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Figure 111-10. Cougar Reservoir (South Fork McKenzie River, Oregon) storage (kAF) and
turbidity (NTU) displaying the increase in turbidity during draw down (Grant 2004).

Figure 1lI-11. Sediment supply versus river transport capacity (Grant 2004).
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Section Ill. Geomorphology and Channel Maintenance

Figure 1lI-12. Sorted sediment delivered downstream from large dam removal (Grant
2004).

Fine grain intrusion
Filling of pools
Creation of bedforms

Figure 11I-13. Channel response of sediment based on channel morphology (Grant
2004).
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Iron Gate gauge peak discharge and return interval
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Figure 1lI-14. Annual peak flow return interval below Iron Gate Dam for the period of
record water years 1961-2008 (USGS gage number 11516530).

Figure IlI-15. Cross sectional representation of the New Year's Eve, 2002 Maple Gulch
(Rouge River Basin, OR) deposition event and subsequent incision back to original

channel form (Grant 2004).
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Section IV. Fish Health Implications

IV. Fish Health Implications

Pre Dam Removal

Fish Diseases in the Klamath River. Certain fish pathogens are widespread in the
mainstem Klamath River. The most noted fish health incident in the Basin in recent
years was the September 2002 adult fish die-off in the lower river. Guillen (2003a)
reported a minimum of 32,533 fall Chinook salmon, 629 steelhead, and 344 coho salmon
perished during this event, which resulted from a combination of below average
streamflow, high water temperature, high adult escapement, and an epizootic columnaris
(Flavobacterium columnare) and Ich (Ichthyophthirius multifiliis) outbreaks (Guillen
2003b). The 2002 disease outbreak was also exacerbated by high fish densities as
these pathogens are transmitted from fish to fish (Guillen 2003b). CDFG (2004) reported
that “At least 33,000 adult salmon died” during the event and “that actual losses may
have been double that number”. It is important to note that estimates from the USFWS
mortality report “should be viewed as a minimum number of fish killed” (Guillen 2003a).

The Service and its many partners have documented high infection rates in emigrating
juvenile Chinook and coho salmon, primarily by one or both myxozoan parasites, C.
shasta, and P. minibicornis. Fish health studies conducted from 1995 to present by the
Service (Foott et al. 1999; Nichols and Foot 2006; Nichols et al. 2007) and Oregon State
University (Stocking et al. 2006; Stocking and Bartholomew 2007) have consistently
documented high infection incidence in the Klamath River during the spring and summer.
For example, Nichols and Foott (2006) estimated up to 45% of natural origin juvenile fall
Chinook salmon passing by the Big Bar outmigrant trap were infected with C. shasta and
94% with P. minibibornus.

While native salmonids exposed to low doses of C. shasta (and presumably P.
minibicornis) exhibit some degree of resistance (Ching and Munday 1984; Bartholomew
et al. 2001), even native fishes can become overwhelmed by the presence of high
infectious doses, resulting in a diseased state (Ratliff 1981; Ching and Munday 1984;
Bartholomew 1998; Foott et al. 2006, Stone et al. 2008). Fish that display clinical
symptoms of disease are more prone to perish due to increased susceptibility to other
pathogens, greater susceptibility to predation, and a compromised osmoregulatory
system that is critical for successful entry into seawater (S. Foott personal
communication).

The first extensive surveys for C. shasta occurred in the Klamath River basin in the late
1980s (Hemmingsen et al. 1988; Buchanan et al. 1989; Hendrickson et al. 1989),
although its presence had been documented as early as 1968 (Schafer 1968). No
information exists on how prevalent these parasites were immediately before and
immediately after construction of PacifiCorp Project dams. Recent information however,
has documented abnormally high infection prevalence in native salmonids below IGD,
which indicate that a host-parasite imbalance exists in that area (Stocking et al. 2006).
Studies employing caged sentinel fish at fixed locations (Stocking et al. 2006; J.
Bartholomew personal communication) and quantification of the parasite in water
samples (Hallett and Bartholomew 2006) have narrowed the focus of the area most
affected by disease to approximately the reach between I-5 and Seiad Valley in the
Lower Klamath River, and in the Williamson River above UKL.
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Ceratomyxa shasta and P. minibicornis are assumed to have co-evolved with the salmon
species they infect in the Klamath River. This co-evolution of parasites and their
salmonid hosts should persist over time at relatively low level virulence equilibrium, given
relative consistency in the environmental conditions in which this equilibrium evolved
(Toft and Aeschilimann 1991; Esch and Fernandez 1993). However, when
environmental conditions are significantly altered, the abrupt change typically favors the
parasite because of its shorter generation time and greater genetic variation as
compared to that of the host (Webster et al. 2007). In other words, the parasite is
guicker to adapt to environmental changes than the host, causing the parasite-host
equilibrium to become out of balance. This imbalance in the parasite-host equilibrium
may be expressed as elevated infection rates in the host organisms over naturally-
occurring equilibrium (background) levels, consistent with the high infections levels
observed in juvenile Chinook salmon populations in the lower Klamath River below IGD.

Life Cycle of Parasites. The life cycles of C. shasta and P. minibicornis are
complicated. Both parasites have been documented to be dependent upon salmonids
and a freshwater polychaete as alternate hosts to perpetuate their life cycle
(Bartholomew et al. 1997; Bartholomew et al. 2006; Bartholomew et al. 2007; Figure
IV-1). Actinospores are released from the freshwater polychaete worm into the water
column and infect fish on contact. Neither harizontal (fish to fish), nor vertical (fish to
egg) transmissions have been documented under laboratory conditions, suggesting that
the worm host is necessary for completion of the life cycle. After the infected fish host
dies, myxospores are released back into the water column to infect polychaete worm and
complete the life cycle. However the complete life cycle, especially as it relates to the
ecology of the polychaete host, is not fully understood.

Despite the complexity, having two different hosts involved in the life cycles of these
parasites may offer enhanced opportunity for management intervention. The life cycles
of C. shasta and P. minibicornis continue to be a focus of study by the Oregon State
University, Humboldt State University, Tribes, and the Service, with the goal of
identifying management actions that may be implemented to interfere with a segment or
segments of the life cycles to bring the parasite-host equilibrium back into balance.

Polychaete Abundance and Distribution. Polychaetes are widely distributed
throughout the mainstem Klamath River. In tributaries to the Klamath River located
downstream of IGD, surveys have shown polychaete worms to be either absent, or their
distribution is to lower tributary reaches immediately upstream of their confluence with
the Klamath (Stocking 2006; Stocking and Bartholomew 2007; Wilzback and Cummins
2007). Polychaetes are most prevalent in low velocity areas such as runs, pools, and
riffle edge habitats and fine benthic organic matter (Stocking 2006; Stocking and
Bartholomew 2007; Wilzback and Cummins 2007). Stocking (2006) found that
transitional areas between the river and its downstream receiving reservoir, known as a
reservoir inflow zone, can have exceptionally high densities of polychaetes, which is
consistent with other published literature referenced by Stocking.

At this time, the distribution of polychaetes above UKL has not been completely
described. Surveys conducted by Stocking (2006) documented the presence of
polychaetes in the Williamson River, the dominant inflow tributary to Upper Klamath
Lake. The infective stage of the parasite, as determined by sentinel studies employing
susceptible strains of salmonids, has been documented to occur in the Williamson River
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upstream to rkm 38 (Hemmingsen et al. 1988; J. Bartholomew personal communication)
and in Agency Lake (Hemmingsen et al. 1988), suggesting that the polychaete host is
present in these areas. However, Hemmingsen et al. (1988) and Buchanan et al. (1989)
were unable to induce mortality from ceratomyxosis in rainbow trout in other areas above
Upper Klamath Lake (e.g. upper Williamson River (rkm 74 and upstream), Wood River
(rkm 14), and Fort Creek (rkm 2). While not conclusive, results from these studies
indicate that the distribution of the polychaetes or infectivity within polychaetes above
Upper Klamath Lake may be confined to lower mainstem river reaches.

Post Dam Removal

Hydrology and Polychaete Abundance and Distribution. Restoration of the
hydrologic function of the river system is paramount to creating habitat diversity and
maintaining biophysical attributes of a river system (Stanford et al. 1996; Poff et al.
1997). Although implementation of the Agreements will not fully restore the natural
hydrologic regime of the Klamath River, it would result in a flow pattern that mimics pre
dam conditions, having greater intra- and inter-annual variability than exists today.
Creating diversity in flows and water temperatures and providing flexibility to manage
flows to respond to real-time climatic and biological conditions (discussed in Section VI)
will be made possible by the KBRA. Restoring these dynamic conditions in the Klamath
River will create instability and disturbance in microhabitat conditions that would be
expected to reduce polychaete populations (Stocking and Bartholomew 2007) and
presumably, reduce infection rates within polychaete populations.

The stable, monotypic, nutrient- and diatom-rich flow conditions that occur immediately
below IGD provide an optimal environment for production of filter-feeding benthic
invertebrates such as M. speciosa (Wilzbach and Cummins 2007). Fluctuating flows that
mimic, albeit to a lesser degree, conditions experienced under a natural flow regime,
would mimimize the occurrence of monotypic stable flow conditions in which polychaete
worms are known to proliferate. The concept of mimicking the shape and function of the
natural hydrograph in response to changes in environmental conditions is widely
accepted as the most ecologically defensible approach to managing flows (Stanford et
al. 1996; Poff et al. 1997; Richter et al. 2003). Under the KBRA, the Technical Advisory
Team would have flexibility to integrate flow variability and natural flow-induced
disturbance into management of the Klamath River. In the following section of this report
(Section VI), we present one possible method that would achieve this goal.

Removal of the Klamath River dams would eliminate the existing reservoir inflow zones,
thereby eliminating these densely colonized areas. However, the importance of reservoir
inflow zones to the overall population of polychaetes and the imbalance in the parasite-
host equilibrium is currently unknown. Although dam removal would likely eliminate
large colonies associated with reservoir inflow zones, high density populations of
polychaetes can occur in other habitats and thus, the response of infectivity to new
sources of myxospores from immigrating salmonids within these remaining polychaete
populations following dam removal is uncertain (also see Genetic Variation in C. shasta
below).

Thermal Regimes and Polychaete Abundance and Distribution. The restored
thermal regime would also influence the distribution and colonization of the river channel
by polychaetes. We conclude that the greater thermal diversity that will be experienced
following removal of the PacifiCorp Project dams and reservoirs is likely to result in
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greater invertebrate diversity and less favorable environmental conditions for production
and survival of a single species (Poff et al. 1997) such as the polychaete. Warmer water
during the spring and summer may result in rapid growth and colonization by
polychaetes, but densities of the species may be reduced by other invertebrates that
prey upon the polychaetes (K. Cummins personal communication.). In contrast, cooler
water temperatures during the early fall and winter would likely result in reduced
polychaete colonization rates.

Hydrology and Actinospore Abundance and Distribution. The influences of a
restored hydrologic regime on actinospore dispersion are difficult to assess because of
limited information. A restored hydrologic regime would likely result in events that would
distribute the actinospore load along an expanded section of the mainstem Klamath
River. lItis also likely that the resultant increased distribution of infected polychaetes
would result in a concomitant increase in the dispersion of actinospores. Similarly,
increased Klamath River flows during the spring out migration period (May through June)
could act to reduce actinospore transmission efficiency (S. Foott personal
communication) and increased river volume may act to dilute actinospore
concentrations.

Potential benefits could also be derived from greater flow variations that would occur
during the winter or early spring. Removal of PacifiCorp Project dams would facilitate
the occurrence of higher peak flows and restoration of mid-sized (gravel) sediment input
below IGD that could scour or deposit bedload over polychaete colonies and their
habitats, thereby reducing actinospore loads in the following spring.

Thermal Regimes and Actinospore Abundance and Distribution. The dynamics of
actinospore development and release into the environment is not well known and is
worthy of future study in the Klamath Basin. Our current limited knowledge indicates that
actinospore production and release into the environment is positively associated with
water temperature; when water temperatures approach 10°C in spring, replication and
release of actinospores increases (J. Bartholomew, personal communication). During
late summer there is a decrease in actinospore release. In fall, levels begin to increase
until water temperatures decrease below 10°C. As such, warmer water temperatures
that may occur within the current location of PacifiCorp Project reservoirs and
immediately below IGD during spring and summer could result in an increased rate of
actinospore production and an earlier or prolonged release period. However, overall
actinospore production is dependent on total abundance of infected polychaetes, which
as described previously and below (Hydrology and Myxospore Abundance and
Distribution), is anticipated to decrease following the removal of the Klamath River dams.
Conversely, cooler temperatures in the fall may result in decreased magnitude or a
shortened period of actinospore release.

Ratliff (1981) hypothesized that delays in out-migration and higher water temperatures
as a result of Columbia River impoundments may amplify losses from ceratomyxosis due
to longer and later exposure times. There is a chance that earlier warming of the
Klamath River that would occur in the spring as a result of dam removal could stimulate
early actinospore release from polychaetes. However, fish emigration is likely to occur
earlier in the season with a warmer thermal regime because fish will likely have grown
faster. In this case, and if actinospore release is stimulated by warmer water
temperatures, we conclude that the restored thermal regime will coincide with a restored
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emigration pattern and perhaps improved rearing/emigration in downstream reaches
afforded by higher tributary contributions of flow that dilute spore concentrations and
lessen the risk of infection. Restoration of the thermal regime will provide a diversity of
thermal habitats that should help balance the parasite distribution and abundance in the
river system.

Hydrology and Myxospore Abundance and Distribution. Removal of the PacifiCorp
Project dams is likely to alter the distribution of myxospores by dispersing concentrations
of adult salmon and resident trout found below IGD, which likely function as reservoirs of
myxospores. A contemporary theory is that the passage barrier created by IGD and the
shared location of the Iron Gate Fish Hatchery has concentrated the density of spawning
adult salmon in the IGD to Scott River reach, thereby exacerbating release of infectious
myxospores within this reach. S. Foott (2007 unpublished data) found adult Chinook
salmon to have a high level of parasite infection (>70%) below the dam. Stocking et al.
(2006) also found that polychaetes residing below IGD exhibited high infection
prevalence (4.9 to 8.3%) as compared to polychaetes above IGD (0.27%). This study
suggests that the greater abundance of myxospores released by dense concentrations
of spawning salmon within this reach result in higher infection rates in polychaetes,
which proliferate in this relatively stable reach. However, it's also possible that
concentrated spawning conditions within this reach could shift upriver to the reach below
Keno with the removal of the PacifiCorp dams, with a concomitant upstream shift in the
current zone experiencing high infectivity.

Uncertainty remains as to the overall influence that dam removal may have on the
distribution and abundance of myxospores. However, it is likely that there will be a shift
in myxospore distribution in response to the increased dispersion of spawning adult
salmonids and resident trout that will result from dam removal. It has been hypothesized
that crowded spawning conditions that exist below IGD could shift upriver to below Keno
Dam, creating a “hotspot” infection zone similar to what presently exists in the Beaver
Creek area. However, unlike IGD, which is a total fish passage barrier, bidirectional
passage will be provided at Keno Dam and as such, we do not anticipate major
concentrations of spawning adult Chinook salmon directly below the dam as observed
below IGD. We also expect that further evaluation of disease would be included in plans
for reintroduction of anadromous fish species upstream of Keno Dam.

Restoration of dynamic flows in the Klamath River, in particular, higher flows during the
late winter and spring, may also reduce the infection rates within polychaetes. Higher
stream flows are likely to flush the parasites (i.e. myxospores) from the mainstem river
channel (J. Bartholomew personal communication). Myxospores are negatively buoyant
(J. Bartholomew personal communication) and as such, are likely to accumulate on the
bottom of the stream channel. These accumulations would be susceptible to being
mobilized and subsequently transported within or out of the main channel during high
flow events.

Thermal Regimes and Myxospore Abundance and Distribution. Restoration of the
Klamath’s historical pre Hydropower Project thermal regime (at times, between 7 to 10
°C cooler than existing conditions, (FERC 2007) would have a pronounced influence on
the system’s biota and aquatic ecosystem processes, and will likely influence the
ecology of the polychaete worms and may reduce replication rates of myxospores in host
immigrant adult salmon and resident salmonids. Udey et al. (1975) found disease
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replication to be temperature dependent; when water temperatures decrease, replication
of parasites decrease. In turn, reduced concentration of myxospores shed from hosts
may result in decreased infection rates in polychaetes. Current research is aimed at
improving our understanding of myxospore production and release timing.

Genetic Variation in C. shasta. Genetic variants of C. shasta have recently been
discovered in the Klamath River basin by Oregon State University (Atkinson and
Bartholomew, in preparation). To date, they have identified four unique genotypes (Type
0, I, Il, and Il), three of which exhibit a host preference. Type 0 appears to be specific to
native steelhead and in-basin rainbow trout; Type | infects native Chinook salmon; Type
Il prefers native coho salmon; and the Type Ill variant occurs at low prevalence and is
thought to be non-specific. At present, the presence of Types 0, Il, and Il has been
documented in the IGD, with Type Il (coho salmon specific) persisting at low levels on
out-of-basin stocked rainbow trout (Atkinson, personal communication) as a host. The
Type | genotype (Chinook salmon specific) has yet to be observed upstream of IGD. This
genotype would be reintroduced above the current site of IGD with dam removal and
anadromous fish reintroduction, but would affect only Chinook salmon. Dam removal
and anadromous fish reintroduction may also result in the redistribution of the Type 0, II,
and lll genotypes already detected above IGD. However, the life cycle of these host-
specific variants would only persist in areas of the river where polychaetes are present.
Even in light of this developing research, we believe that infection levels in salmonids are
likely to be low relative to current conditions documented below IGD for reasons
previously discussed.

Water Quality and Fish Health. The overall influences of nutrient concentrations on
general water quality (e.g. DO and pH) to the health of fish are expected to improve over
current conditions (see the Water Quality Section of this document). For example, we
expect that DO concentrations in several reaches below PacifiCorp Project dams would
increase resulting in potentially less stress to the biotic community and improved health
of salmonids. The abundance of mainstem Klamath River thermal refugia habitats
(coldwater tributaries and springs) available to anadromous fishes in the basin would
increase considerably following dam removal, which would help ameliorate stressful
conditions for fish and other biota. For example, Boyle (1976) reported numerous
springs in the valley prior to inundation by the PacifiCorp Project reservoirs that would
create thermal diversity in the system.

Population Level Effects of Diseases. The effects of disease on salmonid populations
in the Klamath Basin have not been well described. Recent studies have shown that the
elevated incidence levels of infectious diseases are adversely affecting freshwater
production of Chinook and coho salmon smolts in the Klamath River, but the degree to
which populations are affected is unknown. Disease-induced mortality of juvenile
downstream migrant salmon may not necessarily have a significant population level
affect during years of diminished ocean productivity, which may limit ocean carrying
capacity for salmonids. During years of poor ocean productivity, density-dependent
survival in the marine environment may limit abundance of salmon populations rather
than freshwater production. Conversely, during years where ocean productivity is high
and survival is not significantly influenced by density dependent mortality in the ocean,
high mortality of juvenile salmon in the river and the resultant decrease in the abundance
of smolts entering the ocean due to disease-induced mortality, directly affect ocean
abundance of Klamath stocks. In turn, lower ocean abundance is likely to result in
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decreased harvest opportunity and potentially, decreased spawning escapement to the
Klamath Basin.

Figures

Manayunkia
speciosa

Myxozoan life
cycles

Figure IV-1. The life cycle of Ceratomyxa shasta and Parvicapsula minibicornis (graphic
provided with permission from J. Bartholomew, Oregon State University). Manayunkia
speciosa is a freshwater polychaete worm and intermediate host of both parasites
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Figure V-1. Various components of the Systems Impact Assessment Model (SIAM).
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the Iron Gate Dam to Scott River reach for four life stages of fall Chinook salmon
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levels.
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Figure V-3. Comparison of water management simulations below Iron Gate Dam using two models; USGS specially configured
Settlement SIAM and Reclamation’s WRIMS.
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Figure V-4. Comparison of the difference (%) in fish production predicted from the historical 1961-2000 water year baseline under
four model simulations having differing flow schedules (alternatives). The shaded area between + 10% indicates model predictions
that are not significantly different from the historical baseline. Simulations were generated by the SIAM/SALMOD model for the reach
between Iron Gate Dam and the Scott River to describe interim conditions prior to removal of the PacifiCorp dams.
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Figure V-5. Estimated change in production of juvenile fall Chinook salmon from
historical 1961-2000 water year baseline under the Run-32 Refuge and Hardy et al.
(2006a) Phase Il flow schedules. Simulations were generated by the SIAM/SALMOD
model for the reach between Iron Gate Dam and the Scott River to describe interim
conditions prior to removal of the PacifiCorp dams.
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Figure V-6. Estimated change in production of juvenile fall Chinook salmon from
historical baseline under four flow alternatives considered in negotiations of the Klamath
Basin Restoration Agreement for water years 1961-1969. For reference, annual
historical productions estimates are provided, expressed as the difference (%) from the
historical median, water years 1961-2000. Simulations were generated by the
SIAM/SALMOD model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams.
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Figure V-7. Estimated change in production of juvenile fall Chinook salmon from
historical baseline under four flow alternatives considered in negotiations of the Klamath
Basin Restoration Agreement for the water years 1970-1979. For reference, annual
historical productions estimates are provided, expressed as the difference (%) from the
historical median, water years 1961-2000. Simulations were generated by the
SIAM/SALMOD model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams.
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Figure V-8. Estimated change in production of juvenile fall Chinook salmon from
historical baseline under four flow alternatives considered in negotiations of the Klamath
Basin Restoration Agreement for water years 1980-1989. For reference, annual
historical productions estimates are provided, expressed as the difference (%) from the
historical median, water years 1961-2000. Simulations were generated by the
SIAM/SALMOD model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams.
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Figure V-9. Estimated change in production of juvenile fall Chinook salmon from
historical baseline under four flow alternatives considered in negotiations of the Klamath
Basin Restoration Agreement for water years 1990-2000. For reference, annual
historical productions estimates are provided, expressed as the difference (%) from the
historical median, water years 1961-2000. Simulations were generated by the
SIAM/SALMOD model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams.
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Figure V-10.

Chapter V. Potential Change in Fish Production

Iron Gate Dam Releases

Oct- Now Dec- Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep-
68 68 68 69 69 69 69 69 69 69 69 69

Water Year 1969

—— Baseline Hardy Phase I WRIMS 32 R

Iron Gate Dam Releases

Oct- Now Dec- Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep-
92 92 92 93 93 93 93 93 93 93 93 93

Water Year 1993

— Baseline Hardy Phase I WRIMS 32 R

Iron Gate Dam Releases

Oct- Now Dec- Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep-
94 94 94 95 95 95 95 95 95 95 95 95

Water Year 1995

— Baseline Hardy Phase I WRIMS 32 R

Comparison of Settlement SIAM model outputs of flow releases from Iron

Gate Dam for water years 1969, 1993, and 1995.
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Chapter V. Potential Change in Fish Production

Klamath River Predicted Fall Chinook Production
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Figure V-11. Number of years when fish production was estimated by SIAM (historical
simulation) and Settlement SIAM (various alternative flow schedules) to be greater than
the 75" percentile (top) and less than the 25" percentile (bottom) of the historical
baseline for water years 1961-2000 (WRIMS Run 31 = W-31, WRIMS Run-32 Refuge =
W-32). Simulations were generated for the reach between Iron Gate Dam and the Scott
River to describe interim conditions prior to removal of the PacifiCorp dams.
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Chapter V. Potential Change in Fish Production

Upper Klamath Water Surface Elevation
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Figure V-12. Percentage of monthly time steps over the 40 year period of record (water
years 1961-2000) when water surface elevations predicted by SIAM (historical
simulation) and Settlement SIAM (various alternative flow schedules) in Upper Klamath
Lake would not meet levels specified in the 2001 Biological Opinion for lake suckers
(WRIMS Run 31 = W-31, WRIMS Run-32 Refuge = W-32).

115



Fall Chinook salmon redds (cumulative proportion)
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Chapter V. Potential Change in Fish Production
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Riverkm Indian Creek

Figure V-13. Cumulative proportion of fall Chinook salmon redds by river kilometer
between Iron Gate Dam and Indian Creek on the mainstem Klamath River for survey
years 1994-2003 and 2006.
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Section VI. Real Time Management

— Water year 2005 — Water years 1961-2000
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Figure VI-1. Daily mean discharge measured at the Iron Gate gauge for water year 2005
and water years 1961-2000 pooled, between October 1 and September 30.
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Section VI. Real Time Management

Apr-Sep net UKL Inflow (taf)

0 200 400 600 800 1000 1200
Apr1 50% forecast Apr-Sep net UKL inflow (taf)

Figure VI-2. Recent management of minimum UKL elevations and Klamath River flows
is based on the April 1-September 30 NRCS forecast, as plotted above against actual
inflow in thousand acre feet (taf). The red circles demonstrate that in some years,
uncertainty in forecast can be large, which can lead to erroneous water year type
designations and subsequent over or under allocations in implementing lake elevations
and river flows.
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Figure VI-3. Comparisons of discharge for Williamson River below its confluence with
the Sprague River at USGS Gage 11502500 and 11516530 Klamath River below Iron
Gate Dam by water year. Data presented are discontinuous, including only periods
when Klamath River discharge at the Iron Gate gage was greater than 3,000 cfs.

130



Section VI. Real Time Management

=] Real Time Management X
Date: 3/8/2008
Enter the Williamson Discharge: 77

Estimated WRIMS Run 32 Refuge P: 9417637271215
Estimated WRIMS Run 32 Refuge Q: 1307.6865752638
Estimated WRIMS Run 32 Refuge AF: | 2593.794690477

L]

Figure VI-4. Example of an output display from the Microsoft Access routine used to
implement WRIMS Run-32 Refuge model outputs in real time. In this example, the date
and Williamson River discharge of 771 cfs are entered and the program calculates the
exceedence probability (.094), the corresponding WRIMS Run-32 Refuge flow (Q)
associated with that exceedence for the March 1-15 time step, and the total daily
discharge, in acre feet.
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Figure VI-5. RTM database interface display of daily flows (top) and total annual
discharge in acre feet (bottom) for historical Williamson River, historical Iron Gate, Run-
32 Refuge model output, and RTM for water year 1990 (10/01/1989- 09/30/1990).
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Figure VI-6. RTM database interface display comparing daily flows (left) and total annual discharge in acre feet (right) for the
historical Williamson River, historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model outputs. The top charts represent
an above average water year (1996), and the bottom charts represent a below average water year (1990).
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Figure VI-7. RTM database interface display comparing daily flows (left) and total annual discharge in acre feet (right) for the
historical Williamson River, historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model outputs. The top charts represent a
wet water year (1984), and the bottom charts represent a dry water year (1994).
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Figure VI-8. Comparison of discontinuous outputs of WRIMS Run-32 Refuge and RTM

with historical Iron Gate discharge for the four most recent years within the period of
record (water years 1961-2000) categorized as Wet, Above Average, and Average

Water Year types.
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Figure VI-9. Total annual discharge (acre feet) estimated for RTM and WRIMS Run-32 Refuge model output, and actual IGD

releases for the water years 1961-2000.
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Figure VI-10. Differences in total accumulated discharge between WRIMS Run-32 Refuge outputs and RTM flows and WRIMS Run-
32 Refuge outputs and historical Iron Gate flows calculated annually (top) and averaged by time steps for water years 1961-2000
(bottom).
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Figure VI-11. Habitat availability values calculated for Hardy et al. (2006a) Phase I
recommendations, WRIMS Run-32 Refuge flow outputs and the RTM flows by flow exceedence
during the critical Chinook salmon spawning (October — November) and juvenile salmon rearing
periods March — June.
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Figure VI-12. Daily RTM database interface display calculated for the October 1, 2000 to
September 30, 2007, a period outside range of water years used in the WRIMS Run-32
Refuge model simulation.

143



Section VI. Real Time Management

Figure VI-13. RTM database interface display comparing daily average flows for
historical Williamson River, historical Iron Gate, WRIMS Run-32 Refuge RTM, and
WRIMS Run-32 Refuge model outputs for water year 2005.
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Appendices

Appendices

Appendix A. Technical memo describing the Exceedence Index (IEI) developed by L.
Dunsmoor, Klamath Tribes.
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Appendices

Appendix B. Alt X, Alt X Yurok, WRIMS Run-32 Refuge, and Hardy et al. (2006a)
planning level flow targets, WRIMS Run-32 Refuge model flow outputs and historical
(1961-2000 water years) Iron Gate discharge, by exceedence. Highlighted areas
represent key months for Chinook salmon spawning and Chinook and coho salmon

rearing.
10%
Time step Alt X Alt X Yurok Run-32 Run-32 Hardy Phase Historical
Refuge Refuge Il Recc. Iron Gate
Target Output
Oct 1379 1300 1300 1300 1715 2511
Nov 1601 1300 1300 1300 2415 3152
Dec 1910 1300 1300 3234 3280 4062
Jan 2421 2421 2373 4481 3835 4348
Feb 2831 2831 2765 5894 4285 5656
Mar 1-15 3393 3393 3322 6048 4355 7748
Mar 16-31 3393 3393 3322 6470 4355 6995
Apr 1-15 3648 3648 3573 6117 4585 6381
Apr 16-30 3648 3648 3574 5761 4585 4495
May 1-15 3710 3710 3111 3651 3710 4618
May 16-31 3710 3710 3111 4014 3710 3608
Jun 1-15 3055 3055 2735 2646 3055 2523
Jun 16-30 3055 3055 2736 2515 3055 1526
Jul 1-15 2140 2140 1868 1688 2140 1050
Jul 16-31 2140 2140 1867 1636 2140 1016
Aug 1540 1540 1486 1310 1540 1094
Sep 1545 1545 1514 1311 1545 1612
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Appendices

Appendix C. Comparison of the average flow, by time step, for the historical Iron Gate

records, WRIMS Run-32 Refuge model simulation outputs, and real-time management

process (RTM) for the period of record, water years 1961-2000.
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Appendices

Appendix D. Average historical flows (cfs) by time step recorded at the USGS Klamath River below Iron Gate Dam, CA gage (a) and
difference between WRIMS R-32 Refuge model simulated flows and historical Iron Gate Dam flows (b) for water years 1961-2000.

(a) Historical Average Flows at USGS Iron Gate Dam Gage (cfs)
Water Year October November December January Febuary March1-15 March 16-31 April 1-15 April 16-30 May 1-15 May 16-31 June 1-15 June 16-30 July 1-15 July16-31 August September

1961 1,461 1,716 2,524 1,773 1,906 1,910 2,094 1,913 1,599 1,640 1,514 1,480 1,295 940 1,023 1,094 1,382
1962 1,907 2,253 1,985 1,907 1,769 1,599 1,748 2,985 2,284 1573 1,211 987 870 725 804 968 1,309
1963 2,511 2,852 3,661 2,103 2,189 2,669 2,435 2,942 4,741 3,489 2,420 891 823 758 729 1,058 1,574
1964 1,761 2,425 2,908 2,936 1,953 1,439 1811 3,067 2,493 1,048 1,074 1,159 851 856 857 1,073 1,369
1965 1,774 1,876 6,653 9,489 9,150 7,306 5,368 2,835 1,629 1,765 1,887 838 893 738 737 1,208 2,052
1966 2,798 4,188 3,040 2,554 1,546 1,558 1,981 2,693 2,271 1,053 1,018 728 696 714 743 1,052 1,313
1967 1574 1,796 3,069 3,099 3,212 1,987 2,101 1,781 3,135 4,174 4,283 2,337 755 721 732 1,016 1311
1968 1,654 1,805 2,725 1,870 1,997 2,790 2,148 1,311 1,300 1,019 1,018 712 703 727 742 747 1,048
1969 1,382 1,356 1,498 2,287 3,204 2,527 2,745 6,381 4,444 3,457 2,590 1,320 922 738 730 1,023 1,332
1970 1,745 2,773 2,615 5,327 5,656 5,017 3,682 1,495 1,330 1,188 1,714 1,017 719 722 705 1,020 1,310
1971 1,379 2,953 4,122 4,016 3,447 3,441 6,214 6,639 7,205 5,001 4,946 3,353 896 828 731 1,014 1,541
1972 2,753 3,152 3,777 4,100 3,770 12,447 9,219 3,854 3,429 2,125 2,748 810 764 712 725 1,029 1,640
1973 1,791 2,827 3,389 3,292 2,659 2,817 1,998 1,458 1,377 1,042 1,026 744 747 731 682 701 725

1974 1,333 2,221 4,076 6,177 4,065 4,261 6,995 9,254 4,495 3,082 2,995 966 807 730 744 1,030 1,327
1975 1,688 2,708 3,002 3,085 3,361 3,567 5,667 4,507 4,079 4,792 3,044 1,744 883 744 811 1,098 1,612
1976 2,432 3,156 3,805 3,132 2,885 2,540 2,592 2,047 1,578 1,283 1,003 749 717 718 717 1,054 1,428
1977 1,827 2,986 1,894 1,656 1,336 725 724 728 794 1,010 1,019 759 725 719 720 718 1,014
1978 1322 1,390 3,903 4,348 3,435 3,837 3,314 3,731 3,422 2,403 1,875 801 742 730 734 1,041 1,326
1979 1,329 1,623 1,824 2,027 1,644 2,639 2,555 1,455 1,326 2,083 1,098 742 721 709 756 1,022 1,304
1980 1,308 1,337 1,435 3,395 3,747 3,634 2,843 1,647 1,799 1,917 1,354 740 756 741 750 1,051 1,348
1981 1,342 1,343 1,465 1,364 1541 1,667 1,958 1,767 1,325 1,025 1,039 767 735 739 733 1,033 916

1982 852 1,306 3,836 3,810 6,777 9,077 4,904 6,179 5,763 3,011 1,914 793 815 2,194 712 1,039 1,345
1983 1,874 3,021 4,062 3,075 5,123 7,748 7,619 6,755 3,952 5,005 3,383 3,545 1,637 1,053 763 1,014 1,567
1984 2,746 4,167 6,735 4,013 4,024 4,427 7,038 5,981 4,403 3,942 3,608 2,523 1,423 796 728 1,030 1674
1985 3,353 5,254 3,976 2,142 1,764 2,065 3,119 5,323 3,567 1,730 1,026 1,434 755 721 723 1,011 1,645
1986 1,675 2,129 2,859 2,365 6,332 9,312 5,795 3,512 2,458 2,064 1,294 760 742 727 729 1,015 1,405
1987 1,801 1,844 2,143 1,827 2,579 2,161 3,101 1,601 1,305 1,010 1,016 732 748 741 859 935 1,332
1988 1,341 1,331 1,517 1,682 2,296 2,386 1,494 1,309 1,021 1,025 924 931 726 611 654 974 1,038
1989 1,037 1,166 1,324 1,605 2,125 4,627 6,690 5,041 4,310 3,283 1,702 1,098 744 741 739 1,035 1,337
1990 1,382 1,400 1,541 1,812 1,806 2,190 1,896 1,742 1,347 1,021 1,043 959 746 736 724 979 1,168
1991 1,345 1,324 1,621 1,334 747 849 993 801 754 761 979 741 612 547 542 647 749

1992 879 873 889 888 543 501 521 843 636 525 501 476 536 429 427 398 538

1993 904 915 914 1,011 910 1,953 7,962 6,619 3,763 3,901 1,529 3,883 934 705 680 1,039 1,359
1994 1,375 1,414 1,387 1,127 730 712 572 569 574 741 714 706 702 572 575 636 906

1995 937 909 944 1,191 1,105 2,143 6,151 3,583 2,853 4,618 1,969 827 1,320 756 735 1,040 1,350
1996 1,345 1,337 1,682 3,885 9,354 6,519 4,009 2,955 3,795 2,204 4,288 1,538 1,526 1,050 1,037 1,065 1,316
1997 1,346 1,461 3,494 9,553 5,545 3,447 2,553 1,863 2,791 2,784 1,466 1,324 1,163 831 809 1,058 1,035
1998 1,483 1,703 1,798 3,618 4,558 3,914 5,467 6,357 2,967 4,825 6,247 4,495 2,084 1,128 1,122 1,119 1,395
1999 1,398 2,171 3,207 3,475 4,163 8,018 6,649 5,932 5,636 3,760 2,486 1,948 1,921 1,359 1,314 1,149 1,341
2000 1,430 1,822 1,822 2,792 3,816 2,239 1,520 1,191 1,398 1,361 954 782 563 529 532 538 638
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Appendices

Appendix E. Historical Upper Klamath Lake elevations by end of time steps (a) and WRIMS R-32 Refuge model simulated flows
minus historical Upper Klamath Lake elevations (b) for water years 1961-2000.

(a) Historical Upper Klamath Lake elevations (ft)

Water Year October November December January Febuary March1-15 March16-31 April 1-15 April 16-30 May 1-15 May 16-31 June 1-15 June 16-30 July1-15 July 16-31 August September

1961 4,138.6  4,139.5 4,140.0 4,1401 4,1414 4,141.9 41424  4,1425 41426 4,1425 4,142.4 4,142.1 41418 41411  4,1404 4,139.6 4,139.0
1962 4,138.9  4,139.0 4,1395 4,139.4 4,140.8 4,141.4 41421 4,142.4 4,142.8 4,142.9 4,143.0 4,142.6 41421 41414  4,140.8 4,140.0 4,139.2
1963 4,140.3  4,1405 4,140.8 4,140.6 4,1424 4,1425 41427 4,142.8 4,143.0 4,143.0 4,143.0 4,142.6 41423 41419 41415 4,1406 4,140.0
1964 41400 4,140.3 4,139.9 4,139.7 4,140.2 4,140.8 41414 4,1418 41422 41423 4,142.4 4,142.6 41428 41424 41419 41412 4,140.5
1965 4,140.2  4,140.7 4,1435 4,143.0 4,1422 4,141.6 41411  4,141.7 41423 4,142.6 4,142.9 4,142.9 4,143.0 414277 41425 4,1422 4,1415
1966 41408  4,139.7 4,139.6 4,1395 4,140.3 4,141.1 41419 4,142.1 41424 41424 4,142.4 4,142.2 41420 41416 4,141.2 41401 4,139.7
1967 4,139.4  4,1400 4,140.2 4,1404 4,140.6 4,141.3 4,1420 4,1424 4,1429 4,143.0 4,143.0 4,143.0 4,143.0 4,1425 4,1420 4,1409 4,140.2
1968 4,140.2  4,140.2 4,139.8 4,140.2 4,141.8 4,142.0 41421 4,141.9 4,141.7 4,1415 4,141.4 4,140.9 4,140.4 4,139.7 4,139.1 4,138.9 4,138.6
1969 4,138.6  4,139.5 4,140.4 41413 41414 4,141.9 41424 41427 4,143.0 4,143.0 4,143.1 4,143.1 41431 41426 41422 41412 4,140.5
1970 4,1406  4,139.9 4,140.8 4,142.4 4,142.2 4,142.3 4,142.4 41427 4,1430 4,143.1 4,143.2 4,142.9 4,142.7 4,1422  4,141.7 4,1405 4,139.9
1971 4,140.1  4,140.7 4,140.4 4,141.2 4,141.8 4,142.2 41427 4,142.6 41426 4,142.8 4,143.0 4,143.0 4,143.1 41429 41427 4,1419 4,141.8
1972 41413 41412 4,140.8 4,140.3 4,1421 4,142.1 41422 4,1425 41428 4,142.9 4,143.0 4,143.0 4,143.0 41426 41422 41416 4,141.1
1973 41412 41411 4,141.2 4,141.3 4,141.7 4,142.0 4,142.3 41424 4,1426 41425 4,142.4 4,141.8 4,141.3 4,140.7 4,140.1 4,139.1 4,139.1
1974 4,139.6 41412 4,1415 4,142.0 4,1422 4,142.4 41426  4,142.7 41427 41429 4,143.0 4,143.0 41429 41427 41425 41419 4,1415
1975 41414 41410 4,1409 4,140.8 4,1414 4,141.8 41422 41424 41427 41428 4,143.0 4,143.0 41431 41429 41427 41421 4,141.6
1976 41414 41412 4,1409 4,1409 4,1413 4,141.7 41421 4,142.4 41426  4,142.7 4,142.7 4,142.5 4,1422 41418 4,1414 414138 4,1415
1977 41414 41408 4,140.8 4,1409 4,1415 4,142.1 41427 4,142.6 41425 4,142.6 4,142.7 4,142.5 41422 41415 4,140.8 4,139.8 4,139.5
1978 4,139.6  4,1405 4,141.1 41415 41418 4,142.2 41425 4,142.7 41429 4,142.9 4,143.0 4,142.7 41424 41420 4,1416 4,1405 4,140.4
1979 4,140.3  4,1404 4,140.6 4,141.2 4,141.9 4,142.2 41424  4,142.6 41428 4,142.8 4,142.7 4,142.1 4,141.4 4,140.7 4,140.0 4,138.9 4,138.2
1980 41384 41394 4,140.6 4,141.7 41422 4,142.4 41425 4,142.8 4,143.1  4,143.0 4,143.0 4,142.8 41426 41420 4,141.4 41400 4,139.4
1981 4,139.4  4,139.7 4,140.6 4,141.3 4,1424 4,142.6 4,142.8 4,1429 4,143.0 4,142.9 4,142.8 4,142.2 4,141.6 4,1408 4,140.1 4,1384 4,137.6
1982 4,138.3  4,140.0 4,141.8 4,1415 4,1429 4,142.7 4,142.4  4,142.5 41426 4,142.8 4,143.0 4,143.1 4,143.3 41429 4,1425 4,1416 4,141.4
1983 41414 41410 4,140.7 41411 41421 4,142.2 41424  4,142.6 4,142.8 4,143.0 4,143.1 4,143.0 41429 41428 41426 4,1423 4,142.0
1984 41414 4,1410 4,140.8 4,141.1 4,141.7 4,142.1 4,1426 4,142.7 4,1429 41429 4,143.0 4,143.0 4,143.0 4,1427 4,1423 4,14138 4,141.8
1985 41414  4,140.9 4,140.4 4,140.8 4,141.6 4,142.1 41426 4,142.8 4,143.0 4,143.0 4,143.0 4,142.7 41424 41418 4,141.2 4,1405 4,140.6
1986 41409 41411 4,140.7 4,141.6 4,142.7 4,142.7 41426  4,142.7 41428 4,142.9 4,143.1 4,142.8 41426 41420 4,1415 41404 4,140.4
1987 4,1405 4,140.8 4,1409 4,1415 4,1419 4,142.2 4,1426 4,142.6 4,142.7 41425 4,142.2 4,141.9 4,1416 4,141.3 41410 4,1401 4,139.3
1988 4,139.1 41394 4,140.6 4,141.4 41420 4,142.4 41427 4,142.8 4,143.0 14,1429 4,142.9 4,142.7 41425 41417 4,1409 4,1395 4,138.7
1989 4,138.7  4,139.9 4,140.6 4,141.1 4,141.3 4,141.9 41425 4,142.7 4,1429 4,143.0 4,143.1 4,142.7 41423 41416 4,1409 4,139.9 4,139.6
1990 4,139.9  4,140.3 4,140.6 4,141.4 41417 4,142.2 41427 4,142.8 41428 4,142.8 4,142.7 4,142.4 41421 41414  4,140.7 4,139.6 4,138.9
1991 4,138.8  4,139.0 4,138.8 4,1395 4,1404 4,141.1 4,141.7 4,141.9 41422 41423 4,142.4 4,142.0 41415 41409 4,1403 4,139.0 4,138.2
1992 4,138.2  4,139.0 4,139.7 4,140.3 4,140.9 4,141.4 41418 4,141.7 41417 41412 4,140.7 4,140.1 41395 41391 4,138.8 4,137.7 4,137.4
1993 41376  4,138.3 4,139.3 4,140.0 4,140.9 4,141.8 41427 4,142.8 4,143.0 4,143.2 4,143.3 4,143.0 41427 41421  4,1415 4,1405 4,139.5
1994 4,139.6  4,139.7 4,139.9 4,1406 4,1414 4,141.8 41422 4,142.2 41421 41421 4,142.0 4,141.4 4,140.8 41399 4,139.0 4,1375 4,136.8
1995 4,136.9 4,137.8 4,138.6 4,140.3 4,1420 4,142.3 41427 4,143.0 4,143.2 4,143.2 4,143.1 4,143.1 41431 41427 41422 4,140.7 4,139.7
1996 41394  4,139.6 4,141.3 4,141.9 4,1423 4,1425 41426 4,142.9 4,143.1 4,143.1 4,143.1 4,142.7 41422 41415 4,1408 4,139.7 4,139.0
1997 4,139.0 4,139.9 4,141.6 4,141.8 4,1420 4,142.3 41425 4,142.8 4,143.1  4,143.0 4,142.9 4,142.5 41422 41417 41413 4,1404 4,140.2
1998 4,140.3  4,140.9 4,141.1 41420 4,1421 4,142.4 41427 4,142.8 4,143.0 4,143.1 4,143.1 4,143.1 4,143.0 41425 4,142.0 4,140.7 4,140.0
1999 41403 4,1413 4,1415 4,141.7 41420 4,141.9 4,141.8 4,142.0 41423 4,142.6 4,142.9 4,142.7 41425 41419 41413 4,1408 4,140.3
2000 41405  4,140.8 41415 41421 41423 4,142.3 41424 41428 41432 41431 4,143.0 4,142.5 41421 41414 41408 4,1394 4,139.6

172



Appendices

Appendix F. Summary document titled “ Support for the Klamath Settlement Agreement” dated
April 23, 2008 by Dr. Thomas B. Hardy, as presented to the Klamath settlement participants at
the April 10, 2008 Klamath Settlement science meeting in Mt. Shasta, CA.

174
























List of Figures

List of Figures, continued
page
Figure 11-4. Ammonia concentrations of Klamath River water samples
collected immediately upstream of the Shasta River (rkm 284) by
PacifiCorp and U.S. Fish and Wildlife Service from 2001 to 2005.
Distribution of values identifies erroneous data as reported by PacifiCorp
(2004). The minimum detection limit (MDL) for these samples was 0.1
mg/L and non-detects are reported here as 50% of the MDL...........cccccevvvvvvvvvvieeinnnnnne. 59

Figure II-5. Simulated hourly DO levels below Iron Gate dam based on the
year 2002 (a dry year) for existing conditions compared to hypothetical
conditions without the Klamath Hydroelectric Project dams (Source: FERC
2007; Figure 3-51 and PacifiCorp, response to AIR AR-2, dated October
L7, 2005). ittt e e e e e e et ——ataae e e e e n———areaaaeeeeaanrrraeaaaaeeaans 60

Figure lllI-1. Klamath River currently inundated by Copco Reservoir (Philip
Williams & Assaociates, Ltd. 2009) ... 73

Figure 111-2. Fossilized bars below IGD, indicative of a lack of coarse
sediment (USFWS PhOT0). ... e 74

Figure 1lI-3. Evidence of possible channel degradation below IGD (USFWS
0] 810 (o ) TP P PP PPPPPPPPPRIN 75

Figure 1l1-4. Tributaries that supply bedload to the mainstem Klamath River
between Iron Gate Dam and the Shasta RIVET. ..........cccccoiiiiiiiiiiiiee e 76

Figure I1I-5. Numbers of Klamath River Fall Chinook salmon that spawned in
the mainstem between Iron Gate Dam and the mouth of the Shasta River
during years 2001-2008 (Gough and Willilamson in reVIieW). .........cevveeeveveeiiiiineeeeeeeennns 76

Figure 1lI-6. Annual peak discharge (cfs) for the years 1963-2007 measured
at the USGS gage station 11516530 located on the mainstem Klamath
River below Iron Gate Dam. .........ccuiiiiiiiiee et e e e e 77

Figure I1lI-7. Aquatic vegetation observed on the Klamath River below Iron
Gate Dam (2005 USFWS PROTO) .....cooiiiiiiiiiiiieeeeiie e 78

Figure 111-8. Juvenile outmigration trap located below Iron Gate Dam,
inundated with aquatic vegetation (2004 USFWS photO).........cccccvvvvvviiviieiiieeiieeeeee, 79

Figure IlI-9. Iron Gate (water years 1961-2000) and WRIMS R-32 Refuge
Output maximum annual discharge (cfs) based on time step flows and
comparisons to Ayres and Associates (1999) sediment mobilization flow
ENIESNOIAS. . e 80

Figure IlI-10. Cougar Reservoir (South Fork McKenzie River, Oregon) storage
(KAF) and turbidity (NTU) displaying the increase in turbidity during draw

(o (o0 T (] = T | 24 01 2 81
Figure IlI-11. Sediment supply versus river transport capacity (Grant 2004). .................. 81
Figure 11I-12. Sorted sediment delivered downstream from large dam removal

(2= 2010 7 P 82
Figure 11I-13. Channel response of sediment based on channel morphology

(Grant 2004). ..o 82

188



List of Figures

List of Figures, continued

Figure 11I-14. Annual peak flow return interval below Iron Gate Dam for the

period of record water years 1961-2008 (USGS gage number 11516530). ........

Figure IlI-15. Cross sectional representation of the New Year's Eve, 2002
Maple Gulch (Rouge River Basin, OR) deposition event and subsequent

incision back to original channel form (Grant 2004)...........ccccccoviiiieiiiiiiiiiine e,

Figure IV-1. The life cycle of Ceratomyxa shasta and Parvicapsula
minibicornis (graphic provided with permission from J. Bartholomew,
Oregon State University). Manayunkia speciosa is a freshwater polychaete

worm and intermediate host of both parasites.........cccoceeveeiiiiiiiiiiiie e,

Figure V-1. Various components of the Systems Impact Assessment Model

Figure V-2. The relationship between habitat availability and flow in the
Klamath River in the Iron Gate Dam to Scott River reach for four life stages
of fall Chinook salmon (Bartholow et al. 2003). Note that availability of egg
incubation habitat is based on the maximum value for spawning habitat and

is assumed to be static over different flow levels..........cooviioeiiii i,

Figure V-3. Comparison of water management simulations below Iron Gate
Dam using two models; USGS specially configured Settlement SIAM and

ReClamation’s WRIMS . . .coniii ettt e e e e e e e e e

Figure V-4. Comparison of the difference (%) in fish production predicted from
the historical 1961-2000 water year baseline under four model simulations
having differing flow schedules (alternatives). The shaded area between *
10% indicates model predictions that are not significantly different from the
historical baseline. Simulations were generated by the SIAM/SALMOD
model for the reach between Iron Gate Dam and the Scott River to

describe interim conditions prior to removal of the PacifiCorp dams. ..................

Figure V-5. Estimated change in production of juvenile fall Chinook salmon
from historical 1961-2000 water year baseline under the Run-32 Refuge
and Hardy et al. (2006a) Phase Il flow schedules. Simulations were
generated by the SIAM/SALMOD model for the reach between Iron Gate
Dam and the Scott River to describe interim conditions prior to removal of

LTSI = o 1@ g I F= T 0 T

Figure V-6. Estimated change in production of juvenile fall Chinook salmon
from historical baseline under four flow alternatives considered in
negotiations of the Klamath Basin Restoration Agreement for water years
1961-1969. For reference, annual historical productions estimates are
provided, expressed as the difference (%) from the historical median, water
years 1961-2000. Simulations were generated by the SIAM/SALMOD
model for the reach between Iron Gate Dam and the Scott River to

describe interim conditions prior to removal of the PacifiCorp dams. ..................

189

page

......... 83

....... 106

....... 107

....... 109



List of Figures, continued

Figure V-7. Estimated change in production of juvenile fall Chinook salmon
from historical baseline under four flow alternatives considered in
negotiations of the Klamath Basin Restoration Agreement for the water
years 1970-1979. For reference, annual historical productions estimates
are provided, expressed as the difference (%) from the historical median,
water years 1961-2000. Simulations were generated by the

SIAM/SALMOD model for the reach between Iron Gate Dam and the Scott

River to describe interim conditions prior to removal of the PacifiCorp
HAMIS. e e e e e s

Figure V-8. Estimated change in production of juvenile fall Chinook salmon
from historical baseline under four flow alternatives considered in
negotiations of the Klamath Basin Restoration Agreement for water years
1980-1989. For reference, annual historical productions estimates are

List of Figures

page

.............. 110

provided, expressed as the difference (%) from the historical median, water

years 1961-2000. Simulations were generated by the SIAM/SALMOD
model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams............

Figure V-9. Estimated change in production of juvenile fall Chinook salmon
from historical baseline under four flow alternatives considered in
negotiations of the Klamath Basin Restoration Agreement for water years
1990-2000. For reference, annual historical productions estimates are

provided, expressed as the difference (%) from the historical median, water

years 1961-2000. Simulations were generated by the SIAM/SALMOD
model for the reach between Iron Gate Dam and the Scott River to
describe interim conditions prior to removal of the PacifiCorp dams............

Figure V-10. Comparison of Settlement SIAM model outputs of flow releases
from Iron Gate Dam for water years 1969, 1993, and 1995. ...........cccccuvvvnee

Figure V-11. Number of years when fish production was estimated by SIAM
(historical simulation) and Settlement SIAM (various alternative flow

.............. 113

schedules) to be greater than the 75" percentile (top) and less than the 25"

percentile (bottom) of the historical baseline for water years 1961-2000
(WRIMS Run 31 = W-31, WRIMS Run-32 Refuge = W-32). Simulations
were generated for the reach between Iron Gate Dam and the Scott River
to describe interim conditions prior to removal of the PacifiCorp dams........

Figure V-12. Percentage of monthly time steps over the 40 year period of
record (water years 1961-2000) when water surface elevations predicted
by SIAM (historical simulation) and Settlement SIAM (various alternative
flow schedules) in Upper Klamath Lake would not meet levels specified in
the 2001 Biological Opinion for lake suckers (WRIMS Run 31 = W-31,
WRIMS RUN-32 REfUGE = W-32). ...iiiiiiiiiiiiiiiieieeeee et

190

.............. 115



List of Figures

List of Figures, continued

Figure V-13. Cumulative proportion of fall Chinook salmon redds by river
kilometer between Iron Gate Dam and Indian Creek on the mainstem

Klamath River for survey years 1994-2003 and 2006.............cccceeemmmmmmnnnnnnnnnnnnnns

Figure VI-1. Daily mean discharge measured at the Iron Gate gauge for water
year 2005 and water years 1961-2000 pooled, between October 1 and

SePtemMbBEr 30. ..o

Figure VI-2. Recent management of minimum UKL elevations and Klamath
River flows is based on the April 1-September 30 NRCS forecast, as
plotted above against actual inflow in thousand acre feet (taf). The red
circles demonstrate that in some years, uncertainty in forecast can be
large, which can lead to erroneous water year type designations and
subsequent over or under allocations in implementing lake elevations and

LEAVST 0 101 T TP

Figure VI-3. Comparisons of discharge for Williamson River below its
confluence with the Sprague River at USGS Gage 11502500 and
11516530 Klamath River below Iron Gate Dam by water year. Data
presented are discontinuous, including only periods when Klamath River

discharge at the Iron Gate gage was greater than 3,000 cfs........ccccccceevveerrrennnns

Figure VI-4. Example of an output display from the Microsoft Access routine
used to implement WRIMS Run-32 Refuge model outputs in real time. In
this example, the date and Williamson River discharge of 771 cfs are
entered and the program calculates the exceedence probability (.094), the
corresponding WRIMS Run-32 Refuge flow (Q) associated with that
exceedence for the March 1-15 time step, and the total daily discharge, in

= L] (< (<1 VT

Figure VI-5. RTM database interface display of daily flows (top) and total
annual discharge in acre feet (bottom) for historical Williamson River,
historical Iron Gate, Run-32 Refuge model output, and RTM for water year

1990 (10/01/1989- 09/30/1990). .....oeiiiiiiiiiiiieiiie e

Figure VI-6. RTM database interface display comparing daily flows (left) and
total annual discharge in acre feet (right) for the historical Williamson River,
historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model
outputs. The top charts represent an above average water year (1996),

and the bottom charts represent a below average water year (1990). ................

Figure VI-7. RTM database interface display comparing daily flows (left) and
total annual discharge in acre feet (right) for the historical Williamson River,
historical Iron Gate, Run-32 Refuge RTM, and Run-32 Refuge model
outputs. The top charts represent a wet water year (1984), and the bottom

charts represent a dry water year (1994).........ccoiiiiieiiiieiiiiiii e

Figure VI-8. Comparison of discontinuous outputs of WRIMS Run-32 Refuge
and RTM with historical Iron Gate discharge for the four most recent years
within the period of record (water years 1961-2000) categorized as Wet,

Above Average, and Average Water Year tyPesS. ....cceevveeeeieeeieeeieeeeeee e eeeseeeeeeeeen

191

....... 128

....... 130

....... 132

....... 133

....... 134

....... 136



List of Figures

List of Figures, continued

Figure VI-9. Total annual discharge (acre feet) estimated for RTM and
WRIMS Run-32 Refuge model output, and actual IGD releases for the

water years 1961-2000. .......cccooiiiiiiieeieee e

Figure VI-10. Differences in total accumulated discharge between WRIMS
Run-32 Refuge outputs and RTM flows and WRIMS Run-32 Refuge
outputs and historical Iron Gate flows calculated annually (top) and

averaged by time steps for water years 1961-2000 (bottom). ..........ccevvvvevvveenenee.

Figure VI-11. Habitat availability values calculated for Hardy et al. (2006a)
Phase Il recommendations, WRIMS Run-32 Refuge flow outputs and the
RTM flows by flow exceedence during the critical Chinook salmon
spawning (October — November) and juvenile salmon rearing periods

1Y/ E= T o TR L o TS

Figure VI-12. Daily RTM database interface display calculated for the October
1, 2000 to September 30, 2007, a period outside range of water years used

in the WRIMS Run-32 Refuge model simulation. .............c.ccoooooviiiiiiiiini e,

Figure VI-13. RTM database interface display comparing daily average flows
for historical Williamson River, historical Iron Gate, WRIMS Run-32 Refuge

RTM, and WRIMS Run-32 Refuge model outputs for water year 2005...............

192

page

....... 138

....... 139

....... 140

....... 143



List of Appendices

List of Appendices

Appendix A. Technical memo describing the Exceedence Index (IEI)

developed by L. Dunsmoor, Klamath Tribes...........cccccci

Appendix B. Alt X, Alt X Yurok, WRIMS Run-32 Refuge, and Hardy et al.
(2006a) planning level flow targets, WRIMS Run-32 Refuge model flow
outputs and historical (1961-2000 water years) Iron Gate discharge, by
exceedence. Highlighted areas represent key months for Chinook salmon

spawning and Chinook and coho salmon rearing. .........cccccceeeeeeeee e

Appendix C. Comparison of the average flow, by time step, for the historical
Iron Gate records, WRIMS Run-32 Refuge model simulation outputs, and
real-time management process (RTM) for the period of record, water years

TO6TL-2000. ...

Appendix D. Average historical flows (cfs) by time step recorded at the USGS
Klamath River below Iron Gate Dam, CA gage (a) and difference between
WRIMS R-32 Refuge model simulated flows and historical Iron Gate Dam

flows (b) for water years 1961-2000. ...........cuiiiiiieeiieeiiiiire e e

Appendix E. Historical Upper Klamath Lake elevations by end of time steps
(a) and WRIMS R-32 Refuge model simulated flows minus historical Upper

Klamath Lake elevations (b) for water years 1961-2000. .........ccc.oceevrvevvinieeeeennn.

Appendix F. Summary document titled “ Support for the Klamath Settlement
Agreement” dated April 23, 2008 by Dr. Thomas B. Hardy, as presented to
the Klamath settlement participants at the April 10, 2008 Klamath

Settlement science meeting in Mt. Shasta, CA.......ccoovviiiiiiiiiieeee e,

193

....... 161

....... 170

....... 172





