6, 11-7, 11-8).  Increasing 

flows would allow for an increased scouring effect.  (Id.).  Low flows also allow reed 

canary grass to encroach into the channel in places that have been exposed by Project-

diverted flows.  (FOF 10-6).  Project operations result in more riparian vegetation; 

however, this increase is attributed mainly to the encroachment of reed canary grass.  

(FOF 11-13).  Approximately two-thirds of the riparian habitat in the J.C. Boyle bypass 

reach is currently riparian grassland, which is predominately reed canary grass.  (FOF 

10-8).   

 While the proposed high flows will effectively scour and limit channel 

encroachment of reed canary grass, evidence fails to show that riparian-focal bird species 

habitat will be improved or that Project operations have adversely affected such habitat.  

Eight species of riparian-focal birds exist within the Project.  (FOF 10-11).  These birds 

prefer structurally diverse habitat and primarily nest in woody riparian vegetation.  (FOF 

10-12; 10-13).  An increase in woody riparian vegetation would likely result in an 
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increase of riparian-focal bird species.  (FOF 10-14, 10-15).  Seasonal high flows, in 

combination with the BLM’s proposed gravel augmentation program, will likely create a 

more dynamic channel with a wider range of sediment deposit, therefore increasing 

ecological benefits.  (FOF 10-5).  However, woody riparian vegetation (the key habitat 

for riparian-focal bird species) will not increase under BLM’s proposed flows.16  Without 

an increase in woody riparian vegetation, an increase in riparian-focal birds species is not 

likely.  Furthermore, while low flows allow for the encroachment of reed canary grass, 

higher flows have a tendency to scour woody riparian vegetation.  (NGO Ex. 1 at 10:5-8).  

Because pre-project flows would have likely scoured any woody riparian vegetation 

where reed canary grass is currently located, it is not likely that the Project has decreased 

the potential establishment of woody riparian habitat. 

 PacifiCorp has established that the extent of any improvement on ripariam-focal 

bird species is indeterminate since an increase of woody riparian vegetation is not 

expected. 

2. BLM ISSUE 14 Discussion 

BLM Condition 4.A.1(c) will provide a net positive effect on redband trout 

spawning.  Specifically, the proposed flows will assist in the distribution of gravel used 

for spawning, will clean established spawning beds, and will assist in migratory 

                                                 
16 BLM believes that larger floods will decrease reed canary grass and allow the woody riparian community 
to have a relative competitive advantage.  (BLM PFF 10.4).  BLM’s only cite for this proposition is Dr. 
Trush’s testimony at NGO Ex. 1.  While this testimony does state that the proposed flows will “benefit 
native birds,” it clearly states that, “[t]he River Corridor Management Condition will change the baseline 
conditions of the riparian resources in the bypassed reach.  It will support less, rather than more, woody 
riparian vegetation than today.”  (NGO Ex. 1., at 17:11-13 (bold added)).        
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movement of trout.  (FOF 14-1 to 14-8, 14-17 to 14-21).  Negative effects include a loss 

of spawning habitat below the emergency spillway and the possible scouring of trout 

eggs.  (FOF 14-14, 14-15, 14-24, 14-25).  PacifiCorp has not met its burden to show that 

the negative effects outweigh positive effects.   

 The J.C. Boyle bypass reach channel bed consists mainly of course material not 

suitable for trout spawning.  (FOF 14-1).  On average, 6,124 tons of channel bedload is 

blocked a year at the J.C. Boyle Dam.  (FOF 11-1).  This blockage is the primary factor 

in the coarsening of the channel.  (FOF 14-2).  A gravel management plan has been 

introduced that would place sediment in the Klamath River below the J.C. Boyle Dam.  

(FOF 14-3).  For this plan to be effective, the gravel needs to be deposited downstream 

where it can create spawning pockets.  (FOF 14-4).  The implantation of seasonal high 

flows would assist in the deposition of this gravel.17  (Id.). 

Fine sediment buildup on spawning gravel reduces the successful emergence of 

fry.  (FOF 14-5, 14-6).  An annual flushing flow can clean fine sediments from the 

spawning beds, thus improve the quality of habitat.  (FOF 14-8).  Since fine sediment 

buildup has been observed on the limited spawning habitat in the bypass reach, an annual 

flushing flow would assist in developing a quality habitat.  (FOF 14-7).  PacifiCorp 

classifies the J.C. Boyle bypass reach as a “transport” reach and believes fine sediment 

buildup will not occur on spawning grounds.18   (PC Reply Brief Appendix at 19).  

                                                 
17 Current flows would mobilize augmented gravel to an extent.  However, BLM high flows, as compared 
to current operations, will mobilize and transport sediment more frequently and to a greater extent within 
the Project.  (FOF 10-4).      
18 PacifiCorp defines “transport reach” as “the capacity of the channel to transport sediments is 
significantly higher than the supply of sediment to the channel.”  (PC PFF 40). 
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However, the observance of fine sediment buildup on the spawning habitat in the bypass 

shows that a buildup can occur, even in a “transport” reach.19 

Historically, trout in the Klamath River downstream of the J.C. Boyle Dam 

migrated upstream to spawn and juvenile trout migrated downstream to rearing areas.  

(FOF 14-18, 14-19).  Heavy spring and fall river flows signal to spawning trout and 

juvenile trout to begin their migrations.  (Id.).  Such migrations have diminished after the 

installation of the J.C. Boyle Dam and reduction in river flows.  (FOF 14-16, 14-20, 14-

21).  The BLM seasonal high flows will better reflect the natural flood flows and improve 

fish migration.  (FOF 14-17).  PacifiCorp believes the presence of spawning trout, in the 

bypass reach, show that current flows provide favorable spawning conditions.  (PC PFF 

48).   However, the only area where trout spawning is observed is directly downstream of 

the emergency canal spillway.  (FOF 14-21).  This very limited spawning, in a very 

unnatural environment, does not demonstrate that the current flow regime provides 

favorable conditions. 

PacifiCorp correctly states that the BLM flows will adversely impact the 

spawning redds just downstream of the existing J.C. Boyle emergency canal spillway.   

(PC PFF 45).  BLM counters this argument by showing that the current location is 

unstable and seasonal high flows could mobilize the sediment accumulated in the 

emergency spillway and distribute the sediment to a more stable location.  (FOF 14-22, 

                                                 
19 It is noted that the only spawning habitat in the bypass is found downstream of the emergency spillway 
and the emergency spillway significantly increases the rate of fine and coarse sediment in the area.  (FOF 
14-21, 14-22).  It may be argued that this is the only reason fine sediment buildup has occurred on the 
spawning gravel.  However, with the introduction of additional sediment by means of the gravel 

Footnote continued on next page. 
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14-23).  However unstable the current location is, the proposed flows would still disrupt 

the only spawning grounds in hope that more productive grounds would develop.  These 

arguments are rendered basically irrelevant when another factor is considered.  

PacifiCorp has proposed to install bypass valves at the J.C. Boyle powerhouse.  (FOF 14-

26).  This means the emergency spillway will no longer be used and the unnatural 

sediment loads in the area will not be replenished.  (Id.).  Since this unnatural habitat will 

no longer be self-sustaining, any detrimental results of the seasonal high flows will not be 

relevant.  

Another negative factor to consider is the possible scouring effect high flows will 

have on spawning trout and their fry.  The spawning period for trout between the Copco 1 

Reservoir and J.C. Boyle Dam takes place between February and May, with the majority 

of spawning taking place between March 15 and April 15.  (FOF 14-11).  BLM’s 

proposed flushing flows, which last for seven days, would always occur during the 

spawning season.  (FOF 14-13, 14-14).  The high flows would be implemented between 

March 15 and April 15 in fourteen percent of the years.  (FOF 14-12).  Flushing flows 

scheduled during spawning may scour eggs and result in less successful spawning.  (FOF 

14-15).  Ideally, flushing flows should occur just prior to spawning.  (Id.).  While 

spawning trout will hold during high flows and resume spawning once flows have 

dropped, this does not discount the negative effects the high flows will have on already 

established egg nests.  (FOF 14-13). 

                                                                                                                                                 
management plan, the entire bypass reach will be inundated with an increased supply of fine and coarse 
sediment – resulting in an increased need to have annual flushing flows.        
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The proposed seasonal high flows will result in the scouring of some trout eggs.  

Such effects will be felt most severely during the fourteen percent of the years when the 

high flows occur during peak spawning times.  However, the median start date for the 

seasonal high flows is February 18, which corresponds close to the beginning of the 

spawning season.  (FOF 14-9, 14-11).  Since fewer egg nests will have been established 

at the beginning of the spawning season, the effects of the high flows will be less 

intrusive than if the flows were to commence near the end of the twenty-two week 

spawning season.  It has been shown that the proposed seasonal high flows will assist in 

the creation of fish spawning grounds, will clean established spawning beds, and will 

improve migratory movement of trout.  The creation of new and healthier spawning 

grounds will offset the loss of some eggs to scouring.  PacifiCorp has not met is burden to 

show, by a preponderance of the evidence, that the negative effects of scouring is greater 

than the positive effects created by the seasonal high flows. 

3. BLM ISSUE 16 and 17 

 The evidence in the record establishes that current operations have adversely 

affected the redband trout fishery resource.  First, the J.C. Boyle Dam traps sediment 

necessary for spawning habitat.  Second, the existing flow regime has increased the 

embedment of fine sediment in spawning gravel, impairs spawning migrations, and  
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causes low flows, which contribute to the lack of successful spawning.20  Third, the 

peaking operations cause stranding of aquatic organisms, results in downstream 

displacement of juvenile fish, increases the energetic demands placed upon adult trout, 

and lowers the production of macroinvertebrate prey.  The proposed River Corridor 

Management Condition would address these negative impacts.   

 The Project’s artificial low flow regime contributes to the lack of available 

spawning gravel in the J.C. Boyle peaking and bypass reaches.  (FOF 16-3 to 16-6).  

Prior to the J.C. Boyle Dam, trout were observed spawning in the peaking reach.  (FOF 

16-2).  Currently, trout do not spawn in the peaking reach and only limited spawning has 

been observed in the bypass reach.  (FOF 14-21; 16-1).  While sediment blockage at the 

J.C. Boyle Dam has contributed to lack of suitable spawning gravel in both reaches, low 

flows reduce access to spawning gravel that remains.  Spawning gravel has been 

observed along channel margins and on depositional features in the peaking and bypass 

reach.  (FOF 16-3 to 16-6).  However, when low flows occur, portions of this margin-

habitat are no longer inundated with water, making the spawning gravel unusable.  (Id.).  

The proposed conditions would substantially alter the current flows by providing an 

overall increase in base flows.  (FOF 19-8 to 19-10).  Higher base flows allow for greater 

inundation of habitat suitable for spawning.   

                                                 
20 Issue 14 addresses the negative effects associated with the J.C. Boyle Dam’s trapping of sediment, 
embedment of fine sediment in spawning gravel, and low flow (limiting spawning migrations).  Therefore, 
these effects will not be discussed in Issue 16.    
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 PacifiCorp’s peaking operations cause extreme daily flow fluctuations and create 

upramp rates as high as nine inches/hour in the J.C. Boyle peaking reach.  (FOF 17-1).  

BLM conditions propose an upramp rate of no more than two inches/hour.  (FOF 17-2).   

Upramp rates of two inches/hour are similar to naturally occurring rates and will be 

protective of fish resources.  (FOF 17-2 to 17-4).  The current peaking operations and 

their unnatural upramp rates create several conditions that are harmful to the trout fishery.      

First, PacifiCorp’s peaking operations create strandings that lead to the loss of 

thousands of fish and other aquatic animals. 21  (FOF 16-9, 16-10).  Few trout fry exist in 

the peaking reach where the strandings occurred and none were reported stranded.  (FOF 

16-9).  However, such strandings do kill large numbers of young fish and aquatic 

invertebrates that are the primary prey for trout.  (FOF 16-15).  The peaking operations 

that cause high mortality only happen a few times a year following the first peaking event 

after several months of steady flow.  (FOF 16-12).  Reduced ramp rates can resolve the 

problem of fish standing.  (FOF 16-13, 16-14).  The BLM proposed conditions calls for a 

two inch/hour maximum downramp rate, a drop from the four inch/hour ramp rate used at 

the sites where severe mortality of aquatic organism occurred.  (FOF 16-13, 16-14).  

Ramp rates of two inch/hour have been shown to be effective at stopping the occurrence 

of stranding.  (Id.) 

                                                 
21 Stranding is the separation of fish from flowing surface water as a result of a declining river state.  (FOF 
16-7).       
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 BLM provides evidence that Project peaking flows above 1,500 cfs result in the 

downstream displacement of juvenile salmonids.  (FOF 16-16).  Trout prey is affected in 

a similar manner, since peaking flows can displace forage fish eggs and push fry 

downstream.  (FOF 17-8, 17-9).  BLM proposed conditions would eliminate the Project’s 

peaking flows, thus eliminating the downstream displacement.  (FOF 19-1 to 19-13).  

PacifiCorp counters this evidence by citing a study it sponsored, which indicates trout fry 

can maintain their location during peaking flows.  (FOF 16-17 to 16-19).  The mark 

retrieved study recaptured nine of seventy-three marked fry in portions of the California 

peaking reach.  (FOF 16-19).  This indicates that fry do have an ability to maintain their 

position in the lower portions of the peaking reach.  (Id.).  However, the study did not 

mark or recapture any fry in the Oregon portion of the peaking reach; the section of the 

peaking reach with the highest ramp rate.  (FOF 16-17).  Therefore, the study is 

inconclusive as to the effects higher ramp rates have on fry.22  PacifiCorp did not meet its 

burden to show that peaking flows, in the Oregon portions of the peaking reach, do not 

result in downstream displacement of juvenile salmonids. 

 Peaking operations also affect the energetic demands placed on trout and decrease 

macroinvertebrates prey.  Peaking operations force trout to increase movement, which in 

turn decreases energy available for overall health, growth, and reproduction.23  (FOF 16-

                                                 
22 PacifiCorp’s distribution-over-time study had similar flaws, capturing only a few fry in the Oregon 
portion of the peaking reach.  (PAC-Ols-D-20 at App. 3A at 20; KTR-LKD-Ex. 6 at 6-46). 
23 PacifiCorp’s radio-telemetry study indicated that peaking operations did not induce any significant trout 
movement.  (PAC PFF 75).  However, PacifiCorp’s radio-telemetry study only detects upstream-
downstream fish movement, so it would not detect all fish movement that would increase energetic costs.  
(PAC-Ols-D-20 at Sec. 5, 5-8, 5-9).  High water flows force trout to swim faster to stay in place.  (BLM-
Simons-Ex. 0 at 5:8-6:7).  Fish also move laterally with changes in flow; fish move from the center of the 

Footnote continued on next page. 
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21).  Peaking operations reduce the production of macroinvertebrates by ten to twenty-

five percent.   (FOF 16-24).  Macroinvertebrate drift rates, a measure of food availability 

for trout, is five to six times greater in the non-peaking Keno reach than in the peaking 

reach.  (FOF 16-25).  Peaking operations contribute to the lower macroinvertebrate drift 

rates, which in turn decrease the macroinvertebrate prey available for trout.  (Id.). 

 Comparing growth of trout in the non-peaking Keno reach to the trout in the J.C. 

Boyle peaking reach provides insight into the effects peaking has on trout growth.  

Growth rates are greater in the peaking reach through age two.  (FOF 16-26).  Growth 

rates are similar in both reaches between ages two and three.  (Id.).  Growth rates are 

greater in the non-peaking Keno reach after age three, and the Keno reach trout are older.  

(FOF 16-26, 16-30).  Since larger fish operate closer to the energetic margins than 

smaller fish, it makes sense that lower energetic demands in the non-peaking reach would 

result in larger adult trout.  (FOF 16-23).  Mature fish grow larger when they prey on 

forage fish, a higher energy source than invertebrate drift.  (FOF 16-31).  The Project-

caused impacts to forage fish (via stranding and displacement) help explain the lower 

growth rates and absence of larger trout in the peaking reach.24  (FOF 16-32).  High 

growth rates of younger trout in the peaking reach indicate that peaking effects on 

macroinvertebrate prey are not substantial.  Since younger fish prey mainly on 

macroinvertebrate, if peaking operations were having a substantial effect on 

                                                                                                                                                 
channel at low flows to the edges of the channel at high flows.  (KTR-LKD-DT-BLM 16 at 7:13-17; KTR-
LKD-Ex. 10 at 26). 
24 PacifiCorp cites a study they sponsored which asserts that Keno trout are larger because they have access 
to a minnow forage base and reservoirs.  (PAC Reply Brief Appendix at 28).  Such conditions may 

Footnote continued on next page. 
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macroinvertebrate prey, a lower growth rate in younger fish would be expected.  By 

comparing the growth of trout in the non-peaking Keno reach to the growth of trout in the 

J.C. Boyle peaking reach, it has been established the peaking operations decrease growth 

rates for mature trout.  Therefore, PacifiCorp has failed to meet its burden of proof with 

respect to BLM Issues 16 and 17. 

4. BLM ISSUE 19 Discussion 

a. Whitewater Rafting 
 

The BLM Flow Management Scenario model was used to predict the effects of 

the BLM conditions on whitewater boating opportunities.  (FOF 19-30).  While this 

model has limitations, it provides the best quantitative evidence of anticipated impacts on 

whitewater opportunities.  (FOF 19-30 to 19-37).  This evidence shows the proposed 

flows will severely limit whitewater boating opportunities and impact the viability of the 

commercial rafting operations.  (FOF 19-25 to 19-27). 

 BLM acknowledges in its proposed ultimate finding of fact that the proposed 

flows will decrease raftable days by an estimated forty-four percent a year.  (FOF 19-27).  

At the peak of the rafting season, July and August, the proposed flows will decrease the 

total raftable days by seventy-one percent.  (Id.).  While PacifiCorp/Siskiyou County 

believes the proposed decreases should be even greater, the decreases cited by BLM are 

sufficient to justify a finding that significantly detrimental effects on rafting operations 

will occur.  (PC PFF 126).  When an industry’s ability to conduct business is reduced by 

                                                                                                                                                 
contribute to the increased size of Keno reach trout, however PacifiCorp has failed to adequately discount 
the effects that stranding and downstream displacement will have on forage fish supply.    
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nearly half (forty-four percent), the financial viability of that industry will be severally 

diminished.    

 PacifiCorp/Siskiyou County has shown, by the preponderance of the evidence, 

that a forty-four percent reduction in raftable days will substantially reduce the 

whitewater boating opportunities.  Having met this initial burden of proof, the burden of 

persuasion shifts to BLM and BLM must establish other factors which may offset the 

decrease in raftable days.  BLM conditions emphasis the protection of weekend boating 

opportunities.  (FOF 19-25).  As such, BLM contends that there may be a shift of some 

historical weekday to weekend use.  (FOF 19-28, 19-29).  However, BLM fails to 

provide evidence indicating the size of this potential shift.  Without having an estimate of 

how many customers may shift to weekend use, BLM has failed to show, by a 

preponderance of the evidence, that a shift to weekend use will substantively offset the 

forty-four percent reduction of raftable days.              

b. Fly Fishing 

The ability to wade is an integral component to fly-fishing.  (FOF 19-41).  

Without the ability to effectively wade, an aesthetic experience and an important element 

in positioning oneself to catch fish would be lost.  (Id.)  Evidence shows the proposed 

flows will reduce the ability to wade.  (FOF 19-42 to 19-44).  The degree of such 

reduction has not been established in this record.   

 Low flows are preferred by fly-fishing anglers.  (FOF 19-43).  BLM proposed 

flows will increase the current base flow and will make wading difficult in certain areas 

of the peaking reach.  (FOF 19-49, 19-50).  The central question is therefore, how much 
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more difficult will wading become?  PacifiCorp/Siskiyou County cites statistics that 

show current operations produce “preferred” fishing flows on fifty-nine percent of the 

days in the May-October season.  (FOF 19-46).  PacifiCorp/Siskiyou County then argues 

that BLM’s proposed flows will produce “preferred” fishing flows on about eight percent 

of the days in the May-October season.  (PC PFF 143).  However, PacifiCorp/Siskiyou 

County’s analysis relies on a flawed use of the BLM FMS model.25  No other statistics 

have been provided which show, quantitatively, how much more difficult wading will 

become. 

 BLM and the Conservation/Fisheries Groups concede that higher flows will make 

wading (therefore affecting the ability to fly-fish) more difficult in the short term.  (FOF 

19-49, 19-50).  However, they contend that there will be no long-term negative affects on 

fly-fishing.  (FOF 19-50 to19-54; BLM PFF 19.14-15, 19.18).  First, BLM correctly 

asserts that wading access is only one component of “fishabilty” and other biological 

factors (e.g. – fish health) are important to consider when determining if an area is good 

for fishing.  (FOF 19-52 to 19-54).  BLM contends that high flows will improve such 

biological factors and improve overall fishing.  (Id.).  However, even if higher flows were 

to improve biological conditions, if flows are too high to allow wading, fly-fishing would 

not be possible (other forms of fishing may improve).  Second, BLM argues that wading 

                                                 
25 PacifiCorp/Siskiyou County relies upon a flawed interpretation of the BLM FMS model. The FMS 
model produces outputs on an average daily basis.  (BLM-Turaski-Ex. 3 at 12).  The criteria 
PacifiCorp/Siskiyou County used when analyzing current operations was a three-hour window in the 
“preferred” fishing flow range.  (PAC-Whit-R-1 at 2:18-21, 3:11-13).  In contrast, the PacifiCorp/Siskiyou 
County analysis of the proposed flows was based on average daily flow data (FMS model outputs), and 
therefore implicitly required an entire day (as opposed to three hours) in the preferred range. (PAC-Whit-R-
2 (columns 4 and 6 showing BLM FMS model outputs); PAC-Carl-R-5 (Excel spreadsheet showing 

Footnote continued on next page. 
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may become easier (e.g. – sediment will make the ground less rocky).  (BLM PFF 19.14).  

However, BLM fails to provide sufficient evidence in support of this claim.  (Id.).  Third, 

BLM assumes that anglers will adjust their techniques to accommodate the proposed 

flows changes.  (FOF 19-51; BLM PFF 19.15).  While anglers will likely adjust their 

techniques to an extent, evidence has not been provided to show anglers would continue 

to fly-fish in area with flows higher than traditionally accepted for fly-fishing.  (FOF 19-

8 to 19-13, 19-40 to 19-44, BLM PFF 19.15).  The record evidence does not support the 

proposition that BLM’s proposed conditions will improve fly-fishing in the peaking 

reach. 

ULTIMATE FINDINGS OF FACT AND CONCLUSIONS OF LAW 

1. Under Daubert, the Miller Radio-Telemetry study is scientifically unreliable. 

2. The effectiveness of volitional passage is not at issue in this case because 
those issues were withdrawn/dismissed following the initial prehearing 
conference conducted under 50 C.F.R. Part 221. 

3. USFWS/ISSUE 2(A): Stocks of anadromous fish suitable to conditions above 
Iron Gate Dam are available to use prescribed fishways. 

4. USFWS/NMFS ISSUE 2(B): Facilitating the movement of anadromous fish 
via prescribed fishways presents a relatively low risk of introducing pathogens 
to resident fish above Iron Gate Dam.  Many of the pathogens (such as C. 
Shasta, F. Columnaris, P. minibicornis, and Ich) present below Iron Gate 
Dam, are also present above the dam.  The evidence is inconclusive as to 
whether IHN exists either above or below Iron Gate Dam.  The evidence is 
also inconclusive as to whether R. salmoniranrum exists above Iron Gate 
Dam. 

 

                                                                                                                                                 
inappropriate use of BLM FMS model outputs)).  Comparing an average daily flow to a three-hour window 
flow data does not lead to a fair comparison.  
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5. USFWS/NMFS ISSUE 2(C):  Facilitating the movement of wild anadromous 
steelhead trout above Iron Gate Dam via prescribed fishways presents a low 
risk of residualization (a phenomenon most common among hatchery 
steelhead trout).  Moreover, while resident trout have the genetic capacity to 
adopt anadromy, the risk of residualizing can be minimized through use of 
adaptive management. 

6. USFWS/NMFS ISSUE 3:  Project operations have and continue to adversely 
affect the resident trout fishery by, among other things: a) confining the 
resident trout between the Project dams and associated reservoir thereby 
impairing their utilization of the full range of life history strategies and 
spawning productivity; b) unscreened flow through Project turbines result in 
mortality of juvenile and adult trout migrating down stream; and the inability 
to effectively migrate adversely affects the genetic health and long term 
survival of the resident species. 

7. USFWS/NMFS ISSUE 4:  Entrainment at Project facilities have and continue 
to adversely affect the resident fishery resources. 

8. USFWS/NMFS ISSUE 6:  While the exact miles of habitat for use by 
anadromous fish within the Project reach is unknown, 58 miles is a reasonable 
estimate based on the evidence contained in the record. 

9. USFWS/NMFS ISSUE 7:  Access to habitat within the Project would benefit 
Coho salmon by: a) extending the range and distribution of the species thereby 
increasing the Coho salmon’s reproductive potential; b) increasing genetic 
diversity in the Coho stocks; c) reducing the species vulnerability to the 
impacts of degradation; and d) increasing the abundance of the Coho 
population. 

10. USFWS/NMFS ISSUE 8:  Although the evidence is inconclusive as to 
whether Pacific lamprey were historically present above Iron Gate Dam, the 
record evidence shows that access to habitat would benefit that species of fish 
by providing it with additional spawning and rearing grounds. 

11. BLM ISSUE 10:  The seasonal high flows will contribute to improving the 
quality of riparian habitat in the J.C. Boyle bypass reach by increasing the 
sediment deposit within the channel and decreasing reed canary grass.  
However, the extent of any improvement on riparian-focal bird species is 
indeterminate since an increase of woody riparian vegetation is not expected. 
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12. BLM ISSUE 11:  Project operations have adversely affected riparian 
resources in both the bypass and peaking reaches by supporting the 
perpetuation of reed canary grass and by affecting the structure, size, and 
nature of depositional features.  However, the extent of any loss to riparian-
focal bird species is indeterminate, based upon evidence that woody riparian 
vegetation has not decreased noticeably 

13. BLM ISSUE 14:  The BLM seasonal high flows will assist in the creation of 
redband trout spawning habitat, decrease fine sediment embedment in 
spawning gravel, and improve redband trout migration. These benefits provide 
for a net positive effect to redband trout spawning; overcoming the possible 
scouring effects high flows will have on spawning trout.  

14. BLM ISSUE 16:  Current Project operations, particularly sediment blockage 
at the J.C. Boyle Dam, the flow regime, and peaking operations, negatively 
affect the redband trout fishery.  The proposed River Corridor Management 
Conditions would improve fishery resources. 

15. BLM ISSUE 17:  The BLM’s proposed upramp rate will improve conditions 
for fish resources and other aquatic organisms by reducing adverse effects 
caused by the existing nine inch/hour upramp rate. 

16. BLM ISSUE 19:  The BLM’s proposed flows will substantially reduce the 
frequency and quality of whitewater boating in the J.C. Boyle peaking reach.  
The ability to fly-fish in the J.C. Boyle peaking reach will be reduced; the 
extent of this reduction has not been established. 

Done and dated October 16, 2006 
Alameda, California 
 
 
 
 

____________________________________ 
HON. PARLEN L. MCKENNA 
ADMINISTRATIVE LAW JUDGE 
U.S. COAST GUARD 
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TECHNICAL MEMORANDUM 
 
 
To:  The Klamath Tribes 
From:  C.W. Huntington, Aquatic Biologist, Clearwater BioStudies, Inc, and L.K. Dunsmoor, 

Aquatic Biologist, Klamath Tribes  

Subject: Aquatic habitat conditions related to the reintroduction of anadromous salmonids into the 
Upper Klamath Basin, with emphasis on areas above Upper Klamath Lake.   

Date: 27 March 2006. 
 
 
The following memorandum briefly gives the methods and results of an effort to develop 
primarily tabular and graphical summaries of aquatic habitat conditions in the Upper Klamath 
Basin (Figure 1), and particularly for areas above Upper Klamath Lake (UKL).  It relies in part 
(but far from completely) on information within databases constructed as part of an Ecosystem-
Diagnosis-and-Treatment (EDT) modeling process (PacifiCorp 2005) that has generated 
preliminary model-based estimates of the potential performance of chinook salmon and steelhead 
if they are reintroduced to the upper basin.  Detailed model outputs that would help us better 
understand model behaviors underlying the EDT-based estimates of fish performance reported 
by PacifiCorp (2005) are as yet unavailable for a thorough assessment of the direction and 
magnitude of unintentional (but potentially important) biases.  However, we have been given 
somewhat more detailed EDT model output than was reported by PacifiCorp (2005).  This has 
allowed us to examine (and summarize) general patterns evident in the EDT database and 
output.  The patterns are useful in helping to explain (1) the relative condition of the upper 
basin’s aquatic habitats and (2) the relative levels of fish performance that might be possible 
within this habitat.  
 
In addition to EDT-related information, we have also assembled and summarized data on several 
aspects of aquatic habitat that have relevance to consideration of how anadromous salmonids 
might perform in upper basin areas.  These include: 
 
� Results of a survey of qualitative (expert) judgments by local biologists as to the quality of 

summer rearing habitat available for chinook salmon and steelhead if these fish are 
reintroduced to areas above UKL and to the migratory corridor between the lake and Iron 
Gate Dam. 
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� Survey-based estimates of the quantity of spawning habitat that may be available for chinook 
salmon above Iron Gate Dam. 

 
� Estimates of low-flow quantities (surface areas) of rearing habitat available for chinook or 

steelhead in streams above Iron Gate Dam, including potential steelhead streams not yet 
included in EDT-based modeling of fish production potential. 

 
� Seasonal and spatial variation in the thermal suitability of habitat in selected salmon rivers 

above UKL for use by chinook salmon and steelhead.  These rivers include the Williamson, 
Sprague, North Fork Sprague, and Sycan. 

 
� Model-based predictions of the relationships that available river temperature data suggest 

between potential chinook spawning dates and subsequent fry emergence dates for locations 
above UKL. 

 
Our original intention here had been to develop detailed discussions of the spatial and temporal 
patterns evident in our results, but limitations of time prevent us from doing so at present.  
Additional and detailed discussions of our results will be developed in a future memorandum. 
 

METHODS 
 
EDT-based Information   
 
Information from the EDT model that has been incorporated into this document came originally 
from the EDT database that was the basis for most of the modeling contained in PacifiCorp 
(2005), or selected model output provided by Kevin Malone at Mobrand Jones & Stokes at the 
direction of PacifiCorp.  We used this information to, appropriately in our view, assess the 
patterns of relative habitat quality and/or fish performance suggested by the current (preliminary) 
model.  In most cases, this involved calculating quartiles for specific measures of EDT-predicted 
fish performance in the habitat within modeled areas.  We used model output to characterize 
RELATIVE magnitude and intensities of chinook spawner use of differing streams above Iron 
Gate Dam.  We focused on relative abundances of adult fish using the habitat because of 
uncertainties about the model.  We did not do a detailed analysis of the relative abundances of 
adult steelhead that the EDT model of PacifiCorp (2005) is currently projecting for upper basin 
areas, because the existing output suggests zero or near-zero production from streams that (1) 
currently support redband trout populations and (2) seem clearly to have production potential. 
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Judgments of Local Biologists as to Habitat Quality Above Iron Gate Dam 
 
As a contribution to the relicensing process for the Klamath Hydroelectric Project, we queried 
local biologists familiar with the habitat requirements of salmonids and had them rate the quality 
of summer rearing habitat for chinook salmon and steelhead in upper basin areas.  The rating 
process was standardized through discussions with the biologists, and by instructions that habitat 
quality thresholds identified in Burke et al (2003) be used to the degree possible.  We did not 
address habitat to be found in Klamath River tributaries within the watershed area bounded by 
Iron Gate and Link River dams, and have not had the time to fill this information gap. 
 
Spawning Habitat for Chinook Salmon   
 
We compiled the best information we could find on the quantities of spawning habitat in 
potential chinook salmon streams above UKL, including data one of us (CWH) had field crews 
collect on the Williamson, Wood, and portions of the Sprague River in the last couple of years.  
These data, some of which were drawn from the field notes of a study by Fortune et al. (1966), 
were then used to estimate or extrapolate the number of adult chinook salmon that could be 
accommodated by the streams.  These estimations or extrapolations were based on assumptions 
of maximum effective spawning densities of 2 adults (1 male + 1 female) per 8m2 of spawning 
habitat for spring chinook and 2 adults per 10m2 for fall chinook.  The amounts of habitat we 
assumed were needed to accommodate a pair of spawners were based on some early 
investigative work on the Trinity River by Moffett and Smith (1950).  Where we lacked a better 
estimate of at least historically available spawning habitat, we defaulted to using estimates of 
spawner capacity embedded in and EDT-based summary provided by Kevin Malone (MJS, pers 
comm.). 
 
The information we have developed by this method on the numbers of salmon that might be 
accommodated by existing spawning habitat indicates how many fish the best available data 
(which are not perfect) suggest could spawn in specific areas of the stream network above Iron 
Gate Dam without superimposing their redds (gravel nests).  These numbers represent something 
of an upper limit on how many adult fish could spawn effectively in the area if their abundance 
was not constrained by other factors.  Given the existing condition of their rearing habitats, fish 
passage issues, and other factors, it seems likely to certain (depending on location) that the 
actual abundance of adult chinook salmon would be lower in the upper basin after 
reintroduction than the tables suggest could be accommodated by available spawning habitat.  
This would be true until or unless there was a substantial improvement in stream and 
migratory corridor conditions. 
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Estimates of Low Flow Quantities of Habitat 
 
We estimated quantities of low flow habitat in potential anadromous salmonid streams using 
stream length and width data already incorporated into the EDT database or based on distance-
from-headwater data from USGS maps and relationships between these types of distances and 
stream widths measured within the upper basin. 
 
Thermal Suitability of Potential Salmon Habitat Above UKL 
 
We used available temperature modeling data from ODEQ’s relatively recent TMDL 
assessments of upper basin streams and all of the continuous temperature data we could acquire 
to develop contour plots of the thermal suitability of selected river corridors in the upper basin 
for use by chinook salmon and steelhead.  Suitability was broken spatially and temporally into 
four classes: Optimal, Suboptimal, Stressful, and Severely Stressful (refugia critical).  The 
temperature thresholds for these classes, and the method by which they were assigned, have been 
described in detail by Dunsmoor and Huntington (2006). 
 
Thermal Environments for Chinook Egg Incubation Above UKL 
 
We used available temperature data and relationships between egg incubation rates and 
temperatures from SALMOD (Bartholow 1993) to predict potential patterns of chinook fry 
emergence for multiple locations above UKL.  Analyses that we are still refining suggest that 
chinook fry reaching UKL by about mid-May may be able to reach 70-80 mm in length and 
then leave the lake before thermal conditions deteriorate in late May.  We intend to provide 
additional information on potential fry growth in the lake as it is developed.   
 

RESULTS 
 
Results of our efforts are summarized in Tables 1-3 and Figures 2-13.  As indicated earlier, 
discussions of these results are being developed. 
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  Table 1.  Summary of information on the quantity and quality of existing habitat potentially available for ocean-type (Type-1) fall chinook salmon in the
  Upper Klamath Basin.  

Estimated
quantity of
low-flow
rearing Upper Lower Alt 1A Alt 5 Alt 1A Alt 5

Stream/waterbody1 Surveys EDT >45% 31-45% 15-30% <15% habitat (m2) Upper intermediate intermediate Lowest no rehab w/ rehab no rehab w/ rehab

Iron Gate to Link River Dam

Klamath R. (riverine reaches) 42.5 --- 7,768 100 0 0 0 1,453,700 0 0 0 100 46 32 2 2
  Existing Reservoirs 24.3 --- 0 --- --- --- --- 9,362,300 0 0 0 100 --- --- --- ---
  Jenny Cr. 1.8 --- 57 54 0 0 46 16,085 23 77 0 0 <1 <1 11 13
  Fall Cr. 1.4 --- 5 7 0 0 93 6,313 7 8 85 0 <1 <1 6 3
  Shovel Cr. 4.7 --- 160 100 0 0 0 22,860 14 0 63 24 1 <1 5 14
  Spencer Cr. 20.4 652 --- 60 40 0 0 152,312 0 33 11 56 3 3 9 10
Keno Reservoir/Lake Ewauna 31.9 --- 0 --- --- --- --- 7,383,000 0 100 0 0 --- --- --- ---
Link R. 1.9 --- 0 --- --- --- --- 233,000 0 100 0 0 --- --- --- ---

Above Link River Dam

Upper Klamath/Agency Lks --- --- 0 --- --- --- --- 229,695,000 16 84 0 0 --- --- --- ---

Williamson R. 33.5 4,576 --- 29 37 35 0 1,452,050 47 0 19 34 10 7 4 8
  Springbrook tributaries 1.9 103 --- 100 0 0 0 41,922 100 0 0 0 3 2 1 1

  Sprague R. below Trout Cr. 54.6 1,475 --- 11 30 0 59 1,680,370 0 55 43 3 10 12 8 7
    Springbrook tributaries 1.2 32 --- 100 0 0 0 28,475 100 0 0 0 0 0

  Sprague R. above Trout Cr. 82.7 152 --- 0 0 8 92 2,736,020 0 7 66 26 0 13 9
    Springbrook tributaries 9.7 12 --- 25 0 0 75 47,821 25 0 0 75 1 2 12 4
    Sycan R.2 20.5 262 --- 0 0 65 35 403,571 0 12 61 27 7 10 10 5
      Springbrook tributaries 1.9 0 --- --- --- --- --- 24,829 --- --- --- --- --- --- --- ---

    N.Fk. Sprague R. 19.6 5,129 --- 7 59 0 34 268,284 0 0 93 7 <1 2 15 11
      Springbrook tributaries 22.4 142 --- 100 0 0 0 122,025 44 56 0 0 <1 2 13 15
    S.Fk. Sprague R. 2 23.9 1,106 --- 37 24 39 0 296,124 0 13 43 44 2 3 14 15

Wood River 32.5 1,022 --- 56 44 0 0 751,783 63 6 31 0 7 4 7 11
  Springbrook tributaries 17.6 201 --- 18 82 0 0 228,345 100 0 0 0 8 4 3 6
  Other tributaries 25.5 --- --- 0 61 39 0 139,075 0 34 15 50 <1 <1 15 17

Sevenmile Cr. --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Crystal/Recreation Cr. 13.1 --- 0 --- --- --- --- 249,365 --- --- --- --- --- --- --- ---
Other westside UKL tributaries --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

TOTAL 489.3
1  Dashed lines in habitat columns represent a lack of data for the stream/waterbody if potential habitat is identified as present.
2  Use of this system by chinook will be substantially constrained without habitat rehabilitation and some level of flow enhancement.
3  Draft (initial) model output from EDT; review dependent on release of modeling files that will allow examination of model behavior.

spawning abv IGD intensity (#/km)

Estimated quality of available

subyearling survival during spring)
of available spawning habitat (percent of habitat Percent of all adults

rearing habitat (percent of habitat in
specific quartiles for EDT-predicted

EDT-predicted3 spawner use
Rank order for

to-emergence, as predicted by EDT)(adults accomodated)
Kilometers 
of potential 

habitat

Estimated quantity Estimated quality of available

spawning habitat providing specific levels of survival-
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Table2.  Summary of information on the quantity and quality of existing habitat potentially available for stream-type spring chinook salmon in the Upper
Klamath Basin.  

Estimated
quantity of
low-flow

Upper Lower rearing Upper Lower Alt 1A Alt 5 Alt 1A Alt 5
Stream/waterbody1 Surveys EDT Upper intermediate intermediate Lowest habitat (m2) Upper intermediate intermediate Lowest no rehab w/ rehab no rehab w/ rehab

Iron Gate to Link River Dam

Klamath R. (riverine reaches) 42.5 --- 7,768 16 24 38 22 1,453,700 0 16 0 84 0 0
  Klamath R. Reservoirs 24.3 --- 0 --- --- --- --- 9,362,300 0 0 0 100 --- --- --- ---
  Jenny Cr. 1.8 --- 57 0 0 100 0 16,085 0 0 100 0 0 0
  Fall Cr. 1.4 --- 5 100 0 0 0 6,313 92 0 0 8 <1 <1 5 9
  Shovel Cr. 4.7 --- 160 0 100 0 0 22,860 0 100 0 0 <1 <1 10 16
  Spencer Cr. 20.4 816 --- 6 64 30 0 152,312 6 64 30 0 3 1 6 12
Keno Reservoir/Lake Ewauna 31.9 --- 0 --- --- --- --- 7,383,000 0 0 0 100 --- --- --- ---
Link R. 1.9 --- 0 --- --- --- --- 233,000 0 0 0 100 --- --- --- ---

Above Link River Dam

Upper Klamath/Agency Lks --- --- 0 --- --- --- --- 229,695,000 0 0 1 99 --- --- --- ---

Williamson R. 33.5 5,720 --- 27 35 38 0 1,452,050 34 9 22 34 62 27 1 2
  Springbrook tributaries 10.5 129 --- 39 61 0 0 302,411 39 61 0 0 12 6 3 4

  Sprague R. below Trout Cr. 54.6 1,844 --- 0 0 0 100 1,680,370 0 0 0 100 0 1 15
    Springbrook tributaries 1.2 42 --- 100 0 0 0 28,475 100 0 0 0 2 1 2 3

  Sprague R. above Trout Cr. 82.7 190 --- 0 0 29 71 2,736,020 0 17 0 83
    Springbrook tributaries 9.7 14 --- 25 0 0 75 47,821 25 0 0 75 <1 8 12 1
    Sycan R.2 44.6 4,428 --- 0 26 20 54 993,018 40 0 33 26 0 8 10
      Springbrook tributaries 1.9 0 --- --- --- --- --- 24,829 0 0 0 100 --- --- --- ---

    N.Fk. Sprague R. 52.5 10,180 --- 13 43 44 0 535,812 13 68 19 0 3 19 9 6
      Springbrook tributaries 22.4 178 --- 0 23 77 0 122,025 0 57 43 0 0 7 7
    S.Fk. Sprague R. 2 34.4 5,557 --- 0 9 51 40 413,276 0 27 29 44 0 3 11

Wood River 32.5 1,278 --- 63 6 31 0 751,783 100 0 0 0 14 10 4 8
  Springbrook tributaries 17.6 252 --- 100 0 0 0 228,345 100 0 0 0 1 6 7 5
  Other tributaries 25.5 1,818 --- 81 19 0 0 139,075 81 19 0 0 2 1 7 14

Sevenmile Cr. 29.8 260 --- 66 0 0 34 588,874 66 0 34 0 1 2 11 13

Crystal/Recreation Cr. 13.1 --- 0 --- --- --- --- 249,365 100 0 0 0 --- --- --- ---
Other westside UKL tributaries 0.0 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

TOTAL 595.1
1  Dashed lines in habitat columns represent a lack of data for the stream/waterbody if potential habitat is identified as present.
2  Use of this system by chinook will be substantially constrained without habitat rehabilitation and some level of flow enhancement.
3  Draft (initial) model output from EDT; review dependent on release of modeling files that will allow examination of model behavior.

spawning abv IGD

EDT-predicted3 spawner use
Rank order for
intensity (#/km)

specific quartiles for EDT-predicted
(adults accomodated) to-emergence, as predicted by EDT)

spawning habitat (percent of habitat
providing specific levels of survival-

Kilometers 
of potential 

habitat

Percent of all adults
subyearling survival during summer3)

Estimated quantity
of available

spawning habitat

Estimated quality of available Estimated quality of available summer
rearing habitat (percent of habitat in
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    Table 3.  Summary of information on the quantity and quality of existing habitat potentially available to fall-
     winter steelhead in the Upper Klamath Basin. 

Estimated
quantity of
low-flow
rearing Not Upper Lower

Stream/waterbody1 habitat (m2) Good Fair Poor functional Upper intermedia intermedia Lowest

Iron Gate to Link River Dam

Klamath R. (riverine reaches) 42.5 1,453,700 13 51 36 0 0 39 38 23
  Existing Reservoirs 24.3 9,362,300 0 0 0 100 0 0 0 100
  Jenny Cr. 1.8 16,085 --- --- --- --- 100 0 0 0
  Fall Cr. 1.4 6,313 --- --- --- --- 13 88 0 0
  Shovel Cr. 4.7 22,860 --- --- --- --- 33 43 0 24
  Spencer Cr. 20.4 152,312 --- --- --- --- 0 40 30 30
  Other tributaries 24.9 --- --- --- --- --- --- --- --- ---
Keno Reservoir/Lake Ewauna 31.9 7,383,000 0 0 0 100 0 0 0 100
Link R. 1.9 233,000 0 0 0 100 0 0 0 100

Above Link River Dam

Upper Klamath/Agency Lks --- 229,695,000 0 1 0 99 0 0 0 100

Williamson R. (excluding Sprague) 37.4 1,528,870 69 31 0 0 79 0 0 21
  Springbrook tributaries 11.5 302,411 100 0 0 0 100 0 0 0

  Sprague R. below Trout Cr. 54.6 2,736,020 0 0 100 0 11 89 0 0
    Trout Cr. 11.3 16,149 39 48 13 0 --- --- --- ---
    Springbrook tributaries 1.2 28,475 54 46 0 0 53 0 0 47

  Sprague R. above Trout Cr. 82.7 2,736,020 0 17 83 0 0 45 8 48
    Springbrook tributaries 9.7 47,821 100 0 0 0 0 100 0 0
    Other tributaries 8.4 7,286 0 0 51 49 --- --- --- ---

    Sycan R. below Sycan Marsh 53.7 993,018 0 21 79 0 14 49 29 9
      Springbrook tributaries 1.9 24,829 0 100 0 0 0 0 0 100

    Sycan R. incl./above Sycan Marsh 68.4 394,518 25 42 6 27 --- --- --- ---
      Tributaries 89.9 220,329 58 25 17 0 --- --- --- ---

    N.Fk. Sprague R. 57.9 589,095 64 36 0 0 19 13 54 15
      Fivemile Cr. 22.4 122,025 31 69 0 0 31 69 0 0
      Other tributaries 27.7 127,505 55 38 8 0 --- --- --- ---

    S.Fk. Sprague R. 55.5 504,293 35 44 4 16 12 23 49 16
      Tributaries 50.2 82,958 20 39 35 5 --- --- --- ---

Wood River 32.5 751,783 100 0 0 0 17 12 0 71
  Springbrook tributaries 23.1 244,983 76 24 0 0 13 0 0 87
  Other tributaries 41.3 193,914 51 22 23 4 17 30 52 0

Sevenmile Cr. 30.4 590,309 8 59 34 0 12 7 5 75

Recreation/Crystal Cr. 13.1 249,365 0 100 0 0 0 0 0 100

Westside tributary streams 21.8 --- 29 19 23 30 --- --- --- ---
1  Dashed lines in habitat columns represent a lack of data for the stream/waterbody if potential habitat is identified as present. For the identified Klamath R. tribu-
  taries between Iron Gate Dam and Link River Dam, habitat suitable for steelhead production is considered to be present (B. Tinniswood, ODFW, pers comm.).
2 Draft (initial) model output from EDT; review and adjustment (if appropriate) dependent on release of modeling files that will allow a thorough examination of 

  model behavior.

Kilometers 
of potential 

habitat

Estimated quality of available rearing habitat
Winter habitat (percent of habitat in specific    

quartiles for EDT-predicted juvenile survival2)
Summer habitat (percent of habitat in 

specific quality classes, per local 
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Figure 1.  Map of the Upper Klamath Basin showing the watershed
areas considered when summarizing information on aquatic habitat
conditions.
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Figure 2.  Spatial patterns in model-based estimates of potential fall chinook
egg-to-fry survival for streams within the Upper Klamath Basin.  Adapted from
EDT source data provided by K. Malone (MJS, pers comm.).
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Figure 3.  Spatial patterns in model-based estimates of potential fall chinook
fry-to-smolt (spring rearing) survival for streams within the Upper Klamath 
Basin.  Adapted from EDT source data provided by K. Malone (MJS,
pers comm.).
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Figure 4.  Spatial patterns in model-based estimates of potential fall chinook spawning
intensity (adults/km/yr) in the Upper Klamath Basin assuming volitional passage is 
provided at all dams in the project-bounded area.  Adapted from EDT source data
provided by K. Malone (MJS, pers comm.).

Figure 4.  Spatial patterns in model-based estimates of relative fall chinook spawning
intensity (adults/km/yr) in the Upper Klamath Basin assuming volitional passage is
provided at all dams in the project-bounded area.  Adapted from EDT source data
provided by K. Malone (MJS, pers comm.).
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Figure 3.  Spatial patterns in model-based estimates of fall chinook salmon spawning
intensity (adults/km/yr) assuming removal of all Klamath River dams below (but not 
including) Keno Dam plus a level of habitat rehabilitation that local experts consider
achievable above UKL within a 30+ year period.  Source data: K. Malone, MJS,
pers. comm.

*

Figure 5.  Spatial patterns in model-based estimates of relative fall chinook spawning
intensity (adults/km/yr) in the Upper Klamath Basin assuming removal of all Klamath
River dams downstream of Keno Dam plus a level of habitat rehabilitation that local
experts consider achievable above UKL within a 30+ year period.  Adapted from
EDT source data provided by K. Malone (MJS, pers comm.).
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Figure 6.  Spatial patterns in model-based estimates of potential summer survival
rates for juvenile chinook salmon in habitat within the Upper Klamath  Basin.
Adapted from EDT source data provided by K. Malone (MJS, pers comm.).
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Figure 4.  Spatial patterns in the relative quality of summer rearing habitat for
juvenile chinook salmon in the Upper Klamath Basin, per the professional 
judgment of local experts.  Source: Huntington and Dunsmoor (2006).
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Figure 7.  Spatial patterns in quality ratings that local biologists assigned
to summer rearing habitat potentially available for use by juvenile spring
chinook salmon in the Upper Klamath Basin 
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Figure 8.  Spatial patterns in model-based estimates of potential winter survival
rates for juvenile chinook salmon in habitat within the Upper Klamath Basin.
Adapted from EDT source data provided by K. Malone (MJS, pers comm.).
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Figure 5.  Spatial patterns in the relative quality of summer rearing habitat for
juvenile steelhead in the Upper Klamath Basin, per the professional judgment
of local experts.  Source: Huntington and Dunsmoor (2006).
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Figure 9.  Spatial patterns in quality ratings that local biologists assigned
to summer rearing habitat potentially available for use by juvenile 
steelhead in the Upper Klamath Basin.
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Figure 10.  Patterns of variation in estimates of potential chinook salmon emergence timing for multiple sites on 
streams near (upper) and distant from (lower) UKL, based on recorded stream temperatures and the egg 
incubation model contained in SALMOD (Bartholow et al. 1993).  Conditions for individual valley floor stream 
sites are shown in black and those for upland/montane stream sites in gray.  Patterns shown do not include 
potential emergence of fry from eggs deposited by adult fish spawning before mean temperatures drop below 
14oC in the fall.     
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Figure 11.  Contour plots characterizing seasonal and spatial patterns in the suitability
of temperatures in the lower Williamson River for use by juvenile and adult chinook
salmon and steelhead trout.
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Figure 12.  Contour plots characterizing seasonal and spatial patterns in the suitability of river
temperatures in the Williamson-Sprague-North Fork corridor for use by juvenile and adult
chinook salmon and steelhead trout.
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Figure 13. Contour plots characterizing seasonal and spatial patterns in the suitability of river
temperatures in the Williamson-Sprague-Sycan corridor for use by juvenile and adult chinook
salmon and steelhead trout.
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Introduction 
 
From 1917-1967, hydropower and irrigation development led to construction of six dams on the 
on the Klamath River (Table 1).  Link River (owned by the US Bureau of Reclamation) and 
Keno dams were both constructed at or near the natural outlets of large, shallow lakes for both 
hydropower and irrigation purposes.  JC Boyle, Copco 1 and 2, and Iron Gate dams were strictly 
hydropower developments that, including Keno Dam, are owned and operated by PacifiCorp, 
and are hereafter referred to as the Klamath Hydroelectric Project (KHP).   
 
Since 1917 when Copco 1 Dam was built, anadromous salmonids have been excluded from the 
upper half of the Klamath River Basin (Hamilton et al. 2005).  Large declines in anadromous 
salmonids occurred in the Klamath River in the decades following completion of the KHP, 
although the many factors contributing to the declines (degradation of tributary habitats, altered 
hydrographs, disease, harvest management, loss of Upper Basin populations, water temperature, 
etc.) have somewhat obscured the role played by the KHP.  Water temperature, always 
mentioned as a concern in regard to anadromous salmonids in the Klamath River, has reached 
summer highs stressful to salmonids since early last century (Snyder 1931), which is not 
surprising since the Klamath is near the southern edge of distribution for both salmon and 
steelhead (Moyle 2002).   
 
Recently, Bartholow et al. (2005) used the System Impact Assessment Model (SIAM, developed 
for the Klamath River by the US Geological Survey, see Bartholow et al. 2005 for the most 
recent version), to predict the effects of KHP removal on the thermal regime of the Klamath 
River.  They focused on conditions for fall chinook between Iron Gate Dam and Seiad Valley, 
applying model results to life stage-specific thermal criteria (upper thresholds for mean daily 
temperatures were 14°C for spawning and incubation, 15°C for juvenile rearing, and 20°C for 
adult migration), concluding that: 

• Without dams, the river is much more responsive to ambient meteorology, so water 
temperatures closely track the seasonal signature of air temperature.  With the dams in 
place, the dynamics of heat storage and release from the reservoirs delay downstream 
warming in the spring, and cooling in the late summer and fall, by about 18 days. 

• The reservoirs reduce day-to-day temperature variability and annual maximum 
temperatures downstream of the dams. 

• Removal of the KHP would exert a strong influence extending at least 110 km 
downstream from Iron Gate Dam.   
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• Acute (>20°C) exposure measured using a degree-day metric (sum of the differences of 
mean daily temperature above criterion) increased by a large percentage with KHP 
removal, whereas chronic (>15°C) exposure changed little. 

• Duration of exposure to thermally stressful conditions was reduced for adult migration, 
spawning and egg incubation without the KHP, but increased for rearing juveniles, 
especially near Iron Gate Dam. 

• Longitudinal extent of suitable macrohabitat (average km with temperatures ≤ upper 
thresholds of life stage criteria) is greater without the KHP for adult migration, and 
spawning/incubation.  For juvenile rearing, the effect is reversed for much of the summer 
except in July, when the models predict no suitable macrohabitat whether the KHP is 
present or not. 

 
As part of the ongoing relicensing of the KHP, another water quality modeling framework (the 
Klamath River Water Quality Model, or KRWQM) was developed for the Klamath River from 
Link River Dam to the estuary (Watercourse Engineering 2003, and PacifiCorp 2004, 2005a-c, 
and references therein).  Pursuant to issues surrounding fish passage and water quality, the 
KRWQM was used to model present conditions, as well as the effects of sequential dam 
removals.   Relying heavily on KRWQM results, we pursue three objectives.  First, we quantify 
KHP impacts on temperature (and to a lesser extent, dissolved oxygen) by comparing model 
predictions for present conditions with those simulating removal of the KHP.  Second, we apply 
life stage-specific criteria for salmon and steelhead to model results, using them to translate 
predicted temperatures and dissolved oxygen concentrations into condition classes which are 
then used to quantify KHP impacts on salmon and steelhead, and to evaluate biological outcomes 
of removing the lower four KHP dams.  Third, we evaluate suitability of water quality and flow 
patterns in Upper Klamath Lake to sustain effective passage of salmon and steelhead into and out 
of the basin above the lake.   
 

Methods 
 
Klamath River Water Quality Model 
 
Five KHP configuration scenarios were modeled over 2000-2004 as documented in Watercourse 
Engineering (2003) and PacifiCorp (2004, 2005a-c, and references therein).  All scenarios used 
the same meteorological and hydrological conditions as experienced in each year, although dam 
removal scenarios necessarily involved local changes in the simulated hydrology.  In summary 
form, the scenarios modeled had the following characteristics:  
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• Existing Condition (EC), which simulates KHP facilities and operations as they presently 
exist, including: 

o Diversion of all but 100 cfs from the river at JC Boyle Dam around the Boyle 
Bypass Reach (about 7.2 km long); 

o Peaking operations at JC Boyle resulting in frequent daily flow fluctuations below 
the powerhouse ranging from minimum flows near 330 cfs, to ~1300 cfs for one 
turbine and ~2600 cfs for both turbines; 

o Peaking operations at Copco 1 and 2 that divert all but 5-10 cfs (unintentional 
leakage through the dam) from the Klamath River at Copco 2 Dam around the 
Copco Bypass Reach (about 2.3 km long). 

• Iron Gate Dam removed (No IG) simulates removal of the lowest mainstem dam, and 
assumes that power generation at the Copco facilities is converted from peaking to a run-
of-the-river operation.  No changes from the EC run were made upstream of Copco 
Reservoir. 

• Iron Gate, and Copco 1 and 2 dams removed (No IG-COP) simulates removal of the 
lower three mainstem dams, and assumes a conversion from peaking to run-of-the-river 
power generation at the JC Boyle facility.  Assumed operations diverted all water in 
excess of ladder and instream releases (100 cfs as in the EC scenario) into the 
powerhouse penstocks, and flows in excess of penstock capacity were spilled below the 
dam.  No changes from the EC run were made upstream of JC Boyle Reservoir. 

• Iron Gate, Copco 1 and 2, and JC Boyle dams removed (No IG-COP-JCB) simulates 
removal of the lower four mainstem dams.  Assumed operations route EC releases from 
Keno Dam through a free-flowing river.  No changes from the EC run were made 
upstream of JC Boyle Reservoir. 

• Without Project (WOP) simulates removal of all mainstem facilities downstream of, and 
power diversions at, Link River Dam. Assumed operations route all water released from 
Upper Klamath Lake through the Link River (no power diversions).  Accretions to and 
diversions from the river above Keno are unmodified from the EC scenario, resulting in a 
fluctuating flow regime during spring-fall, which was deemed unrealistic by the Water 
Quality Working Group and subsequently smoothed, resulting in the WOP 2 simulation 
(Watercourse Engineering 2003).  However, final results of the WOP 2 scenario were not 
released in time for inclusion here.  Therefore, we defer treatment of the WOP 2 scenario 
to subsequent reports, and consider the WOP scenario as an expression of the potential of 
the Klamath River system with none of the KHP mainstem dams in place.  
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We focus on the results of the EC, No IG-COP-JCB, and WOP simulations in this report.  
However, results of most analyses are presented for all simulations in Appendices A and B. 
 
PacifiCorp (2005c) describes calibration and validation of the KRWQM in general, qualitative 
terms, relying upon graphical comparison of hourly data.  Beyond the expected inter-annual 
variability in model performance, some relatively consistent patterns were evident in 
comparisons between simulated and measured water temperatures and dissolved oxygen (DO) 
concentrations.  Some of these patterns were mentioned in PacifiCorp (2005c), and others were 
not.  While these issues will to some extent affect interpretation of individual model runs, we 
expect that relative changes between model runs will be relatively unaffected.  It will be 
important to consider the following when interpreting the results of the KRWQM: 

• Simulated winter water temperatures at most of the sites reported tend to be under-
predicted by several degrees C. 

• Measured DO concentrations in Keno Reservoir remain consistently high until mid- to 
late June, when it plunges to low levels and becomes highly variable thereafter.  
Simulated DO concentrations tend to begin steady, relatively steep declines in mid to late 
April. 

• Summer water temperatures in Keno Reservoir and between Keno Dam and JC Boyle 
Reservoir tend to be over-predicted. 

• Limited continuous temperature data available from the lower end of the JC Boyle 
Bypass reach shows that while measured and simulated daily temperature minima match 
well, the diel range of measured values is about half that of simulated, meaning that the 
simulated maximum is consistently over-estimated by several degrees during the 
summer. 

• DO concentrations are frequently under-predicted in riverine reaches and dam outflows 
between Keno Dam and the Shasta River.  In reaches further downstream, DO 
concentrations tend to be over-predicted, while the DO range is under-predicted. 

• From the Shasta River downstream, simulated summer temperatures tend to be under-
predicted, and the diel range over-predicted. 

 
We focus on water temperature in this report, and to a lesser extent, DO.  Water temperature is a 
primary driver of biota in aquatic systems, and is an extremely important determinant of water 
quality for anadromous salmonids.  Water temperature is also more amenable to accurate 
modeling than most other water quality constituents, because it is driven primarily by physical 
processes that are relatively well understood and amenable to reduction into a numerical model.  



KHP Effects and Conditions for Anadromous Salmonids 5 

Dissolved oxygen, also a very important constituent of water quality for anadromous salmonids, 
is more difficult to model because the controlling physical processes are mediated by many 
complex biological processes which are themselves difficult to predict.  This often contributes to 
inaccurate model results.   Watercourse Engineering (2003) concludes that the KRWQM 
simulation results are more reliable for temperature than for DO, which the calibration and 
validation results presented in PacifiCorp (2005c) verifies.  Therefore, we use the DO results to 
view general patterns, and delve more deeply into the temperature outputs. 
 
KRWQM output made available by PacifiCorp on September 29, 2005 provides the basis for 
much of the following analysis.  For each scenario, the KRWQM provided hourly predictions of 
flow, temperature, and dissolved oxygen concentration at 26 locations from the Link River Dam 
on Upper Klamath Lake to Turwar near the Pacific Ocean for each day in the years 2000-2004 
(Table 2).  Model outputs for JC Boyle, Copco, and Iron Gate reservoirs were not included in the 
September 29, 2005 release, and are therefore not included in portions of the analyses here.  
However, model outputs for releases from each of the KHP dams are included, so reservoir 
conditions are reflected in our analyses to the extent that releases from the dams reflect 
conditions in their respective reservoirs.   
 
Temperature Suitability for Chinook Salmon and Steelhead 
 
Temperature has a profound effect on all biological processes and strongly influences the 
suitability of aquatic habitats for fish, including salmonids.  It has been one of the most widely 
studied aspects of water quality, with many laboratory and field investigations having been 
conducted.  Often these investigations have focused on the effects of water temperature on 
salmonids, providing a substantial body of information on the preferences and tolerances of 
multiple life stages of these fish. 
 
Recent reviews of the information available on temperature’s influence on salmonids have been 
conducted by authors examining region-wide data (McCullough 1999; Sullivan et al. 2000; 
McCullough et al. 2001; Sauter et al. 2001; Richter and Kolmes 2005; others), or with a focus on 
chinook salmon and steelhead in California (Myrick and Cech 2001).  Overall, the result of these 
reviews has been a clear indication that optimal temperatures for the fish, expressed in degrees 
Centigrade (°C), range up into the mid-teens, or even a bit higher for juvenile anadromous 
salmonids rearing in areas with a readily available and abundant food supply.  Fish performance 
can be reduced at temperatures higher than these, with the level of stress experienced increasing 
with temperature and the duration of exposure.  Spatial and temporal heterogeneity in stream 
conditions allow fish to behave in ways that reduce their exposure to unfavorable temperature 
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conditions, and can allow fish to utilize habitats that might otherwise prove unfavorable 
(Torgerson et al. 1999; Ebersole et al. 2001, 2003).  For example, salmonids are often present 
(albeit at reduced abundance) in streams where daily maximum temperatures reach into the 22-
24°C range provided there is substantial nighttime cooling or thermal refugia are available.  At 
the extreme upper end, what appeared to be healthy juvenile rainbow-steelhead have been 
documented as present at low levels of abundance in interior Columbia Basin streams where 
maximum daily temperatures in the main water column approached (Li et al. 1992) or reached 
(Huntington et al. 1988) 28°C.  
 
To facilitate interpretation of the effects of temperature and DO conditions on anadromous 
salmonids, we established literature-based criteria which we used to categorize levels of stress 
that anadromous salmonids would experience under water quality conditions predicted by the 
KRWQM, and measured in Upper Klamath Lake (Table 3).  We classified life stage-specific 
thermal conditions as Optimal, Suboptimal, Stressful, or Severely Stressful (refugial areas 
critical) for chinook salmon and steelhead.  The classification system allowed us to characterize 
spatial and temporal variation in the suitability of the thermal environments of specific 
waterbodies, using the most comprehensive and detailed temperature data available.  In using 
these suitability criteria to classify thermal conditions, we first calculated daily minima, means, 
and maxima from KRWQM hourly outputs.  Then we calculated seven day moving averages for 
each day in the record as the average of the daily means (7d-avg) or maxima (7d-max) for the 
previous seven days, which we subsequently used as thresholds to classify stress conditions.   
Temperatures for a given location and time period were assigned to the most favorable suitability 
class for which neither temperature threshold (7d-avg or 7d-max) was exceeded.  For example, to 
be classified as Optimal for rearing juvenile chinook, mean daily temperatures during a given 7-
day period could neither average more than 15°C nor exhibit an average daily maximum greater 
than 16°C.   
 
Approaches other than ours have been used in previous analyses of the suitability of Klamath 
River temperatures for anadromous salmonids.  For example, Deas and Orlob (1999) examined 
variation in a temperature index that was based on the extent to which daily maximum, mean, 
and minimum temperatures exceeded “No Effect” and “Acute” temperature thresholds for both 
juvenile rearing (16 and 20°C) and adult migration (18 and 22°C).  Bartholow (2005) and 
Bartholow et al. (2005) examined a number of temperature metrics based on modeled 40-year 
occurrences of daily mean temperatures exceeding threshold values the USEPA (2003) 
associates with chronic (15°C) and acute (20°C) stress to salmonids, and increasingly 
unfavorable effects on the fish.  We used our approach because it provided a greater level of 
resolution on the suitability and seasonal variability of temperature conditions along the river 



KHP Effects and Conditions for Anadromous Salmonids 7 

channels considered, could be readily applied to the data available to us, and was readily 
amenable to both graphical and tabular summaries of our results. 
 
The temperature thresholds we used to classify thermal suitability for adult migration, rearing by 
juvenile chinook, and rearing by juvenile steelhead (Table 3), were derived from the literature.  
General discussions of these thresholds are given below. 
 
Adult migration (chinook salmon and steelhead).  Optimal adult migration conditions for 
anadromous salmonids are protected when 7d-avg temperatures do not exceed 16°C and 7d-max 
temperatures do not exceed 18°C (Richter and Kolmes 2005).  At the opposite end of the 
suitability spectrum, migrations of adult chinook salmon can be blocked at temperatures 
exceeding 20-21°C (Stabler 1981; Bumgarner et al. 1997; McCullough 1999; McCullough et al. 
2001).  The available information suggests that adult chinook migrating upstream during spring 
or early summer (e.g., spring-run fish) can be blocked by incrementally lower temperatures than 
fish that migrate in the late summer and fall (e.g., fall-run), possibly reflecting differing risks that 
the fish will accumulate unacceptably high levels of thermal stress prior to spawning.  We set the 
thresholds for Severely Stressful migration conditions to reflect the temperature levels that 
researchers have documented as blocking runs, with incrementally higher temperatures for fall-
run than for spring-run fish.  Temperature thresholds we used to distinguish Suboptimal from 
Stressful migration conditions were midrange values between those at the upper end of Optimal 
conditions and those that can block runs. 
 
Chinook juvenile rearing.  Richter and Kolmes (2005) indicate that optimal rearing conditions 
are generally conserved for juvenile anadromous salmonids found in Pacific Northwest streams 
if 7d-avg temperatures do not exceed 15°C and 7d-max temperatures do not exceed 16°C.  We 
used their values to identify Optimal thermal regimes for juvenile chinook, even though these 
fish can grow more rapidly at higher temperatures (Marine 1997; Cech and Myrick 1999), 
because warmer conditions may expose the fish to an increasing risk of disease (McCullough 
1999; Myrick and Cech 2001).  Juvenile chinook from California’s Central Valley survived and 
grew at constant temperatures of 21°C (Cech and Myrick 1999) and under variable 21-24°C 
temperatures (Marine 1997) when studied in an artificial (lab) environment.  Areas where 
maximum temperatures exceeded about 23°C were generally avoided by juvenile chinook within 
the Sixes River Basin of south-coastal Oregon (Frissell et al. 1992) and the John Day River 
system in the interior Columbia Basin (Lindsay et al. 1986). 
 
We accepted a 7d-avg temperature of 21°C and a 7d-max temperature of 23°C as the upper 
thresholds for our Stressful classification, beyond which (under Severely Stressful conditions) 



KHP Effects and Conditions for Anadromous Salmonids 8 

juvenile chinook presence is likely to depend on their ability to find refuge from high 
temperatures.  A 7d-avg temperature of 18°C and a 7d-max of 21°C were used to distinguish 
Suboptimal conditions from Stressful conditions for these fish.  The 18°C threshold for 7d-avg 
temperature falls midway between the thresholds we used to classify Optimal and Severely 
Stressful thermal conditions for juvenile chinook.  It is similar to (0.2°C below) a maximum 
weekly average temperature (MWAT) that McCullough (1999) calculated using Armour’s 
(1990) method for identifying suitable temperature regimes, and also a temperature associated 
with high juvenile growth rates in lab studies.  The 21°C threshold for 7d-max temperatures 
accounts for a reasonable 3-degree differential between daily mean and maximum temperatures.  
It also reflects that one of us (CWH) has measured daily maximum temperatures this high in 
some still-productive chinook rearing areas on Idaho streams that experience nighttime cooling 
sufficient to drop daily minimum temperatures to or below about 14°C.  
 
Steelhead juvenile rearing.  Juvenile rainbow-steelhead trout have a preference for cold water but 
can also be found at temperatures incrementally warmer than those inhabited by juvenile chinook 
(Moyle 2002).  Within the mid-Klamath Basin, below Iron Gate Dam, these fish also appear to 
be more resistant to some of the disease-causing pathogens affecting chinook salmon, 
particularly the myxosporean protozoan Ceratomyxa shasta (Stocking et al. 2005), the virulence 
of which increases noticeably at temperatures above ~15.5°C (Scott Foott, USFWS, pers 
comm.). 
 
Results available from a variety of lab studies suggest that the growth rates of rainbow-steelhead 
from around the region vary with food availability and can peak at temperatures ranging from 
15-19°C.  Lab studies of California strains of rainbow-steelhead and resident rainbow trout, 
those of perhaps greatest relevance to our assessment, have shown juvenile growth rates to peak 
at about 19°C (Myrick 1998; Myrick and Cech 2000).  Similar studies of juvenile steelhead from 
north-central Oregon (Wurtzbaugh and Davis 1977) and of resident rainbows from northern 
California (Myrick and Cech 2000) have shown the fish to have significant potential for growth 
even at 22°C, provided that food is abundant (as it is throughout the mainstem Klamath and most 
of the Upper Klamath Basin).  However, temperatures this high are approaching those that cause 
mortality or that are often avoided by the fish.  For example, Hokanson et al. (1977) reported that 
rainbow trout reared under a fluctuating temperature regime with a mean of 22°C (+3.8°C) 
experienced substantially elevated rates of mortality.  Frissell et al. (1992) found that areas where 
maximum temperatures exceeded about 24°C were usually avoided by juvenile steelhead within 
the Sixes River Basin of south-coastal Oregon. 
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Consistent with the literature reviewed above, we used incrementally higher temperature 
thresholds for juvenile steelhead rearing than we did for juvenile chinook.  The 7d-avg 
temperature used as a threshold for distinguishing between Suboptimal and Stressful conditions 
for these fish was midway between the threshold at the upper end of our Optimal range and the 
one at the lower end of our Severely Stressful range.  It is also an MWAT for suitable 
temperature regimes for that Hokanson et al. (1977) calculated for rainbow trout and 
subsequently identified as clearly worse than optimal.   
   
Dissolved Oxygen Suitability for Chinook Salmon and Steelhead 
 
Dissolved oxygen (DO) is essential to aerobic processes in aquatic environments, the diversity of 
aquatic life, and the health of fish populations, including salmonids.  Usually, DO concentrations 
in excess of 7-8 mg/L are recommended for maintaining the health of aquatic ecosystem 
naturally inhabited by coldwater fishes.  For example, the State of Oregon (OAR 340-041-0016) 
has identified DO levels that should protect the integrity of coldwater aquatic communities 
(including salmonids) so long as they are exceeded.  These levels include a 30-day average of 
daily minimum DO equal to 8.0 mg/L, a 7-day average of daily minima equal to 6.5 mg/L, and 
an instantaneous minimum DO of 6.0 mg/L.  

 
The standards are based in science.  Davis (1975) identified dissolved oxygen concentrations in 
freshwater that elicit differing types of responses in salmonid populations.  Salmonids function 
without impairment at concentrations above approximately 7.8 mg/L, exhibit initial signs of 
oxygen distress at about 6.0 mg/L, and experience widespread oxygen impairment at DO 
concentrations of about 4.3 mg/L.  Both juvenile and adult fish are affected.  For example, 
studies by Whitmore et al. (1960) showed that juvenile chinook avoided water with low DO (1.5-
4.5 mg/L) during summer and Herrmann et al. (1962) found growth rates of juvenile coho 
salmon to drop rapidly as DO declined to levels below about 4-5 mg/L.  Davis et al. (1963) 
found that the swimming performance of juvenile and adult coho salmon tested over a relatively 
broad range of temperatures declined sharply when DO fell to 6.5-7.0 mg/L.  Hallock et al. 
(1970) found that upstream migrations of adult chinook actually ceased when the DO 
concentration fell below 4.5 mg/L and then did not resume until it exceeded 5 mg/L. 
 
As for temperature thresholds, running averages of the previous seven days for daily minima 
(7d-min) and means provide the basis for classifying DO conditions.  Based on the above 
literature, we selected DO concentrations of 6.0 mg/L (7d-min) and 8 mg/L (7d-avg) to delineate 
the lower end of Optimal conditions, 5.0 mg/L to delineate the upper bound of Severely Stressful 
conditions, and 5.5 mg/L as the intermediate threshold.  Note that when temperature and DO are 
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used in concert to classify conditions, all thresholds must be surpassed for conditions to be 
classified as the more favorable condition. 
 
Graphical Presentation of Data 
 
We used a variety of techniques to evaluate spatial and temporal patterns in temperature, 
dissolved oxygen, and the resulting conditions for fish.  Using the contour plot feature in 
SigmaPlot™ 9.0 (Systat Software, Inc.), we plotted daily and weekly water quality and condition 
data from all 26 sites listed in Table 2.  Contour plots are essentially three dimensional plots that 
represent water quality conditions along the entire length of the Klamath River (based on 
interpolating data between adjacent sites for the 26 sites in Table 2, and across time) over a 
specified time frame.  Contour plots simultaneously depict seasonal and longitudinal patterns in 
water quality conditions, and sequential plots reveal changes associated with various dam 
removal scenarios.  However, contour plots present only large-scale patterns.  Small-scale 
patterns like thermal refugia that may have enormous biological significance will generally not 
show up at all on contour plots. 
 
We also used box plots to compare conditions among sites and dam removal scenarios.  Box 
plots display the median as a line within the box, the 25th and 75th percentiles as the box ends, the 
10th and 90th percentiles as whiskers, and outliers as points beyond the whiskers.  In addition to 
contour and box plots, we computed changes resulting from various dam removal scenarios by 
subtracting water quality conditions under the Existing Condition scenario from the appropriate 
dam removal scenario.  Graphical and tabular analyses of the differences enabled evaluation of 
the magnitude, and longitudinal and temporal extent, of water quality changes resulting from 
dam removal.   
 

Results and Discussion 
 
Overall Patterns of Water Quality Relative to System Potential 
 
The Without Project (WOP) scenario approximates conditions with all of the mainstem Klamath 
River dams removed, and so is an expression of the Klamath River’s potential in the absence of 
KHP effects while all other effects on the system remain as they presently exist.  Comparing 
weekly temperature patterns averaged across 2000-2004 between the WOP (Figure 1) and the 
Existing Condition (EC; Figure 2) scenarios provides one view of the KHP effects on the 
Klamath River.  Overall, the Klamath River with the KHP in place (EC) is substantially warmer 
than its potential condition under WOP.  For 200+ km downstream of Iron Gate Dam, duration 
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of average daily mean temperatures exceeding 21°C changes from about 5-6 weeks under WOP 
to 6-9 weeks under EC.  Similarly, duration of average daily mean temperatures exceeding 19°C 
changes from about 11 weeks under WOP to about 13 weeks under EC.  The shift is more 
pronounced for average daily maximum temperatures, which exceed 23°C for 3-5 weeks under 
WOP, and for 5-9 weeks under EC, and exceeds 19°C for 12-14 weeks under WOP compared to 
15-18 weeks under EC. 
 
Longitudinal thermal patterns also depart from the potential condition.  Under EC, diversion of 
all but 100 cfs at JC Boyle Dam around the 6 km Boyle Bypass Reach creates an artificial 
spring-dominated reach with relatively cold water through the summer months (Figure 2).  
Influence of the spring inputs are obvious, but not as pronounced under WOP (Figure 1).  As a 
result of the Boyle peaking operation, minimum and mean temperatures from the Boyle 
Powerhouse downstream to Copco Reservoir are lower under EC than under WOP, since off-
peak flows are comprised solely of water emanating from the Boyle Bypass reach.  Moving 
upstream, thermal loading at Keno Reservoir elevates temperatures above those emanating from 
Upper Klamath Lake at Link River Dam (Figure 2), which does not occur to the same extent 
under WOP, although maximum daily temperatures do spike in Lake Ewauna during July and 
the first part of August at the upper end of Keno Reservoir (Figure 1). 
 
The greater irregularity of average thermal patterns in the WOP scenario indicates that seasonal 
and longitudinal thermal variability is suppressed under EC.  Notwithstanding the severe thermal 
discontinuity produced by diversions at JC Boyle Dam, thermal patterns under EC (Figure 2) are 
spatially and temporally homogeneous relative to those under WOP (Figure 1).  Large masses of 
water in the reservoirs contribute thermal inertia under EC that is not present under WOP, which 
dampens the rivers’ response to short-term meteorological conditions and also shifts the river’s 
response to seasonal thermal patterns, which will be discussed in further detail below (see NRC 
2004 and Bartholow et al. 2005 for useful discussions of typical reservoir effects on downstream 
thermal regimes).  The end result is that a more thermally homogenous river offers less 
opportunity for fish to seek out and exploit local variations in water temperature, tending toward 
conditions that are good everywhere when temperatures are cool, and bad everywhere when 
temperatures are high.  Under such conditions, thermal refugia provided by tributaries become 
increasingly important to anadromous salmonids, which is presently true in the Klamath River 
(Belchik 2003).  
 
Similar comparisons for DO indicate that the KHP reservoirs cause lower DO in reaches 
downstream from dams under EC than would be the case under WOP (Figure 3).  Recall, 
however, that DO tended to be under-predicted below dams in the EC scenario (see Methods, 
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and PacifiCorp 2005c).  Nonetheless, hypolimnetic waters of both Copco and Iron Gate 
reservoirs tend towards anoxia in late summer (PacifiCorp 2005c, Appendix J), and low DO in 
dam outflow is frequent.  Higher DOs under WOP in reaches with dams is a realistic expectation, 
since the reservoir processes causing the low DO would be gone, and turbulent riverine flow 
would aerate the water.  DO sags are acute in Keno Reservoir under EC, though model validation 
showed the predicted sag to occur much earlier than the typical onset in mid to late June 
(PacifiCorp 2005c; also, see Figure 15 in Conditions for Anadromous Salmonids, below). 
 
Longitudinal and Seasonal Temperature Patterns Relative to System Potential 
 
We defer comprehensive presentation of longitudinal and seasonal patterns for the dam removal 
scenarios to Appendix A.  Our purpose here is to identify major patterns and KHP effects.  
Subsequent inspection of the more comprehensive analyses in the appendix will enable the 
reader to affirm the spatial and temporal extent, and magnitude, of these effects. 
 
The thermal mass of the larger KHP reservoirs buffers downstream river reaches from 
temperature increases during the spring, an effect seen most strongly in the 70 km reach between 
Copco Dam and Seiad Valley (Figure 4).  This effect disappears by early June (Figure 5).  Keno 
and JC Boyle reservoirs exert the opposite effect on downstream reaches in the spring. 
 
During the hottest part of the year, releases from Iron Gate Dam vary between 20-23°C, with no 
deviation or thermal relief during the last half of July and all of August.  Anadromous salmonids 
exposed to constant temperature regimes above 20°C are at risk of infection and catastrophic 
outbreaks of many fish diseases, and are likely to experience reduced growth of juveniles as well 
(McCullough et al. 2001).   
 
During the hottest part of the year (late July), EC and WOP temperature regimes are similar 
downstream of the Shasta River (Figure 6).  Greater extremes of daily minima and maxima 
characterize reaches immediately below dams under WOP, though the daily means are similar at 
Copco and Iron Gate dams.  The significant cooling effect of springs entering the Boyle Bypass 
Reach lower EC daily minima and means relative to WOP for about 24 km below JC Boyle 
Dam, although they have little effect on daily maxima associated with large peaking events 
which are higher than WOP.  Reaches below Keno and JC Boyle dams are also much cooler 
under WOP than EC, a pattern which is consistent through September (Figures 7-10).   
 
In mid-August, the delay in cooling associated with Copco and Iron Gate dams is evident for 90 
km downstream to the Scott River, although the effect is most pronounced upstream of the 
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Shasta River (Figure 7).   As the season progresses, this pattern intensifies and influences the 
river at least 112 km downstream to Seiad Valley by early September (Figure 8), and the effect 
retains its magnitude and longitudinal extent through September (Figure 9) and into October 
(Figure 10).  The magnitude of this delay is large, with WOP temperatures frequently 3-5°C 
cooler than EC below Copco and Iron Gate dams (Appendix A, Figures A8-A9)     
 
Conclusions Regarding KHP Effects on Water Temperature 
 
Results of the KRWQM for EC and WOP scenarios support the following conclusions about the 
effects of the KHP on the thermal regime of the Klamath River: 

1. During summer and fall, water emanating from Upper Klamath Lake is warmed 
considerably in Keno Reservoir, resulting in riverine temperatures between Keno Dam 
and JC Boyle Reservoir substantially warmer than the system potential.   

2. Additional thermal loading associated with JC Boyle Reservoir contributes water 
substantially warmer than the system potential to the top of the Boyle Bypass Reach and 
to the Boyle Peaking Reach. 

3. The low flow, spring-dominated Boyle Bypass Reach is cold with relatively little diel or 
seasonal fluctuation.  During the warm months, the thermal regime under WOP is 
substantially warmer than under EC, but is generally within the thermal tolerances (and 
near the growth optimum) for salmonids. 

4. Large, diel flow changes associated with the Boyle peaking operation create large 
(approaching 10°C) daily fluctuations in temperature in the Boyle Peaking Reach.  
Lowest temperatures are coincident with lowest flows (~330 cfs) during off-peak periods 
when all flow in the reach emanates from the Boyle Bypass Reach.  Highest temperatures 
coincide with on-peak periods when flows are dominated by water diverted (~1300 for 
one turbine, ~2600 cfs for both turbines) from JC Boyle Reservoir.  

5. Thermal inertia associated with Copco and Iron Gate reservoirs alters the timing and 
magnitude of the seasonal progression of warming in spring and early summer, and 
cooling in fall.  Reservoirs delay warming of the Klamath River during spring under EC 
from Iron Gate Dam to Seiad Valley, an effect that disappears by early June.  The extent 
to which the more rapid warming without dams in place may be influenced by altered 
watershed conditions and by water management is unknown, but these factors are likely 
influential.  The KHP-related delay in thermal response is accompanied by suppressed 
diel variability, which from mid-July through August prevents cooling to levels below 
20°C.  From mid-August through September, Copco and Iron Gate reservoirs delay 
cooling 112 km downstream to Seiad Valley.  WOP temperatures are frequently 3-5°C 
cooler than EC below the dams at this time of year. 
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Conditions for Anadromous Salmonids 
 
The previous section describes how the KHP has altered the thermal regime of the Klamath 
River in complex ways.  The next step is to translate temperature and dissolved oxygen 
conditions estimated by the KRWQM into an expression of suitability for juvenile and adult 
chinook and steelhead, which we have done using the condition thresholds given in Table 3.  We 
defer to Appendix B an exhaustive presentation of conditions for various life stages of 
anadromous fish under all 5 KHP configurations modeled.  Here, we focus upon comparing the 
EC and WOP scenarios to evaluate KHP effects on anadromous fish, and upon the No IG-COP-
JCB scenario as an alternative KHP configuration.  We present results using three main tools: 

1. Contour plots of weekly conditions averaged over the five years modeled.  These show 
the central tendency of conditions prevailing under different KHP configurations and the 
sort of coarse-scale selective pressures fish runs will experience over the long term if 
conditions continue as in 2000-2004. 

2. Contour plots of daily conditions within individual years, which illustrate the extent of 
spatial and temporal variation of conditions both inter-annually and among KHP 
configurations.  In most cases, the two years selected for presentation represent the most 
extreme conditions.  However, 2002 is shown for the fall period in the discussion of adult 
migratory conditions, because that year best illustrates dynamics of intermittent passage 
corridors.  Results for all years are available in Appendix B. 

3. Tables quantifying how frequently different condition classes are experienced at selected 
sites for the three KHP configurations.  Condition class frequency is expressed as the 
percentage of days falling within four condition categories (Table 3) for each 2 week 
period across all five years. 

 
Adult Chinook and Steelhead 
 
Because of the importance of thermal conditions to adult migrations, we view the spring and fall 
migratory periods separately here.  Average thermal conditions for both periods combined 
(April-November) are displayed for all five KHP configurations in Appendix B, Figure B1. 
 
Average spring-time thermal conditions for adult salmon and steelhead in the Klamath River 
(Figure 11) illustrate KHP impacts and the likely outcome of removing the lower four dams.  
First, the average onset of Stressful conditions occurs in mid-May under No IG-COP-JCB along 
much of the mainstem Klamath above the Scott River, compared to early June under EC and 
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WOP.  Second, the earliest onset of Severely Stressful conditions in all three scenarios occurs in 
late May upstream of Copco Dam, though the specific locations and longitudinal extent of these 
early occurrences varies.  Such conditions might impede or block upstream migration of spring 
chinook, and appear most problematic under EC because of early onset in the Boyle Peaking 
Reach and above Boyle Dam.  Third, short reaches immediately downstream of Boyle, Copco, 
and Iron Gate dams do not become Severely Stressful by the end of June, whereas such 
conditions occur in the 2nd-3rd week in June under the other two scenarios. 
 
Viewing the same spring time period for specific years shows significant variation within and 
between years that is not conveyed by weekly averages, and yet is undoubtedly important 
biologically to the group of fish present in that year (Figure 12).  The years shown in Figure 12, 
2001 and 2004, were selected because they tended to best display the extremes in timing and in 
spatial and temporal complexity of thermal conditions over the 2000-2004 period.  Results for 
each of the five years modeled are presented in Appendix B, Figures B2-B6.  Under EC, the 
onset of Stressful and Severely Stressful conditions occurred three weeks earlier during 2001 
than during 2004 within the river’s middle and upper reaches.  An early warm spell in 2001 
pushed several smaller reaches into Severely Stressful conditions in late May 2001, and then 
cooler conditions led to less stressful conditions in early June, after which the system warmed up 
again.  In contrast, weather and the river remained cool in 2004 until mid-June.   
 
Conditions under the dam removal scenarios show a river system more responsive to weather 
conditions (Figure 12, and Bartholow et al. 2005), leading to more frequent and extreme 
variation in longitudinal and temporal riverine thermal patterns.  For example, under both dam 
removal scenarios, Severely Stressful conditions prevail in the upper 230 km of the river in late 
May, 2001, a more extreme condition than seen under EC.  However, by early June, most of that 
same corridor had cooled to a Suboptimal condition under the dam removal scenarios, but only 
cooled to a Stressful condition under EC.  Similar patterns are present in all years modeled 
(Appendix B).   
 
Average thermal conditions for adult migrants during the fall months (Figure 13) illustrate the 
frequently adverse conditions encountered by these fish under present conditions (EC).  Average 
conditions worsen moving upstream from the Scott River to the Shasta River, where Severely 
Stressful conditions prevail on average through mid-September, and Stressful conditions extend 
through late September.  As in the spring-time, adult migrations appear most likely to be delayed 
or blocked under EC than under the dam removal scenarios.  Both No IG-COP-JCB and WOP 
see average conditions improving to Suboptimal on about September 1, more than 2 weeks 
earlier than under EC, an effect that extends almost all the way to the ocean.  Furthermore, 
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between RKM 240 and 360, the average end of Severely Stressful conditions is in mid-August, 
2-4 weeks earlier than for EC.   
 
Combining criteria for dissolved oxygen and thermal conditions emphasizes the temporal extent 
of poor conditions in Keno Reservoir (Figure 14).  KRWQM results predict that Severely 
Stressful conditions driven by low dissolved oxygen concentrations will persist through 
September, which corresponds fairly well with data collected by US Bureau of Reclamation, 
though in 2002-2004 severe conditions prevailed through much of October (Figure 15).  We do 
not show similar plots for the spring months, because the KRWQM performed poorly in Keno 
Reservoir during the spring (compare Figure 3 to Figure 15).  Clearly, adult passage through 
Keno Reservoir under present conditions is likely not possible until sometime in October, which 
poses a problem for anadromous fish that would require management intervention in the form of 
active transport of fish or remedial actions to improve dissolved oxygen conditions in the 
reservoir. 
 
As in the spring, dynamic weather conditions result in spatial and temporal fluctuations in river 
temperatures within years that create corridors of better conditions in dam removal scenarios that 
are absent or incomplete under EC (Figure 16).  An excellent example of this effect is seen in 
2002, when partial corridors opened up in the lower 250 km of the river in early August and 
again in late August, corridors which extended 360 km upstream to the large thermal refugium 
available in the Boyle Bypass reach in both dam removal scenarios.  Conditions improved 
moving upstream in these corridors in both dam removal scenarios, which is the expected pattern 
in natural systems during fall moving upstream into higher elevations.  Under EC, however, this 
pattern is reversed, with harsher conditions prevailing upstream in the reaches immediately 
below the KHP.  In contrast to 2002, a warm late summer in 2001 prevented development of one 
of these corridors until mid-September in the dam removal scenarios, and not at all under EC.  
Corridors of usable thermal conditions opened up in early to mid-August under No IG-COP-JCB 
and WOP in 3 of the 5 years modeled (Appendix B, Figures B2-B6). 
 
While contour plots provide a useful view of system behavior under different model scenarios, it 
is difficult to make firm quantitative statements based on such products.  Therefore, we 
summarized the average frequency of thermal conditions for adults by model scenario and river 
reach for two week periods from April-November in Table 4.  Within each reach and two week 
period, the percentage of days (out of 70 total over 2000-2004) falling within thermal condition 
categories are provided for the EC, No IG-COP-JCB, and WOP scenarios (similar analyses are 
presented for each site in Appendix B, Tables B1-B4).   
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The largest effect (in terms of magnitude and extent) of the KHP on thermal conditions 
important to adults is seen in the Iron Gate Reach (extends from Copco Dam to the Shasta River, 
see Table 2 for reach designations).  Within this 51 km reach, the KHP increases the percentage 
of Severely Stressful days relative to system potential (WOP) in every period from mid-July 
through September (Tables 4-5).  The effect is greatest in late August, when the KHP increases 
the frequency of Severely Stressful days by 60 percentage points above the system potential, but 
is also large during early August (35 percentage points), early September (55 percentage points), 
and mid-September (19 percentage points).  Similarly, the KHP reduces the frequency of 
Suboptimal conditions 36 percentage points in early September, and 57 percentage points in mid-
September.  Early season cooling associated with EC in this reach results in more modest shifts 
into higher stress categories during late May (e.g. 20 percentage point increase in Optimal days, 
and a 10 point decrease in Severely Stressful days) and early June, but by late June the effect is 
reversed.  Overall, the cooling effect of the KHP on this reach during the spring is much smaller 
and shorter lived than the warming effect produced by the KHP from mid-summer into the fall.  
Downstream in the 85 km long Scott River reach, the effects are dampened but follow the same 
pattern.  Here the KHP increases days with Severely Stressful thermal conditions by 23 
percentage points in mid-August, and 26 percentage points in early September. 
 
In the Boyle Peaking reach (25 km long), the KHP increases incidence of Severely Stressful days 
by 13-41 percentage points from June through early September (Tables 4-5).  The effect of the 
KHP goes the other direction in the 6.4 km Boyle Bypass Reach, which never warms beyond the 
Suboptimal category under EC, but experiences Severely Stressful conditions 9-39% of the days 
from late June – August under WOP.  Keno Reservoir increases Severely Stressful days by about 
20 percentage points during June, and by 25-44 points in August and early September.   
 
In general, the removal of the four lower dams (No IG-COP-JCB) restores a thermal regime to 
the river similar to that under WOP (Tables 4-5).  Notable exceptions include June and 
September in the Keno Reach, when the effects of Keno Reservoir are strongly expressed.  
Changes associated with this alternative closely approach those under WOP in the Iron Gate and 
Scott River reaches. 
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Juvenile Chinook 
 
Onset of Stressful conditions for juvenile chinook is 2 weeks earlier in much of the 80 km 
upstream of Copco Dam under EC and No IG-COP-JCB compared to WOP (Figure 17).  In 
contrast, onset of Stressful conditions under No IG-COP-JCB is 2 weeks earlier than EC between 
the Shasta and Scott rivers.  Onset of Severely Stressful temperatures is similar in all 3 scenarios 
in the lower 250 km, but is 2-3 weeks later in the dam removal scenarios than under EC between 
RKM 280-340.  As temperatures cool in the late summer and fall, EC conditions remain 
Severely Stressful for 2-3 weeks longer than either dam removal scenario from RKM 80-260, 
and 4 weeks longer from RKM 260-320 (reach below Copco and Iron Gate Dams).  Similarly, 
conditions that change to Suboptimal from Stressful near September 1 under the dam removal 
scenarios are delayed by 4 weeks for 90 km upstream of the Scott River.  Average thermal 
conditions for all modeled dam removal scenarios are presented in Appendix B, Figure B7. 
 
Viewed on an annual basis, it is clear that inter-annual variability in thermal conditions for 
juvenile chinook is quite large, with Severely Stressful conditions prevailing from July-early 
September in 2001 dam removal scenarios, compared to about 2 weeks total through much of the 
system in 2004 (Figure 18).  A large KHP effect is seen in the lower 350 km in 2004, when 
Severely Stressful conditions persist for about 6 weeks under EC compared to 1-2 weeks under 
WOP.  In the more severe year of 2001, the KHP imposes Severely Stressful conditions from 
RKM 290-340 (from the Boyle Peaking Reach to below Iron Gate Dam) that are generally 
absent under WOP, a pattern mirrored in 2004 and visible in the average condition as well 
(Figure 17).  Overall, as for the adults, the KHP homogenizes the thermal environment available 
to juvenile chinook during the warm months.  Results for all dam removal scenarios and years 
are available in Appendix B (Figures B8-B12). 
 
The KHP appears to strongly affect thermal conditions important to juvenile chinook.  KHP 
influences worsen thermal conditions in the Keno Reach during June (Severely Stressful days 
increase by 20-22 percentage points) and August (Severely Stressful days increase by 25-44 
percentage points; Tables 6-7).  Recall, however, that model results tended to over-predict 
temperatures in this reach, so conditions may be better than predicted.  In the Boyle Peaking 
Reach, the KHP causes a large increase in the frequency of Severely Stressful days (13-41 
percentage points) from June-August.  Similar increases in the Iron Gate (7-72 percentage 
points) and Scott River (5-39 percentage points) July through September.  The largest differences 
occur in Iron Gate and Scott River reaches in August – early September. 
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At some times and locations, the KHP improves thermal rearing conditions for juvenile chinook.  
In the Boyle Bypass Reach, EC temperatures never climb above the Suboptimal level, but under 
WOP 17-60% of the days are Stressful from late May to early September, and 7-39% of the days 
are Severely Stressful from June-August (Table 6).  In the Iron Gate Reach during May, 
conditions shift from mostly Optimal and Suboptimal under EC in late May to Suboptimal and 
Stressful under WOP. A similar effect, but lower in magnitude, occurs at the same time in the 
Scott River reach.  During late June in the Iron Gate and Scott River reaches, a higher percentage 
of days fall in the Suboptimal and Severely Stressful categories under WOP than under EC, 
which is symptomatic of the diminished thermal variability in the system under EC.  Similar 
analyses for each site are presented in Appendix B (Tables B5-B8).   
 
Juvenile Steelhead 
 
On average, Severely Stressful thermal conditions for juvenile steelhead persist for 2-3 weeks 
longer from RKM 180-290 under EC than either dam removal scenario (Figure 19).  Transitions 
to Suboptimal and Stressful conditions tend to have the same timing during spring and early 
summer among the three scenarios, but the transitions into these conditions are delayed by about 
2 weeks under EC as the system cools.  Average conditions between the Shasta River and Boyle 
Dam (60 km) seldom become Severely Stressful in the dam removal scenarios, in contrast to EC.  
Patterns in 2001 and 2004 (Figure 20) are similar to those for juvenile chinook.  As for the other 
life stages, the KHP eliminates important thermal variability in the system, resulting in a more 
thermally adverse environment for juvenile steelhead throughout most of the Klamath River.  
Results for all dam removal scenarios and years are available in Appendix B (Figures B14-B18). 
 
Patterns in frequency of thermal conditions for juvenile steelhead by reach (Tables 8-9) are 
similar to those for juvenile chinook.  KHP effects (relative to WOP) tend to be moderate 
increases in thermal stress during the summer in the Keno Reach, with larger increases during 
August.  The largest negative effects in the Boyle Peaking Reach occur July-August.  As with 
other life stages, the largest effects are seen in the Iron Gate Reach, which experiences much 
higher frequencies of the more stressful conditions from August-September.  A similar pattern at 
lower magnitude is seen in the Scott River Reach.  The Iron Gate and Scott River reaches warm 
to Stressful levels earlier under WOP than EC in late May and early June.  In the Boyle Bypass 
Reach, conditions are more stressful late May – September under WOP than under EC.  Similar 
analyses for each site are presented in Appendix B (Tables B9-B12). 
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Thermal Refugia 
 
Warm summer water temperatures in the Klamath River make thermal refugia important 
components of the ecosystem that are heavily used by anadromous salmonids (Belchik 2003, 
NRC 2004).  Belchik (2003) observed juvenile salmon and steelhead interacting with thermal 
refugia at tributary confluences with the Klamath River, documenting rapidly increasing use of 
refugia as river temperatures climbed above 22°C, as well as excursions out of refugia to feed 
during cooler portions of the diel cycle.  NRC (2004) discussed the importance of nighttime 
cooling to salmonids in warm systems, emphasizing that the daily relief offered by the cooler 
portion of the diel thermal cycle had significant bioenergetic benefits that helped fish persist 
under marginal conditions.    
 
Under EC, Severely Stressful temperatures are frequent in the Klamath River, and under such 
conditions the availability of refugial areas is likely a critically important determinant of the 
success of juvenile salmonids.  Assuming that juveniles will seek thermal refugia when daily 
maximum temperatures exceed 22°C, we used the KRWQM outputs to compare among different 
KHP configurations the 1) frequency (number of days) with which juveniles would require 
thermal refugia, and 2) average minimum daily river temperatures for periods when thermal 
refugia would be occupied.  These comparisons yield insight into how the present and potential 
future KHP configuration may influence the use of thermal refugia by juvenile salmon and 
steelhead.  Results of the following analysis for all model scenarios can be found in Appendix B, 
Table B13. 
 
The KHP appears to strongly influence the frequency with which thermal refugia are likely to be 
used by juveniles, as well as the relative benefits of refugia use to these fish (Table 10).  At the 
outflows from each of the largest dams, and at lower end of the Boyle Bypass Reach, the KHP 
decreases the frequency of refugia use (EC vs. WOP) by a substantial margin (24 d/yr at Iron 
Gate, 12 d/yr at Copco 1, 19 d/yr at JC Boyle, and 42 d/yr at end of the Boyle Bypass Reach).  At 
each of the dams under EC, however, the average minimum temperature of the river remains 
high (21.8-22.7°C) during periods when the maximum daily temperatures are likely to force 
juveniles into refugia (>22°C).  Under WOP, minimum temperatures at the dam outflow sites 
coincident to refugia use range from 17.7-19.6°C.  Therefore, despite the apparent decrease in 
the need to occupy thermal refugia at the dam sites under EC, the loss of diel variation in the 
thermal regime caused by the reservoirs results in conditions that will likely force continuous 
occupancy of the refugia.  In contrast, the more frequent need to occupy refugia under WOP at 
these sites is accompanied by lower nighttime temperatures, which would allow fish to leave the 
refugia to forage and thereby allow more effective use of the refugia.   
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In other parts of the river, the need to occupy thermal refugia occurs more frequently under EC 
than WOP (Table 10).  Between Keno Dam and JC Boyle Reservoir, refugia occupancy 
increases by 17-18 days under EC relative to WOP, accompanied by increased minimum daily 
temperatures of 1.0-2.7°C.  In the Boyle Peaking Reach, the difference in refugia occupancy 
between EC and WOP is almost zero immediately below the powerhouse, and the minimum 
daily temperature is 3.3°C cooler under EC when refugia are needed.  Further down the reach, 
however, the situation changes substantially.  At Stateline and above Copco Reservoir the need 
for refugia increases by 40 and 29 d/yr, respectively, and the 2°C improvement of minimum 
temperatures under EC disappears above Copco Reservoir.  Further downstream at the Shasta 
River, refugia are needed 33 d/yr more under EC than WOP, although minimum daily 
temperatures average 18.5°C under EC compared to 20.0°C under WOP.  Finally, at the Scott 
River the need for refugia increases by 18 d/yr under EC, with minimum daily temperatures 
differing by 0.8°C.   
 
Frequency of refugia use associated with removing the lower four dams (No IG-COP-JCB) is 
intermediate between EC and WOP for many sites (Table 10).  Below Keno Dam, however, dam 
removal effects are nearly identical to EC, which is not surprising since this reach is thermally 
dominated by Keno Reservoir (present in both scenarios).  The biggest difference is seen at the 
JC Boyle Dam site, where dam removal increases the need for refugia by 36 d/yr, although dam 
removal yields minimum daily temperatures 2.6°C cooler than the 22.7°C that prevails under 
EC.  Similarly, at the Copco 1 Dam site, a 25 d/yr increase in refugia use caused by dam 
removals is accompanied by a 2.2°C decrease in minimum daily temperatures from the 21.8°C 
seen under EC.   
 
NRC (2004) warned that increases in minimum daily temperatures above those prevailing now 
could be disastrous for salmonids in the Klamath River mainstem, based on the thesis that 
sufficiently low diel minima provide relief important for the growth and persistence of salmonids 
under challenging thermal regimes.  It follows that reductions in minimum daily temperatures 
below those prevailing now would benefit salmonids in the Klamath River mainstem, helping 
them to tolerate the warmer periods of the year when dwelling in the mainstem, but also allowing 
feeding excursions when confined to refugia during the warmer times of the day.  Our analysis 
shows that, relative to the system potential (WOP), the KHP decreases the number of days per 
year that juveniles would need thermal refugia in 1) the Boyle Bypass Reach, and 2) reaches 
immediately below Iron Gate, Copco 1, and JC Boyle dams.  However, minimum temperatures 
remain high below these dams, which is likely to diminish effective use of refugia.  For most 
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other river segments from Keno Dam to the Scott River, the KHP has substantially increased the 
frequency of need for thermal refugia.   
 
Overall, removal of the lower four dams provides a net benefit to juvenile salmonid use of 
refugia, because of the combined effects of decreased need for refugia in many reaches with the 
tendency for cooler daily minima in reaches where dam removal increases the need for refugia.  
 
Run Timing 
 
A glimpse of the historic thermal regime at Klamathon (midway between Iron Gate Dam and the 
Shasta River) is provided by Snyder (1931).  He reported average morning (8AM) and late 
afternoon (5PM) water temperatures for 10 day periods from July – early November in 1926.  
Since his measurements were roughly equivalent to average daily minima and maxima, we 
calculated the approximate daily average as the midpoint of his daily data, and compared his 
measurements to results from 2000-2004 model runs for EC, No IG-COP-JCB, and WOP for the 
same days of the year (Figure 21).  For this purpose, we calculated an approximate daily mean 
from the model data for the same 10 day periods as the midpoint between the average daily 
minimum and maximum.   
 
Present (EC) conditions are much warmer during this time period than in 1926; Snyder’s 
measurements do not overlap with model results from August-October (Figure 21).  Thermal 
patterns do overlap, however, with model results for the four lower dams removed (No IG-COP-
JCB) and complete removal of the KHP (WOP), though the overlap tends to occur toward the 
lowest temperatures modeled.  Temperatures in the first half of July are exceptions, for which 
Snyder’s measurements were higher than almost all model outputs July 1-10, and midrange July 
11-20.   
 
None of the model runs duplicate the configuration of dams and flow management extant in 
1926.  At that time, Copco 1 was the only mainstem dam in place, and was operated for peaking.  
Extensive alteration of the reach between Klamath Falls and Keno was underway, but Keno Dam 
was not in place, and the Keno Reservoir reach had not yet been dredged (this followed the flood 
in 1964).  Link River Dam was regulating outflows from Upper Klamath Lake, but the Klamath 
Irrigation Project was diverting only a fraction of the flows they divert during this time period at 
present.  So, it is reasonable to conclude that the thermal regime measured in 1926 was not a 
“pristine” regime, but one that integrated the thermal consequences of Copco Reservoir and its 
operations and flow modifications, although the effects were clearly not as severe as those 
present now. 
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Snyder (1931) reported summer-fall chinook run timing in the lower river to begin in July, peak 
in August, and slowly decline in September, a pattern that fits the thermal regime at Klamathon 
in 1926 (Figure 21).  Shaw et al. (1998) summarize migration timing to the middle Klamath 
River, and show a multiple week shift in both the beginning and peak of fall chinook runs from 
that recorded at Klamathon during 1939-58 (Figure 22).  We believe that increased water 
temperatures are a primary cause of this shift in run timing, and that much of the change in the 
thermal regime can be attributed to the KHP.  As we saw in much of the preceding discussion on 
thermal conditions for adults, present conditions are not conducive to extensive upstream 
migration until temperatures cool in late September.  Before full development of the KHP, 
however, temperatures which at present initiate September migrations were present in August, 
coincident with extensive adult migrations.  KRWQM results indicate that the system is still 
capable of a thermal regime similar to that seen in 1926 if most or all of the KHP is removed.   
 
More recent information also sheds light on this issue.  Table 11 summarizes information 
regarding the upstream migration rate of fall chinook in the Klamath River.  Focusing on radio 
telemetry data from 2003-2005 (Josh Strange, University of Washington, pers. comm.), an 
annual average migration rate for the fish traveling up the mid-Klamath River, above the Trinity 
River (Weitchpec), can range from 9.4-13.1 km/d, with individual fish traveling at both lesser 
and greater rates.  Using counts of adult fall chinook returning to Iron Gate Hatchery in 2002 
(CDFG 2006), we back-calculated the approximate departure times of various parts of the run as 
they passed Weitchpec, and compared upstream migration to thermal conditions (Figure 23).  It 
appears that the first part of the run in 2002 passed Weitchpec during a period of rapid 
improvement from Severely Stressful to Suboptimal in the first week of September.  Here we see 
a situation in which some fish likely began moving upstream in one of the “corridors” of 
improved water temperature associated with a period of cooler weather.  It warmed up again, 
briefly, and it may have forced these fish to hold for a few days in thermal refugia.   
 
In 2003, a similar plot (Figure 24) shows Severely Stressful conditions prevailing through the 
first week in September.  Partial development of smaller thermal corridors than in 2002, and with 
larger intervening periods of Severely Stressful conditions apparently was insufficient to allow 
the migration to fully commence, although a small proportion of the run arriving at Iron Gate 
hatchery around October 1 may well have moved in the second corridor.  As in 2002, the peak of 
the run appeared to move upstream after thermal conditions improved.  Note that both the peak 
of the run into Iron Gate hatchery and the onset of improved thermal conditions near the mouth 
were about a week later in 2003 than in 2002.   
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More data from telemetered fish were available for 2004 (Figure 25).  Arrivals to Iron Gate 
hatchery began peaking in early October, earlier than in 2002 or 2003.  No temporary thermal 
corridors developed in 2004.  Instead, the transition from Severely Stressful to Suboptimal 
conditions (about 2 weeks) was slow relative to other years.  Telemetered fish moved relatively 
slowly up to the Trinity River (4.7-9.1 km/d, Table 11) when fish were moving through Stressful 
conditions, and then migration rates increased from the Trinity up to Iron Gate Hatchery (4.9-
20.1 km/d, Table 11), which started coincident to the onset of Suboptimal conditions.  This 
pattern suggests a relationship between water temperature and chinook migration rates.  In the 
Columbia River, Salinger and Anderson (2006) concluded that chinook migration rates were 
influenced by temperature, with peak rates occurring from 16-17°C.  In the No IG-COP-JCB 
scenario, the transition from Stressful to Suboptimal occurs about 1.5 weeks earlier than under 
EC.  In Figure 26 we shift the arrival frequency at Iron Gate hatchery to reflect this shift, and 
find that under such circumstances the adults would be arriving in the upper reach soon after 
conditions become Optimal.  Note that with the dams removed, migrating fish encounter cooler 
water as they move upstream, whereas under EC they typically encounter warmer water.   
 
We conclude that the KHP has warmed the river during the late summer, early fall migratory 
period to the extent that adult chinook runs are multiple weeks later than they were prior to 1958, 
and that removal of the four lower dams on the Klamath River would likely restore a thermal 
regime that would allow chinook to migrate earlier than at present.  Further, we note that water 
temperatures in the Iron Gate Reach descend to suitable levels for spawning (<14°C, 
McCullough 2001) by early to mid October with the lower four dams removed, but not until late 
October to early November under EC (Appendix A, Figures A24-A26). 
 
Delay of the adult migration by a few weeks to Iron Gate Dam may not sound very significant, 
but we believe it has serious ramifications to the prospects for salmon restoration into the basin 
above Iron Gate Dam (Upper Basin).  Making some basic assumptions about expected migration 
rates through steep reaches of the Klamath River between Iron Gate and Keno dams, reservoirs 
and lakes, and low gradient rivers above Upper Klamath Lake allows us to project the potential 
consequences of delaying the fall run fish by 3 weeks.  Figure 27 uses the recent timing of the 
upstream-most fall chinook runs below Iron Gate Dam, and moves them up-basin using assumed 
migration rates.  We used a 9.4 km/d rate (the mean annual rate above Weitchpec during 2003, 
per J. Strange, pers. comm.) to move fish up riverine segments of the mainstem Klamath above 
locations with known times of arrival.  For lakes and reservoirs, we used a 55 km/d migration 
rate (a median value calculated for fall chinook in Columbia and Snake River reservoirs from 
Keefer et al. 2004), and a rate three-quarters that for the lakes and reservoirs was used in slower-
flowing rivers above UKL.  The peak of the pre-1958 run at Klamathon would have arrived at 
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the Williamson River on about September 25, and at the confluence of the North and South 
Forks of the Sprague River by September 29.  The delay reaching Iron Gate places the various 
stocks of fish into these locations from mid October to early November.   
 
Potential consequences of late arrival to areas above UKL are significant to fish employing 
ocean-type life history strategies.  In areas not influenced by groundwater, the delay in spawning 
is likely to perpetuate itself through subsequent life stages, making it less likely that ocean-type 
fry will grow sufficiently to enable downstream emigration in the following spring with a 
reasonable expectation of survival.  Reaches influenced by groundwater would contribute 
substantially more thermal units to developing embryos and growing fry, enabling them to 
compensate to some degree for the spawning delay.  However, in reaches with cold winter 
temperatures a delay of a few weeks at the beginning of incubation may render the population 
unviable for ocean-type strategies that rely on emigration during the spring following spawning 
(see Huntington and Dunsmoor 2006 for more detail on upper basin thermal regimes).  Since the 
uppermost reaches in the watershed near the headwaters of the Sprague are likely to be coldest, 
and are also the furthest from the ocean, the run delay makes it seem unlikely to us that ocean-
type fish will do well under present circumstances in that part of the system.  Prospects for 
ocean-type life histories are much better in the groundwater-dominated rivers near Upper 
Klamath Lake. 
 
Upper Klamath Lake 
 
Upper Klamath and Agency lakes (UKL) are naturally eutrophic (Bradbury et al. 2004; Eilers et 
al. 2004), but over the past century has become hypereutrophic, as a direct result of 
anthropogenic nutrient enrichment (NRC 2004).  Under existing conditions, summers are 
characterized by intense blooms of the cyanobacterium Aphanizomenon flos-aquae.  Bloom 
dynamics dominate water quality in the summer, at times causing high pH and at others low DO 
and high ammonia concentrations, but during the spring and fall conditions are improved.  
 
Lake Conditions Monitored by the Klamath Tribes 
 
Since 1990 the Klamath Tribes, in cooperation with the US Bureau of Reclamation, have 
monitored water quality conditions in Upper Klamath and Agency lakes, measuring water 
quality profiles (and depth integrated grab samples for ammonia) every other week from a 
network of 9-10 sites sampled April-October each year.   
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Spring chinook adults and juveniles could move through UKL during March through May and 
into early June, when water quality conditions are generally adequate for these life stages (Table 
12).  During mid-summer the main body of UKL is too warm to support salmonids, but becomes 
suitable again in the late summer and early fall.  Data from the biweekly, long-term monitoring 
program shows temperatures becoming suitable by late August (median) to early September (90th 
percentile; Table 13).  Median dissolved oxygen concentrations are adequate, and by late August, 
10th percentile concentrations generally exceed 6 mg/L in the upper 1 m, which amounts to most 
of the water column during this time of year along the east shore of UKL (the most likely 
migratory route, see discussion on currents below).  Median pH levels hover near 9.0, the upper 
end of the ODEQ pH standard (Boyd et al. 2002), with 90th percentile levels of 9.7 at times.  The 
response of migrating adults to such conditions is uncertain, but it seems clear that conditions are 
likely to be stressful at times during fall migrations. Ammonia dynamics in UKL are poorly 
understood, in part because of the difficulty and expense involved in obtaining accurate 
measurements. However, un-ionized ammonia concentrations can be quite high into September, 
at times exceeding 96 hr LC50 concentrations, although these events are generally transitory in 
time and space.     
 
Overall, the biweekly monitoring indicates that water quality in UKL will generally support 
migrating salmonids during both the spring and fall, although apparently infrequent excursions 
into stressful conditions, particularly for pH and ammonia, may affect portions of the runs in 
certain years.  However, we caution that the long-term monitoring program was not designed to 
provide the level of spatial and temporal detail necessary to thoroughly assess adequacy of 
conditions in UKL for anadromous salmonids.  One clear shortcoming of this data set in the 
present context is that the sites monitored were situated to the west of the most likely migratory 
route of salmonids, a band of water along the eastern shoreline where currents helpful to fish 
migration are present (see discussion below).  In addition, the data were generally collected 
between 1000 and 1500 hours each day, so measurements during the times of day when 
minimum DO and pH levels typically occur in the main body of the lake are lacking. 
 
Lake Conditions Monitored by the U.S. Geologic Survey 
 
Over the past few years the U.S. Geological Survey (USGS) has been researching water quality 
dynamics in UKL, deploying remote probes that collect continuous (hourly) dissolved oxygen 
and temperature data which is much more useful for our present need.  Coincident with this 
effort, USGS has deployed acoustic Doppler current profilers to measure current patterns in 
UKL, using these data to calibrate a hydrodynamic model.  Once calibrated, wind speed and 
direction are the main inputs, so USGS deployed a meteorological station on the lake which 
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recorded wind speed and direction continuously.  USGS (Tammy Wood, USGS, pers. comm.) 
kindly provided us with simulations of currents in UKL under low wind and high wind 
conditions.  Simulations for September 26 (low wind) and October 10 (high wind) in 2003 used 
the wind data set in Figure 28.  Prevailing winds are out of the northwest (a typical condition 
during both spring and fall), setting up a clockwise flow pattern with velocities frequently 
ranging from 2 - >10 cm/sec under both weak (Figure 29) and strong (Figure 30) wind 
conditions.  Most of the lake where the southerly flow path dominated was about 1.5-3 m deep at 
the time of this simulation, a typical condition in the fall.  A broad, southerly flow path sweeps 
along the Williamson River Delta and then down the eastern shoreline toward the outlet at the 
southern tip of the lake seems well suited to guide fish between the Williamson River and the 
lake outlet during juvenile and adult migrations.  Whether lake currents will provide migratory 
cues for fish returning to the Wood River is less certain. 
 
Data from the USGS’s continuously recording water quality probes were divided into two 
groups: 7 sites (filled circles; the 3 shoreline sites had data only for 2002) along the eastern and 
northern shoreline (east side group) were in shallow water in the southerly flow path, and 4 sites 
(open circles) were in deeper water and more frequently in a northerly flow path (Figure 30).  
The deeper sites were in a portion of the lake that frequently experiences episodes of low 
dissolved oxygen after the Aphanizomenon bloom dies out, and in fact conditions were poor in 
this portion of the lake from August-September in 2003. 
 
We used the temperature and DO data collected at the two groups of USGS sites to classify 
conditions for adult salmon and steelhead in UKL during 2002-2004 (Figure 31), and found 
conditions to be similar to those in the Klamath River.  In 2002 and 2004 conditions were 
similar, and there was little difference between the deep and shallow sites.  Conditions differed 
significantly in 2003, however.  While the sites in the eastside group exhibited brief excursions 
into the Stressful range in very early October, those in the deepwater areas experienced Severely 
Stressful conditions from very late September to mid October.   
 
DO conditions similar to those measured in the deeper areas in 2003 were associated with large 
fish kills in UKL during 1995-97 (Perkins et al. 2000).  In 2003, the likely migration path for 
anadromous salmonids remained usable, despite a widespread sag in the deeper portions of the 
lake.  What conditions were like in this portion of the lake during 1995-97 is unknown.   
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Conclusions 
 
We conclude that the prevailing currents within UKL will likely provide sufficient cues to 
upstream migrants to enable their rapid movement through UKL to the Williamson River.  
Whether currents will be as useful to fish seeking the Wood River is less certain.  Juvenile 
downstream migrants should likewise benefit from these currents, which will help them move 
toward the lake outlet.  Juveniles that find their way into the northerly currents along the west 
shore may well be delivered to Pelican Bay, a cold, spring-water dominated embayment (~3 
km2) of UKL surrounded by wetland, in which Klamath Lake redband trout reside through the 
summer months.  Pelican Bay would offer these juveniles near optimal rearing habitat.   
 
Water quality in UKL is adequate for fish migrations in the spring, and appears generally 
adequate with intermittent water quality stressors that decrease as the fall migration period 
progresses.  As (if) efforts to reintroduce anadromous salmonids into the Upper Basin move 
ahead, much additional information will be required, and developing a more detailed 
understanding of water quality dynamics along the likely upstream migratory pathway in UKL is 
a high priority.  Since Keno Reservoir is clearly adverse to salmonids during the fall migratory 
period, adults transported around Keno Reservoir could be released into UKL near the southern 
edge of the Williamson River delta (Modoc Point).  In addition to shortening travel times to both 
the Williamson and Wood rivers, such a strategy would allow fish to start their movements 
through UKL from a location where DOs are adequate regardless of possible sags in the deeper 
portions of the lake.   
 
Significance to Fishery Management 
 
Under present conditions, the thermal effects of the KHP have placed much of the Klamath River 
closer to the ecological edge in terms of its ability to support anadromous salmonids, a 
conclusion supported by the present paper as well as by Bartholow et al. (2005) and NRC (2004).  
Bartholow (2005) analyzed meteorological data and simulated water temperatures in the 
Klamath River, and concluded that water temperatures in the Klamath have been increasing 
about 0.5°C /decade since the early 1960s.  Nevertheless, KRWQM results indicate that, in the 
absence of the lower four KHP dams, the Klamath River is likely still capable of providing 
thermal conditions for anadromous salmonids that would be similar to those prevailing in 1926, 
when anadromous fisheries were in much better condition than today.      
 
In their simulations of the effects of KHP removal, Bartholow et al. (2005) reported clear 
benefits of removal to the migratory adult, spawning, and embryo incubation life stages of 
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chinook, but also reported potential detriments to juveniles.   While we also have reported some 
detriments to juveniles that may be associated with dam removals, on the whole it appears to us 
that the net effect of dam removals on habitat for juvenile salmonids may be neutral or positive.  
Additional modeling of the effects of removal on juvenile salmonids rearing in the lower river, 
including their times of emergence and growth, is clearly warranted to help resolve this issue. 
 
We see several explanations for the apparent contradiction between our findings regarding KHP 
effects on juvenile salmonid habitat and those of Bartholow et al. (2005).  First, Bartholow et al. 
(2005) focused their conclusions upon the river downstream of Iron Gate Dam, whereas we 
looked in detail at the system downstream from Keno Dam.  Second, we used more complex 
metrics to define thermal conditions that better captured the thermal variability of the system, 
and its likely impact on anadromous fish.  Third, we explicitly considered ramifications of 
changes in minimum daily temperatures, the importance of which was emphasized by NRC 
(2004).  Fourth, we believe that the degree-day metric in Bartholow et al. (2005) is somewhat 
unrealistic in its assessment of likely impacts to juveniles, in that it assumes juveniles to be 
occupying the river regardless of temperature.   
 
We believe that when river temperature exceeds a threshold that triggers or forces movements 
into thermal refugia, a better measure of suitability is the extent to which thermal refugia could 
be used effectively (the extent to which minimum daily temperatures allow forays away from the 
refugia to feed, get relief from high densities, etc.).  Viewed in this manner, one can conclude 
that a condition forcing juveniles into refugia for fewer days with little or no opportunity for 
relief proffered by low temperature minima could be worse for the fish than a condition in which 
fish require refugia for more days but experience a cycle of diel relief.  In support of this notion, 
we point out that higher daily maxima are a natural result of the increased responsiveness to 
meteorological conditions, and that the Without Dams simulation in Bartholow et al. (2005) 
more closely simulates the pre-KHP thermal regime, with its attendant high summertime 
maxima, under which anadromous salmonids once thrived.    
 
Though we do not conclude that dam removal is uniformly beneficial to juvenile salmonids, 
neither is it uniformly detrimental.  Rather, our analyses lead us to expect a complex spatial and 
temporal response to dam removal that varies according to reach characteristics and the local 
effects of the KHP.  Taken as a whole, our analyses suggest a possible net benefit of dam 
removal to juvenile chinook and steelhead.  However, given the potential importance of rapid 
growth to the survival and rearing success of juvenile salmon in the mainstem Klamath, and the 
effect that a shifting thermal regime could have on fish emergence timing and subsequent 
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growth, we believe it would be productive and important to model how the three KHP 
configurations studied here would influence the growth rates of these fish. 
  
Finally, our results disagree with those of Bartholow et al. (2005) in terms of their thermal 
exposure metric, which quantified the duration of conditions above maximum recommended 
temperature for juveniles.  We have shown a net reduction in duration of highly stressful 
conditions, as well as in the frequency of the need for thermal refugia, in most of the river 
reaches outside of the Boyle Bypass Reach and at the dams.   
 
The KHP-caused temporal shift and spatial and temporal homogenization of the thermal regime 
are biologically significant to anadromous salmonids in the Klamath River.  Benefits associated 
with modest delays in spring-time cooling are small compared to long delays in fall cooling 
during upstream migrations and spawning.  Loss of spatial and temporal variability reduces 
distributional opportunities for juveniles, but also likely affects adult run timing. 
 
Periods of cooler weather that would open usable migratory corridors under dam removal 
scenarios do not have the same effect under EC.  Such corridors could allow for iterative 
upstream migration in which adults swim up a corridor until prevented from continuing by a 
temporary warm spell.  These fish would then be forced to occupy thermal refugia until cooler 
conditions returned and they could resume their migration.  Fish following such a strategy would 
be moving upstream on the leading edge of tolerable conditions, would likely experience 
considerable thermal stress, and would be more likely than later-migrating fish to experience pre-
spawn mortality or reduced egg viability.  Nevertheless, the presence of a segment of a 
population pushing the envelope in this manner is an important adaptive component of a 
population in a system like the Klamath, because these fish will be poised to take full advantage 
of years like 2002 when conditions allow for early migration.  The diversity in run timing that 
would result is an adaptive element that is likely to be selected against under present conditions, 
because fish attempting to follow such a strategy encounter adverse conditions.  At present, 
effects of the KHP minimize the ability of fish to follow such a migration pattern. 
 
The KHP dams (reservoirs) have also helped create a situation in which the early component of 
the Klamath summer-fall chinook run, which once found progressively more favorable 
temperature conditions as it migrated up the mainstem Klamath above the Trinity River, no 
longer finds such conditions.  Instead, fish encounter increasingly adverse conditions as they 
attempt to migrate upstream in the late summer.  Relatively few summer-fall chinook now 
migrate up the Klamath River in August and the run appears even to be delayed in early 
September of some years.  Migrations at this time of year appear to have once accounted for a 
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large portion of the run up the mainstem Klamath River (Snyder 1931), and still do in the nearby 
Rogue River (ODFW 1992). 
 
The KHP exerts a profound effect on anadromous salmonid fisheries in the Klamath; it isolated 
all runs from the Upper Basin, appears to have altered the migration timing of fall-run fish, 
increased the duration and extent of Severely Stressful thermal conditions for adult and juvenile 
salmon and steelhead, and has likely decreased the ability of juveniles to use thermal refugia as 
effectively as might otherwise be possible.  Results of two independent water quality modeling 
efforts indicate that removal of most or all of the mainstem KHP dams would significantly 
improve conditions for migration and spawning of adult fall chinook, and the KRWQM predicts 
that there may be neutral to positive effects on the habitats used by juvenile chinook and 
steelhead as well.  Returning the Klamath to a thermal regime more similar to that measured by 
Snyder in 1926 may be the single most effective measure that could be taken to improve 
conditions for anadromous salmonids in the Klamath River.  Improvements in the thermal 
regime that could be gained through dam removal would facilitate efforts to reintroduce 
anadromous fish within and above the KHP.  Furthermore, fishery benefits derived from habitat 
restoration efforts in the tributaries would almost certainly be enhanced by an improved thermal 
regime in the Klamath mainstem. 
 
Dam removal would provide clear and at times dramatic thermal benefits to migratory salmonids 
now in, or reintroduced to, the Upper Klamath Basin.  A similarly strong benefit would accrue to 
chinook salmon adults and eggs in the lower river, but the effect on juveniles of this species in 
the lower river, and thus lower river salmon runs as a whole, should be explored further.  Our 
analysis suggests that dam removal may provide thermal benefits to juvenile chinook 
downstream of Iron Gate Dam, but Bartholow et al. (2005) concluded the opposite.  This causes 
us to (1) agree with Bartholow et al. (2005) that it is not clear whether chinook production in the 
lower mainstem would be increased, decreased, or remain the same, and (2) urge additional 
analysis of this situation at the earliest opportunity 
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Table 1.  Summary of Klamath Hydroelectric Project dams and reservoirs.  Source: 
PacifiCorp (2000). 

 

Dam 
River 

kilometer 
Year 

completed 

Dam 
height 

(m) 

Reservoir 
length 
(km) 

Maximum 
surface 

area (ha) 

Mean water retention 
time for spring 

(April-May) flows 
during 20th-80th 

percentile water years 
Link 
River 409 1921 4.6 --- 36,422 --- 

Keno 371 
1931 

(replaced 
in 1967) 

7.6 36.2 1,002 3.2-11.3 days 

J.C. 
Boyle 362 1958 20.7 5.8 170 0.6-1.6 days 

Copco 1 320 1918 38.4 7.2 405 7.3-20.8 days 

Copco 2 319 1925 10.1 0.5 16 negligible 

Iron 
Gate 306 1962 52.7 10.9 382 7.4-23.0 days 

 

KHP Effects and Conditions for Anadromous Salmonids 37



Table 2.  Sites from which KRWQM outputs were used to support analyses.  Reach 
designations apply to the groups of sites indicated. 

Reach Designation Site River mile River Kilometer
Link River below Link Dam 253.88 408.5
Link River at Keno Reservoir 252.67 406.5
Keno Reservoir 248.00 399.0
Keno Reservoir 243.00 391.0
Keno Reservoir 238.00 382.9
Keno Dam outflow 232.86 374.7
Klamath River above JC Boyle Reservoir 227.57 366.2
JC Boyle Reservoir outflow 224.32 360.9

Boyle Bypass Reach Klamath River Bypass above powerhouse 220.20 354.3
Klamath River below powerhouse 219.40 353.0
Klamath River at Stateline 209.16 336.5
Klamath River above Copco 203.61 327.6
Copco Dam outflow 198.57 319.5
Iron Gate Dam outflow 190.54 306.6
Klamath River above Shasta River 177.52 285.6
Klamath River at Walker Bridge 156.79 252.3
Klamath River above Scott River 143.86 231.5
Klamath River at Seiad Valley 129.04 207.6
Klamath River above Clear Creek 99.04 159.4
Klamath River above Salmon River 66.91 107.7
Klamath River at Orleans 57.58 92.6
Klamath River above Bluff Creek 49.21 78.9
Klamath River above Trinity River 43.52 69.7
Klamath River at Martins Ferry 39.47 63.5
Klamath River at Blue Creek 15.95 25.7
Klamath River at Turwar 5.28 8.5

Keno Reservoir

Keno Reach

Boyle Peaking Reach

Iron Gate Reach

Scott River Reach
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Constituent Life stage Condition
7d-
min

7d-
avg

7d-
max Condition

7d-
min

7d-
avg

7d-
max Condition

7d-
min

7d-
avg

7d-
max Condition

Adult 
migration 

(through July 
31)

16 18 18 20 <2 or 
>20 21

Adult 
migration 

(from Aug 1)
16 18 19 20 <2 or 

>21 22

Chinook 
juvenile 
rearing

15 16 18 21 21 23

Steelhead 
juvenile 
rearing

16 18 19 22 22 24

Dissolved 
oxygen 
(mg/L)

All life 
stages 6 8 5.5 5

Severely 
Stressful - 

refugial 
areas 
critical 
(SEV)4

Lower thresholdUpper threshold
Intermediate 

threshold

Water 
temperature 

(oC)
Optimal 
(OPT)1

Suboptimal 
(SUB)2

Stressful 
(STR)3

Table 3.  Criteria for water temperature and dissolved oxygen concentration used to classify levels of 
stress for anadromous salmonids.  Thresholds are averages of daily minima (7d-min), mean 
(7d-avg), or maxima (7d-max), calculated for the previous seven days. 

1 Optimal - conditions placing very little or no constraint on the life stage. 
2 Suboptimal - conditions that are mildly to moderately stressful unless there are significant 

ameliorating factors (e.g. presence of a highly abundant food supply for juvenile fish). 
3 Stressful - conditions that are moderately to severely stressful.  Temperature becomes an increasingly 

critical factor affecting fish distribution, abundance, growth, and/or survival.  Thermal refugia and/or 
ameliorating conditions are important under these conditions. 

4 Severely stressful - conditions under which fish survival is jeopardized to the extent that the ability to 
find spatial and/or temporal refuge is likely to be essential to fish presence.  Fish migrations may be 
blocked, or fish may well be elsewhere, under these conditions. 
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Table 4.  Average percentage of days within thermal condition categories for adult anadromous 
salmonids by two week period under various KHP configurations.  For each scenario and 
site, entries are the average (across all sites in the reach) number of days falling within 
stress categories in each two week period over 2000-2004 (total of 70 days per period), 
converted to a percentage. Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  Reach designations are 
described in Table 1.   Project configurations are: EC = existing condition; No IG-COP-
JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and 
Copco 1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 87 13 100 85 15 100 100

No IG-COP-JCB 82 18 87 13 87 13 97 3 100
WOP 90 10 89 11 85 15 95 5 99 1

EC 52 48 90 10 50 51 88 12 93 7
No IG-COP-JCB 44 56 49 51 35 65 68 32 81 17 2

WOP 71 30 66 34 60 41 75 25 84 13 3

EC 3 54 32 11 36 64 8 62 30 47 42 11 42 39 14 5
No IG-COP-JCB 1 55 34 11 77 23 69 31 20 40 32 9 23 40 21 16

WOP 10 51 38 1 7 76 17 2 74 24 27 37 26 10 31 32 21 16

EC 1 77 23 100 48 39 13 8 40 47 6 1 56 41 3
No IG-COP-JCB 1 72 27 60 33 7 58 30 12 2 61 21 17 2 51 38 10

WOP 62 35 3 77 23 78 22 9 64 19 8 4 63 25 8

EC 36 64 100 21 50 30 12 56 32 42 58
No IG-COP-JCB 29 71 33 51 16 21 51 28 14 42 44 4 42 54

WOP 29 30 41 51 40 9 42 43 15 27 41 32 6 51 43

EC 11 89 100 5 35 60 31 69 100
No IG-COP-JCB 6 94 9 67 24 3 44 53 24 76 1 99

WOP 1 12 87 16 56 29 11 63 26 2 29 70 3 97

EC 1 100 100 1 26 73 3 97 100
No IG-COP-JCB 100 9 57 34 3 33 64 14 86 1 99

WOP 10 91 19 43 39 7 48 45 13 87 3 97

EC 1 99 100 6 35 59 7 93 4 96
No IG-COP-JCB 100 26 40 34 11 39 50 4 32 63 2 12 86

WOP 1 24 74 20 56 24 14 55 31 7 34 59 3 18 79

EC 3 97 100 8 46 47 10 91 2 98
No IG-COP-JCB 100 27 67 6 11 71 18 1 59 39 18 82

WOP 2 30 68 30 60 10 23 71 6 7 63 31 1 25 74

EC 4 37 59 6 94 36 49 16 35 65 7 24 68
No IG-COP-JCB 4 20 76 60 40 44 56 5 31 52 12 23 30 47

WOP 34 51 15 81 19 64 36 7 36 48 10 1 27 29 43

EC 41 59 27 73 1 96 4 6 76 19 21 59 21
No IG-COP-JCB 36 60 4 100 1 97 1 16 71 12 8 56 27 9

WOP 7 72 21 10 90 8 92 24 62 14 12 53 23 11

EC 3 94 3 84 16 16 84 63 36 0.3 7 56 37 0.3
No IG-COP-JCB 1 91 8 9 91 11 89 38 62 17 70 13

WOP 16 84 30 70 28 72 45 56 21 72 8

EC 71 30 100 83 17 35 64 1 67 32 1
No IG-COP-JCB 62 38 1 89 11 85 15 93 7 86 13 0.3

WOP 89 11 94 6 94 6 96 4 88 11 0.3

EC 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100

WOP 100 100 100 100 100

Iron Gate Reach Scott River Reach

Apr 23 - 
May 6

Biweekly 
Period

Keno Reach Boyle Bypass Reach Boyle Peaking Reach

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4
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Table 5.  Change in frequency of thermal conditions from Existing Conditions (EC) for adult 
anadromous salmonids expressed as the difference (Scenario minus EC from Table 3) in the 
percentage of days (out of 70 days total 2000-2004 for each period) within thermal condition 
categories by two week period under various KHP configurations.  Italics are EC 
percentages from Table 3, other entries are scenario change from these EC percentages.  
Negative numbers denote decreased frequency within a condition category from EC; positive 
numbers denote increased frequency. Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  Reach designations are 
described in Table 1.  Project configurations are: EC = existing condition; No IG-COP-JCB 
= Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 
1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 87 13 100 85 15 100 100

No IG-COP-JCB -5 5 -13 13 2 -2 -3 3
WOP 3 -3 -11 11 -5 5 -1 1

EC 52 48 90 10 50 51 88 12 93 7
No IG-COP-JCB -9 9 -41 41 -15 15 -20 20 -12 10 2

WOP 18 -18 -24 24 10 -10 -12 12 -10 7 3

EC 3 54 32 11 36 64 8 62 30 47 42 11 42 39 14 5
No IG-COP-JCB -2 1 1 -36 13 23 -8 6 1 -28 -3 22 9 -19 1 7 11

WOP 7 -3 6 -9 -29 11 17 -6 11 -6 -20 -5 16 10 -11 -7 7 11

EC 1 77 23 100 48 39 13 8 40 47 6 1 56 41 3
No IG-COP-JCB 1 -5 4 -40 33 7 10 -9 -1 -6 21 -26 11 1 -5 -3 7

WOP 62 -42 -20 -23 23 30 -17 -13 1 25 -28 1 4 7 -16 5

EC 36 64 100 21 50 30 12 56 32 42 58
No IG-COP-JCB -7 7 -67 51 16 2 -2 2 -14 12 4 -4

WOP 29 -7 -22 -49 40 9 21 -7 -15 15 -14 -1 6 9 -15

EC 11 89 100 5 35 60 31 69 100
No IG-COP-JCB -5 5 -91 67 24 -2 9 -7 -7 7 1 -1

WOP 1 1 -2 -84 56 29 6 28 -34 2 -3 1 3 -3

EC 1 100 100 1 26 73 3 97 100
No IG-COP-JCB -1 1 -91 57 34 2 7 -9 11 -11 1 -1

WOP 9 -9 -81 43 39 7 21 -28 10 -10 3 -3

EC 1 99 100 6 35 59 7 93 4 96
No IG-COP-JCB -1 1 -74 40 34 6 4 -10 4 25 -30 2 8 -10

WOP 1 23 -25 -80 56 24 8 20 -28 7 27 -35 3 15 -18

EC 3 97 100 8 46 47 10 91 2 98
No IG-COP-JCB -3 3 -73 67 6 3 25 -29 1 50 -52 16 -16

WOP 2 27 -29 -70 60 10 15 25 -41 7 53 -60 1 22 -23

EC 4 37 59 6 94 36 49 16 35 65 7 24 68
No IG-COP-JCB 1 -18 17 -6 -34 40 9 7 -16 5 31 17 -52 16 5 -21

WOP 30 14 -44 -6 -13 19 29 -13 -16 7 36 13 -55 1 20 4 -26

EC 41 59 27 73 1 96 4 6 76 19 21 59 21
No IG-COP-JCB -5 1 4 -27 27 1 1 -2 16 66 -63 -19 8 36 -32 -12

WOP 7 31 -38 -17 17 8 -4 -4 24 57 -62 -19 12 32 -36 -9

EC 3 94 3 84 16 16 84 63 36 0.3 7 56 37 0.3
No IG-COP-JCB -2 -3 5 -76 76 -5 5 38 -2 -36 -0.3 10 15 -24 -0.3

WOP 13 -10 -3 -54 54 11 -11 45 -8 -36 -0.3 13 16 -29 -0.3

EC 71 30 100 83 17 35 64 1 67 32 0.7
No IG-COP-JCB -9 8 1 -11 11 2 -2 58 -57 -1 19 -19 -0.4

WOP 18 -18 -6 6 11 -11 61 -60 -1 21 -20 -0.4

EC 100 100 100 100 100
No IG-COP-JCB

WOP

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Scott River Reach

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Keno Reach Boyle Bypass Reach Boyle Peaking Reach Iron Gate ReachBiweekly 
Period
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Table 6.  Average percentage of days within thermal condition categories for juvenile chinook by 
two week period under various KHP configurations.  For each scenario and site, entries 
are the average (across all sites in the reach) number of days falling within stress 
categories in each two week period over 2000-2004 (total of 70 days per period), 
converted to a percentage. Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  Reach designations are 
described in Table 1.   Project configurations are: EC = existing condition; No IG-COP-
JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and 
Copco 1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 87 13 100 85 15 100 99 1

No IG-COP-JCB 82 18 87 13 87 13 92 8 91 10
WOP 90 10 89 11 85 15 88 12 89 11

EC 52 48 90 10 50 51 69 31 66 34
No IG-COP-JCB 44 56 49 51 35 65 40 60 56 42 2

WOP 71 30 66 34 60 41 58 42 61 36 3

EC 3 54 32 11 36 64 8 62 30 30 63 7 13 68 19
No IG-COP-JCB 1 55 34 11 77 23 69 31 1 58 41 5 58 35 2

WOP 10 51 38 1 7 76 17 2 74 24 8 57 36 9 55 33 3

EC 1 77 23 100 48 39 13 51 49 57 43
No IG-COP-JCB 1 72 27 60 33 7 58 30 12 62 32 6 52 44 3

WOP 62 35 3 77 23 78 22 73 27 67 32 1

EC 36 64 100 21 50 30 13 79 8 86 14
No IG-COP-JCB 29 71 33 51 16 21 51 28 14 63 23 4 75 21

WOP 29 30 41 51 40 9 42 43 15 28 50 22 6 73 21

EC 11 89 100 5 35 60 48 52 38 62
No IG-COP-JCB 6 94 9 67 24 3 44 53 1 67 33 51 49

WOP 1 12 87 16 56 29 11 63 26 2 63 35 51 50

EC 1 100 100 1 26 73 22 78 4 96
No IG-COP-JCB 100 9 57 34 3 33 64 1 33 66 11 89

WOP 10 91 19 43 39 7 48 45 30 71 13 87

EC 1 99 100 6 35 59 10 90 10 90
No IG-COP-JCB 100 26 40 34 11 39 50 5 42 53 25 75

WOP 1 24 74 20 56 24 14 55 31 5 42 52 26 74

EC 3 97 100 8 46 47 10 91 9 91
No IG-COP-JCB 100 27 67 6 11 71 18 78 22 41 60

WOP 2 30 68 30 60 10 23 71 6 3 78 19 48 52

EC 4 37 59 6 94 36 49 16 42 58 2 44 54
No IG-COP-JCB 4 20 76 60 40 44 56 33 63 4 17 46 37

WOP 34 51 15 81 19 64 36 40 57 3 18 47 35

EC 41 59 27 73 1 96 4 3 90 7 11 82 6
No IG-COP-JCB 36 60 4 100 1 97 1 5 80 15 2 49 49 1

WOP 7 72 21 10 90 8 92 9 77 14 4 53 41 1

EC 3 94 3 84 16 16 84 48 52 41 59
No IG-COP-JCB 1 91 8 9 91 11 89 14 86 11 62 27

WOP 16 84 30 70 28 72 19 81 14 64 22

EC 71 30 100 83 17 11 88 1 21 77 2
No IG-COP-JCB 62 38 1 89 11 85 15 85 15 75 24 1

WOP 89 11 94 6 94 6 91 10 79 21 1

EC 100 100 100 90 11 92 8
No IG-COP-JCB 100 100 100 100 100

WOP 100 100 100 100 100

Biweekly 
Period

Scott River Reach

Apr 23 - 
May 6

Keno Reach Boyle Bypass Reach Boyle Peaking Reach Iron Gate Reach

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

KHP Effects and Conditions for Anadromous Salmonids 42



Table 7.  Change in frequency of thermal conditions from Existing Conditions (EC) for juvenile 
chinook expressed as the difference (Scenario minus EC from Table 3) in the percentage of 
days (out of 70 days total 2000-2004 for each period) within thermal condition categories by 
two week period under various KHP configurations.  Italics are EC percentages from Table 
3, other entries are scenario change from these EC percentages.  Negative numbers denote 
decreased frequency within a condition category from EC; positive numbers denote 
increased frequency. Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR 
(stressful), and SEV (severely stressful).  Reach designations are described in Table 1.  
Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and 
Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC 
Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 87 13 100 85 15 100 99 1

No IG-COP-JCB -5 5 -13 13 2 -2 -8 8 -9 9
WOP 3 -3 -11 11 -12 12 -10 10

EC 52 48 90 10 50 51 69 31 66 34
No IG-COP-JCB -9 9 -41 41 -15 15 -29 29 -10 8 2

WOP 18 -18 -24 24 10 -10 -11 11 -5 2 3

EC 3 54 32 11 36 64 8 62 30 30 63 7 13 68 19
No IG-COP-JCB -2 1 1 -36 13 23 -8 6 1 -29 -5 34 -9 -9 16 2

WOP 7 -3 6 -9 -29 11 17 -6 11 -6 -22 -7 29 -5 -13 14 3

EC 1 77 23 100 48 39 13 51 49 57 43
No IG-COP-JCB 1 -5 4 -40 33 7 10 -9 -1 11 -17 6 -5 1 3

WOP 62 -42 -20 -23 23 30 -17 -13 22 -22 10 -11 1

EC 36 64 100 21 50 30 13 79 8 86 14
No IG-COP-JCB -7 7 -67 51 16 2 -2 1 -16 15 4 -11 7

WOP 29 -7 -22 -49 40 9 21 -7 -15 15 -29 14 6 -12 6

EC 11 89 100 5 35 60 48 52 38 62
No IG-COP-JCB -5 5 -91 67 24 -2 9 -7 1 19 -20 13 -13

WOP 1 1 -2 -84 56 29 6 28 -34 2 15 -17 13 -13

EC 1 100 100 1 26 73 22 78 4 96
No IG-COP-JCB -1 1 -91 57 34 2 7 -9 1 11 -12 7 -7

WOP 9 -9 -81 43 39 7 21 -28 7 -7 9 -9

EC 1 99 100 6 35 59 10 90 10 90
No IG-COP-JCB -1 1 -74 40 34 6 4 -10 5 32 -37 15 -15

WOP 1 23 -25 -80 56 24 8 20 -28 5 32 -38 16 -16

EC 3 97 100 8 46 47 10 91 9 91
No IG-COP-JCB -3 3 -73 67 6 3 25 -29 68 -68 32 -32

WOP 2 27 -29 -70 60 10 15 25 -41 3 68 -72 39 -39

EC 4 37 59 6 94 36 49 16 42 58 2 44 54
No IG-COP-JCB 1 -18 17 -6 -34 40 9 7 -16 33 21 -54 15 2 -17

WOP 30 14 -44 -6 -13 19 29 -13 -16 40 15 -55 16 3 -19

EC 41 59 27 73 1 96 4 3 90 7 11 82 6
No IG-COP-JCB -5 1 4 -27 27 1 1 -2 5 77 -75 -7 2 38 -34 -6

WOP 7 31 -38 -17 17 8 -4 -4 9 74 -76 -7 4 42 -41 -5

EC 3 94 3 84 16 16 84 48 52 41 59
No IG-COP-JCB -2 -3 5 -76 76 -5 5 14 38 -52 11 21 -32

WOP 13 -10 -3 -54 54 11 -11 19 33 -52 14 23 -37

EC 71 30 100 83 17 11 88 1 21 77 2
No IG-COP-JCB -9 8 1 -11 11 2 -2 73 -73 -1 54 -53 -1

WOP 18 -18 -6 6 11 -11 79 -79 -1 58 -56 -1

EC 100 100 100 90 11 92 8
No IG-COP-JCB 11 -11 8 -8

WOP 11 -11 8 -8

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Scott River Reach

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Keno Reach Boyle Bypass Reach Boyle Peaking Reach Iron Gate ReachBiweekly 
Period
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Table 8.  Average percentage of days within thermal condition categories for juvenile steelhead by 
two week period under various KHP configurations.  For each scenario and site, entries 
are the average (across all sites in the reach) number of days falling within stress 
categories in each two week period over 2000-2004 (total of 70 days per period), 
converted to a percentage. Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  Reach designations are 
described in Table 1.   Project configurations are: EC = existing condition; No IG-COP-
JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and 
Copco 1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 98 2 100 98 2 100 100

No IG-COP-JCB 97 3 99 1 99 1 100 1 100
WOP 99 1 100 100 1 100 99 1

EC 77 23 100 81 19 98 2 93 7
No IG-COP-JCB 74 26 81 19 81 19 85 15 81 19

WOP 86 14 99 1 94 6 88 12 84 16

EC 26 45 28 1 100 29 53 18 59 40 2 42 50 8
No IG-COP-JCB 16 53 29 1 29 56 16 20 62 18 27 49 24 23 50 27

WOP 29 51 21 43 51 6 39 51 11 39 37 24 31 41 28

EC 27 58 16 83 17 1 73 16 10 8 83 10 1 89 11
No IG-COP-JCB 27 55 18 76 24 78 22 2 76 22 2 83 15

WOP 9 67 23 1 29 56 16 24 58 19 16 64 21 4 81 14

EC 5 57 38 63 37 45 41 15 43 55 2 21 73 5
No IG-COP-JCB 4 41 55 67 33 54 31 14 40 51 10 26 64 10

WOP 1 40 31 27 6 70 20 4 3 61 34 2 51 40 10 31 59 10

EC 18 82 21 79 11 47 42 5 79 16 70 31
No IG-COP-JCB 11 89 39 60 1 23 67 10 10 79 11 72 28

WOP 6 22 72 26 66 9 20 74 6 10 79 11 72 28

EC 6 94 11 89 12 40 49 52 48 21 80
No IG-COP-JCB 1 99 20 69 11 11 58 32 6 58 36 30 71

WOP 3 15 81 31 34 34 21 47 32 7 56 37 30 71

EC 7 93 27 73 18 43 39 35 65 26 74
No IG-COP-JCB 2 98 43 49 9 29 42 30 16 50 34 4 36 61

WOP 14 21 65 41 49 10 36 49 15 21 47 31 6 37 58

EC 24 76 53 47 22 64 14 43 57 44 56
No IG-COP-JCB 11 89 66 34 40 59 2 16 79 6 74 26

WOP 11 43 47 56 44 46 54 23 73 4 2 74 24

EC 7 81 12 99 1 3 58 39 1 82 18 12 59 29
No IG-COP-JCB 7 55 38 6 94 5 72 23 7 44 49 29 60 11

WOP 2 54 43 1 14 81 4 15 71 14 11 50 39 1 32 57 10

EC 2 73 25 100 26 74 25 75 40 60
No IG-COP-JCB 67 33 31 69 23 77 22 76 2 8 62 30

WOP 25 75 53 47 51 49 33 63 3 12 57 31

EC 28 71 1 100 71 29 90 11 7 68 25
No IG-COP-JCB 17 82 1 79 21 64 36 52 48 17 79 4

WOP 43 57 87 13 83 17 60 40 21 76 4

EC 92 8 100 99 1 46 54 67 33
No IG-COP-JCB 85 15 100 100 1 98 2 86 14

WOP 98 2 100 100 98 2 88 12

EC 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100

WOP 100 100 100 100 100

Jul 16 - 
29

Jul 30 - 
Aug 12

May 21 - 
Jun 3

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Iron Gate Reach Scott River Reach
Biweekly 
Period

Keno Reach

Apr 23 - 
May 6

May 7 - 
20

Boyle Bypass Reach Boyle Peaking Reach

Oct 8-21

Oct 22 - 
Nov 4

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Sep 24 - 
Oct 7
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Table 9.  Change in frequency of thermal conditions from Existing Conditions (EC) for juvenile 
steelhead expressed as the difference (Scenario minus EC from Table 3) in the percentage 
of days (out of 70 days total 2000-2004 for each period) within thermal condition 
categories by two week period under various KHP configurations.  Italics are EC 
percentages from Table 3, other entries are scenario change from these EC percentages.  
Negative numbers denote decreased frequency within a condition category from EC; 
positive numbers denote increased frequency. Thermal stress categories are: OPT 
(optimal), SUB (suboptimal), STR (stressful), and SEV (severely stressful).  Reach 
designations are described in Table 1.  Project configurations are: EC = existing condition; 
No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = 
Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 98 2 100 98 2 100 100

No IG-COP-JCB -1 1 -1 1 1 -1 -1 1
WOP 1 -1 1 -1 -1 1

EC 77 23 100 81 19 98 2 93 7
No IG-COP-JCB -3 3 -19 19 0 0 -12 12 -12 12

WOP 9 -9 -1 1 13 -13 -10 10 -10 10

EC 26 45 28 1 100 29 53 18 59 40 2 42 50 8
No IG-COP-JCB -10 9 1 -71 56 16 -9 9 -1 -32 10 22 -19 19

WOP 3 6 -8 -1 -57 51 6 10 -3 -8 -20 -2 22 -11 -9 20

EC 27 58 16 83 17 1 73 16 10 8 83 10 1 89 11
No IG-COP-JCB -2 2 -83 59 24 -1 4 6 -10 -6 -7 13 1 -5 4

WOP 9 40 -34 -14 -54 39 16 23 -16 2 -10 8 -19 11 4 -7 3

EC 5 57 38 63 37 45 41 15 43 55 2 21 73 5
No IG-COP-JCB -1 -16 17 -63 30 33 10 -9 -1 -3 -4 8 4 -9 5

WOP 1 35 -26 -11 -57 33 20 4 3 16 -7 -12 8 -15 8 10 -14 5

EC 18 82 21 79 11 47 42 5 79 16 70 31
No IG-COP-JCB -7 7 -21 -40 60 1 12 20 -32 5 -5 2 -2

WOP 6 4 -10 -21 -53 66 9 9 27 -36 5 -5 2 -2

EC 6 94 11 89 12 40 49 52 48 21 80
No IG-COP-JCB -5 5 -11 -69 69 11 -1 18 -17 6 5 -11 9 -9

WOP 3 9 -12 -11 -57 34 34 10 7 -17 7 4 -11 9 -9

EC 7 93 27 73 18 43 39 35 65 26 74
No IG-COP-JCB -5 5 -27 -30 49 9 11 -1 -9 16 15 -31 4 10 -14

WOP 14 14 -28 -27 -32 49 10 18 6 -24 21 12 -34 6 11 -17

EC 24 76 53 47 22 64 14 43 57 44 56
No IG-COP-JCB -13 13 -53 19 34 18 -6 -12 16 35 -51 30 -30

WOP 11 19 -29 -53 9 44 24 -11 -14 23 30 -52 2 30 -31

EC 7 81 12 99 1 3 58 39 1 82 18 12 59 29
No IG-COP-JCB 0 -27 26 -93 93 2 14 -16 7 44 -33 -18 17 1 -18

WOP 2 48 -39 -11 -84 80 4 12 12 -25 11 50 -43 -18 1 20 -2 -19

EC 2 73 25 100 26 74 25 75 40 60
No IG-COP-JCB -2 -7 9 -69 69 -3 3 22 51 -73 8 22 -30

WOP 23 2 -25 -47 47 25 -25 33 39 -72 12 17 -30

EC 28 71 1 100 71 29 90 11 7 68 25
No IG-COP-JCB -11 11 -21 21 -7 7 52 -41 -11 10 11 -21

WOP 15 -14 -1 -13 13 12 -12 60 -50 -11 13 8 -21

EC 92 8 100 99 1 46 54 67 33
No IG-COP-JCB -7 7 1 -1 52 -52 19 -19

WOP 6 -6 1 -1 52 -52 21 -21

EC 100 100 100 100 100
No IG-COP-JCB

WOP

Boyle Bypass Reach

Aug 13-
26

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Jul 30 - 
Aug 12

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17

Boyle Peaking Reach Iron Gate Reach Scott River Reach

Oct 22 - 
Nov 4

Aug 27 - 
Sep 9

Sep 10-
23

Sep 24 - 
Oct 7

Oct 8-21

Biweekly 
Period

Keno Reach
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Table 10.  Frequency with which thermal refugia would be occupied, and the average daily minimum river temperature for periods 
when refugia would be occupied, under various KHP configurations.  The threshold for thermal refugia occupancy 
(maximum daily temperature >22°C) is from Belchik (2003). 

Site
River 

kilometer EC

No IG-
COP-
JCB WOP EC

No IG-
COP-
JCB WOP EC

No IG-
COP-
JCB WOP

Keno Dam outflow 374.7 347 347 261 69 69 52 22.7 22.7 20.0
Klamath River above JC Boyle Reservoir 366.2 450 464 360 90 93 72 19.2 19.1 18.2
JC Boyle Reservoir outflow 360.9 297 477 388 59 95 78 22.7 18.1 17.7
Klamath River Bypass above powerhouse 354.3 0 197 208 0 39 42 17.2 17.4
Klamath River below powerhouse 353.0 209 199 206 42 40 41 14.1 17.2 17.4
Klamath River at Stateline 336.5 393 310 193 79 62 39 16.3 17.2 18.3
Klamath River above Copco 327.6 363 308 219 73 62 44 18.6 18.0 18.8
Copco Dam outflow 319.5 164 288 226 33 58 45 21.8 18.6 19.2
Iron Gate Dam outflow 306.6 77 194 195 15 39 39 21.9 19.5 19.6
Klamath River above Shasta River 285.6 417 278 248 83 56 50 18.5 19.7 20.0
Klamath River at Walker Bridge 252.3 285 282 258 57 56 52 21.6 21.1 21.3
Klamath River above Scott River 231.5 380 314 292 76 63 58 19.9 20.4 20.7
Klamath River at Seiad Valley 207.6 345 313 302 69 63 60 20.3 20.3 20.4
Klamath River above Clear Creek 159.4 298 275 270 60 55 54 20.1 20.3 20.4
Klamath River above Salmon River 107.7 278 258 255 56 52 51 20.4 20.5 20.6
Klamath River at Orleans 92.6 274 261 253 55 52 51 20.7 20.7 20.8
Klamath River above Bluff Creek 78.9 263 244 231 53 49 46 20.5 20.5 20.7
Klamath River above Trinity River 69.7 263 241 225 53 48 45 20.3 20.3 20.7
Klamath River at Martins Ferry 63.5 220 209 193 44 42 39 20.6 20.7 20.9
Klamath River at Blue Creek 25.7 268 255 241 54 51 48 20.0 20.0 20.3
Klamath River at Turwar 8.5 281 268 262 56 54 52 20.1 20.1 20.3

Number of days (2000-2004) 
when refugia are occupied

Average minimum daily 
temperature of river when 

refugia are occupied

Average number of days per 
year when refugia are 

occupied

Assume occupancy of thermal refugia when maximum daily temperature >22ºC
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Table 11.  Summary of information available regarding upstream migration rate of fall 
chinook in the Klamath River. 

Section of river Year Mean Range Source
1926 8.0 6.3-10.1   tag recoveries per Snyder (1931)

1984 5.8 4.5-6.8   tag recoveries per Adair et al. (1985)

1985 6.1 4.2-10.6   tag recoveries per Adair et al. (1986)

1986 7.0 4.6-9.6   tag recoveries per Tuss et al. (1987)

1987 4.3 ---   tag recoveries per Kisanuki et al. (1991)

1989 7.1 ---   tag recoveries per Kisanuki et al. (1991)

2003 6.0 5.2-7.2   radio telemetry per J. Strange, U. of Washington, pers comm.

2004 7.2 4.7-9.1   radio telemetry per J. Strange, U. of Washington, pers comm.

2005 9.1 6.9-14.1   radio telemetry per J. Strange, U. of Washington, pers comm.
Ishi Pishi Falls to 
Klamathon/Iron Gate 1995 11.1 7.4-13.7   radio telemetry per McIntosh and Li (1996)

2003 9.4 7.3-10.4   radio telemetry per J. Strange, U. of Washington, pers comm.

2004 10.8 4.9-20.1   radio telemetry per J. Strange, U. of Washington, pers comm.

2005 13.1 9.2-19.9   radio telemetry per J. Strange, U. of Washington, pers comm.
Note:  Telemetry data are more resolute and allow one to identify when the fish actually begin their upriver migrating.  

Migration rate (km/d)

Estuary to 
Klamathon/Iron Gate

Weitchpec to 
Klamathon/Iron Gate
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Parameter Time period UKL AGL UKL AGL UKL AGL UKL AGL UKL AGL UKL AGL
April 7.3 7.9 10.0 10.7 13.0 13.0 7.4 8.0 10.3 10.8 13.6 13.6

early May 10.7 12.5 12.9 13.9 17.0 18.7 11.1 12.8 13.2 14.3 17.2 20.1
late May 11.4 12.5 15.9 17.5 18.8 19.3 11.7 12.8 16.3 18.2 19.1 20.3

April 8.1 8.7 9.5 9.2 10.1 9.8 8.3 8.7 9.5 9.3 10.2 9.9
early May 7.3 7.7 8.8 8.7 9.7 9.3 7.4 7.7 8.9 8.8 9.9 9.3
late May 7.8 8.0 8.6 9.5 9.3 10.9 7.9 8.3 8.9 9.7 9.6 11.4

April 85 92 95 96 102 100 88 93 97 97 105 103
early May 84 90 96 98 107 106 86 93 96 99 110 108
late May 92 99 98 110 108 133 95 102 101 112 116 145

April 7.6 7.7 7.9 7.8 8.2 8.0 7.7 7.7 7.9 7.8 8.2 8.0
early May 7.5 7.6 8.0 7.9 8.5 8.4 7.5 7.6 8.0 7.9 8.6 8.3
late May 7.9 7.9 8.2 8.5 8.6 9.0 7.9 8.0 8.3 8.4 8.7 9.2

April 0 0 1 2 5 11 - - - - - -
early May 0 0 1 1 5 6 - - - - - -
late May 0 0 1 1 5 8 - - - - - -

Upper 1 m of water column

Dissolved 
oxygen (% 
saturation)

pH

Un-ionized 
ammonia 
(µg/L)

Entire water column

90th 

percentile

Water 
Temperature 

(ºC)

Dissolved 
oxygen (mg/L)

10th 

percentile median
90th 

percentile
10th 

percentile median

Table 12.  Water quality in Upper Klamath Lake (UKL) and Agency Lake (AGL) 
during spring.  Data is from the cooperative Klamath Tribes – U.S. Bureau 
of Reclamation water quality monitoring program.  Calculations are based 
upon profile measurements and depth-integrated grab (ammonia) samples 
from 9-10 sites sampled every other week from 1990-2004. 
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Parameter Time period UKL AGL UKL AGL UKL AGL UKL AGL UKL AGL UKL AGL
early Aug 20.1 21.4 21.5 23.1 23.4 24.0 20.2 22.1 22.1 23.4 23.9 25.2
late Aug 17.5 17.8 19.4 20.5 21.2 22.2 17.6 17.9 19.7 21.0 21.9 22.3
early Sep 14.8 15.1 17.8 19.0 20.7 22.3 15.0 15.1 18.1 19.1 21.3 22.4
late Sep 14.6 14.9 16.2 17.3 18.6 19.5 14.9 14.9 16.5 17.5 19.1 19.7
early Oct 9.8 9.5 12.4 12.1 15.3 14.7 10.0 9.8 12.5 12.1 15.4 14.7
late Oct 5.5 7.0 9.9 9.5 11.8 11.2 5.7 7.0 10.1 9.6 11.9 11.3

early Aug 3.2 3.5 6.6 7.0 9.5 10.8 4.0 4.1 7.3 7.0 10.8 11.9
late Aug 5.2 5.6 8.0 8.0 10.4 11.5 6.1 5.9 8.5 8.1 11.0 12.1
early Sep 5.6 5.3 8.5 8.7 10.6 10.8 6.5 5.3 9.2 8.7 11.8 11.1
late Sep 4.9 6.4 8.8 9.0 11.0 13.8 5.7 6.5 9.0 9.0 11.7 13.8
early Oct 6.0 7.8 8.6 8.9 10.9 10.3 6.1 7.8 8.8 9.1 11.4 10.3
late Oct 6.5 8.5 8.6 9.2 11.0 10.6 6.6 8.5 8.9 9.3 11.4 10.7

early Aug 43 49 86 95 125 144 53 55 97 98 143 161
late Aug 64 76 101 99 131 154 76 81 108 104 142 158
early Sep 72 70 103 103 129 136 84 72 110 104 146 138
late Sep 58 78 104 108 130 171 69 78 109 110 141 171
early Oct 65 82 92 97 112 112 67 82 96 99 120 112
late Oct 68 85 89 97 111 112 71 86 92 97 112 111

early Aug 8.2 7.6 9.1 8.4 9.6 9.7 8.3 7.6 9.2 8.6 9.6 9.8
late Aug 7.8 7.3 8.9 8.3 9.5 9.6 7.9 7.3 9.0 8.3 9.6 9.6
early Sep 8.3 7.5 9.1 8.9 9.7 9.7 8.5 7.5 9.2 8.9 9.7 9.7
late Sep 7.9 7.7 9.2 9.0 9.5 9.6 8.0 7.7 9.3 9.1 9.5 9.6
early Oct 7.5 7.6 9.0 8.7 9.3 9.4 7.5 7.6 9.0 8.7 9.3 9.4
late Oct 7.4 7.6 8.5 7.8 9.0 8.8 7.4 7.6 8.5 7.8 9.0 8.8

early Aug 2 1 30 11 222 39 - - - - - -
late Aug 1 0 21 6 148 93 - - - - - -
early Sep 8 2 57 11 240 42 - - - - - -
late Sep 0 1 36 8 273 44 - - - - - -
early Oct 0 0 32 2 164 25 - - - - - -
late Oct 1 0 10 2 62 15 - - - - - -

median
90th 

percentile

Water 
Temperature 

(ºC)

10th 

percentile median
90th 

percentile
10th 

percentile

Dissolved 
oxygen (mg/L)

Dissolved 
oxygen (% 
saturation)

pH

Un-ionized 
ammonia 
(µ g/L)

Entire water column Upper 1 m of water column

Table 13.  Water quality in Upper Klamath Lake (UKL) and Agency Lake (AGL) 
during fall.  Data is from the cooperative Klamath Tribes – U.S. Bureau of 
Reclamation water quality monitoring program.  Calculations are based 
upon profile measurements and depth-integrated grab (ammonia) samples 
from 9-10 sites sampled every other week from 1990-2004. 
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Figure 1.  Water temperatures predicted by the KRWQM for the Without Project (WOP) scenario in the Klamath River.  
Contours are based upon daily minimum (A), mean (B), and maximum (C) temperatures calculated from hourly 
model outputs and averaged by week across 2000-2004 for the 26 sites listed in Table 2. 
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Figure 2.  Water temperatures predicted by the KRWQM for the Existing Condition (EC) scenario in the Klamath River.  
Contours are based upon daily minimum (A), mean (B), and maximum (C) temperatures calculated from hourly 
model outputs and averaged by week across 2000-2004 for the 26 sites listed in Table 2. 
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Figure 3.  Dissolved oxygen concentrations predicted by the KRWQM for the Without Project 
(WOP) and Existing Condition (EC) scenarios in the Klamath River.  Contours are 
based upon daily minimum and mean DO concentrations calculated from hourly 
model outputs and averaged by week across 2000-2004 for the 26 sites listed in Table 
2.  
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Figure 4.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from May 
23-June 3 over the five years modeled (70 days per individual box plot) are plotted 
for two KHP configurations: Existing Condition (EC) and Without Project (WOP). 
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Figure 5.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from June 
4-17 over the five years modeled (70 days per individual box plot) are plotted for 
two KHP configurations: Existing Condition (EC) and Without Project (WOP). 
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Figure 6.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from July 
16-29 over the five years modeled (70 days per individual box plot) are plotted for 
two KHP configurations: Existing Condition (EC) and Without Project (WOP). 
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Figure 7.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from 
August 13-26 over the five years modeled (70 days per individual box plot) are 
plotted for two KHP configurations: Existing Condition (EC) and Without Project 
(WOP). 
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Figure 8.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from 
August 27 – September 9 over the five years modeled (70 days per individual box 
plot) are plotted for two KHP configurations: Existing Condition (EC) and Without 
Project (WOP). 
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Figure 9.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, whisker 
ends are 10th and 90th percentiles, dots are outliers) of daily minimum, mean, and 
maximum temperatures predicted by the KRWQM.  Results for each day from 
September 10-23 over the five years modeled (70 days per individual box plot) are 
plotted for two KHP configurations: Existing Condition (EC) and Without Project 
(WOP). 
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Figure 10.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM.  Results for each 
day from September 24 – October 7 over the five years modeled (70 days per 
individual box plot) are plotted for two KHP configurations: Existing Condition 
(EC) and Without Project (WOP). 
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Figure 11. Average weekly conditions during the spring migratory period for adult salmon and steelhead within and below the 
KHP.  Water temperatures predicted by the KRWQM for three KHP configurations were categorized by level of stress, 
and then averaged by week across years (2000-2004).  Only data from riverine sites and Keno Reservoir are included; 
other mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams.  Project 
configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams 
removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 

KHP Effects and Conditions for Anadromous Salmonids 60



1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

50

100

150

200

250

300

350

400
Link River Dam

Keno Dam
JC Boyle Dam
Boyle Powerhouse
Stateline
Copco 1 Dam
Iron Gate Dam
Shasta River

Scott River

Seiad Valley

Salmon River

Trinity River

Turwar
Blue Ck

1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

50

100

150

200

250

300

350

400
Link River Dam

Keno Dam
JC Boyle Dam
Boyle Powerhouse
Stateline
Copco 1 Dam
Iron Gate Dam
Shasta River

Scott River

Seiad Valley

Salmon River

Trinity River

Turwar
Blue Ck

1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

50

100

150

200

250

300

350

400

1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

50

100

150

200

250

300

350

400

1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

R
iv

er
 K

ilo
m

et
er

50

100

150

200

250

300

350

400

1-Apr  1-May  1-Jun  1-Jul  

1-Apr  1-May  1-Jun  1-Jul  

R
iv

er
 K

ilo
m

et
er

50

100

150

200

250

300

350

400

EC, 2001 No IG-COP-JCB, 2001 WOP, 2001

EC, 2004 No IG-COP-JCB, 2004 WOP, 2004

Thermal Conditions for Adults During Spring

Optimal Suboptimal Stressful Severely Stressful (refugial areas critical)Optimal Suboptimal Stressful Severely Stressful (refugial areas critical)

Figure 12. Conditions during spring of 2001 and 2004 for adult salmon and steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM for three KHP configurations.  Only data from riverine sites and Keno 
Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from 
the dams.  Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and 
JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 13. Average weekly conditions during the fall migratory period for adult salmon and steelhead within and below the KHP.  
Water temperatures predicted by the KRWQM for three KHP configurations were categorized by level of stress, and 
then averaged by week across years (2000-2004).  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams.  Project configurations 
are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = 
Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 14. Average weekly conditions during the fall migratory period for adult salmon and steelhead within and below the KHP.  
Water temperatures and dissolved oxygen concentrations predicted by the KRWQM for three KHP configurations were 
categorized by level of stress, and then averaged by week across years (2000-2004).  Only data from riverine sites and 
Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely by outflow 
from the dams.  Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, 
and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 15.  Daily minimum dissolved oxygen conditions in Keno Reservoir.  Daily minima 
were calculated from hourly data and averaged over 1-3 sites in Keno Reservoir 
from Jan 2002 – December 2004.  Daily averages for the reservoir were then used to 
compute the average and standard deviation for each two week period across 2002-
2004.  Hourly data were from 2-3 continuous recorders from June – October 2002, 
and June 2003 – December 2004; at other times there was usually only one recorder 
(USBR, Klamath Falls Area Office, unpublished data). 
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Figure 16. Conditions during fall of 2001 and 2002 for adult salmon and steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM for three KHP configurations.  Only data from riverine sites and Keno 
Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from 
the dams.  Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and 
JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 17. Average weekly conditions during the spring, summer, and fall for juvenile chinook within and below the KHP.  Water 
temperatures predicted by the KRWQM for three KHP configurations were categorized by level of stress, and then 
averaged by week across years (2000-2004).  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams.  Project configurations 
are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = 
Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 18. Conditions during the spring, summer, and fall of 2001 and 2004 for juvenile chinook within and below the KHP, 
based on water temperatures predicted by the KRWQM for three KHP configurations.  Only data from riverine sites 
and Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely by 
outflow from the dams.  Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 
1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 19. Average weekly conditions during the spring, summer, and fall for juvenile steelhead within and below the KHP.  Water 
temperatures predicted by the KRWQM for three KHP configurations were categorized by level of stress, and then 
averaged by week across years (2000-2004).  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams.  Project configurations 
are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = 
Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 20. Conditions during the spring, summer, and fall of 2001 and 2004 for juvenile steelhead within and below the KHP, 
based on water temperatures predicted by the KRWQM for three KHP configurations.  Only data from riverine sites 
and Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely by 
outflow from the dams.  Project configurations are: EC = existing condition; No IG-COP-JCB = Iron Gate, and Copco 
1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Figure 21.  Approximate mean daily temperatures (midpoint of 8AM and 5PM measurements) 
at Klamathon in 1926 (Snyder 1931), compared to approximate means for EC, No 
IG-COP-JCB, and WOP temperatures in 2000-2004 calculated in a similar manner 
(midpoint of average daily minima and maxima by 10 day period).  Recent 
temperatures are shown for sites at Iron Gate Dam and above Shasta River.  
Klamathon was located about midway between these two sites. 
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Figure 22.  Fall chinook run timing to the middle Klamath River (all data from Shaw et al. 
1998). 
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Figure 23.  Contour plot of thermal conditions for adult salmon and steelhead in 2002, with a 
superimposed frequency histogram of fall chinook returning to Iron Gate Hatchery, 
allowing comparison of thermal conditions to timing of adult returns to the hatchery.  
The white diagonal lines each relate a bar of the histogram (i.e. the date of arrival to 
the hatchery for that group of fish) to its estimated departure date from the Trinity 
River confluence 25 days earlier, based on an assumed travel time of 9.4 km/d. 
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Figure 24.  Contour plot of thermal conditions for adult salmon and steelhead in 2003, with a 
superimposed frequency histogram of fall chinook returning to Iron Gate Hatchery, 
allowing comparison of thermal conditions to timing of adult returns to the hatchery.  
The white diagonal lines each relate a bar of the histogram (i.e. the date of arrival to 
the hatchery for that group of fish) to its estimated departure date from the Trinity 
River confluence 25 days earlier, based on an assumed travel time of 9.4 km/d.  White 
dots represent locations of radio-tagged adult chinook (Josh Strange, pers. comm.). 
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Figure 25.  Contour plot of thermal conditions for adult salmon and steelhead in 2004, with a 
superimposed frequency histogram of fall chinook returning to Iron Gate Hatchery, 
allowing comparison of thermal conditions to timing of adult returns to the hatchery.  
White dots represent locations of radio-tagged adult chinook (Josh Strange, pers. 
comm.). 
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Figure 26.  Contour plot of thermal conditions for adult salmon and steelhead in 2004 with the 
lower 4 KHP dams removed.  The black histogram is the actual frequency of fall 
chinook returns to Iron Gate Hatchery.  White dots represent locations of radio-tagged 
adult chinook (Josh Strange, U. of Washington, pers. comm.).  The solid white 
diagonal line traces the leading edge of telemetered fish moving from the Trinity River 
confluence to the hatchery, whereas the dashed white line applies the same slope 
(migration rate) beginning when conditions change from Stressful to Suboptimal.  The 
white histogram simply shifts part of the observed return frequency at the hatchery to 
correspond with earlier departure from the Trinity confluence. 
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Figure 27.  Projected run timing of various fall chinook stocks into the Upper Klamath Basin.  
Assumed migratory rates were: 9.4 km/d (the mean annual rate above Weitchpec during 
2003, per J. Strange, pers. comm.) in riverine segments of the mainstem Klamath; 55 
km/d in lakes and reservoirs (a median value calculated for fall chinook in Columbia 
and Snake River reservoirs from Keefer et al. 2004); and 41.3 km/d (75% of the passage 
rate through lakes and reservoirs) in low gradient rivers above UKL. 
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Figure 28.  Wind speeds and directions from a meteorological station floating on 
Upper Klamath Lake that were used in UKL hydrodynamic model runs for 
September 26 (low wind) and October 10 (high wind) periods (Tammy 
Wood, USGS, pers. comm). 
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Figure 29.  Flow pattern in Upper Klamath Lake predicted by a USGS hydrodynamic model 
for actual conditions on September 26, 2003, at 1200 hours (Tammy Wood, 
USGS, pers. comm.). 

KHP Effects and Conditions for Anadromous Salmonids 78



 

Figure 30.  Flow pattern in Upper Klamath Lake predicted by a USGS hydrodynamic 
model for actual conditions on October 10, 2003 at 1200 hours (Tammy 
Wood, USGS, pers. comm.).  Doughnuts are approximate locations of 
USGS continuous recording temperature and DO probes.  For stress 
category computations, solid doughnuts were grouped as the “east side”.  
Data from the three shoreline sites was available only for 2002, and for 
2002-2004 for all others. 
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Figure 31.  Thermal and dissolved oxygen conditions for adult salmon and steelhead 
in Upper Klamath Lake.   
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Appendix A 
 

Longitudinal and Seasonal Temperature Patterns Relative to 
System Potential and KHP Configuration 

 
Moving downstream from Upper Klamath Lake, thermal effects of the KHP on the Klamath 
River vary according to the nature of KHP operations.  In the following discussion, we loosely 
divide the system into four areas, within which the observed thermal patterns are responding to 
different KHP influences.  We limit our analyses to the period from mid-April to early 
November, because of the biological importance of this time period and because winter-time 
temperatures are consistently under-predicted by the KRWQM. 
 
Above JC Boyle Dam: a short reach (about 8.9 km) with no diversions, strongly influenced by 
the condition of water emanating from Keno Reservoir. 

1. Below Keno Dam (Figure A1) – WOP temperatures are substantially cooler than EC.  
Differences are greatest for daily minima.  During the warmest period in mid-July, daily 
maxima are similar, but WOP daily minima and means are several degrees cooler than 
EC.  During the warm time of year, EC temperatures exhibit less diel variation than 
WOP, because the thermal mass of Keno Reservoir buffers the short term influence of air 
temperature.  

2. Above JC Boyle Reservoir (Figure A2) – the pattern is similar to that at Keno Dam, but 
WOP daily maxima are consistently several degrees cooler than EC.  EC daily maxima 
can approach 30°C during mid-summer, so the increase in daily maxima of several 
degrees above the system potential (WOP) is biologically significant.   

Boyle Bypass Reach:  a short reach (about 7.2 km) around which all but 100 cfs is diverted 
during typical operations (except during high flows).  Conditions above the ~230 cfs springs that 
enter about 0.8 km below JC Boyle Dam reflect the condition of water emanating from JC Boyle 
Reservoir.  The rest of the reach is dominated by condition of the water from the springs. 

1. Below JC Boyle Dam (Figure A3) – Releases from JC Boyle Dam (100 cfs during 
summer and fall) are thermally moderated by the reservoir, with little diel or interannual 
variation relative to that of the system potential (WOP).  During summer, WOP daily 
maxima are about 1-2°C higher than EC,  but EC daily minima are about 3-5°C warmer 
than WOP, resulting in WOP daily means that are several degrees cooler than EC. 

2. Above JC Boyle Powerhouse (Figure A4) – The spring-dominated flow in this reach, 
resulting from diversion and bypass of all but 100 cfs at JC Boyle Dam under EC, varies 
little on a diel, interannual, or seasonal basis compared to the potential condition under 
WOP.  Temperatures under WOP almost always exceed those under EC (frequently by 2-
4°C) during the warm months, and then the condition flips during cold periods. 

Boyle Peaking Reach: extends 25.7 km from Boyle Powerhouse to Copco 1 Reservoir, and is 
subjected to extreme flow fluctuations from a daily base flow of about 330 cfs to daily peak 
flows of 1300 cfs (single turbine) to 2600 cfs (both turbines).   

1. Below JC Boyle Powerhouse (Figure A5) –At the top of the Boyle Peaking Reach, EC 
thermal patterns are unique, being driven by the peaking operation.  During summer and 
fall off-peak periods, the only flow entering this reach is the 330 cfs from the Boyle 
Bypass Reach.  Therefore, the daily minima are nearly identical to those in the Boyle 
Bypass Reach (Figure 8), because peaking usually occurs on a daily basis.  Daily 
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maxima, on the other hand, are driven by on-peak flows diverted from JC Boyle 
Reservoir.  Therefore, daily maxima are nearly the same as those below JC Boyle Dam 
(Figure A3).  The end result is a diel fluctuation of 6-10°C during the summer 
accompanied by a corresponding fluctuation in flow from about 1300 (single turbine) to 
2600 cfs (both turbines).  WOP daily maxima are similar to EC, but summer-time daily 
means under WOP are 1-2°C warmer than EC because the daily minima are 2-3°C 
warmer.   

2. At State Line (Figure A6) – Thermal patterns for WOP change little from those at the top 
end of the peaking reach (Figure A5).  Conversely, EC daily maxima and minima 
increase by several degrees.  WOP daily minima are about 1°C warmer than EC during 
the warmest time periods, and about equal otherwise.  WOP daily means are slightly 
cooler than EC, and WOP daily maxima are several degrees cooler than EC. 

3. Above Copco Reservoir (Figure A7) – At the bottom end of the Boyle Peaking Reach, 
WOP temperatures are consistently cooler than EC, with similar magnitudes of 
interannual variation.  

Below Copco Dam: extends 319 km to the Pacific Ocean.  No riverine reaches exist above Iron 
Gate Dam under EC because all peaking flows from Copco 1 Dam are diverted at Copco 2 Dam 
and enter the upper end of Iron Gate Reservoir.  However, riverine conditions are simulated at 
the dam locations under various dam removal scenarios.  Effects of Copco and Iron Gate 
reservoirs dominate this reach downstream to approximately Seiad Valley at rkm 207.6. 

1. Below Copco Dam (Figure A8) – Thermal patterns for EC vary little on a diel or 
interannual basis, a direct result of the reservoir’s thermal inertia.  EC temperatures 
almost never drop below 20°C from July 16 – August 26, whereas WOP temperatures 
range to 15°C.  The biggest departure from system potential is the 2-5°C elevation of 
daily minima from August-October under EC, which is accompanied by 1-4°C increases 
over WOP for daily means and maxima.  During May, daily maxima are 1-2°C warmer 
under WOP, but lower daily minima under WOP result in daily means similar between 
the two scenarios.  

2. Below Iron Gate Dam (Figure A9) – Similarly to Below Copco Dam, EC temperatures 
are relatively invariant on a diel and interannual basis.  WOP daily maxima are 2-4°C 
warmer than under EC from late April – July, but cooler WOP daily minima make daily 
means similar from June-July.  Reservoir effluent is nearly always cooler from late April 
– May for all daily statistics.  WOP daily minima are lower than EC from June-October, 
with the greatest differences occurring during August (3-4°C) and September-October (4-
7°C).  During mid-August to early September, nearly all EC daily means exceed 20°C, 
whereas most WOP daily means are below 20°C.  Indeed, almost all EC temperatures, 
including daily minima, exceed 20°C from July 16 – September 9.  In contrast, few WOP 
daily minima exceed 20°C. 

3. Above Shasta River (Figure A10) – Moving downstream from Iron Gate Dam, the river 
shows more of a diel and interannual response to climatic conditions, as shown by lower 
daily minima, higher daily maxima, and more variation than at the dam (Figure A9).  The 
tendency towards cooler temperatures during May under EC is still present, but 
dampened from the dam site.  WOP maximum temperatures are nearly always lower than 
EC from June on, with differences frequently exceeding 3°C from mid-August on.   

4. Above Scott River (Figure A11) – Patterns noted above the Shasta River are still present, 
though dampened.  WOP temperatures during late-summer and fall cooling are still 



Appendix A  3 

several degrees cooler than EC.  The tendency toward warmer May temperatures under 
WOP is present but weak. 

5. At Seiad Valley (Figure A12) – Dampened patterns from the upstream sites remain, with 
the largest effect being the delay in late summer and fall cooling under EC.  Similar 
effects can be seen as far downstream as the Salmon River, but the significance of small 
differences in model output below this point is questionable. 
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Figure A1.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM below Keno Dam.  
Results for each day within two week periods from April - November over the 
five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean difference 
(WOP-EC) ± 1 SD (bottom).
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Figure A2.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM above JC Boyle 
Reservoir.  Results for each day within two week periods from April - November 
over the five years modeled (70 days per individual box plot) are plotted for two 
KHP configurations: Existing Condition (EC) and Without Project (WOP).  
Numbers overlaying plots are the mean temperature under EC (top) and the mean 
difference (WOP-EC) ± 1 SD (bottom).
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Figure A3.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM below JC Boyle 
Dam.  Results for each day within two week periods from April - November over 
the five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean difference 
(WOP-EC) ± 1 SD (bottom).
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Figure A4.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM above JC Boyle 
Powerhouse.  Results for each day within two week periods from April - 
November over the five years modeled (70 days per individual box plot) are 
plotted for two KHP configurations: Existing Condition (EC) and Without Project 
(WOP).  Numbers overlaying plots are the mean temperature under EC (top) and 
the mean difference (WOP-EC) ± 1 SD (bottom).
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Figure A5.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM below JC Boyle 
Powerhouse.  Results for each day within two week periods from April - 
November over the five years modeled (70 days per individual box plot) are 
plotted for two KHP configurations: Existing Condition (EC) and Without Project 
(WOP).  Numbers overlaying plots are the mean temperature under EC (top) and 
the mean difference (WOP-EC) ± 1 SD (bottom).
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Figure A6.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM at State Line.  
Results for each day within two week periods from April - November over the 
five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean difference 
(WOP-EC) ± 1 SD (bottom).
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Figure A7.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM above Copco 
Reservoir.  Results for each day within two week periods from April - November 
over the five years modeled (70 days per individual box plot) are plotted for two 
KHP configurations: Existing Condition (EC) and Without Project (WOP).  
Numbers overlaying plots are the mean temperature under EC (top) and the mean 
difference (WOP-EC) ± 1 SD (bottom).
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Figure A8.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM at Copco Dam.  
Results for each day within two week periods from April - November over the 
five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean difference 
(WOP-EC) ± 1 SD (bottom).
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Figure A9.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM at Iron Gate Dam.  
Results for each day within two week periods from April - November over the 
five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean difference 
(WOP-EC) ± 1 SD (bottom).
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Figure A10.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM above the Shasta 
River.  Results for each day within two week periods from April - November 
over the five years modeled (70 days per individual box plot) are plotted for two 
KHP configurations: Existing Condition (EC) and Without Project (WOP).  
Numbers overlaying plots are the mean temperature under EC (top) and the 
mean difference (WOP-EC) ± 1 SD (bottom).
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Figure A11.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM above the Scott 
River.  Results for each day within two week periods from April - November 
over the five years modeled (70 days per individual box plot) are plotted for two 
KHP configurations: Existing Condition (EC) and Without Project (WOP).  
Numbers overlaying plots are the mean temperature under EC (top) and the 
mean difference (WOP-EC) ± 1 SD (bottom).
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Figure A12.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures predicted by the KRWQM at Seiad Valley.  
Results for each day within two week periods from April - November over the 
five years modeled (70 days per individual box plot) are plotted for two KHP 
configurations: Existing Condition (EC) and Without Project (WOP).  Numbers 
overlaying plots are the mean temperature under EC (top) and the mean 
difference (WOP-EC) ± 1 SD (bottom).

Daily Minimum

5 10 15 20 25 30

Tw
o 

W
ee

k 
Pe

rio
d

Apr 23 - May 6

May 7 - 20

May 21 - Jun 3

Jun 4 - 17

Jun 18 - Jul 1

Jul 2 - 15

Jul 16 - 29

Jul 30 - Aug 12

Aug 13 - 26

Aug 27 - Sep 9

Sep 10 - 23

Sep 24 - Oct 7

Oct 8 - 21

Oct 22 - Nov 4

Daily Mean

5 10 15 20 25 30

Daily Maximum

Water Temperature (oC)
5 10 15 20 25 30

EC 
WOP

At Seiad Valley RKM 207.6

11.8

0.7 ± 0.9

13.0

0.5 ± 0.8

15.3

0.9 ± 0.7

16.3

0.3 ± 0.9

18.6

0.3 ± 0.7

19.9

0.1 ± 0.6

20.6

0.0 ± 0.7

20.6

-0.2 ± 0.6

19.7

-0.3 ± 0.6

18.6

-0.7 ± 0.8

17.7

-0.8 ± 0.8

16.3

-0.9 ± 0.9

13.6

-1.6 ± 0.8

10.3

-1.9 ± 1.3

13.0

0.6 ± 0.8

14.2

0.3 ± 0.7

16.6

0.6 ± 0.7

17.8

-0.1 ± 0.8

20.3

0.0 ± 0.6

21.7

-0.1 ± 0.5

22.6

-0.1 ± 0.6

22.6

-0.4 ± 0.6

21.6

-0.5 ± 0.4

20.4

-0.9 ± 0.8

19.4

-1.0 ± 0.8

17.8

-1.1 ± 0.9

15.0

-1.9 ± 0.7

11.4

-2.0 ± 1.0

14.3

0.4 ± 0.9

15.4

0.1 ± 0.8

18.1

0.2 ± 0.8

19.3

-0.5 ± 0.8

21.9

-0.2 ± 0.6

23.5

-0.2 ± 0.6

24.7

-0.3 ± 0.8

24.6

-0.6 ± 1.0

23.7

-0.8 ± 0.7

22.1

-1.1 ± 1.0

20.9

-1.1 ± 0.9

19.1

-1.1 ± 1.0

16.1

-2.0 ± 0.6

12.4

-2.0 ± 0.8



Appendix A  16 

Daily Minimum

5 10 15 20 25 30

Daily Mean

5 10 15 20 25 30

Daily Maximum

Water Temperature (oC)

5 10 15 20 25 30

EC 
No IG
No IG-COP
No IG-COP-JCB
WOP

April 23 - May 6, 2000-2004

At Keno Dam
RM 232.86

Above JC Boyle
Reservoir RM 227.57

Below JC Boyle
Dam RM 224.32

Above JC Boyle
Powerhouse RM 220.20

Below JC Boyle
Powerhouse RM 219.40

At State Line
RM 209.16

Above Copco Reservoir
RM 203.61

At Copco Dam
RM 198.57

At Iron Gate Dam
RM 190.54

Above Shasta River
RM 177.52

At Walker Bridge
RM 156.79

Above Scott River
RM 143.86

At Seiad Valley
RM 129.04

Above Clear Creek
RM 99.04

Above Salmon River
RM 66.91

Figure A13.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from April 23-May 6 over the 
five years modeled (70 days per individual box plot) for five dam removal 
scenarios. 
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Figure A14.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from May 7-20 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 
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Figure A15.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from May 21 – June 3 over the 
five years modeled (70 days per individual box plot) for five dam removal 
scenarios. 



Appendix A  19 

Daily Minimum

5 10 15 20 25 30

Daily Mean

5 10 15 20 25 30

Daily Maximum

Water Temperature (oC)

5 10 15 20 25 30

EC 
No IG
No IG-COP
No IG-COP-JCB
WOP

June 4-17, 2000-2004

At Keno Dam
RM 232.86

Above JC Boyle
Reservoir RM 227.57

Below JC Boyle
Dam RM 224.32

Above JC Boyle
Powerhouse RM 220.20

Below JC Boyle
Powerhouse RM 219.40

At State Line
RM 209.16

Above Copco Reservoir
RM 203.61

At Copco Dam
RM 198.57

At Iron Gate Dam
RM 190.54

Above Shasta River
RM 177.52

At Walker Bridge
RM 156.79

Above Scott River
RM 143.86

At Seiad Valley
RM 129.04

Above Clear Creek
RM 99.04

Above Salmon River
RM 66.91

Figure A16.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from June 4-17 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 



Appendix A  20 

Daily Minimum

5 10 15 20 25 30

Daily Mean

5 10 15 20 25 30

Daily Maximum

Water Temperature (oC)

5 10 15 20 25 30

EC 
No IG
No IG-COP
No IG-COP-JCB
WOP

June 18 - July 1, 2000-2004

At Keno Dam
RM 232.86

Above JC Boyle
Reservoir RM 227.57

Below JC Boyle
Dam RM 224.32

Above JC Boyle
Powerhouse RM 220.20

Below JC Boyle
Powerhouse RM 219.40

At State Line
RM 209.16

Above Copco Reservoir
RM 203.61

At Copco Dam
RM 198.57

At Iron Gate Dam
RM 190.54

Above Shasta River
RM 177.52

At Walker Bridge
RM 156.79

Above Scott River
RM 143.86

At Seiad Valley
RM 129.04

Above Clear Creek
RM 99.04

Above Salmon River
RM 66.91

Figure A17.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from June 18 - July 1 over the 
five years modeled (70 days per individual box plot) for five dam removal 
scenarios. 
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Figure A18.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from July 2-15 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 
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Figure A19.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from July 16-29 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 
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Figure A20.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from July 30 - August 12 over 
the five years modeled (70 days per individual box plot) for five dam removal 
scenarios. 
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Figure A21.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from August 13-26 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 
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Figure A22.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from August 27 - September 9 
over the five years modeled (70 days per individual box plot) for five dam 
removal scenarios. 
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Figure A23.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from September 10-23 over the 
five years modeled (70 days per individual box plot) for five dam removal 
scenarios. 
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Figure A24.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from September 24 - October 7 
over the five years modeled (70 days per individual box plot) for five dam 
removal scenarios. 
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Figure A25.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from October 8-21 over the five 
years modeled (70 days per individual box plot) for five dam removal scenarios. 
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Figure A26.  Box plots (line inside box is median, box ends are 25th and 75th percentiles, 
whisker ends are 10th and 90th percentiles, dots are outliers) of daily minimum, 
mean, and maximum temperatures for each day from October 22 - November 4 
over the five years modeled (70 days per individual box plot) for five dam 
removal scenarios. 
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Figure A27.  Predicted differences in daily maximum water temperatures from the Existing Condition (EC) at the location of Iron 
Gate Dam resulting from dam removal.  Positive differences indicate that removal warms the water; negative 
differences indicate that removal cools the water.  Each bar represents the difference for one day; all days modeled for 
2000-2004 are included in each plot.  For each site, dotted lines denote the date when the average of the daily maximum 
for the previous 7 days (7d-max) crosses the 20°C threshold as the river warms in the spring, and dashed lines mark 
when the 7d-max crosses the 20°C threshold as the river cools in the fall (intermediate stress thresholds for adult 
salmon and steelhead, see Table 2). 
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Figure A28.  Predicted differences in daily mean water temperatures from the Existing Condition (EC) at the location of Iron Gate 
Dam resulting from dam removal.  Positive differences indicate that removal warms the water; negative differences 
indicate that removal cools the water.  Each bar represents the difference for one day; all days modeled for 2000-2004 
are included in each plot.  For each site, dotted lines denote the date when the average of the daily mean for the 
previous 7 days (7d-avg) crosses the 18°C threshold as the river warms in the spring, and dashed lines mark when the 
7d-avg crosses the 19°C threshold as the river cools in the fall (intermediate stress thresholds for adult salmon and 
steelhead, see Table 2). 
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Figure A29.  Predicted differences in daily maximum water temperatures from the Existing Condition (EC) near the Shasta River 
confluence resulting from dam removal.  Positive differences indicate that removal warms the water; negative 
differences indicate that removal cools the water.  Each bar represents the difference for one day; all days modeled for 
2000-2004 are included in each plot.  For each site, dotted lines denote the date when the average of the daily maximum 
for the previous 7 days (7d-max) crosses the 20°C threshold as the river warms in the spring, and dashed lines mark 
when the 7d-max crosses the 20°C threshold as the river cools in the fall (intermediate stress thresholds for adult 
salmon and steelhead, see Table 2). 
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Figure A30.  Predicted differences in daily mean water temperatures from the Existing Condition (EC) near the Shasta River 
confluence resulting from dam removal.  Positive differences indicate that removal warms the water; negative 
differences indicate that removal cools the water.  Each bar represents the difference for one day; all days modeled for 
2000-2004 are included in each plot.  For each site, dotted lines denote the date when the average of the daily mean for 
the previous 7 days (7d-avg) crosses the 18°C threshold as the river warms in the spring, and dashed lines mark when 
the 7d-avg crosses the 19°C threshold as the river cools in the fall (intermediate stress thresholds for adult salmon and 
steelhead, see Table 2). 
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Appendix B 
 
Thermal and Dissolved Oxygen Conditions for Juvenile and Adult Chinook and 
Steelhead Under Different Configurations of the Klamath Hydroelectric Project 
 
Abbreviations used in the following figures include: 
KHP: Klamath Hydroelectric Project; 
KRWQM:  Klamath River Water Quality Model; 
EC:  Existing Condition; 
No IG:  Iron Gate Dam removed; 
No IG-COP:  Iron Gate, and Copco 1 and 2 dams removed; 
No IG-COP-JCB:  Iron Gate, Copco 1 and 2, and JC Boyle dams removed; 
WOP:  Without Project. 
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Figure B1. Average weekly thermal conditions for adult chinook and steelhead within and below the KHP.  Water temperatures 
predicted by the KRWQM were categorized by level of stress, and then averaged by week across years (2000-2004).  
Only data from riverine sites and Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are 
represented solely by outflow from the dams. 
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Table B1.  Thermal conditions predicted by the Klamath River water quality model April - July for adult anadromous salmonids between Keno and 
Copco 2 Dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR (stressful), and 
SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress categories in each two week 
period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing condition; No IG = Iron Gate Dam removed; 
No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams 
removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 90 10 80 20 91 9 100 97 3 80 20 77 23 100

No IG 90 10 80 20 91 9 100 97 3 80 20 77 23 100
No IG-COP 90 10 80 20 93 7 100 96 4 76 24 70 30 71 29

No IG-COP-JCB 90 10 80 20 77 23 87 13 87 13 87 13 87 13 90 10
WOP 96 4 89 11 86 14 89 11 89 11 83 17 83 17 84 16

EC 56 44 44 56 57 43 90 10 77 23 39 61 33 67 63 37
No IG 56 44 44 56 57 43 90 10 77 23 39 61 33 67 67 33

No IG-COP 56 44 44 56 60 40 91 9 50 50 26 74 17 83 26 74
No IG-COP-JCB 56 44 43 57 33 67 49 51 47 53 29 71 29 71 30 70

WOP 80 20 70 30 61 39 66 34 66 34 60 40 53 47 53 47

EC 3 53 33 11 57 33 10 6 53 31 10 36 64 23 61 16 67 33 59 41 20 66 14
No IG 3 53 33 11 57 33 10 6 53 31 10 36 64 23 61 16 67 33 59 41 23 63 14

No IG-COP 3 53 33 11 57 33 10 9 50 30 11 41 59 13 51 36 60 39 1 54 36 10 56 39 6
No IG-COP-JCB 3 53 33 11 59 31 10 53 37 10 77 23 77 23 67 33 61 39 59 41

WOP 19 43 39 10 50 40 60 36 4 7 76 17 4 79 17 74 26 1 69 30 4 63 33

EC 76 24 1 76 23 79 21 100 71 29 36 46 19 37 43 20 40 60
No IG 76 24 1 76 23 79 21 100 71 29 36 46 19 37 43 20 40 60

No IG-COP 76 24 1 76 23 10 70 20 100 23 64 13 19 60 21 23 57 20 37 43 20
No IG-COP-JCB 76 24 74 26 3 66 31 60 33 7 60 33 7 56 30 14 59 27 14 57 31 11

WOP 69 30 1 61 36 3 57 39 4 77 23 77 23 79 21 77 23 73 27

EC 31 69 33 67 44 56 100 51 46 3 7 41 51 4 61 34 6 93 1
No IG 31 69 33 67 44 56 100 51 46 3 7 41 51 4 61 34 13 87

No IG-COP 31 69 33 67 1 56 43 100 14 57 29 1 41 57 1 49 50 4 61 34
No IG-COP-JCB 31 69 29 71 27 73 33 51 16 33 49 19 16 53 31 14 53 33 13 60 27

WOP 31 43 26 29 27 44 27 19 54 51 40 9 51 40 9 40 47 13 36 41 23 31 46 23

EC 14 86 4 96 14 86 100 16 70 14 17 83 19 81 41 59
No IG 14 86 4 96 14 86 100 16 70 14 17 83 19 81 51 49

No IG-COP 14 86 4 96 13 87 100 70 30 3 97 4 96 20 80
No IG-COP-JCB 14 86 3 97 1 99 9 67 24 9 66 26 34 66 33 67 56 44

WOP 1 17 81 10 90 10 90 16 56 29 16 56 29 10 67 23 7 67 26 4 66 30

EC 0 100 100 1 99 100 1 56 43 10 90 13 87 9 91
No IG 0 100 100 1 99 100 1 56 43 10 90 13 87 1 14 84

No IG-COP 0 100 100 1 99 100 53 47 4 96 7 93 16 84
No IG-COP-JCB 0 100 100 100 9 57 34 9 54 37 24 76 20 80 30 70

WOP 20 80 4 96 4 96 19 43 39 19 43 39 3 60 37 40 60 29 71

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

At Copco Dam RM 
198.57

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Abv JCB Powerhouse 
RM 220.20

Blw JCB Powerhouse 
RM 219.40 At State Line RM 209.16

Abv Copco Reservoir 
RM 203.61Biweekly 

Period

At Keno Dam RM 
232.86

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 100 100 3 97 100 17 49 34 27 73 30 70 7 93

No IG 100 100 3 97 100 17 49 34 27 73 30 70 1 20 79
No IG-COP 100 100 6 94 100 9 41 50 16 84 21 79 37 63

No IG-COP-JCB 100 100 100 26 40 34 26 40 34 4 39 57 4 39 57 4 43 53
WOP 4 29 67 24 76 20 80 20 56 24 20 56 24 14 53 33 7 56 37 6 46 49

EC 100 100 10 90 100 23 70 7 19 81 49 51 9 91
No IG 100 100 10 90 100 23 70 7 19 81 49 51 20 80

No IG-COP 100 100 11 89 100 67 33 11 89 23 77 56 44
No IG-COP-JCB 100 100 100 27 67 6 26 69 6 3 71 26 4 73 23 77 23

WOP 6 43 51 26 74 21 79 30 60 10 30 61 9 21 76 3 17 76 7 7 80 13

EC 3 31 66 4 23 73 4 57 39 6 94 71 29 17 54 29 19 63 19 50 50
No IG 3 31 66 4 23 73 4 57 39 6 94 71 29 17 54 29 19 63 19 43 57

No IG-COP 3 31 66 4 23 73 4 61 34 6 94 16 77 7 19 40 41 21 46 33 21 71 7
No IG-COP-JCB 3 31 66 4 16 80 6 11 83 60 40 60 40 37 63 36 64 30 70

WOP 37 63 36 46 19 29 44 27 81 19 80 20 64 36 49 51 41 59

EC 37 63 46 54 41 59 27 73 1 99 99 1 90 10 4 96
No IG 37 63 46 54 41 59 27 73 1 99 99 1 90 10 10 90

No IG-COP 37 63 46 54 56 44 37 63 3 89 9 89 11 90 10 3 86 11
No IG-COP-JCB 37 63 40 57 3 31 60 9 100 100 1 99 3 93 4 6 84 10

WOP 11 80 9 6 70 24 4 67 29 10 90 10 90 7 93 7 93 10 83 7

EC 3 91 6 99 1 6 91 3 84 16 31 69 9 91 9 91 74 26
No IG 3 91 6 99 1 6 91 3 84 16 31 69 9 91 9 91 73 27

No IG-COP 3 91 6 99 1 14 83 3 96 4 33 66 1 6 94 6 94 11 89
No IG-COP-JCB 3 91 6 91 9 90 10 9 91 10 90 11 89 11 89 14 86

WOP 19 81 14 86 14 86 30 70 30 70 30 70 23 77 21 79

EC 71 29 60 40 80 20 100 96 4 76 24 77 23 34 66
No IG 71 29 60 40 80 20 100 96 4 76 24 77 23 39 61

No IG-COP 71 29 60 40 83 17 100 94 6 69 31 73 27 80 20
No IG-COP-JCB 71 29 59 40 1 56 44 89 11 89 11 84 16 83 17 83 17

WOP 91 9 89 11 86 14 94 6 94 6 96 4 93 7 93 7

EC 100 100 100 100 100 100 100 100
No IG 100 100 100 100 100 100 100 100

No IG-COP 100 100 100 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100 100 100 100

WOP 100 100 100 100 100 100 100 100

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

At Copco Dam RM 
198.57

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Abv JCB Powerhouse 
RM 220.20

Blw JCB Powerhouse 
RM 219.40 At State Line RM 209.16

Abv Copco Reservoir 
RM 203.61Biweekly 

Period

At Keno Dam RM 
232.86

Sep 10-
23

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

Table B2.  Thermal conditions predicted by the Klamath River water quality model August - October for adult anadromous salmonids between Keno 
and Copco 2 Dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR (stressful), 
and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress categories in each two week 
period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing condition; No IG = Iron Gate Dam removed; 
No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams 
removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed. 
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Table B3.  Thermal conditions predicted by the Klamath River water quality model April - July for adult anadromous salmonids between Iron 
Gate Dam and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT (optimal), 
SUB (suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days 
falling within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: 
EC = existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-
COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and 
Keno dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 100 100 100 100 100 100 100

No IG 100 100 100 100 100 100 100
No IG-COP 100 100 100 100 97 3 100 100

No IG-COP-JCB 100 100 100 100 100 100 100
WOP 100 100 100 100 97 3 100 100

EC 100 100 99 1 97 3 84 16 96 4 100
No IG 91 9 86 14 77 23 80 20 83 16 1 93 7 100

No IG-COP 80 20 80 19 1 71 24 4 77 19 4 83 11 6 89 11 99 1
No IG-COP-JCB 87 13 86 14 80 20 81 19 83 11 6 90 10 99 1

WOP 87 13 86 14 84 16 84 13 3 83 11 6 91 9 99 1

EC 80 19 1 41 43 16 34 49 17 33 44 20 3 59 24 4 13 64 21 14 66 30 4
No IG 36 44 13 7 27 36 10 27 20 43 33 4 27 37 16 20 51 30 3 16 56 29 16 64 30 6

No IG-COP 21 33 9 37 14 40 26 20 10 41 14 34 16 39 21 24 37 37 10 16 47 37 16 57 33 10
No IG-COP-JCB 33 29 33 6 26 31 23 20 10 46 26 19 21 34 29 16 37 40 9 14 53 31 16 64 27 9

WOP 40 26 20 14 37 23 26 14 24 31 26 19 29 29 26 17 41 36 10 13 53 31 16 63 30 7

EC 23 41 36 37 44 19 47 53 47 50 3 1 73 19 7 14 74 11 14 76 10
No IG 31 51 17 34 21 44 44 43 13 44 44 11 6 57 26 11 16 64 19 1 21 69 10

No IG-COP 36 37 27 31 47 21 31 46 23 36 44 20 4 53 43 14 61 24 21 64 13 1
No IG-COP-JCB 4 66 10 20 1 59 20 20 43 39 19 49 40 11 6 60 34 14 71 14 21 69 10

WOP 21 53 13 13 6 67 17 10 3 63 20 14 3 60 27 10 7 66 27 16 71 13 21 70 9

EC 30 70 4 96 66 34 20 80 40 60 24 27 49 24 37 39
No IG 23 77 9 91 39 61 1 23 76 1 40 59 21 31 47 34 30 36

No IG-COP 4 21 74 29 71 23 77 1 34 64 1 44 54 16 39 46 29 31 40
No IG-COP-JCB 21 31 47 7 34 59 4 39 57 4 39 57 3 49 49 24 30 46 31 29 40

WOP 27 39 34 21 40 39 9 53 39 7 46 47 3 53 44 14 44 41 27 34 39

EC 53 47 100 100 100 100 7 93 17 83
No IG 100 100 100 100 100 11 89 27 73

No IG-COP 100 100 100 100 100 16 84 27 73
No IG-COP-JCB 14 86 3 97 3 97 100 100 14 86 31 69

WOP 1 10 89 10 90 9 91 1 99 100 17 83 34 66

EC 100 100 100 100 100 100 100
No IG 100 100 100 100 100 3 97 4 96

No IG-COP 3 97 100 100 100 100 3 97 4 96
No IG-COP-JCB 9 91 4 96 4 96 100 100 3 97 4 96

WOP 4 96 7 93 4 96 3 97 1 99 3 97 4 96

Biweekly 
Period

At Iron Gate Dam RM 
190.54

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 14 86 100 4 96 3 97 4 96 11 89 14 86

No IG 100 100 4 96 1 99 4 96 17 83 23 77
No IG-COP 1 27 71 10 90 10 90 9 91 9 91 20 80 26 74

No IG-COP-JCB 4 34 61 4 20 76 4 17 79 3 9 89 10 90 23 77 26 74
WOP 10 33 57 6 24 70 6 19 76 4 17 79 19 81 24 76 3 23 74

EC 20 80 100 100 3 97 4 96 14 86 20 80
No IG 100 100 1 99 1 99 6 94 14 86 30 70

No IG-COP 1 40 59 13 87 16 84 13 87 7 93 16 84 30 70
No IG-COP-JCB 4 61 34 40 60 33 67 9 91 13 87 16 84 1 30 69

WOP 9 61 30 4 47 49 3 41 56 19 81 14 86 1 20 79 3 33 64

EC 43 57 13 87 10 31 59 3 21 76 9 21 70 9 34 57 13 43 44
No IG 24 76 3 30 67 14 26 60 13 23 64 16 27 57 17 31 51 17 40 43

No IG-COP 4 30 43 23 1 19 29 51 21 36 43 17 27 56 16 24 60 17 34 49 19 40 41
No IG-COP-JCB 9 34 57 6 29 29 37 31 29 40 20 34 46 19 26 56 17 36 47 19 39 43

WOP 11 34 54 9 31 31 29 3 31 29 37 30 26 44 21 31 47 20 37 43 21 39 40

EC 10 87 3 3 44 53 26 74 13 54 33 23 49 29 1 37 27 34 1 46 21 31
No IG 13 77 10 3 21 60 16 4 44 41 10 4 29 41 26 3 41 39 17 1 47 20 31 1 57 9 33

No IG-COP 16 76 9 7 59 34 6 61 33 6 57 19 19 4 51 21 23 3 57 10 30 3 57 9 31
No IG-COP-JCB 26 74 17 56 27 9 63 29 9 53 29 10 7 53 23 17 4 57 14 24 3 57 14 26

WOP 37 54 9 24 50 26 17 54 29 11 51 24 13 9 54 16 21 7 54 13 26 4 57 11 27

EC 87 13 29 70 1 6 73 21 7 41 50 1 9 53 39 9 51 39 1 9 59 31 1
No IG 1 74 24 7 71 21 10 80 10 11 51 37 11 60 29 14 54 31 16 57 26 1

No IG-COP 47 53 19 73 9 16 81 3 16 70 14 16 64 20 16 60 23 1 17 61 20 1
No IG-COP-JCB 60 40 41 59 17 83 17 64 19 17 64 19 16 63 21 17 63 19 1

WOP 63 37 49 51 23 76 1 20 70 10 19 69 13 19 64 16 1 19 61 19 1

EC 30 70 41 56 3 66 34 67 31 1 69 30 1 71 27 1 73 26 1
No IG 74 26 77 23 79 21 77 21 1 76 23 1 77 21 1 77 21 1

No IG-COP 96 4 91 9 86 14 84 14 1 80 19 1 81 17 1 79 20 1
No IG-COP-JCB 99 1 96 4 89 11 86 14 84 14 1 81 17 1 80 19 1

WOP 99 1 96 4 93 7 87 13 84 14 1 81 17 1 81 17 1

EC 100 100 100 100 100 100 100
No IG 100 100 100 100 100 100 100

No IG-COP 100 100 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100 100 100

WOP 100 100 100 100 100 100 100

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91Biweekly 

Period

Jul 30 - 
Aug 12

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

At Iron Gate Dam RM 
190.54

Aug 13-
26

Oct 22 - 
Nov 4

Sep 24 - 
Oct 7

Oct 8-21

Aug 27 - 
Sep 9

Sep 10-
23

Table B4.  Thermal conditions predicted by the Klamath River water quality model August - October for adult anadromous salmonids between 
Iron Gate Dam and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT 
(optimal), SUB (suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of 
days falling within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations 
are: EC = existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-
COP-JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and 
Keno dams removed. 
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Figure B2. Conditions during spring, summer, and fall of 2000 for adult salmon and steelhead within and below the KHP, based on 
water temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B3. Conditions during spring, summer, and fall of 2001 for adult salmon and steelhead within and below the KHP, based on 
water temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B4. Conditions during spring, summer, and fall of 2002 for adult salmon and steelhead within and below the KHP, based on 
water temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B5. Conditions during spring, summer, and fall of 2003 for adult salmon and steelhead within and below the KHP, based on 
water temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B6. Conditions during spring, summer, and fall of 2004 for adult salmon and steelhead within and below the KHP, based on 
water temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other 
mainstem reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B7. Average weekly thermal conditions for juvenile chinook within and below the KHP.  Water temperatures predicted by the 
KRWQM were categorized by level of stress, and then averaged by week across years (2000-2004).  Only data from 
riverine sites and Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented solely 
by outflow from the dams. 
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 90 10 80 20 91 9 100 97 3 80 20 77 23 100

No IG 90 10 80 20 91 9 100 97 3 80 20 77 23 100
No IG-COP 90 10 80 20 93 7 100 96 4 76 24 70 30 71 29

No IG-COP-JCB 90 10 80 20 77 23 87 13 87 13 87 13 87 13 90 10
WOP 96 4 89 11 86 14 89 11 89 11 83 17 83 17 84 16

EC 56 44 44 56 57 43 90 10 77 23 39 61 33 67 63 37
No IG 56 44 44 56 57 43 90 10 77 23 39 61 33 67 67 33

No IG-COP 56 44 44 56 60 40 91 9 50 50 26 74 17 83 26 74
No IG-COP-JCB 56 44 43 57 33 67 49 51 47 53 29 71 29 71 30 70

WOP 80 20 70 30 61 39 66 34 66 34 60 40 53 47 53 47

EC 3 53 33 11 57 33 10 6 53 31 10 36 64 23 61 16 67 33 59 41 20 66 14
No IG 3 53 33 11 57 33 10 6 53 31 10 36 64 23 61 16 67 33 59 41 23 63 14

No IG-COP 3 53 33 11 57 33 10 9 50 30 11 41 59 13 51 36 60 39 1 54 36 10 56 39 6
No IG-COP-JCB 3 53 33 11 59 31 10 53 37 10 77 23 77 23 67 33 61 39 59 41

WOP 19 43 39 10 50 40 60 36 4 7 76 17 4 79 17 74 26 1 69 30 4 63 33

EC 76 24 1 76 23 79 21 100 71 29 36 46 19 37 43 20 40 60
No IG 76 24 1 76 23 79 21 100 71 29 36 46 19 37 43 20 40 60

No IG-COP 76 24 1 76 23 10 70 20 100 23 64 13 19 60 21 23 57 20 37 43 20
No IG-COP-JCB 76 24 74 26 3 66 31 60 33 7 60 33 7 56 30 14 59 27 14 57 31 11

WOP 69 30 1 61 36 3 57 39 4 77 23 77 23 79 21 77 23 73 27

EC 31 69 33 67 44 56 100 51 46 3 7 41 51 4 61 34 6 93 1
No IG 31 69 33 67 44 56 100 51 46 3 7 41 51 4 61 34 13 87

No IG-COP 31 69 33 67 1 56 43 100 14 57 29 1 41 57 1 49 50 4 61 34
No IG-COP-JCB 31 69 29 71 27 73 33 51 16 33 49 19 16 53 31 14 53 33 13 60 27

WOP 31 43 26 29 27 44 27 19 54 51 40 9 51 40 9 40 47 13 36 41 23 31 46 23

EC 14 86 4 96 14 86 100 16 70 14 17 83 19 81 41 59
No IG 14 86 4 96 14 86 100 16 70 14 17 83 19 81 51 49

No IG-COP 14 86 4 96 13 87 100 70 30 3 97 4 96 20 80
No IG-COP-JCB 14 86 3 97 1 99 9 67 24 9 66 26 34 66 33 67 56 44

WOP 1 17 81 10 90 10 90 16 56 29 16 56 29 10 67 23 7 67 26 4 66 30

EC 100 100 1 99 100 1 56 43 10 90 13 87 9 91
No IG 100 100 1 99 100 1 56 43 10 90 13 87 1 14 84

No IG-COP 100 100 1 99 100 53 47 4 96 7 93 16 84
No IG-COP-JCB 100 100 100 9 57 34 9 54 37 24 76 20 80 30 70

WOP 20 80 4 96 4 96 19 43 39 19 43 39 3 60 37 40 60 29 71

At Copco Dam RM 
198.57

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17

Abv JCB Powerhouse 
RM 220.20

Blw JCB Powerhouse 
RM 219.40 At State Line RM 209.16

Abv Copco Reservoir 
RM 203.61Biweekly 

Period

At Keno Dam RM 
232.86

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

Table B5.  Thermal conditions predicted by the Klamath River water quality model April - July for juvenile chinook between Keno and Copco 
2 dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR (stressful), and 
SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress categories in each two 
week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing condition; No IG = Iron Gate 
Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron Gate, and Copco 1 and 2, and 
JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed.
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 100 100 3 97 100 17 49 34 27 73 30 70 7 93

No IG 100 100 3 97 100 17 49 34 27 73 30 70 1 20 79
No IG-COP 100 100 6 94 100 9 41 50 16 84 21 79 37 63

No IG-COP-JCB 100 100 100 26 40 34 26 40 34 4 39 57 4 39 57 4 43 53
WOP 4 29 67 24 76 20 80 20 56 24 20 56 24 14 53 33 7 56 37 6 46 49

EC 100 100 10 90 100 23 70 7 19 81 49 51 9 91
No IG 100 100 10 90 100 23 70 7 19 81 49 51 20 80

No IG-COP 100 100 11 89 100 67 33 11 89 23 77 56 44
No IG-COP-JCB 100 100 100 27 67 6 26 69 6 3 71 26 4 73 23 77 23

WOP 6 43 51 26 74 21 79 30 60 10 30 61 9 21 76 3 17 76 7 7 80 13

EC 3 31 66 4 23 73 4 57 39 6 94 71 29 17 54 29 19 63 19 50 50
No IG 3 31 66 4 23 73 4 57 39 6 94 71 29 17 54 29 19 63 19 43 57

No IG-COP 3 31 66 4 23 73 4 61 34 6 94 16 77 7 19 40 41 21 46 33 21 71 7
No IG-COP-JCB 3 31 66 4 16 80 6 11 83 60 40 60 40 37 63 36 64 30 70

WOP 37 63 36 46 19 29 44 27 81 19 80 20 64 36 49 51 41 59

EC 37 63 46 54 41 59 27 73 1 99 99 1 90 10 4 96
No IG 37 63 46 54 41 59 27 73 1 99 99 1 90 10 10 90

No IG-COP 37 63 46 54 56 44 37 63 3 89 9 89 11 90 10 3 86 11
No IG-COP-JCB 37 63 40 57 3 31 60 9 100 100 1 99 3 93 4 6 84 10

WOP 11 80 9 6 70 24 4 67 29 10 90 10 90 7 93 7 93 10 83 7

EC 3 91 6 99 1 6 91 3 84 16 31 69 9 91 9 91 74 26
No IG 3 91 6 99 1 6 91 3 84 16 31 69 9 91 9 91 73 27

No IG-COP 3 91 6 99 1 14 83 3 96 4 33 66 1 6 94 6 94 11 89
No IG-COP-JCB 3 91 6 91 9 90 10 9 91 10 90 11 89 11 89 14 86

WOP 19 81 14 86 14 86 30 70 30 70 30 70 23 77 21 79

EC 71 29 60 40 80 20 100 96 4 76 24 77 23 34 66
No IG 71 29 60 40 80 20 100 96 4 76 24 77 23 39 61

No IG-COP 71 29 60 40 83 17 100 94 6 69 31 73 27 80 20
No IG-COP-JCB 71 29 59 40 1 56 44 89 11 89 11 84 16 83 17 83 17

WOP 91 9 89 11 86 14 94 6 94 6 96 4 93 7 93 7

EC 100 100 100 100 100 100 100 100
No IG 100 100 100 100 100 100 100 100

No IG-COP 100 100 100 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100 100 100 100

WOP 100 100 100 100 100 100 100 100

Oct 8-21

Oct 22 - 
Nov 4

At Copco Dam RM 
198.57

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Sep 24 - 
Oct 7

Blw JCB Powerhouse 
RM 219.40 At State Line RM 209.16

Abv Copco Reservoir 
RM 203.61

Jul 30 - 
Aug 12

At Keno Dam RM 
232.86

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

Abv JCB Powerhouse 
RM 220.20Biweekly 

Period

Table B6.  Thermal conditions predicted by the Klamath River water quality model August - October for juvenile chinook between Keno and 
Copco 2 dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR 
(stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress 
categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing 
condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron 
Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed.
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 100 100 100 100 97 3 100 100

No IG 99 1 96 4 100 96 4 90 10 94 6 100
No IG-COP 84 16 91 9 84 16 89 11 89 11 94 6 100

No IG-COP-JCB 94 6 91 9 91 9 91 9 89 11 94 6 100
WOP 91 9 87 13 87 13 89 11 91 9 94 6 100

EC 100 44 56 64 36 59 41 76 24 83 17 90 10
No IG 47 53 33 67 56 44 46 54 73 26 1 80 20 87 13

No IG-COP 29 71 34 64 1 39 57 4 39 57 4 74 20 6 81 19 83 17
No IG-COP-JCB 49 51 41 59 46 54 46 54 77 17 6 81 19 83 17

WOP 60 40 60 40 53 47 51 46 3 79 16 6 81 19 87 13

EC 61 37 1 9 87 4 14 69 17 11 66 23 14 69 17 34 51 14 41 54 4
No IG 9 73 19 4 66 30 10 53 37 9 56 36 17 64 19 31 53 16 40 54 6

No IG-COP 56 43 1 3 51 41 4 1 50 43 6 3 51 40 6 9 66 21 4 26 59 16 34 56 10
No IG-COP-JCB 1 60 39 1 56 43 3 53 43 1 3 53 43 1 9 69 20 3 27 57 16 36 56 9

WOP 10 56 34 9 51 40 4 51 41 3 9 49 40 3 13 64 19 4 30 54 16 37 56 7

EC 64 36 50 50 47 53 50 50 74 26 89 11 90 10
No IG 44 56 46 54 44 56 44 56 63 37 80 20 90 10

No IG-COP 36 53 11 33 57 10 31 59 10 36 56 9 57 43 76 24 86 14
No IG-COP-JCB 70 30 60 34 6 43 50 7 49 49 3 66 34 86 14 90 10

WOP 74 26 73 27 66 31 3 63 37 73 27 87 13 91 9

EC 30 70 3 74 23 90 10 81 19 86 14 24 63 13 24 60 16
No IG 3 83 14 1 79 20 86 14 1 77 21 1 83 16 21 63 16 34 50 16

No IG-COP 4 71 24 1 73 26 73 27 1 71 27 1 73 26 16 66 19 29 54 17
No IG-COP-JCB 21 59 20 7 71 21 4 73 23 4 76 20 3 76 21 24 61 14 31 53 16

WOP 30 47 23 21 57 21 9 70 21 7 73 20 3 77 20 14 70 16 27 59 14

EC 100 1 99 34 66 26 74 53 47 67 33 67 33
No IG 16 84 24 76 23 77 34 66 54 46 67 33 67 33

No IG-COP 43 57 19 81 21 79 30 70 47 53 67 33 67 33
No IG-COP-JCB 1 89 10 56 44 46 54 49 51 59 41 67 33 67 33

WOP 1 67 31 56 44 46 54 50 50 56 44 66 34 67 33

EC 59 41 100 6 94 3 97 4 96 17 83 24 76
No IG 100 7 93 10 90 9 91 9 91 23 77 27 73

No IG-COP 21 79 9 91 10 90 9 91 9 91 21 79 27 73
No IG-COP-JCB 4 49 47 20 80 14 86 10 90 9 91 27 73 29 71

WOP 34 66 26 74 14 86 14 86 10 90 24 76 29 71

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Apr 23 - 
May 6

May 7 - 
20

May 21 - 
Jun 3

Jun 4 - 
17

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91Biweekly 

Period

At Iron Gate Dam RM 
190.54

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Table B7.  Thermal conditions predicted by the Klamath River water quality model April - July for juvenile chinook between Iron Gate Dam 
and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling 
within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = 
existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB 
= Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams 
removed. 
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 23 77 100 10 90 9 91 11 89 24 76 26 74

No IG 100 13 87 16 84 16 84 14 86 29 71 31 69
No IG-COP 41 59 23 77 23 77 21 79 20 80 29 71 31 69

No IG-COP-JCB 10 47 43 36 64 27 73 24 76 23 77 30 70 31 69
WOP 7 49 44 3 33 64 27 73 26 74 26 74 26 74 31 69

EC 20 80 100 6 94 7 93 14 86 29 71 40 60
No IG 100 24 76 19 81 14 86 14 86 44 56 56 44

No IG-COP 64 36 44 56 33 67 23 77 16 84 47 53 57 43
No IG-COP-JCB 91 9 64 36 50 50 39 61 33 67 49 51 60 40

WOP 3 81 16 71 29 53 47 47 53 43 57 47 53 60 40

EC 43 57 33 67 1 44 54 3 44 53 3 43 54 4 56 40 4 60 36
No IG 47 53 1 44 54 7 40 53 9 39 53 11 37 51 9 50 41 10 54 36

No IG-COP 21 77 1 17 46 37 16 43 41 16 41 43 14 40 46 13 49 39 13 51 36
No IG-COP-JCB 43 57 26 63 11 19 47 34 17 43 40 16 47 37 13 51 36 13 51 36

WOP 44 56 34 57 9 20 51 29 19 43 39 16 46 39 14 50 36 13 51 36

EC 97 3 6 77 17 10 90 11 79 10 13 79 9 23 59 19 34 46 20
No IG 11 89 13 87 17 83 20 80 24 67 9 33 51 16 36 44 20

No IG-COP 6 77 17 3 57 40 3 50 47 50 50 40 56 4 40 46 14 46 36 19
No IG-COP-JCB 6 86 9 4 70 26 4 51 44 1 51 47 44 54 1 41 46 13 47 34 19

WOP 10 81 9 6 67 27 6 54 40 3 54 43 3 51 41 4 49 37 14 49 33 19

EC 34 66 36 64 41 59 41 59 40 60 4 40 56 7 40 53
No IG 81 19 66 34 57 43 54 46 49 51 6 40 54 7 39 54

No IG-COP 14 86 11 80 9 13 60 27 9 59 33 7 51 41 7 43 50 7 41 51
No IG-COP-JCB 14 86 14 86 13 69 19 11 60 29 9 59 33 7 50 43 7 46 47

WOP 19 81 17 83 16 69 16 14 63 23 13 60 27 9 50 41 7 44 49

EC 100 99 1 23 76 1 13 84 3 27 70 3 30 67 3 40 57 3
No IG 34 66 34 66 51 47 1 40 59 1 43 54 3 41 56 3 50 47 3

No IG-COP 84 16 76 24 76 23 1 70 29 1 61 37 1 57 40 3 59 39 3
No IG-COP-JCB 90 10 81 19 80 20 74 24 1 71 27 1 64 33 3 61 36 3

WOP 91 9 87 13 83 17 79 20 1 74 24 1 70 27 3 64 33 3

EC 90 10 79 21 94 6 90 10 93 7 93 7 96 4
No IG 100 100 100 97 3 96 4 96 4 99 1

No IG-COP 100 100 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100 100 100

WOP 100 100 100 100 100 100 100

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91Biweekly 

Period

Jul 30 - 
Aug 12

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

At Iron Gate Dam RM 
190.54

Aug 13-
26

Oct 22 - 
Nov 4

Sep 24 - 
Oct 7

Oct 8-21

Aug 27 - 
Sep 9

Sep 10-
23

Table B8.  Thermal conditions predicted by the Klamath River water quality model August - October for juvenile chinook between Iron Gate 
Dam and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling 
within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = 
existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB 
= Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams 
removed. 
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Figure B8. Conditions during spring, summer, and fall of 2000 for juvenile chinook within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B9. Conditions during spring, summer, and fall of 2001 for juvenile chinook within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B10. Conditions during spring, summer, and fall of 2002 for juvenile chinook within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 



Appendix B  20 

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

50

100

150

200

250

300

350

400
Link River Dam

Keno Dam
JC Boyle Dam
Boyle Powerhouse
Stateline
Copco 1 Dam
Iron Gate Dam
Shasta River

Scott River

Seiad Valley

Salmon River

Trinity River

Turwar
Blue Ck

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

R
iv

er
 K

ilo
m

et
er

50

100

150

200

250

300

350

400

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

50

100

150

200

250

300

350

400
Link River Dam

Keno Dam
JC Boyle Dam
Boyle Powerhouse
Stateline
Copco 1 Dam
Iron Gate Dam
Shasta River

Scott River

Seiad Valley

Salmon River

Trinity River

Turwar
Blue Ck

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

50

100

150

200

250

300

350

400

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  

1-Apr  1-May  1-Jun  1-Jul  1-Aug  1-Sep  1-Oct  1-Nov  
R

iv
er

 K
ilo

m
et

er

50

100

150

200

250

300

350

400

Thermal Conditions for Juvenile Chinook, 2003

Optimal
Suboptimal
Stressful
Severely Stressful
(refugial areas critical)

EC No IG No IG-COP

No IG-COP-JCB WOP

Figure B11. Conditions during spring, summer, and fall of 2003 for juvenile chinook within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B12. Conditions during spring, summer, and fall of 2004 for juvenile chinook within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B13. Average weekly thermal conditions for juvenile steelhead within and below the KHP.  Water temperatures predicted by 
the KRWQM were categorized by level of stress, and then averaged by week across years (2000-2004).  Only data from 
riverine sites and Keno Reservoir are included; other mainstem reservoirs and Upper Klamath Lake are represented 
solely by outflow from the dams. 
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 97 3 99 1 99 1 100 100 97 3 97 3 100

No IG 97 3 99 1 99 1 100 100 97 3 97 3 100
No IG-COP 97 3 99 1 99 1 100 100 97 3 96 4 99 1

No IG-COP-JCB 97 3 97 3 96 4 99 1 99 1 99 1 99 1 99 1
WOP 100 100 97 3 100 100 99 1 100 100

EC 76 24 79 21 77 23 100 90 10 79 21 74 26 93 7
No IG 76 24 79 21 77 23 100 90 10 79 21 74 26 93 7

No IG-COP 76 24 79 21 76 24 100 74 26 67 33 64 36 71 29
No IG-COP-JCB 76 24 79 21 69 31 81 19 81 19 81 19 81 19 83 17

WOP 87 13 87 13 84 16 99 1 99 1 93 7 91 9 90 10

EC 27 40 29 4 23 50 27 27 44 29 100 53 37 10 20 64 16 13 59 29 54 40 6
No IG 27 40 29 4 23 50 27 27 44 29 100 53 37 10 20 64 16 13 59 29 60 34 6

No IG-COP 27 40 29 4 23 50 27 31 39 30 96 4 27 54 19 4 73 23 1 63 36 3 66 31
No IG-COP-JCB 27 40 29 4 14 56 30 7 64 29 29 56 16 29 56 16 17 64 19 14 67 19 21 54 24

WOP 41 40 19 24 56 20 21 56 23 43 51 6 43 51 6 37 51 11 37 49 14 40 39 21

EC 21 63 16 34 49 17 24 61 14 83 17 3 77 20 70 16 14 73 13 14 76 24
No IG 21 63 16 34 49 17 24 61 14 83 17 3 77 20 70 16 14 73 13 14 1 76 23

No IG-COP 21 63 16 34 49 17 39 51 10 86 14 59 41 63 27 10 64 23 13 76 16 9
No IG-COP-JCB 21 63 16 29 53 19 30 50 20 76 24 76 24 77 23 80 20 77 23

WOP 17 60 23 4 71 23 1 4 69 24 3 29 56 16 27 57 16 24 56 20 20 60 20 20 59 21

EC 3 60 37 7 41 51 4 70 26 63 37 79 21 27 51 21 29 49 23 34 66
No IG 3 60 37 7 41 51 4 70 26 63 37 79 21 27 51 21 29 49 23 41 59

No IG-COP 3 60 37 7 41 51 6 76 19 69 31 37 51 11 16 54 30 19 49 33 26 51 23
No IG-COP-JCB 3 60 37 4 33 63 4 30 66 67 33 67 33 47 31 21 49 30 21 37 49 14

WOP 1 46 46 7 1 39 24 36 1 36 24 39 6 70 20 4 7 67 21 4 1 60 37 1 1 54 43 1 51 44 4

EC 19 81 14 86 21 79 21 79 26 73 1 3 34 63 4 34 61 3 96 1
No IG 19 81 14 86 21 79 21 79 26 73 1 3 34 63 4 34 61 3 97

No IG-COP 19 81 14 86 21 79 20 80 3 70 27 21 79 29 71 1 64 34
No IG-COP-JCB 19 81 11 89 3 97 39 60 1 39 59 3 19 69 13 13 73 14 10 83 7

WOP 11 37 51 3 17 80 3 11 86 26 66 9 27 64 9 19 77 4 14 81 4 11 84 4

EC 3 97 100 16 84 11 89 30 49 21 39 61 6 31 63 59 41
No IG 3 97 100 16 84 11 89 30 49 21 39 61 6 31 63 1 60 39

No IG-COP 3 97 100 16 84 11 89 10 54 36 21 79 23 77 6 31 63
No IG-COP-JCB 3 97 100 100 20 69 11 20 67 13 7 51 41 4 54 41 4 54 41

WOP 10 10 80 17 83 19 81 31 34 34 31 34 34 20 50 30 13 56 31 10 61 29

At Copco Dam RM 
198.57

Apr 23 - 
May 6

At State Line RM 209.16
Abv Copco Reservoir 

RM 203.61

May 7 - 
20

May 21 - 
Jun 3

Abv JCB Powerhouse 
RM 220.20

Blw JCB Powerhouse 
RM 219.40Biweekly 

Period

At Keno Dam RM 
232.86

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

Jun 4 - 
17

Jun 18 - 
Jul 1

Jul 2 - 15

Jul 16 - 
29

Table B9.  Thermal conditions predicted by the Klamath River water quality model April - July for juvenile steelhead between Keno and 
Copco 2 Dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR 
(stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress 
categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing 
condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron 
Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed.
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 6 94 100 16 84 27 73 36 53 11 6 40 54 13 37 50 39 61

No IG 6 94 100 16 84 27 73 36 53 11 6 40 54 13 37 50 1 41 57
No IG-COP 6 94 100 20 80 27 73 14 47 39 40 60 3 39 59 14 39 47

No IG-COP-JCB 6 94 100 100 43 49 9 43 49 9 24 34 41 19 43 39 14 44 41
WOP 17 31 51 14 16 70 10 17 73 41 49 10 41 49 10 36 51 13 31 47 21 27 47 26

EC 23 77 7 93 43 57 53 47 60 40 1 71 27 4 81 14 51 49
No IG 23 77 7 93 43 57 53 47 60 40 1 71 27 4 81 14 67 33

No IG-COP 23 77 7 93 53 47 57 43 4 79 17 66 34 3 67 30 4 87 9
No IG-COP-JCB 23 77 4 96 6 94 66 34 66 34 31 66 3 21 76 3 16 80 4

WOP 20 51 29 9 41 50 3 36 61 56 44 56 44 44 56 39 61 30 70

EC 6 90 4 7 63 30 7 91 1 99 1 4 96 1 36 63 3 43 54 99 1
No IG 6 90 4 7 63 30 7 91 1 99 1 4 96 1 36 63 3 43 54 1 99

No IG-COP 6 90 4 7 63 30 9 91 97 3 1 37 61 40 60 41 59 44 56
No IG-COP-JCB 6 90 4 7 41 51 9 33 59 6 94 6 94 4 63 33 6 59 36 6 44 50

WOP 6 67 27 53 47 1 43 54 1 14 81 4 14 81 4 16 69 16 16 61 23 13 57 30

EC 71 29 74 26 6 74 20 100 47 53 13 87 19 81 46 54
No IG 71 29 74 26 6 74 20 100 47 53 13 87 19 81 46 54

No IG-COP 71 29 74 26 7 86 7 100 20 80 4 96 6 94 11 89
No IG-COP-JCB 71 29 69 31 60 40 31 69 31 69 19 81 20 80 23 77

WOP 33 67 23 77 19 81 53 47 53 47 51 49 49 51 39 61

EC 30 67 3 13 87 41 59 100 97 3 63 37 53 47 97 3
No IG 30 67 3 13 87 41 59 100 97 3 63 37 53 47 1 96 3

No IG-COP 30 67 3 13 87 49 51 100 67 33 23 77 29 71 49 51
No IG-COP-JCB 30 67 3 11 89 10 90 79 21 80 20 59 41 54 46 54 46

WOP 67 33 30 70 33 67 87 13 87 13 84 16 79 21 69 31

EC 93 7 87 13 96 4 100 100 97 3 99 1 66 34
No IG 93 7 87 13 96 4 100 100 97 3 99 1 67 33

No IG-COP 93 7 87 13 96 4 100 100 96 4 97 3 97 3
No IG-COP-JCB 93 7 79 21 84 16 100 100 100 99 1 99 1

WOP 99 1 97 3 97 3 100 100 100 100 99 1

EC 100 100 100 100 100 100 100 100
No IG 100 100 100 100 100 100 100 100

No IG-COP 100 100 100 100 100 100 100 100
No IG-COP-JCB 100 100 100 100 100 100 100 100

WOP 100 100 100 100 100 100 100 100

Abv JC Boyle reservoir 
RM 227.57

At JC Boyle Dam RM 
224.32

At Copco Dam RM 
198.57

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Abv JCB Powerhouse 
RM 220.20

Blw JCB Powerhouse 
RM 219.40

At State Line RM 
209.16

Abv Copco Reservoir 
RM 203.61Biweekly 

Period

At Keno Dam RM 
232.86

Sep 10-
23

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

Table B10.  Thermal conditions predicted by the Klamath River water quality model August - October for juvenile steelhead between Keno and 
Copco 2 Dams under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB (suboptimal), STR 
(stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling within stress 
categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = existing 
condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-JCB = Iron 
Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno dams removed.
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Table B11.  Thermal conditions predicted by the Klamath River water quality model April - July for juvenile steelhead between Iron Gate Dam 
and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling 
within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = 
existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-
JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno 
dams removed. 

Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0

No IG 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0
No IG-COP 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 97 3 0 0 100 0 0 0 100 0 0 0

No IG-COP-JCB 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0
WOP 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 97 3 0 0 100 0 0 0 100 0 0 0

EC 100 0 0 0 100 0 0 0 99 1 0 0 97 3 0 0 84 16 0 0 96 4 0 0 100 0 0 0
No IG 91 9 0 0 86 14 0 0 77 23 0 0 80 20 0 0 83 17 0 0 93 7 0 0 100 0 0 0

No IG-COP 80 20 0 0 80 20 0 0 71 29 0 0 77 23 0 0 83 17 0 0 89 11 0 0 99 1 0 0
No IG-COP-JCB 87 13 0 0 86 14 0 0 80 20 0 0 81 19 0 0 83 17 0 0 90 10 0 0 99 1 0 0

WOP 87 13 0 0 86 14 0 0 84 16 0 0 84 16 0 0 83 17 0 0 91 9 0 0 99 1 0 0

EC 80 20 0 0 41 59 0 0 34 63 3 0 33 60 7 0 59 27 14 0 64 36 0 0 66 34 0 0
No IG 36 59 6 0 27 60 13 0 20 56 24 0 27 50 23 0 51 31 17 0 56 41 3 0 64 36 0 0

No IG-COP 21 46 33 0 14 47 39 0 10 51 39 0 16 47 37 0 37 46 17 0 47 47 6 0 57 43 0 0
No IG-COP-JCB 33 47 20 0 26 46 29 0 10 56 34 0 21 49 30 0 37 46 17 0 53 43 4 0 64 36 0 0

WOP 40 40 20 0 37 33 30 0 24 41 34 0 29 39 33 0 41 43 16 0 53 43 4 0 63 37 0 0

EC 23 76 1 0 0 97 3 0 0 86 14 0 0 90 10 0 1 90 9 0 14 81 4 0 14 81 4 0
No IG 0 81 19 0 0 80 20 0 0 73 27 0 0 73 27 0 6 81 13 0 16 77 7 0 21 73 6 0

No IG-COP 0 74 26 0 0 74 23 3 0 74 23 3 0 74 26 0 4 79 17 0 14 79 7 0 21 74 4 0
No IG-COP-JCB 4 74 21 0 1 76 23 0 0 77 23 0 0 79 21 0 6 94 0 0 14 84 1 0 21 76 3 0

WOP 21 60 19 0 6 73 21 0 3 76 21 0 3 76 21 0 7 93 0 0 16 83 1 0 21 76 3 0

EC 0 63 37 0 0 33 61 6 0 20 77 3 0 17 76 7 0 27 67 6 0 47 50 3 0 50 47 3
No IG 0 39 57 4 0 21 69 10 0 9 84 7 0 14 76 10 0 29 64 7 0 49 47 4 0 50 47 3

No IG-COP 0 24 61 14 0 20 64 16 0 16 69 16 0 14 74 11 0 21 70 9 0 49 46 6 0 50 46 4
No IG-COP-JCB 0 54 41 4 0 29 61 10 0 23 66 11 0 21 69 10 0 33 59 9 0 50 44 6 0 50 46 4

WOP 0 60 27 13 0 41 47 11 0 29 60 11 0 27 63 10 0 37 54 9 0 49 47 4 0 50 47 3

EC 0 13 87 0 0 0 54 46 0 0 71 29 0 0 64 36 0 0 73 27 0 0 77 23 0 4 74 21
No IG 0 0 66 34 0 0 57 43 0 0 64 36 0 0 67 33 0 0 70 30 0 4 71 24 0 4 73 23

No IG-COP 0 0 90 10 0 0 66 34 0 0 64 36 0 0 67 33 0 0 70 30 0 4 71 24 0 4 73 23
No IG-COP-JCB 0 16 77 7 0 4 77 19 0 0 73 27 0 0 70 30 0 0 73 27 0 1 76 23 0 7 70 23

WOP 0 14 80 6 0 4 73 23 0 0 71 29 0 0 73 27 0 0 71 29 0 0 77 23 0 6 73 21

EC 0 0 93 7 0 0 6 94 0 0 26 74 0 0 10 90 0 0 26 74 0 0 54 46 0 0 66 34
No IG 0 0 23 77 0 0 24 76 0 0 23 77 0 0 21 79 0 0 20 80 0 3 51 46 0 3 63 34

No IG-COP 0 6 43 51 0 0 19 81 0 0 26 74 0 0 20 80 0 0 20 80 0 3 50 47 0 3 61 36
No IG-COP-JCB 0 9 73 19 0 6 46 49 0 0 31 69 0 0 27 73 0 0 30 70 0 3 54 43 0 3 63 34

WOP 0 7 67 26 0 4 40 56 0 0 31 69 0 0 29 71 0 0 29 71 0 1 53 46 0 3 63 34

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91Biweekly 

Period

Apr 23 - 
May 6

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

At Iron Gate Dam RM 
190.54

May 7 - 
20

Jul 16 - 
29

Jun 18 - 
Jul 1

Jul 2 - 15

May 21 - 
Jun 3

Jun 4 - 
17
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Scenario OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV OPT SUB STR SEV
EC 0 0 61 39 0 0 4 96 0 0 26 74 0 0 26 74 0 0 26 74 0 4 33 63 0 4 34 61

No IG 0 0 14 86 0 0 33 67 0 0 33 67 0 0 34 66 0 0 31 69 0 0 41 59 0 4 40 56
No IG-COP 0 10 46 44 0 3 34 63 0 3 37 60 0 1 33 66 0 1 29 70 0 3 39 59 0 4 40 56

No IG-COP-JCB 0 23 59 19 0 11 46 43 0 6 40 54 0 3 36 61 0 3 31 66 0 3 40 57 0 4 40 56
WOP 0 24 50 26 0 13 44 43 0 6 41 53 0 6 34 60 0 6 34 60 0 3 40 57 0 3 41 56

EC 0 0 70 30 0 0 9 91 0 0 46 54 0 0 39 61 0 0 49 51 0 4 66 30 0 4 69 27
No IG 0 0 47 53 0 0 57 43 0 0 54 46 0 0 54 46 0 0 64 36 0 3 70 27 0 4 73 23

No IG-COP 0 3 89 9 0 0 74 26 0 0 69 31 0 0 63 37 0 0 66 34 0 3 71 26 0 4 73 23
No IG-COP-JCB 0 27 73 0 0 4 83 13 0 0 76 24 0 0 71 29 0 0 74 26 0 3 71 26 0 4 74 21

WOP 0 33 67 0 0 6 81 13 0 3 74 23 0 1 74 24 0 1 73 26 0 3 71 26 0 3 74 23

EC 0 0 100 0 0 1 47 51 0 10 60 30 0 13 54 33 0 14 61 24 0 17 70 13 0 19 69 13
No IG 0 7 89 4 0 16 70 14 0 19 66 16 0 20 57 23 0 19 59 23 0 19 67 14 0 21 66 13

No IG-COP 4 40 56 0 1 33 56 10 0 24 66 10 0 21 63 16 0 21 61 17 0 23 64 13 0 21 66 13
No IG-COP-JCB 9 50 41 0 6 39 56 0 0 34 59 7 0 31 57 11 0 21 64 14 0 23 64 13 0 23 64 13

WOP 11 56 33 0 9 37 54 0 3 34 56 7 0 33 56 11 0 30 59 11 0 23 64 13 0 24 63 13

EC 0 10 90 0 0 19 81 0 0 34 66 0 0 41 59 0 0 44 56 0 1 50 49 0 1 59 37 3
No IG 0 60 40 0 3 51 46 0 4 44 51 0 4 46 50 0 3 51 46 0 1 56 43 0 1 60 37 1

No IG-COP 16 80 4 0 7 74 19 0 6 64 30 0 6 60 34 0 4 59 37 0 3 59 39 0 3 59 39 0
No IG-COP-JCB 26 74 0 0 17 76 7 0 9 67 24 0 9 61 30 0 7 57 36 0 4 60 36 0 3 60 37 0

WOP 37 63 0 0 24 66 10 0 17 57 26 0 11 59 30 0 9 56 36 0 7 57 36 0 4 59 37 0

EC 0 87 13 0 0 84 16 0 6 73 21 0 7 67 26 0 9 64 27 0 9 69 23 0 9 70 21 0
No IG 1 99 0 0 7 91 1 0 10 87 3 0 11 79 10 0 11 70 19 0 14 66 20 0 16 69 16 0

No IG-COP 47 53 0 0 19 81 0 0 16 83 1 0 16 80 4 0 16 73 11 0 16 70 14 0 17 67 16 0
No IG-COP-JCB 60 40 0 0 41 59 0 0 17 83 0 0 17 79 4 0 17 76 7 0 16 73 11 0 17 69 14 0

WOP 63 37 0 0 49 51 0 0 23 77 0 0 20 77 3 0 19 73 9 0 19 70 11 0 19 67 14 0

EC 30 70 0 0 41 59 0 0 66 34 0 0 67 33 0 0 69 31 0 0 71 27 1 0 73 26 1 0
No IG 74 26 0 0 77 23 0 0 79 21 0 0 77 23 0 0 76 24 0 0 77 23 0 0 77 21 1 0

No IG-COP 96 4 0 0 91 9 0 0 86 14 0 0 84 16 0 0 80 20 0 0 81 19 0 0 79 21 0 0
No IG-COP-JCB 99 1 0 0 96 4 0 0 89 11 0 0 86 14 0 0 84 16 0 0 81 19 0 0 80 20 0 0

WOP 99 1 0 0 96 4 0 0 93 7 0 0 87 13 0 0 84 16 0 0 81 19 0 0 81 19 0 0

EC 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0
No IG 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0

No IG-COP 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0
No IG-COP-JCB 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0

WOP 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0 100 0 0 0

Biweekly 
Period

At Iron Gate Dam RM 
190.54

Above Shasta River RM 
177.52

At Walker Bridge RM 
156.79

Above Scott River RM 
143.86

At Seiad Valley RM 
129.04

Above Clear Creek RM 
99.04

Above Salmon River RM 
66.91

Sep 24 - 
Oct 7

Oct 8-21

Oct 22 - 
Nov 4

Jul 30 - 
Aug 12

Aug 13-
26

Aug 27 - 
Sep 9

Sep 10-
23

Table B12.  Thermal conditions predicted by the Klamath River water quality model August - October for juvenile steelhead between Iron Gate 
Dam and the Salmon River confluence under various Project configurations.  Thermal stress categories are: OPT (optimal), SUB 
(suboptimal), STR (stressful), and SEV (severely stressful).  For each scenario and site, entries are the percentage of days falling 
within stress categories in each two week period over 2000-2004 (total of 70 days per period).  Project configurations are: EC = 
existing condition; No IG = Iron Gate Dam removed; No IG-COP = Iron Gate, and Copco 1 and 2 dams removed; No IG-COP-
JCB = Iron Gate, and Copco 1 and 2, and JC Boyle dams removed; WOP = Iron Gate, and Copco 1 and 2, JC Boyle, and Keno 
dams removed. 
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Figure B14. Conditions during spring, summer, and fall of 2000 for juvenile steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B15. Conditions during spring, summer, and fall of 2001 for juvenile steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B16. Conditions during spring, summer, and fall of 2002 for juvenile steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B17. Conditions during spring, summer, and fall of 2003 for juvenile steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Figure B18. Conditions during spring, summer, and fall of 2004 for juvenile steelhead within and below the KHP, based on water 
temperatures predicted by the KRWQM.  Only data from riverine sites and Keno Reservoir are included; other mainstem 
reservoirs and Upper Klamath Lake are represented solely by outflow from the dams. 
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Table B13.  Frequency with which thermal refugia would be occupied, and the average daily minimum river temperature for 
periods when refugia would be occupied, under various KHP configurations.  The threshold for thermal refugia 
occupancy (maximum daily temperature >22°C) is from Belchik (2003). 

Site
River 

kilometer EC No IG
No IG-
COP

No IG-
COP-
JCB WOP EC No IG

No IG-
COP

No IG-
COP-
JCB WOP EC No IG

No IG-
COP

No IG-
COP-
JCB WOP

Keno Dam outflow 374.7 347 347 347 347 261 69 69 69 69 52 22.7 22.7 22.7 22.7 20.0
Klamath River above JC Boyle Reservoir 366.2 450 450 450 464 360 90 90 90 93 72 19.2 19.2 19.2 19.1 18.2
JC Boyle Reservoir outflow 360.9 297 297 269 477 388 59 59 54 95 78 22.7 22.7 22.7 18.1 17.7
Klamath River Bypass above powerhouse 354.3 0 0 0 197 208 0 0 0 39 42 17.2 17.4
Klamath River below powerhouse 353.0 209 209 174 199 206 42 42 35 40 41 14.1 14.1 18.9 17.2 17.4
Klamath River at Stateline 336.5 393 393 417 310 193 79 79 83 62 39 16.3 16.3 17.5 17.2 18.3
Klamath River above Copco 327.6 363 363 412 308 219 73 73 82 62 44 18.6 18.6 17.2 18.0 18.8
Copco Dam outflow 319.5 164 136 366 288 226 33 27 73 58 45 21.8 21.5 18.2 18.6 19.2
Iron Gate Dam outflow 306.6 77 372 283 194 195 15 74 57 39 39 21.9 19.3 20.1 19.5 19.6
Klamath River above Shasta River 285.6 417 382 333 278 248 83 76 67 56 50 18.5 18.8 20.2 19.7 20.0
Klamath River at Walker Bridge 252.3 285 307 319 282 258 57 61 64 56 52 21.6 21.2 21.1 21.1 21.3
Klamath River above Scott River 231.5 380 363 335 314 292 76 73 67 63 58 19.9 20.1 20.7 20.4 20.7
Klamath River at Seiad Valley 207.6 345 331 337 313 302 69 66 67 63 60 20.3 20.4 20.3 20.3 20.4
Klamath River above Clear Creek 159.4 298 289 282 275 270 60 58 56 55 54 20.1 20.2 20.3 20.3 20.4
Klamath River above Salmon River 107.7 278 262 263 258 255 56 52 53 52 51 20.4 20.5 20.5 20.5 20.6
Klamath River at Orleans 92.6 274 261 263 261 253 55 52 53 52 51 20.7 20.7 20.7 20.7 20.8
Klamath River above Bluff Creek 78.9 263 247 247 244 231 53 49 49 49 46 20.5 20.5 20.5 20.5 20.7
Klamath River above Trinity River 69.7 263 243 246 241 225 53 49 49 48 45 20.3 20.3 20.3 20.3 20.7
Klamath River at Martins Ferry 63.5 220 226 213 209 193 44 45 43 42 39 20.6 20.0 20.6 20.7 20.9
Klamath River at Blue Creek 25.7 268 257 255 255 241 54 51 51 51 48 20.0 19.8 20.0 20.0 20.3
Klamath River at Turwar 8.5 281 268 270 268 262 56 54 54 54 52 20.1 20.0 20.1 20.1 20.3

Assume occupancy of thermal refugia when maximum daily temperature >22ºC
Number of days (2000-2004) when 

refugia are occupied
Average number of days per year when 

refugia are occupied
Average minimum daily temperature of 

river when refugia are occupied



               
Technical Memorandum 

 
 
To: Larry Dunsmoor, Biologist, Klamath Tribes 
From: C.W. Huntington, Aquatic Biologist 
Subject: Klamath R. flows within the JC Boyle Bypass and below the JC Boyle Powerhouse  
Date: 15 April 2004 
 
 
The following memorandum summarizes the methods and results of multiple analyses completed 
in response to questions you asked about the degree to which PacifiCorp’s (PC’s) hydropower 
operations alter streamflows within specific reaches of the Klamath River considered to be 
among those most dramatically altered by PC.  The questions addressed by the analyses are as 
follows: 
 

� What can an Indicators of Hydrologic Alteration (IHA) type of assessment (Richter et al. 
1996), based on recent model-generated hourly flow data, tell us about PC-related flow 
changes in the JC Boyle bypass reach (km 354.6-360.9)? 

� What can an IHA-type assessment of similar data tell us about PC-related flow changes 
in the upper-most “full flow” (power-peaking) reach of the Klamath River below the JC 
Boyle Powerhouse (at km 354.6)? 

� What do available river stage data for the USGS gauge site on the Klamath River below 
JC Boyle Powerhouse (No. 11510700; km 353.5) tell us about maximal rates of change 
(i.e., up and down-ramp rates) in that area? 

 

Initially, you also indicated an interest in having an IHA-type assessment conducted on flow data 
for the bypassed reach of the river channel below Copco II Dam (at km 319.1).  We agreed that 
the value of such an analysis would be low because hydropower operations reduce flow through 
that portion of the river channel to only about 5 cfs unless high runoff forces spill or there is 
some sort of project maintenance event (PacifiCorp 2000a).  This modified flow pattern is 
clearly not one to which the river’s native assemblage of aquatic biota is well adapted.   

Clearwater BioStudies, Inc.

 23252 S. Central Point Road  Canby, Oregon 97013       (503) 266-8724 

1



Indicators of Hydrologic Alteration (IHA) Analyses 
 
Originally described by Richter et al. (1996), an IHA analysis consists of a paired comparison 
between the unaltered and modified flow regimes of a riverine site affected by one or more forms 
of development.   The analysis examines the central tendency and dispersion patterns of dozens 
of hydrologic parameters within each of five distinct groups: (1) the magnitude of monthly water 
conditions, (2) the magnitude and duration of annual extreme water conditions, (3) the timing of 
annual extreme water conditions, (4) the frequency and duration of high and low flow pulses, 
and (5) the rate and frequency of water condition changes.  The intent of an IHA analysis is to 
clearly define the nature of hydrologic change because of the recognized influence of flow 
regimes on the biotic composition, structure, and function of riverine/riparian systems. 
 
The specific hydrologic parameters examined within each IHA group, and some of the methods 
used in their calculation, have changed over time.  However, the basic analytical approach 
remains unchanged and has been incorporated into user-friendly software that automates IHA 
analyses of gauge records of (mean) daily flows (TNC & SSS 2003).  Richter et al. (1996) 
suggested that shorter-than-daily time steps could be appropriate when assessing hydrologic 
alterations from power peaking operations, but there are no standardized calculation algorithms 
nor software for such analyses at present (C. Smythe, Smythe Scientific Software, pers comm.).   
 
IHA-type Assessments for Specific Klamath River Reaches 
 
Consultants to PC have developed year 2000 and 2001 hourly flow data for a multitude of 
locations along the Klamath River and two scenarios: Existing Condition (EC; with the Klamath 
Hydroelectric Project [KHP] functioning as it did during these two years) and Without Project 
(WOP; with river flows unmodified by the presence of the KHP).  These data, based on 
simulations made using an RMA2 hydrodynamic flow-routing model, provide the best 
information available at present on how the KHP modifies river discharge and were used by 
PacifiCorp (2004b) in their recent graphical comparisons of WOP and EC river flows.  The 
RMA2-simulated hourly river flows formed the basis for the IHA-type assessments I completed 
to answer the first two of your three questions. 
 
In order to conduct IHA-type assessments on model-generated hourly flow data for the two 
Klamath River reaches identified as being of particular interest, I refined a set of 35 hydrologic 
parameters very similar to those outlined by Richter et al. (1996).  These parameters, and how 
they were calculated from hourly data in my assessments, are given in Table 1. 
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Table 1.  Summary of 35 hydrologic parameters used in the Index of Hydrologic Alteration (IHA; 
Richter et al. 1996) assessment and how they were calculated from modeled hourly flow data for each 
location and condition (Without Project or Existing Condition) on the Klamath River. 

IHA statistics group/parameters    How the parameters were calculated    
 

Group 1: Monthly magnitude Median flow values for each calendar month were calculated after all 
 hourly data for all years included in an analysis were stratified by month.   
Median flows per each of 12 months Minimum, 25th-percentile, 75th-percentile, and maximum hourly values for  
   (all in cubic feet per second [cfs]) flows occurring within each month were calculated after similar stratifica- 
 tion of the data, to characterize the pattern of dispersion. 
 

Group 2: Magnitude and duration Annual 1, 3, 7, 30, and 90-day minimum flows were calculated as the  
 (recurrence) of annual extremes  lowest hourly flow matched or exceeded (in a downward direction) each day 
  for the given number of consecutive days.  Annual 1, 3, 7, 30, and 90-day 
1-day minimum and maximum flows maximum flows were calculated in a similar fashion, using the highest 
3-day minimum and maximum flows hourly flow matched or exceeded (in an upward direction) each day for 
7-day minimum and maximum flows  the given number of consecutive days.  The mid-range of two annual values  
30-day minimum and maximum flows  was taken as equivalent to the median as a measure of central tendency for 
90-day minimum and maximum flows each of the 10 parameters in Group 2.  The pattern of dispersion for each 
number of zero flow days per year  parameter was characterized simply by the range between a minimum and 
baseflow (7-day minimum/median)   maximum value because the number of years (two) included in the baseflow  
    analysis  precluded calculations of percentile values. 
 

Group 3: Timing of annual extremes Julian dates of first occurrence for the annual 99th percentile (high) flow and 
the annual 1st percentile (low) flow were calculated from hourly data, with 

Julian date of 99th percentile flow  low flows tallied only if preceded in the year by at least one hourly occur- 
Julian date of 1st percentile flow rence of the year’s 99th percentile flow.  Mid-ranges of annual values were 

substituted for medians for each of these two parameters, while minimum 
and maximum values were used to characterize dispersion.  The limited 
number of years included in the analysis precluded calculations of median 
and percentile values for the annual timing of extreme flows. 

 

Group 4: Frequency and duration  Each hourly or longer pulse of low or high flow was tallied and its duration 

         of high and low pulses determined.  Such pulses were defined as being continuous periods where 
flows were less than the 25th-percentile (low) value or greater than the 

Low pulse count (#/yr)  75th percentile (high) value within the 1960-2002 (period-of-record) daily  
High pulse count (#/yr) flow dataset for the USGS gauge on the Klamath River immediately down- 
Low pulse duration (hrs) stream of the JC Boyle powerhouse (No. 11510700).  Measures of central   
High pulse duration (hrs)  tendency and dispersion for annual counts of flow pulses were calculated in 

the same way as those for Group 3 hydrologic parameters.  Measures of 
central tendency and dispersion for the duration of flow pulses were 
calculated in the same way as those for Group 1 parameters, and were 
calculated from data pooled across years. 

 

Group 5: Rate and frequency Changes and rates of change in flow between consecutive hourly discharge 
     of change in conditions data were identified and recorded, with changes of less than 10 cfs ignored 
  in an effort to screen out what appeared to be modeling anomalies.  The  
Daily range (cfs) difference between each day’s maximum and minimum hourly flow was also 
Fall count (#/yr)  recorded. Measures of central tendency and dispersion for annual counts of  
Rise count (#/yr) positive and negative changes (rises and falls) in hourly flows were calcu- 
Fall rate (cfs/hr) lated in the same fashion as were those for Group 3 parameters.  Measures  
Rise rate (cfs/hr) of central tendency and dispersion for the rates of flow change reflected in 

these hourly rises or falls, and for the daily range in flow, were the same as 
those for Group 1 parameters, and were calculated from data pooled across 

  years.         
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Although similar, my assessments of WOP versus EC flows in the JC Boyle bypass and peaking 
reaches during the 2000-2001 period should not be viewed as classic IHA analyses for four 
reasons.  First, the use of hourly rather than daily flows meant that the calculation algorithms and 
resultant values for several of the hydrologic parameters used were slightly different than those 
of Richter et al. (1996) or TNC & SSS (2003).  Second, the assessments are based on data for 
only two years, one of “average” runoff and the other “dry”.  The simulated flow record was less 
than needed to fully characterize the long-term influence of the KHP.  Third, the WOP scenario 
that was modeled does not reflect a “natural” hydrograph but is simply a simulation of what river 
flows would have been in the absence of the KHP.  Finally, relatively small oscillations in hourly 
WOP and EC flows appear to have been an artifact of the hydrodynamic modeling (M. Deas, 
Watercourse Engineering, pers comm.), at least for the two river segments of interest.  I 
attempted to screen out some of these oscillations when analyzing the frequency and rate of 
hourly flow changes (see Table 1), but to the degree I was unable to remove them they tended to 
add variability to the modeled flows. 
 
When examining the results of my IHA-type assessments, their dependence on simulated hourly 
flow data should be kept clearly in mind.  The data used were not from stream gauges and their 
utility in the type of assessments I have performed is derived from viewing quantitative 
differences between WOP and EC flows as indicators of the types and relative degrees of 
project-induced changes in Klamath River hydrographs.  The general nature of hydrodynamic 
modeling and specific details on how the WOP and EC scenarios were simulated by PC’s 
consultants (EC runs had higher spatial and temporal resolution to allow simulation of KHP 
power-peaking operations) make it a certainty that my estimates of KHP effects contain smallish 
errors that would be difficult to eliminate (M. Deas, Watercourse Engineering, pers comm.).  
Nevertheless, using the model results to identify the general patterns, timing, frequency, and 
relative magnitude of the effects identified appears to be reasonable at present, since this is the 
best data available upon which to base such an analysis and I am not aware of any major flaws in 
the model application.  PacifiCorp (2004) provided graphical summaries comparing the WOP 
and EC simulations of hourly river flows, suggesting that they drew a similar conclusion about 
the reasonableness of comparisons between the two. 
 
JC Boyle Bypass Reach.  The IHA-type assessment of KHP effects on flows in the Boyle 
bypass reach during 2001 and 2002 was based on RMA2-simulated flows adjusted to the 
Klamath River at km 357.  This point on the river is downstream of springs that add 
approximately 225 cfs to water released or spilled from JC Boyle Dam (M. Deas, Watercourse 
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Engineering, pers comm.) and upstream of areas backwatered by power-peaking operations at 
the Boyle powerhouse.  EC data on hourly flows in the river at km 357 were RMA2 output for a 
site immediately below JC Boyle Dam plus discharge from the aforementioned springs.  WOP 
flows used for km 357 were RMA2 output for km 355.6, a modeled site a short distance 
downstream that is unaffected by additional significant inputs. 
 

Results of the assessment are summarized in Table 2, with greater detail provided in Attachment 
A.  The assessment suggests multiple KHP-induced changes in flow, including those outlined 
below and visually apparent in Figure 1. 
 

� Monthly magnitude -- The KHP reduced the magnitude and variability of monthly flows.  
Median monthly flows were reduced by an average of about 75%, while the coefficient of 
dispersion (variability) was reduced substantially for flows during each month but February.  
Monthly 25th to 75th-percentile ranges of flow were extremely narrow for the EC, and fell 
consistently outside and below those for the WOP condition.  

   
� Magnitude and duration of annual extremes -- The magnitudes of maximum and minimum 

flows occurring on specified numbers of consecutive days were consistently and dramatically 
reduced by the KHP.  Under existing conditions, between-year variation in minimum flows 
was virtually eliminated as flow releases from JC Boyle Dam were held at very low, constant 
levels unless high runoff exceeded powerhouse capacity and caused spill into the bypass 
reach.  

 

� Timing of annual extremes -- Annual extreme flows, both high (99th-percentile) and low 
(1st-percentile), occurred substantially earlier in the year due to operations of the KHP.  High 
flows first occurred about two months earlier, and low flows about five to six months earlier, 
under EC than they did for the WOP condition.   

 

� Frequency and duration of high and low pulses – High flow pulses of magnitudes 
approaching those that would occur without the KHP were eliminated, while the duration of 
low flow pulses was dramatically extended. 

 

� Rate and frequency of change in conditions – The KHP dramatically decreased the frequency 
of flow changes occurring in the bypass reach, a frequency that was likely elevated under the 
WOP condition by upstream irrigation projects.  Although the KHP’s effect on median or 
“typical” rates of flow change was negligible (when changes did occur), maximal rates of 
change were clearly reduced by the project (see Attachment A, Tables A1 and A2).  

5



Table 2.  IHA-type comparison of Without Project (WOP) and Existing (Exist.) streamflow 
conditions in the JC Boyle bypass reach of the Klamath River, based on modeled hourly flows 
PacifiCorp (2004b) reported for 2000 and 2001.  Source data: RMA2 model simulations 
described in PacifiCorp (2004b). 
 

WOP Exist. Magnitude Percentage WOP Exist. Magnitude Percentage

Group 1: Monthly magnitude

October (cfs) 1197 325 -872 -73% 0.21 0.00 -0.21 -100%
November (cfs) 1126 325 -801 -71% 0.15 0.00 -0.15 -100%
December (cfs) 1038 325 -713 -69% 0.20 0.00 -0.20 -100%
January (cfs) 1552 325 -1227 -79% 0.91 0.00 -0.91 -100%
February (cfs) 2716 325 -2391 -88% 0.82 1.24 0.42 51%
March (cfs) 1946 325 -1621 -83% 1.18 0.33 -0.85 -72%
April (cfs) 1762 325 -1437 -82% 0.37 0.00 -0.37 -100%
May (cfs) 1737 325 -1412 -81% 0.30 0.00 -0.30 -100%
June (cfs) 1541 325 -1216 -79% 0.46 0.00 -0.46 -100%
July (cfs) 918 325 -593 -65% 0.24 0.00 -0.24 -100%
August (cfs) 890 325 -565 -63% 0.22 0.00 -0.22 -100%
September (cfs) 961 325 -636 -66% 0.19 0.00 -0.19 -100%
Group averages c 75% 94%

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum (cfs) 548 325 -223 -41% 0.06 0.00 -0.06 -100%
3-day minimum (cfs) 707 325 -382 -54% 0.03 0.00 -0.03 -100%
7-day minimum (cfs) 835 325 -510 -61% 0.13 0.00 -0.13 -100%
30-day minimum (cfs) 993 325 -668 -67% 0.11 0.00 -0.11 -100%
90-day minimum (cfs) 1212 325 -887 -73% 0.30 0.00 -0.30 -100%
1-day maximum (cfs) 3445 1100 -2345 -68% 0.76 1.41 0.65 86%
3-day maximum (cfs) 3408 1052 -2356 -69% 0.77 1.38 0.61 79%
7-day maximum (cfs) 3284 1000 -2284 -70% 0.79 1.35 0.56 72%
30-day maximum (cfs) 2527 505 -2022 -80% 0.78 0.71 -0.07 -9%
90-day maximum (cfs) 1586 325 -1261 -80% 0.55 0.00 -0.55 -100%
Number of zero days per year 0 0 0 0% --- --- 0.00 0%
Baseflow 0.58 1.00 0.42 72% 0.05 0.00 -0.05 -100%
Group averages c 61% 79%

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 100 35 -65 -65% 0.34 0.37 0.03 7%
Julian date of 1st percentile flow 197 38 -159 -81% 0.10 0.42 0.32 305%
Group averages c 73% 156%

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 27.5 2 -25.5 -93% 0.33 1.50 1.17 358%
High pulse count (#/yr) 5 0 -5 -100% 2.00 0.00 -2.00 -100%
Low pulse duration (hrs) 27 983 956 3541% 1.11 0.08 -1.03 -93%
High pulse duration (hrs) 31 0 -31 -100% 2.97 0.00 -2.97 -100%
Group averages c 959% 163%

Group 5:  Rate and frequency of change in conditions

Daily range (cfs) 124 0 -124 -100% 1.07 0.00 -1.07 -100%
Fall count (#/yr) 1623 101 -1522 -94% 0.20 2.00 1.80 884%
Rise count (#/yr) 1585 112.5 -1472.5 -93% 0.12 2.00 1.88 1542%
Fall rate (cfs/hr) 14 14 0 0% 0.50 0.71 0.21 42%
Rise rate (cfs/hr) 14 14 0 0% 0.50 0.50 0.00 0%
Group averages c 57% 514%

a  When data were pooled across years, the coefficient used was the difference between the 75th and 25th-percentile values, divided by the median.  If the
   parameter was calculated annually (i.e., twice), the coefficient of dispersion was the maximum minus the minimum, divided by the midrange.
b  The deviations represent the Indicators of Hydrologic Alteration.
c  Group averages were computed as the mean of all deviations (in absolute values) within the group.

IHA Group

Medians Coefficient of dispersion a 

Deviation b Deviation b
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 JC Boyle Peaking Reach.  Results of the IHA-type assessment of KHP effects on the flow 
regime in the JC Boyle peaking reach during 2000 and 2001 are given in Table 3.  The 
assessment was based on RMA2 simulated hourly flow data for the Klamath River at km 354.0, 
about 0.6 km below the JC Boyle powerhouse, and suggests the following KHP-induced changes 
in flow: 
 
� Monthly magnitude – The KHP reduced median flows, and increased flow variability 

substantially, during most months of the year.  Increases in flow variability were greatest for 
those months with the lowest median flows and smallest for those with the highest median 
flows.   

 
� Magnitude and duration of annual extremes -- The magnitudes of minimum flows occurring 

on specified numbers of consecutive days were consistently and sometimes dramatically 
reduced by the KHP, while those of maximum flows were consistently increased.    

 
� Timing of annual extremes -- Annual extreme flows, both high (99th-percentile) and low (1st-

percentile), occurred substantially earlier in the year due to operations of the KHP.  High 
flows first occurred from two to three months earlier, and low flows four to six months 
earlier, when the EC flows were compared to WOP flows.    

 
� Frequency and duration of extended high and low pulses – Power peaking by the KHP 

caused dramatic increases in the frequency of high and low flow pulses within the reach, and 
substantial decreases in the duration of these pulses.  The frequency of high flow pulses was 
increased by more than 3000% and that of low flow pulses by more than 850%.  Overall, 
these pulses appear to have become the dominant feature of the river’s hydrograph in this 
area, diminishing (but not eliminating) monthly and seasonal patterns of variation in flow 
(Figure 2). 

 
� Rate and frequency of change in conditions – The KHP caused dramatic increases in median 

daily flow ranges (>1000%) and in the frequency and rates of flow change below the JC 
Boyle powerhouse.  Median hourly rates of rise and fall in flow for the site analyzed were 
each increased more than 500%.  Maximum rates of rise and fall in flow were increased by 
more than 300%.  All of these changes were to a WOP condition that was itself affected by 
upstream disturbances, including irrigation projects. 
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Table 3.  IHA-type comparison of Without Project (WOP) and Existing (Exist.) streamflow conditions 
in the Klamath River below JC Boyle Powerhouse, based on modeled hourly flows PacifiCorp (2004b) 
reported for 2000 and 2001.  Source data: RMA2 model simulations described in PacifiCorp (2004b). 
 

WOP Exist. Magnitude Percentage WOP Exist. Magnitude Percentage

Group 1: Monthly magnitude

October (cfs) 1169 770 -399 -34% 0.21 2.11 1.89 882%
November (cfs) 1102 705 -397 -36% 0.15 1.82 1.67 1103%
December (cfs) 1013 703 -310 -31% 0.20 1.39 1.19 592%
January (cfs) 1518 1753 235 15% 0.92 1.25 0.33 36%
February (cfs) 2668 2677 9 0% 0.83 1.00 0.18 21%
March (cfs) 1905 1780 -125 -7% 1.19 1.27 0.07 6%
April (cfs) 1727 1755 28 2% 0.37 0.72 0.35 95%
May (cfs) 1699 1720 21 1% 0.30 1.01 0.71 235%
June (cfs) 1508 1462 -46 -3% 0.46 1.56 1.10 238%
July (cfs) 897 537 -360 -40% 0.24 2.30 2.06 860%
August (cfs) 869 489 -380 -44% 0.22 2.50 2.28 1037%
September (cfs) 939 795 -144 -15% 0.19 1.55 1.36 732%
Group averages c 19% 486%

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum (cfs) 535 328 -207 -39% 0.07 0.00 -0.07 -100%
3-day minimum (cfs) 691 328 -363 -53% 0.04 0.00 -0.04 -100%
7-day minimum (cfs) 816 328 -488 -60% 0.13 0.00 -0.13 -100%
30-day minimum (cfs) 975 328 -647 -66% 0.11 0.00 -0.11 -100%
90-day minimum (cfs) 1185 488 -697 -59% 0.31 0.64 0.33 107%
1-day maximum (cfs) 3396 4005 609 18% 0.76 0.47 -0.30 -39%
3-day maximum (cfs) 3360 3915 555 17% 0.78 0.46 -0.31 -40%
7-day maximum (cfs) 3237 3821 584 18% 0.79 0.43 -0.36 -45%
30-day maximum (cfs) 2484 2713 229 9% 0.79 0.70 -0.09 -12%
90-day maximum (cfs) 1551 1920 369 24% 0.55 0.33 -0.22 -40%
Number of zero days per year 0 0 0 0% --- --- 0% 0%
Baseflow 0.66 0.24 -0.42 -64% 0.55 0.25 -0.30 -55%
Group averages c 36% 62%

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 99 24 -75 -76% 0.65 0.35 -0.30 -46%
Julian date of 1st percentile flow 197 54 -143 -73% 0.10 0.10 0.00 0%
Group averages c 74% 23%

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 29.5 290.5 261 885% 0.31 0.29 -0.02 -6%
High pulse count (#/yr) 5.5 175.5 170 3091% 2.00 0.26 -1.74 -87%
Low pulse duration (hrs) 31 13 -18 -58% 1.13 0.31 -0.82 -73%
High pulse duration (hrs) 41 6 -35 -85% 1.68 1.00 -0.68 -41%
Group averages c 1030% 52%

Group 5:  Rate and frequency of change in conditions

Daily range (cfs) 124 1451 1327 1070% 1.02 0.78 -0.24 -23%
Fall count (#/yr) 1595 2945 1350 85% 0.21 0.03 -0.18 -86%
Rise count (#/yr) 1554 3190.5 1637 105% 0.13 0.01 -0.12 -92%
Fall rate (cfs/hr) 11 74 63 573% 0.50 5.30 4.80 960%
Rise rate (cfs/hr) 14 85 71 507% 0.71 3.99 3.28 462%
Group averages c 468% 325%

a  When data were pooled across years, the coefficient used was the difference between the 75th and 25th-percentile values, divided by the median.  If the
   parameter was calculated annually (i.e., twice), the coefficient of dispersion was the maximum minus the minimum, divided by the midrange.
b  The deviations represent the Indicators of Hydrologic Alteration.
c  Group averages were computed as the mean of all deviations (in absolute values) within the group.

Deviation b

IHA Group

Medians Coefficient of dispersion a 

Deviation b
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Maximal Rates of Change in River Stage Below JC Boyle Powerhouse 
 
I acquired all of the half-hourly stage data that the USGS collected at their gage site on the 
Klamath River below JC Boyle powerhouse (No. 11510700; km 353.5) during water years 1994 
(a “dry”, <5th-percentile year), 1995 (an “average”, ~60th-percentile year), and 1999 (a “wet”, 
~85th-percentile year).  The data for these three years, which included a broad range of 
streamflow conditions, were then used to calculate both the maximum positive and maximum 
negative change in stage occurring at the site over any full one-hour period within each day 
within each year.  Daily maximum rates of increase in stage (up-ramp) and of decrease in stage 
(down-ramp) were subsequently used to determine for each year the percentages of days on 
which a given hourly up or down-ramp rate was exceeded. 
 
Results of my analysis of the USGS stage data for the gauge site below JC Boyle powerhouse are 
summarized in Table 4 and Figure 3.  Daily maximum up- and down-ramp rates at the USGS 
gauge site below the powerhouse ranged from zero to well over 1.2 feet per hour, with the higher 
rates within this range experienced most frequently during 1994 (the dry year) and least 
frequently during 1999 (the wet year).  Daily maximum down-ramp rates at the site also ranged 
from zero to substantially above 1.2 feet per hour, and followed a pattern similar to that seen in 
the up-ramp rates.  The relatively higher daily maximum down-ramp rates occurred more 
frequently during years when water was less abundant. 
 
 
Table 4.  Exceedance values for daily maximum rates of up- and down-ramping (ft/hr) at the Klamath 
River gauge site below JC Boyle Powerhouse (USGS #11510700) during 1994, 1995, and 1999. 
 

 
 

Condition/
year 0.15 ft/hr 0.30 ft/hr 0.45 ft/hr 0.60 ft/hr 0.75 ft/hr 0.90 ft/hr 1.05 ft/hr 1.20 ft/hr

Upramping
1994 90% 89% 88% 88% 85% 40% 32% 7%
1995 77% 69% 68% 67% 59% 4% 2% 1%
1999 50% 40% 37% 35% 26% 14% 7% 3%

Down-ramping
1994 90% 89% 88% 88% 87% 83% 42% 25%
1995 80% 70% 67% 66% 65% 62% 20% 3%
1999 52% 40% 37% 34% 30% 19% 12% 6%

Percent of days on which a given absolute rate of stage change was met or exceeded 
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Daily maximum up-ramp rate at Klamath R. below JC Boyle PH (USGS #11510700)
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Daily maximum down-ramp rate at Klamath R. below JC Boyle PH (USGS #11510700)
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       Figure 3.  Exceedance values for  daily maximum rates of rise (up-ramp) and decline in stage (down-ramp) at
       Klamath River R. below JC Boyle Powerhouse (USGS Gage #11510700) during 1994, 1995, and 1999.
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Given the high rates of stage change recorded at the gauge below the JC Boyle powerhouse, I 
conducted an identical analysis for the USGS gauge site at km 16.6 on the Williamson River 
below the Sprague River confluence (No. 11502500).  This second site has a hydrograph 
influenced by the presence of upstream springs, by upstream irrigation diversions, and by limited 
log pond storage in the Sprague River system.  Flows at the Williamson River gauge account for 
about three-quarters of the Klamath River’s drainage area above the gauge near JC Boyle 
powerhouse, are passing through a relatively low-gradient channel, and are dampened 
downstream by the presence of Klamath Lake before being influenced by Bureau of Reclamation 
irrigation projects and the KHP.  The Williamson gauge is thus a clearly imperfect, but likely 
best-available, source of information on the approximate levels of up- and down-ramping that 
might be seen at the gauge site below the JC Boyle powerhouse under natural conditions. 
 

Results of my stage-change analysis for the Williamson River gauge site below Sprague River 
are given in Figure 4.  Daily maximum rates of increase or decrease in stage at the Williamson 
River site during 1994, 1995, and 1999, were generally well over an order of magnitude (and 
sometimes about two orders of magnitude) lower than those seen at the USGS gauge below JC 
Boyle powerhouse during the same years.   
 

After examining the differences between the daily maximum rates of stage change recorded at 
the two gauges during 1994, 1995, and 1999, I became concerned that annual peak runoff might 
be naturally and disproportionately higher at the Boyle powerhouse site versus the Williamson 
River site, potentially biasing the full-year comparisons of stage-change rates between the two.  
This concern was strengthened when a review of USGS flow records showed that annual peak 
daily flows at the powerhouse site were two to three times those at the Williamson site during 
1994, 1995, and 1999.  In an effort to account for this source of potential bias, I performed a 
comparative analysis of daily maximum rates of stage change at the sites that was limited to days 
from May through September of these three years.  This was a period after peak runoff had 
occurred at both sites and also a period during which small juvenile fish in the river system 
would have been relatively vulnerable to stranding or trapping by rapid flow reductions 
(PacifiCorp 2004c). 
 

Results of my analysis of daily maximum rates of stage change at the two gauge sites during 
May through September of 1994, 1995, and 1999, are given in Figures 5 and 6.  The dramatic 
between-site differences in daily maximum rates appear to have been unrelated to differences in 
their respective magnitudes of annual peak runoff.  In fact, the differences in daily maximum 
rates of change in stage were a bit greater between the JC Boyle powerhouse and Williamson 
River sites during a portion of the year unaffected by annual peaks in runoff than they were when 
considered across the entire year as a whole. 

13



Daily maximum up-ramp rate at Williamson R. below Sprague R (USGS #11502500)
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Daily maximum down-ramp rate at Williamson R. below Sprague R. (USGS #11502500)
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       Figure 4.  Exceedance values for daily maximum rates of rise (up-ramp) and decline in stage (down-ramp) at 
       Williamson R. below Sprague R. (USGS Gage # 11502500) during 1994, 1995, and 1999.
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Daily maximum up-ramp rate at Klamath R. below JC Boyle PH (USGS #11510700)
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Daily maximum up-ramp rate at Williamson R. below Sprague R. (USGS #11502500)
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       Figure 5.  Exceedance values for daily maximum rates of rise in stage (feet/hour) for the Klamath R. below
       JC Boyle Powerhouse and for the Williamson R. below Sprague R., May - September, 1994, 1995, and 1999.
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Daily maximum down-ramp rate at Klamath R. below JC Boyle PH (USGS #11510700)
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Daily maximum down-ramp rate at Williamson R. below Sprague R. (USGS #11502500)
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       Figure 6.  Exceedance values for daily maximum rates of decline in stage (feet/hour) for the Klamath R. below
       JC Boyle Powerhouse and for the Williamson R. below Sprague R., May - September, 1994, 1995, and 1999.
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Table A1.  IHA-type assessment of modeled hourly “Without Project” (WOP) streamflow 
conditions for the JC Boyle bypass reach of the Klamath River, 2000-2001. 

 
 

Median Coeff. 
value 25th 75th dispersion Minimum Maximum

Group 1: Monthly magnitude

October 1197 1038 1292 0.21 703 1836
November 1126 1031 1201 0.15 780 1709
December 1038 939 1144 0.20 579 1843
January 1552 1268 2674 0.91 569 3475
February 2716 1296 3525 0.82 1059 4517
March 1946 1300 3598 1.18 953 4750
April 1762 1561 2209 0.37 1003 3821
May 1737 1564 2088 0.30 1211 3485
June 1541 1151 1861 0.46 784 2140
July 918 826 1049 0.24 565 1621
August 890 816 1013 0.22 530 1490
September 961 851 1031 0.19 646 1882

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum 548 --- --- 0.06 530 565
3-day minimum 707 --- --- 0.03 696 717
7-day minimum 835 --- --- 0.13 780 890
30-day minimum 993 --- --- 0.11 936 1049
90-day minimum 1212 --- --- 0.30 1028 1395
1-day maximum 3445 --- --- 0.76 2140 4750
3-day maximum 3408 --- --- 0.77 2094 4721
7-day maximum 3284 --- --- 0.79 1995 4573
30-day maximum 2527 --- --- 0.78 1540 3514
90-day maximum 1586 --- --- 0.55 1151 2020
Number of zero days per year 0 --- --- --- 0 0
Baseflow 0.58 --- --- 0.05 0.56 0.59

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 100 --- --- 0.34 68 131
Julian date of 1st percentile flow 197 --- --- 0.10 187 206

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 27.5 --- --- 0.33 23 32
High pulse count (#/yr) 5 --- --- 2.00 0 10
Low pulse duration (hr) 27 17 47 1.11 1 132
High pulse duration (hr) 31 24 116 2.97 7 1764

Group 5:  Rate and frequency of change in conditions

Daily range 124 74 207 1.07 4 1448
Fall count (#/yr) 1623 --- --- 0.20 1458 1788
Rise count (#/yr) 1585 --- --- 0.12 1488 1681
Fall rate (cfs/hr) 14 11 18 0.50 11 268
Rise rate (cfs/hr) 14 11 18 0.50 11 279

Percentile values Range of values
IHA Group
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 Table A2.  IHA-type assessment of modeled hourly “Existing” (Exist.) streamflow conditions 
for the JC Boyle bypass reach of the Klamath River, 2000-2001. 

 
 

Median Coeff.
value 25th 75th dispersion Minimum Maximum

Group 1: Monthly magnitude

October 325 325 325 0.00 325 325
November 325 325 325 0.00 325 325
December 325 325 325 0.00 325 325
January 325 325 325 0.00 325 325
February 325 325 727 1.24 325 1561
March 325 325 433 0.33 325 1974
April 325 325 325 0.00 325 1317
May 325 325 325 0.00 325 325
June 325 325 325 0.00 325 325
July 325 325 325 0.00 325 325
August 325 325 325 0.00 325 325
September 325 325 325 0.00 325 325

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum 325 --- --- 0.00 325 325
3-day minimum 325 --- --- 0.00 325 325
7-day minimum 325 --- --- 0.00 325 325
30-day minimum 325 --- --- 0.00 325 325
90-day minimum 325 --- --- 0.00 325 325
1-day maximum 1100 --- --- 1.41 325 1875
3-day maximum 1052 --- --- 1.38 325 1778
7-day maximum 1000 --- --- 1.35 325 1675
30-day maximum 505 --- --- 0.71 325 685
90-day maximum 325 --- --- 0.00 325 325
Number of zero days per year 0 --- --- --- 0 0
Baseflow 1.00 --- --- 0.00 1.00 1.00

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 35 --- --- 0.37 1 68
Julian date of 1st percentile flow 38 --- --- 0.42 1 77

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 2 --- --- 2.00 0 4
High pulse count (#/yr) 0 --- --- --- 0 0
Low pulse duration (hrs) 983 414 4796 4.46 83 8761
High pulse duration (hrs) 0 0 0 --- 0 0

Group 5:  Rate and frequency of change in conditions

Daily range 0 0 0 --- 0 710
Fall count (#/yr) 101 --- --- 2.00 0 202
Rise count (#/yr) 112.5 --- --- 2.00 0 225
Fall rate (cfs/hr) 14 11 21 0.71 11 32
Rise rate (cfs/hr) 14 14 21 0.50 11 32

Percentile values Range of values
IHA Group
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Table A3.  IHA-type assessment of modeled hourly “Without Project”(WOP) streamflow 
conditions for the Klamath River below the JC Boyle Powerhouse, 2000-2001. 

 

Median Coeff.
value 25th 75th dispersion Minimum Maximum

Group 1: Monthly magnitude

October 1169 1013 1264 0.21 689 1801
November 1102 1006 1173 0.15 763 1674
December 1013 915 1119 0.20 565 1808
January 1518 1239 2631 0.92 558 3422
February 2668 1267 3472 0.83 1035 4460
March 1905 1271 3545 1.19 932 4693
April 1727 1529 2169 0.37 982 3768
May 1699 1533 2046 0.30 1183 3432
June 1508 1126 1823 0.46 766 2098
July 897 809 1024 0.24 554 1589
August 869 798 989 0.22 516 1458
September 939 835 1010 0.19 629 1843

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum 535 --- --- 0.07 516 554
3-day minimum 691 --- --- 0.04 678 703
7-day minimum 816 --- --- 0.13 763 869
30-day minimum 975 --- --- 0.11 922 1028
90-day minimum 1185 --- --- 0.31 1003 1367
1-day maximum 3396 --- --- 0.76 2098 4693
3-day maximum 3360 --- --- 0.78 2055 4665
7-day maximum 3237 --- --- 0.79 1956 4517
30-day maximum 2484 --- --- 0.79 1504 3464
90-day maximum 1551 --- --- 0.55 1123 1978
Number of zero days per year 0 --- --- --- 0 0
Baseflow 1551 --- --- 0.55 1123 1978

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 99 --- --- 0.35 67 131
Julian date of 1st percentile flow 197 --- --- 0.10 187 206

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 29.5 --- --- 0.31 25 34
High pulse count (#/yr) 5.5 --- --- 2.00 0 11
Low pulse duration (hr) 31 17 52 1.13 3 254
High pulse duration (hr) 41 23 92 1.68 5 1697

Group 5:  Rate and frequency of change in conditions

Daily range 124 74 201 1.02 4 1420
Fall count (#/yr) 1595 --- --- 0.21 1428 1762
Rise count (#/yr) 1553.5 --- --- 0.13 1449 1658
Fall rate (cfs/hr) 14 11 18 0.50 11 261
Rise rate (cfs/hr) 14 11 21 0.71 11 268

Percentile values Range of values
IHA Group
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Table A4.  IHA-type assessment of modeled hourly “Existing”(Exist.) streamflow conditions 
for the Klamath River below the JC Boyle Powerhouse, 2000-2001. 
 

Median Coeff.
value 25th 75th dispersion Minimum Maximum

Group 1: Monthly magnitude

October 770 332 1956 2.11 328 3019
November 705 332 1617 1.82 328 3026
December 703 571 1551 1.39 328 2889
January 1753 710 2896 1.25 332 3235
February 2677 954 3637 1.00 332 4584
March 1780 1119 3371 1.27 332 4941
April 1755 1441 2709 0.72 328 4054
May 1720 1058 2800 1.01 328 3069
June 1462 392 2673 1.56 328 3012
July 537 332 1568 2.30 328 2956
August 489 332 1554 2.50 328 2956
September 795 332 1564 1.55 328 2829

Group 2: Magnitude and duration (recurrence) of annual extremes

1-day minimum 328 --- --- 0.00 328 328
3-day minimum 328 --- --- 0.00 328 328
7-day minimum 328 --- --- 0.00 328 328
30-day minimum 328 --- --- 0.00 328 328
90-day minimum 488 --- --- 0.64 332 643
1-day maximum 4005 --- --- 0.47 3069 4941
3-day maximum 3915 --- --- 0.46 3005 4824
7-day maximum 3821 --- --- 0.43 2991 4651
30-day maximum 2713 --- --- 0.70 1766 3659
90-day maximum 1920 --- --- 0.33 1600 2239
Number of zero days per year 0 --- --- --- 0 0
Baseflow 0.24 --- --- 0.25 0.21 0.27

Group 3: Timing of annual extremes

Julian date of 99th percentile flow 24 --- --- 0.25 1 47
Julian date of 1st percentile flow 54 --- --- 0.51 7 101

Group 4: Frequency and duration of high and low pulses

Low pulse count (#/yr) 290.5 --- --- 0.29 249 332
High pulse count (#/yr) 175.5 --- --- 0.26 153 198
Low pulse duration (hr) 13 10 14 0.31 1 38
High pulse duration (hr) 6 4 10 1.00 1 656

Group 5:  Rate and frequency of change in conditions

Daily range 1451 1243 2380 0.78 32 3019
Fall count (#/yr) 2945 --- --- 0.03 2899 2991
Rise count (#/yr) 3190.5 --- --- 0.01 3179 3202
Fall rate (cfs/hr) 74 25 417 5.30 11 1056
Rise rate (cfs/hr) 85 28 367 3.99 11 1102

Percentile values Range of values
IHA Group
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Comment Submission Form Page 1 

May 2, 2011 

Klamath River Expert Panel 
Scientific Assessment of Two Dam Removal Alternatives on Chinook Salmon 

Comments on the Draft Report dated May 2, 2011 
 
The Klamath Tribes were unable to adequately comment on this panel report, because the comment period was much too short during 
a period of intense activity on multiple fronts.  Therefore, we reserve the right to make further comments in the future.  Citations 
herein refer to the same citation list as in the report.  All comments were authored by Larry Dunsmoor, Senior Aquatics Biologist for 
the Klamath Tribes. 
 
Comment 
Number 

Comment 
Author Page, Paragraph Comment Panel Response 

1 L. Dunsmoor General 

Perhaps the most important part of the Proposed Action is the 
least tangible in some ways.  We have moved from intensely 
antagonistic, conflict-based management to one of collaborative 
management.  The changes that we have experienced in recent 
years are not complete, but they are still progressing, and they 
are profound.  Coupled with the extensive monitoring programs 
in the Proposed Action, the stage is set to proceed with what we 
know, and adapt to what we learn.  The Panel’s report fails to 
assign significance to this dynamic, which is not surprising since 
there was insufficient time for the Panel to understand and 
appreciate the extent to which this transformation sets the stage 
for success.  

 

2 L. Dunsmoor 11, 1st ¶ in 2.1 

The Panel identifies reduced nutrient loading and “thermal 
inputs into UKL” as likely effects of the Proposed Action.  While 
thermal loading to the UKL tributaries is indeed a significant 
issue, I do not believe that a similar case can be made for 
thermal loading to UKL.  The lake is large and shallow, has a large 
surface area to volume ratio - it will equilibrate to air 
temperature, regardless of the thermal inputs received from 
tributaries or other extant sources.  As ODEQ (2010) puts it on pg 
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Comment 
Number 

Comment 
Author Page, Paragraph Comment Panel Response 

2-28: “Upper Klamath Lake is not considered a source to thermal 
impairment because the temperature of water discharged from 
Upper Klamath Lake likely follow the natural thermal regime. 
The naturally wide and shallow bathymetry and long residence 
time of Upper Klamath Lake would have allowed water 
temperature to reach equilibrium with heat fluxes.”  
 
Insofar as UKL is concerned, nutrient loading (both internal and 
external) is the central issue. 

3 L. Dunsmoor 11, footnote 3 

While I understand the Panel’s desire to somehow gauge the 
significance of the Chinook response to the alternatives, I 
suggest that some additional concepts are important 
considerations beyond some expectation that overall Chinook 
populations will increase.   
 
First, the Klamath Tribes live above these dams, and reserved 
their rights to the upper basin’s anadromous fish resources 
when they entered into a treaty with the US.  Copco 1 Dam was 
built without fish passage despite the Tribes’ protests, and their 
access to anadromous fish was suddenly lost.  It would be 
enormously significant to the Klamath Tribes if re-established 
Chinook runs were much lower than 10,000 (although the more 
the better).   
 
Second, do the alternatives not differ in terms of the likelihood 
of persistence of Chinook?  I find the Panel’s views to be 
remarkably pessimistic in regard to rehabilitating water quality 
and habitats under the Proposed Action; indeed, it seems that 
uncertainty is consistently translated into pessimism in this 
report.  While I disagree with the Panel on many important 
points, the pessimism expressed in regard to the Proposed 
Action should be accompanied by an analysis that is absent from 
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the report.  Namely, an analysis of the likelihood of persistence 
of various stocks under the two alternatives.  If the Panel really 
believes that the monumental rehabilitation program under the 
KBRA and KHSA is unlikely to substantially increase abundance, 
what does the Panel think will happen if we don’t implement the 
settlement agreements?  

4 L. Dunsmoor 12, 1st ¶ 

The Panel interprets the KBRA measures for reducing external 
loading to UKL to be primarily wetland rehabilitation and 
riparian re-vegetation, and concludes that these are unlikely to 
produce substantial improvements in water quality to UKL.  In 
fact, the scope of the Proposed Action is much broader, and 
while the Panel is correct to be concerned about water quality 
conditions, their skepticism regarding the proposed 
rehabilitation measures goes too far, and is based in a failure to 
appreciate the magnitude of what is indeed being proposed. 
 
Section 2.5.3 of ODEQ (2002) quantifies external sources of 
nutrients to UKL.  KBRA actions that will reduce external loading 
match up pretty well, as follows (Barry et al. 2010):  
a. re-connect about 12,700 acres of re-claimed wetlands to 

Agency Lake, ceasing P-laden ag return flows from former 
wetlands;  

b. rehabilitate riparian plant communities throughout most of 
the valley-floor tributary systems above UKL, with emphasis 
on the Sprague, which is the largest external source;   

c.  rehabilitate floodplain function through breaching/removal of 
levees, emphasis on the Sprague;  

d. reduce consumptive use (and associated return flows) 
sufficient to increase inflow to UKL by 30,000 acre ft on an 
average annual basis, emphasis on the Sprague and Wood;  

e. establish a General Conservation Plan (similar to HCP) above 
UKL to incentivize landowners to carefully manage their 
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riparian corridors;   
f. rehabilitate upland dryland pasture to reduce reliance on 

irrigation and facilitate access to non-floodplain grazing;   
g.  provide ranch management planning assistance, which will  

enhance riparian communities at the least, and may result in 
altered irrigation practices as well; 

g.  rehabilitate the channelized South Fork Sprague, which is a 
major source of suspended sediment to the main stem 
Sprague (Matthews 2007), and a major source of nutrients as 
well; 

h. rehabilitate Seven Mile Creek, a major nutrient source. 
 
The Klamath Tribes, and many other parties to the KBRA, are 
confident that these actions will significanlty reduce the external 
load to UKL.  There are uncertainties in regard to what the 
ultimate results will be, but they are less severe than those the 
Panel expresses.   

5 L. Dunsmoor 12, last ¶ 

The UKL TMDL calls for a 40% reduction in external P loading, 
not 47%.  It also provides analysis that concludes attaining this 
reduction (with no commensurate reduction in the internal load) 
would indeed significantly reduce algal biomass and activity (e.g. 
pgs 63-64 in ODEQ (2002), and Fig 2-17 in ODEQ (2010).   

 

6 L. Dunsmoor 13, last ¶ 

Here the analysis contemplates removing the entire external P 
load.  The system is naturally eutrophic, how is it appropriate to 
use complete removal of the external P load as a metric for the 
feasibility of the KBRA?  Further, the KBRA contemplates many 
more actions than just wetland sequestration (see comment 4) 
that are likely to moderate the external load.   

 

7 L. Dunsmoor 14, 2nd ¶  

“Control of high temperatures in UKL…”:  first, see comment 2, 
there is no way to “control” temperature in UKL, and no TMDL 
targets such a thing.  Much concern about temperatures in UKL 
and KR is expressed here, based on an apparent perception that 
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temperatures will remain warm with June-September 
temperatures >20 °C.  A series of annual plots of water 
temperatures in and between UKL and the KR below Iron Gate 
Dam during Aug-Oct relative to fall Chinook run timing to Iron 
Gate Hatchery is presented in Figure 1 (appended to comment 
table).  A few things are apparent.  First, temperatures below 
Iron Gate are almost always higher and less variable than at the 
sites upstream, including UKL.  This is clearly a result of the 
thermal inertia imposed on the system by the hydro project 
reservoirs (Dunsmoor and Huntington 2006 and citations 
therein).  Second, run timing to the hatchery is an expression of 
what fall Chinook can and are doing in the system under present 
conditions.  If these fish were encountering water temperatures 
in UKL instead of those below Iron Gate, they would be better 
off.  Conclusions in the panel’s report expressing doubt about 
future performance due to continued high temperatures cannot 
be reconciled with current conditions in UKL, or with the likely 
effects of dam removal on the thermal regime, which were 
evaluated by Dunsmoor and Huntington (2006) and are not 
addressed in the Panel’s report.   

8 L. Dunsmoor 14, top ¶, last 
sentence 

The decades-long lag assumes no in-lake efforts to remediate 
the internal load.  Nutrient reduction efforts in the KBRA are 
intended for UKL and Keno Reservoir.  We intend an integrated 
approach that treats both the internal and external loads.  And 
yes, it will take time. 

 

9 L. Dunsmoor 15, 1st ¶ 
Keno Dam does not create a fish passage barrier.  Seasonal 
passage difficulties arise from seasonal nutrient and organic 
matter loading from UKL.   

 

10 L. Dunsmoor 15, 2nd ¶ 

This paragraph displays poor understanding of the Proposed 
Action.  KBRA reduces and caps Project water diversions.  
Wetland treatment of Project return flows may be a viable 
approach to reducing loading, and will be evaluated.  Refuge 
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management is simply not pertinent to the charge of this Panel – 
it will have no effect on Chinook.  Nonetheless, the Panel should 
be aware that the KBRA increases and firms up the water supply 
for the refuges, and adds fish and wildlife management to the 
purposes of the Reclamation Project.  These, in conjunction with 
walking wetlands, represent great improvements in the refuges. 

11 L. Dunsmoor 15, last ¶, last 
sentence 

Here the ramifications to life cycle timing of the dam-removal-
induced increase in spring-time water temperatures are 
discussed as a negative.  A necessary assumption would be that 
spawning timing would not shift.  In fact, spawning timing will 
likely be earlier (Dunsmoor and Huntington 2006) and more 
successful (lower pre-spawn stress and mortality, more 
benevolent spawning temperatures).  Reversion of the system to 
a more naturally variable thermal regime (as opposed to the 
monotonic dynamics and minimal diel variance under Current 
Conditions) is likely to be ecologically beneficial in many complex 
ways during much of the year. 

 

12 L. Dunsmoor 19, plot 

Low DO in Keno Reservoir is a significant problem.  One idea that 
will be evaluated is the mechanical removal of particulates at or 
near the UKL outlet as a way to reduce nutrients in all 
downstream waters, and to improve DO (and other constituents) 
conditions in Keno Reservoir.  The excerpt below summarizes the 
thinking on why such an approach is worth evaluating.   
 
From page 2-27 in ODEQ (2010):  “Sullivan et al. (2009) reported 
a mean 5-day BOD of 12.6 mg/L and a 30-day BOD of 28.6 mg/L 
in Link River. In Keno impoundment, most forms of BOD were 
significantly and positively correlated with particulate carbon, 
suggesting an important link between algae and BOD. They 
conclude that a reduction of the load of particulate algal 
material from the Upper Klamath Lake could limit the magnitude 
of low DO periods in the Keno impoundment. The organic load 
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from Upper Klamath Lake causes significant BOD load with 
subsequent settling of particulate matter to sediments in Keno 
impoundment contributing to internal nutrient loads and 
increased sediment oxygen demand (discussed below as internal 
sources). Warm water leaving Upper Klamath Lake is presumed 
to be natural due to the natural wide and shallow morphology.” 

13 L. Dunsmoor 19, 1st ¶, second 
sentence 

This statement is not well supported.  It says that, despite the 
major efforts envisioned under the KBRA, it is unlikely to 
improve – that is, it will not change from the current condition.  
The conclusion is at odds with the TMDL analyses.  DO dynamics 
will closely follow algal dynamics, and the TMDL analyses 
conclude large changes in algal dynamics.  Efforts to sequester P 
in UKL sediments are of great interest to the parties.  For 
example, strategic application of treatments to discrete areas of 
UKL with high P flux from the sediments may interact with the 
in-lake circulation patterns and disrupt algal dynamics in both 
the treated areas and areas “downstream”. 

 

14 L. Dunsmoor 19, 3rd ¶ Active reintroduction is planned for both fall and spring Chinook 
above Upper Klamath Lake.    

15 L. Dunsmoor Pg 19, 2nd ¶, and 
pg 27, last ¶ 

We expect spring Chinook to move through UKL in the spring, 
and hold in cold areas like the Williamson and Wood rivers and 
their tributaries, and perhaps in Pelican Bay and its associated 
springs (where adult redbands summer).   Seasonal DO barriers 
would not be an issue for fish employing such a strategy.  Such a 
strategy is not mentioned by the Panel.  Neither is any life 
history strategy other than an ocean type.   

 

16 L. Dunsmoor 20, 1st ¶ 
Trap and haul is to be a seasonal phenomenon, and phased out 
once nutrient reduction measures effect a reduction in algal 
dynamics sufficient to allow passage. 

 

17 L. Dunsmoor 20, 2nd ¶ 
UKL is food rich.  While it will indeed be important to select 
stocks whose early life stages effectively move through UKL, it is 
likely that those fish will experience high growth rates while in 
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the lake.  Larger downstream migrants can be expected to have 
higher survival rates, generally speaking.  There are potential 
positives as well as negatives.  

18 L. Dunsmoor 20, 3rd ¶ 

This strategy does not allow for adaptation to upper basin 
consitions.  We lost our upper basin stocks when Copco 1 Dam 
cut them off.  Now, we need to reconstruct upper basin stocks.  
It will take time.  We do not expect instant success.  Early returns 
are likely to be small, and it may take multiple years of working 
with different sources stocks to find the right approach.  
Coupling pre-adaptation return rates with historical SARs which 
are affected by the present limiting factors (hydro dams, 
nutrients, etc.), which in turn are targeted for improvement by 
the KHSA and KBRA, is likely to produce a worst-case view of the 
potential for Chinook re-establishment.  
 
Page 21, 1st paragraph under 2.6 makes several of the same 
points as I make above.  The two sections seem to be 
incompatible. 

 

19 L. Dunsmoor 21, 2.5 

This seems to attribute no lower basin benefits to habitat 
rehabilitation or to dam removal.  What are current trajectories 
of populations under Current Conditions?  It is true that some 
curtailment of harvest may be required, it just seems once again 
that pessimism rules the day, and too little (or no) benefit is 
ascribed to restorative measures. 

 

20 L. Dunsmoor 24, 1st ¶ 

Consumptive use by agriculture is reduced under the KBRA, 
especially during dryer years when Project use of surface water 
is reduced by up to about 100,000 acre ft.  Above UKL, inflows 
are to be increased by 30,000 acre ft through retirement of 
water uses. 

 

21 L. Dunsmoor 24, 2nd ¶ 
“Nonetheless, Current Conditions offers less potential than the 
Proposed Action to _____.”.  Could fill in the blank here with 
almost anything.  This structure should appear throughout this 
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report on every topic.  How does one alternative perform 
relative to the other? 

22 L. Dunsmoor 28, sections 3.4 
and 3.6 

Here I find a conundrum.  3.4 says the KBRA is likely to fall short.  
3.6 says managers should attempt to mitigate basin-wide 
limiting factors.  The reasoning here is circular and negative.  We 
are told that we cannot successfully implement our basin-wide 
plan to rehabilitate limiting factors, and then told that we should 
try to rehabilitate basin-wide limiting factors.  If the intent is to 
say that the KBRA does not target the right restorative actions, 
then I would ask, how certain is the Panel on this point?  Did the 
Panel’s brief exposure to the Klamath enable such a sweeping 
declaration?   
 
The Panel’s list of basin-wide limiting factors is not compelling.  
For example, activities on the refuges are a non-issue in terms of 
basin-wide limiting factors.  Diversions are not an issue on the 
Salmon.  Groundwater pumping proposed under the KBRA is 
carefully constrained, developed in close consultation with USGS 
groundwater hydrologists, and will cease upon cresting the 
threshold of adverse effects;  it cannot be credibly cited as a 
basin-wide limiting factor.  No mention is made of the hydro 
project blocking all fish passage into the upper basin, or its 
negative effects downstream.  Nutrients, the associated trophic 
state of UKL and the KR, and the hydro project dams are the 
primary limiting factors.  Water and habitat management, and 
disease, are important as well.  The KBRA addresses these areas 
and more.  
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Figure 1.  Mean, maximum, and minimum daily water temperatures during August-October for 
selected sites in the upper Klamath River system.  All data are from continuously recording 
thermographs operated by either the USGS or USFWS.  The UKL site is immediately north of Buck 
Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances downstream 
of their respective dams; and the Iron Gate site is at the Iron Gate Hatchery Bridge downstream of 
the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the Iron Gate 
Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Figure 1 - continued.  Mean, maximum, and minimum daily water temperatures during August-
October for selected sites in the upper Klamath River system.  All data are from continuously 
recording thermographs operated by either the USGS or USFWS.  The UKL site is immediately north 
of Buck Island (USGS);  the Link and Keno sites are at USGS gauge sites that are short distances 
downstream of their respective dams; and the Iron Gate site is at the Irona Gate Hatchery Bridge 
downstream of the dam (USFWS).  Weekly returns (as percent of annual total) of fall Chinook to the 
Iron Gate Hatchery are represented by the histogram.
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Observations and Significance of Fish and Invertebrate Stranding During the First Few 
Major Peaking Cycles in 2006 Downstream of the J. C. Boyle Hydroelectric Project 

 
Technical Memo to the Klamath Tribes 

by 
Larry K. Dunsmoor 

Senior Aquatics Biologist 
Klamath Tribes 
July 28, 2006 

Revised September 19, 2006 
 
 
In order to investigate the impacts of the first few major peaking cycles of the year, I visited 
two sites in the JCB peaking reach July 4-8, 2006 (Figure 1).  Below I document observations 
from these site visits, and discuss the effects of peaking flows on the fish community in the 
Klamath River.   
 
Flow Regime 
 
The first peaking cycles occurred July 3-4, with flows fluctuating between about 1700-3000 
cfs (Figure 2). However, peaking did not begin in earnest until the morning of July 5, when 
flows descended from 3370 to 375 cfs for the first time following spring run-off.  Daily 
minimum flows descended to 375 cfs every day in July thereafter, with daily maxima of 1850 
cfs (single turbine) to 2900 cfs (double turbine).   
 
July 4-5, Frain Ranch 
 
When I arrived at 1930 hours, flow was high (2810 cfs at the USGS gauge below the JCB 
powerhouse, Figure 2), and the vegetated near-shore areas were inundated.  Reed-canary grass 
dominated the riparian vegetation in the area, and there were very small, vegetated side 
channels in some locations.  After a brief search in a side channel, I observed several groups 
of larval fish among the vegetation.  Both sucker and minnow larvae were present, and were 
in early stages of larval development, in that their bodies very small (suckers about 15 mm 
long, minnows about 8 mm long) and their fins were only beginning to form.  Early larval fish 
have limited swimming capabilities, which is one reason they are found in vegetated shoreline 
areas in this riverine environment.   
 
During the early morning hours of July 5, river flow was ramped down to 375 cfs (Figure 2).  
From 0500 - 0800 hours on July 5 I carefully inspected an exposed shelf comprised of gravel 
and small cobble that was approximately 180 ft long by 20 ft wide (Figure 3).  The shelf was 
completely inundated well into the vegetated margin a few hours earlier.  I visually inspected 
the exposed surfaces on the shelf, under rocks, in puddles, and among the reed-canary grass 
stems. 
 
Dead fish were scattered throughout the area, with a tendency towards greater concentrations 
in areas still holding some water, generally in the form of small to tiny puddles.  Mouths of 
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most of the dead fish in puddles were at full gape, indicating that they died from hypoxia.  
The oxygen demand in the puddles apparently rendered them incapable of sustaining the 
trapped fish until flows ramped up again.  Many dead fish were found under and between 
rocks in completely dewatered areas as well.  None were found in the reed-canary grass 
stands, probably because the organic substrate in such areas was relatively smooth and sloped 
towards the river.   
 
Dead juvenile sculpin (Figure 4) were most common, ranging in length from about 22-33 mm.  
Perhaps 10% of the sculpin were still alive despite being dewatered, though many were near 
death.  Apparently, sculpin can survive for some period out of water under cool, moist 
conditions.  I estimated that the shelf held several hundred dead and dieing sculpin. 
 
Suckers and minnows were also trapped.  Dead juvenile suckers (Figure 5) ranging in length 
from about 21-30 mm were distributed similarly to the sculpin, but were much less common.  
Live sucker and minnow larvae were found in a tiny (perhaps 4 square inches surface area) 
puddle (Figure 6).  No other larvae were found, but they would be extremely difficult to find 
if dead and dewatered.  I found the living larvae because of their swimming movements. 
 
In addition to the large numbers of dead fish, there were enormous numbers of dead aquatic 
insects (Figure 7) and large numbers of trapped crayfish (Figure 8). As with the fish, puddles 
tended to have higher concentrations of dead insects and crayfish (in places >100 dead 
insects/ft2 based on the photo in Figure 7), but they were ubiquitous throughout the shelf.  
Large, adult crayfish were almost always dead, but many of the early instars (about 20-40 mm 
long) were still alive in moist interstices and puddles (Figure 8).   
 
July 6, Below Shovel Creek 
 
On July 6, 2006, I inspected two exposed gravel bars in the Klamath River downstream of the 
Shovel Creek confluence, at the lower end of the JCB peaking reach.  River flow was low 
during my inspection (0630-0800 hrs) – flow below the JCB powerhouse at the low end of the 
peaking cycle (0130-0630 hrs) was 371 cfs (down from about 2800 cfs at the onset of the 
down-ramp; Figure 2), and by 0800 there was no increase in flow at the site.     
 
The first bar I inspected extended downstream from an island.  Because of the morphology of 
the channel and bar at this location, it was obvious that the bar would experience relatively 
high water velocities when inundated, and therefore would not be ideal habitat for young fish.  
I found no dead or stranded fish, and saw no young fish in the shallows. 
 
The second bar had a wide, well developed side channel with ideal habitat for young fish.  
Much of the bar was dewatered, though there was one large, residual pool (about 1 ft deep) 
and many small puddles still holding water.  Thousands of stranded larval and juvenile fish 
were alive in the large pool.  Many more larval and juvenile fish were present in the shallow 
water at the margin of the river where water would flow into the side channel at higher river 
flows.   
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On the other side of the island, a large, flat gravel bar was dewatered, and again I could find 
no dead fish.  Many thousands of larval and juvenile fish were present (not stranded) in the 
shallow water along the edge of the bar. 
 
July 7, Frain Ranch 
 
On July 7, flow below the JCB powerhouse was ramped down to 371 cfs by 0200 hrs (Figure 
9).  From 0300-0700 hrs, I intensively sampled the same shelf near Frain Ranch where I 
observed extensive fish and invertebrate mortality on July 5 (Figure 10).  Once the shelf was 
completely exposed, I measured its length by pacing (90 paces x 2.5 ft/pace = 225 ft) and 
approximate average width (10 paces x 2.5 ft/pace = 25 ft), yielding an approximate shelf area 
of 5,625 ft2.  I then laid out 10 transects perpendicular to the channel following a systematic 
random protocol (e.g. random transect location selected in the first 1/10th of the bar’s length, 
then additional transects were spaced at intervals of 1/10th bar length thereafter).  Along each 
transect, I started at the water’s edge, randomly selected an initial sample location in the first 
2/10ths of the average width of the bar, then sampled each 2/10ths of the bar width thereafter 
along the transect up to the water’s edge at high flow.  Each individual sample consisted of a 
careful search within a 1 ft2 area, removing and inspecting each rock (using a powerful 
halogen flashlight) until encountering substrates lacking interstices capable of concealing fish.  
In this manner, 46 plots were searched, and the presence of stranded fish or crayfish recorded. 
 
No dead fish were observed in sample plots, or anywhere else on the shelf.  One freshwater 
clam was encountered (0.02 clams per ft2).  A total of 17 stranded crayfish were encountered 
in 9 plots, which translates to a density of 0.37±0.25 crayfish/ft2 (mean ± 95% CI).  
Expanding this density to the total area of the shelf results in an estimate of 2,081 (645 – 
3,487 95% CI) stranded crayfish.  Not all crayfish were dead, and most were early instars.   
 
One plot was on the edge of a residual pool (about 6 ft x 6 ft x 0.3 ft), in which 50-100 larvae 
were stranded but still living.  No stranded fish were visible in any of the smaller puddles that 
were searched.  Numerous adult sculpin were visible in extremely shallow water in the river 
margin along the edge of the shelf. 
 
I collected no quantitative data regarding densities of dead aquatic insects.  Subjectively, 
however, the density of dead aquatic insects was an order of magnitude higher on July 5 than 
on July 7.  The same is true for the densities of dead fish and crayfish, which were much 
higher on July 5.  Comparison of photographs taken July 7 (Figure 11) to those from July 5 
(Figure 7) illustrates the difference.    
 
July 8, Frain Ranch 
 
I returned again to the Frain Ranch site during the trough of the peaking cycle early in the 
morning of July 8.  The shelf was again completely dewatered, no dead fish were visible, and 
the density of dead aquatic insects was low.   
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Discussion 
 
In the Frain Ranch reach of the Klamath River, the first large peaking cycle of the year (July 
5) caused enormous stranding mortalities of larval and juvenile fish, adult and juvenile 
crayfish, and aquatic insects.  The measured density of stranded crayfish during the third 
major peaking cycle (July 7) was large, indicating a biologically significant level of stranding 
(and associated mortality).   
 
Densities of dead and stranded fish and crayfish were not systematically quantified on July 5 
during the first major peaking cycle.  However, based upon my careful inspection of the site 
on July 5, I can confidently assert that densities of stranded and dead fish and crayfish were 
much higher on July 5 than the measured density of crayfish (0.37 crayfish/ft2) on July 7.  
Conservatively, I estimate that the density of dead fish on July 5 was at least one third again 
as large as the measured density of crayfish from July 7.  The resulting density of 0.49 fish/ft2 
would translate to approximately 2,700 dead fish on the single shelf sampled.  Assuming that 
the dewatered shelf on the other side of the river experienced similar mortality, then 
approximately 5,000 fish were killed in this 225 ft long reach of the Klamath River in a single 
peaking cycle.  Further, at least as many crayfish were stranded, many of which died, and 
orders of magnitude more aquatic insects perished as well.  The foregoing expansions are not 
precise estimates of stranding and mortality, and are not intended to be used as such.  
Nonetheless, it is certain that very large, biologically significant numbers of fish and 
invertebrates perished in the July 5 peaking cycle.   
 
Much lower incidence of stranding and mortality on the third and fourth major peaking cycles 
strongly implies that most mortality associated with the peaking operation resulted from the 
first (and possibly the second) peaking cycle.  Therefore, appropriate design of studies to 
detect and quantify the occurrence and biological significance of stranding mortality would 
require sampling during the first few major peaking cycles of the year.  The field effort 
documented here indicates that even a well designed, intensive study, if conducted on July 7, 
would severely underestimate both the extent and biological significance of the effects of 
peaking, which were exerted primarily on July 5.   
 
PacifiCorp’s studies to evaluate stranding consisted in part of looking for stranded fish one 
day per site on May 31, July 11, and August 8/9, 2002, and June 10/11, July 14, and August 
19/20, 2003 (PacifiCorp 2004, pgs 6-44 to 6-45).  Sites selected for sampling included one 
site at Frain Ranch (a short distance downstream from the site I sampled) and at three sites in 
California deemed to have a high potential for stranding due to their low beach gradient.  No 
sites further upstream than the lower Frain Ranch reach were evaluated. However, peaking 
cycles in which Klamath River flows descended below 500 cfs took place most days in April 
and May, and every day in June during 2002 (Figure 12), so as young-of-the-year fish either 
entered or were produced within the peaking reach prior to the onset of the PacifiCorp studies, 
they were immediately subjected to extreme flow fluctuations, and faced the threat of 
stranding on a near daily basis.  Flows did not descend below 500 cfs (an arbitrary threshold 
selected to identify periods when peaking took flows to very low levels) as frequently during 
April and early May in 2003, but did every day of the last week or so in May.  Therefore, the 
kind of mortality I observed in 2006 would have gone unnoticed in the PacifiCorp studies. 
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In years like 1996, 1998-99, 2003, and 2006 (Figure 12), spring-time flow conditions were 
probably more conducive for reproduction than during years like 2001-2, and 2004-5, when 
peaking regularly took Klamath River flows well below 500 cfs.  Therefore, the kind of 
severe mortality event I observed on July 5, 2006, was probably more likely to occur in the 
years when extreme peaking did not occur until late spring or early summer, because young 
fish would accumulate as spring-time reproduction proceeded.  Then, when peaking began in 
earnest, this accumulation of young would be available for the kind of event I witnessed.  
During years when peaking conditions were severe throughout the spring and early summer, 
reproductive success was probably severely curtailed, and progeny faced immediate high 
mortality rates associated with peaking.  Under such conditions, few young fish would be 
available for stranding at any instant in time, and studies designed to detect stranding as 
PacifiCorp’s were could easily result in a false conclusion that few young fish were stranded, 
when in fact the severe, chronic effects of peaking prior to the studies have already killed the 
fish.   
 
It appears that in the river near Copco Reservoir, the ramp rate is attenuated to the extent that 
stranding is much less severe than at Frain Ranch.  Otherwise, there would have been massive 
mortalities at the site I examined below Shovel Creek, because there were large numbers of 
young and vulnerable fish present.  PacifiCorp (2004, at pg 6-47) quantified dominant ramp 
rates (for single turbine down-ramps to low flows near 350 cfs) of 9.36 in/hour over 3.5 hrs at 
the USGS gage below the JCB powerhouse, 5.22 in/hr over 4.25 hrs at their Frain Ranch site 
a short distance downstream from my site, and 2.90 in/hr over 6.0 hrs at sites downstream 
from Shovel Creek.  My study documented severe mortality at Frain Ranch during a two-
turbine down-ramp, which occurred at a ramp rate of 7.25 in/hr over 4.5 hrs at the USGS gage 
below the powerhouse (USGS gage data at: 
http://nwis.waterdata.usgs.gov/nwis/uv?cb_00060=on&cb_00065=on&format=gif&period=31&site_no=
11510700).  Therefore, while I cannot be certain of the ramp rate on July 5, 2006 at Frain 
Ranch (because the stage-discharge relation for the cross section there is unknown), it is 
certain that the down-ramp experienced on that date was less than it is at other times (e.g. the 
July 14, 2003 data presented in PacifiCorp 2004 at pg 6-47).   
 
I encountered no redband trout in the very limited effort I was able to put into this study.  I 
agree with PacifiCorp (2004, at pg 6-46) that a likely reason for this is the low density of trout 
fry in the peaking reach.  PacifiCorp (2004, at pg 6-44) did observe some trapped trout fry at 
sites downstream from Shovel Creek, but none at the lower end of the Frain Ranch reach.  
However, the question remains as to whether there would be more trout fry in the peaking 
reach in the absence of peaking, if more spawning gravels were available, and if effective fish 
passage reconnected fish in the peaking reach to spawning habitat in Spencer Creek.   
 
Addley et al. (2005, pg 36) concluded that food availability was more important than 
temperature for redband trout growth rates in the peaking reach.  Results of the bioenergetics 
modeling in the Keno reach indicate that as the fish grow larger they either switch to more 
abundant or higher energy prey (such as forage fish) or migrate to modify their thermal 
regime (Addley et al. 2005, pg 34).  There appears to be little opportunity for fish in the Keno 
reach to moderate their thermal regime via migration; fish would have to either move into 
Spencer Creek, or move to the JC Boyle bypass reach (an option limited by the poorly 
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functioning ladder at Boyle Dam).  The more likely explanation is that the fish switch to 
forage fish.  Redbands do not appear to get as old (PacifiCorp 2004, pg 6-56) or grow as large 
(pg 6-52) in the peaking reach as in the Keno reach.  Substantially more forage fish were 
collected from the Keno reach than the peaking reach (PacifiCorp 2004, pgs 6-50 to 6-51).  
The simplest and most logical explanation for the observed differences between the Keno and 
peaking reaches reflects the nomenclature used to distinguish them: peaking.  The extreme 
peaking regime kills large numbers of forage species (insects, crayfish, and fish), which fits 
neatly with the results of both the bioenergetics model as well as with the limited fisheries 
information that was acquired on the redband trout.   
 

 
Literature Cited 

 
Addley, R. C., B. Bradford, and J. Ludlow.  2005.  Klamath River bioenergetics report.  
Prepared for PacifiCorp by the Institute for Natural Systems Engineering, Utah Water 
Research Lab, Utah State University, Logan. 
 
PacifiCorp.  2004.  Ramping and flow fluctuation evaluations.  Section 6 of the Fish 
Resources Final Technical Report, Klamath Hydroelectric Project, FERC No. 2082.  Portland, 
Oregon. 
 
PacifiCorp.  2005.  Evaluation of effects of flow fluctuation on aquatic resources within the J. 
C. Boyle peaking reach.  Response to FERC AIR GN-2, Klamath Hydroelectric Project, 
FERC No. 2082, Portland, Oregon. 
 
 
 
 



Dunsmoor peaking  7 

Site near 
Frain Ranch

Site below 
Shovel Ck

Site near 
Frain Ranch

Site below 
Shovel Ck

Figure 1.  Location of sites visited in July 2006.  Map modified from USFWS map created by 
B. J. Brush. 
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Figure 2.  Hourly flows at the USGS gauge (#11510700) below the J. C. Boyle 
powerhouse and at gauge #11509500 below Keno Dam during the first half of 
July, 2006.  
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Figure 3.  The site on the Klamath River near Frain Ranch where stranding was observed on July 5 
and 7, 2006.  Klamath River flow was 375 cfs below the JCB powerhouse (several miles upstream 
from this site) when this picture was taken. 
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Figure 4.  Dead sculpins at the Frain Ranch site on the Klamath River, July 5, 2006. 
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Figure 5.  Dead suckers at the Frain Ranch site on the Klamath River, July 5, 2006. 



Dunsmoor peaking  12 

Larval fishLarval fish

Figure 6.  Live larval suckers and minnows stranded in a puddle (about 4 in2 surface area) 
at  the Frain Ranch site on the Klamath River, July 5, 2006. 
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Figure 7.  Dead fish and aquatic insects at the Frain Ranch site on the Klamath River, July 
5, 2006.  Hydropsychid caddisfly larvae were most common, though many stoneflies and 
mayflies were present as well.  An area about 3 ft2 is in view in the lower photo (scaled by 
assuming the hydropsychids to be about 0.5 in long), and more than 300 dead insects are 
clearly in view, so there were in excess of 100 dead insects per ft2 at this location. 
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Figure 8.  Dead and stranded crayfish and aquatic insects at the Frain Ranch site on the 
Klamath River, July 5, 2006.  Adult crayfish in the top photo are dead, as is the juvenile 
crayfish centered in the bottom photo, but the other juvenile crayfish was still living. 
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Figure 9.  The Frain Ranch site on the Klamath River at the top of a two-turbine peaking 
cycle (top photo), with a flow of about 2,840 cfs at 1800 hrs on July 6, 2006, contrasted 
with about 370 cfs the next morning at 0700 hrs (bottom photo). 
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Figure 10.  The exposed shelf at the Frain Ranch site on the Klamath River as it looked at 
dawn on July 7, 2006. 
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Figure 11.  The Frain Ranch site on the Klamath River on the morning of July 7, 2006.  
Dead insects were much less common than on July 5. 
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Figure 12.  Frequency of two turbine peaking below the JC Boyle powerhouse.  Each day in 
a year is colored white (no data), grey (minimum daily flow ≥500 cfs), or black (minimum 
daily flow <500 cfs).  Two turbine peaking cycles generally reduce river flows to less than 
500 cfs, so the black shaded areas approximate the incidence of two turbine peaking cycles.  
Grey areas denote either single turbine peaking cycles, steady flow through the turbines, or 
periods of spill. 




