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E.1 Introduction

Removing the four dams in the mid-Klamath River (the “Proposed Action”) could release
up to 1.2-2.9 million metric tons of fine sediment (sand, silt, and finer) downstream
(Bureau of Reclamation [Reclamation] 2011), resulting in high suspended sediment loads
and local, short-term sediment deposition. The downstream transport of this sediment,
currently stored in reservoir deposits, can affect downstream habitats as both suspended
sediment and bedload. Among other impacts, elevated suspended sediment
concentrations (SSC) may clog or abrade the gills of fish or prevent them from foraging
efficiently, and as the material settles on the streambed, it can reduce the survival of
incubating eggs and devel oping alevinsin salmonid redds by impeding intergravel flow
aswell as the emergence of fry.

This report describes amodeling analysis of the potential effects of suspended sediment
on anadromous fish populations in the Klamath Basin under existing conditions and the
No Action/No Project Alternative, as well as under the Proposed Action. Available data
on suspended sediment under existing conditions in the Klamath River upstream and
downstream from Iron Gate Dam (summarized in Section 3.2.3, Water Quality — Existing
Conditions/Affected Environment) were determined to be insufficient for conducting this
type of analysis. To compensate for this shortfall, the Reclamation used suspended
sediment data collected by the United States Geological Survey at the (1) Shasta River
near the City of Yreka, (2) Klamath River near Orleans, and (3) Klamath River at
Klamath gauges to estimate daily suspended sediment concentrations (milligrams per liter
[mg/1]) as afunction of flow (cfs) using the SRH-1D 2.4 sediment transport model
(Sedimentation and River Hydraulics—-One Dimension Version 2.4) (Huang and
Greimann 2010, USBR 2011), hereafter referred to as “the model.” Daily SSC were
modeled for water years 1961 through 2008 to represent existing conditions and the No
Action/No Project Alternative, as well as for the year following removal of the dams
(Water Y ear 2020-2021) under multiple drawdown scenarios (Reclamation 2012).

E.2 Methods

The analysis of the potential effects of suspended sediment on aquatic speciesin the
Klamath River followed afive-step process similar to that used in prior modeling of these
effects conducted by Stillwater Sciences (2008, 2009a, 2009b):
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Select appropriate focal species for the analysis;

Use the model to predict SSC regimes for existing conditions and the No Action/No
Project Alternative, and alternatives;

Describe the potential effects of the predicted concentrations on the various life stages
of each focal species using available information; and

Evaluate the potential consequences of suspended sediment for focal species
populations under existing conditions and the No Action/No Project Alternative, and
alternatives.

E.2.1 Focal Species Selection
Focal species selected for the analysis were expected to meet the following criteria:

1.

Species historically native to, and still found within the Klamath Basin downstream
from Iron Gate Dam, and within the area of primary effect (i.e., upstream of the
confluence with Trinity River);

Speciesthat are listed or proposed for listing under the Federal or State Endangered
Species Acts, or

Species without special regulatory status that meet other criteria, such as. species
having high economic or public interest value, species believed to be important
interactors within the affected ecosystem (“key species’), species believed to be
strong indicators of the overall health of aguatic communities (“indicator species’), or
those whose presence is believed to reflect habitat conditions for alarge suite of
species (“umbrella species’); and

Species for which sufficient information is available to allow at least a qualitative
assessment of their response to increases in suspended sediment.

Based on this vetting process, the following focal species were selected for the suspended
sediment analysis:

Chinook salmon (fall- and spring-runs)
coho salmon

steelhead (summer and fall/winter runs)
Pacific lamprey

green sturgeon

E.2.2 Using the Model to Predict Suspended Sediment Concentrations
Predictions of suspended sediment concentrations used in this analysis were based on the
sediment transport model, which:
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1. Predicts SSC as a continuous time series following facility removal;

2. Predicts the exceedance duration (number of consecutive days) for specific SSC
ranges within time periods corresponding to specific life-history stages of the focal
species (such as upstream migration); and,

3. Predicts the downstream dilution of SSC at important locations within the
distributions of the focal species where gauging data are available, including Iron
Gate Dam, Seiad Valley, Orleans, and Klamath Station.

The model was used to predict the magnitude and duration of suspended sediment
concentrations for discrete calendar-year periods corresponding to each species’ life
history stages. These periods could not overlap in order to avoid erroneously accounting
for an event’ simpact on two separate life stages of a cohort at the same time, which is
impossible; e.g., a pulse of suspended sediment in March cannot simultaneously affect
rearing juveniles and outmigrating smolts of the same cohort.

E.2.2.1 Range of Conditions Assessed

Modeling results are very sensitive to hydrology. Effects during winter are predicted to
be more severe during adry year when low reservoir levels expose more sediment in
January. Effects during spring (when smolt outmigration generally occurs) are more
severe during awet year, when it is predicted that the reservoirs could re-fill during
winter delaying the release of SSC until they drop during spring (Reclamation 2012).
Daily durations of SSC concentrations were model ed assuming the Proposed Action
occurred within each of the 48 years in the available hydrology record since 1961. The
results of modeling all potential years were summarized for each life-stage of each
species assessed. Because the suspended sediment varies with hydrology, and in order to
account for (and compare) the range of results and impacts that might occur under each
alternative, two scenarios were analyzed for existing conditions and the No Action/No
Project Alternative, and for action alternatives, with the goal of predicting the potential
impacts to fish that has either a 50 percent (likely to occur) or 10 percent (unlikely, or
worst case) probability of occurring, defined as follows:

For Existing Conditions and the No Action/No Project Alternative:
e Normal conditions: suspended sediment concentrations and durations with a

50 percent exceedance probability for the mainstem Klamath River downstream
from Iron Gate Dam (i.e., the probability of these concentrations and durations
being equaled or exceeded for each assessed species and life-stage in any one year
is 50 percent). Exceedance probabilities were based on modeling SSC for all
water years subsequent to 1961 with facilitiesin place. To assess “normal
conditions’ the median (50 percent) suspended sediment concentration and
duration from these results was estimated.
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e Extreme conditions. suspended sediment concentrations and durations with a
10 percent exceedance probability; i.e., the probability of these concentrations and
durations being equaled or exceeded for each assessed species and life-stage in
any 1 year is 10 percent).

For the Proposed Action— Full Facilities Removal of Four Dams:

e Most likely scenario: suspended sediment concentrations and durations with a
50 percent exceedance probability for the mainstem Klamath River downstream
from Iron Gate Dam (i.e., the probability of these concentrations and durations
being equaled or exceeded for each assessed species and life-stage in any one year
is 50 percent). Exceedance probabilities were based on the results of modeling
suspended sediment in the Klamath River downstream from Iron Gate Dam using
hydrologic datafor all water years observed since 1961 with facility remova. To
assess the “most likely scenario” the median (50 percent exposure concentration)
was estimated.

e Worst-case scenario: suspended sediment concentrations and durations with a
10 percent exceedance probability; i.e., the probability of these concentrations and
durations being equaled or exceeded for each assessed species and life-stage in
any 1 year is 10 percent).

E.2.3 Effects Analysis

Based on areview of the scientific literature, the most commonly observed effects of
suspended sediment on salmonids include: (1) avoidance of turbid waters in homing adult
anadromous salmonids, (2) avoidance or alarm reactions by juvenile salmonids,

(3) displacement of juvenile saimonids, (4) reduced feeding and growth, (5) physiological
stress and respiratory impairment, (6) damage to gills, (7) reduced tolerance to disease
and toxicants, (8) reduced survival, and (9) direct mortality (Newcombe and Jensen
1996). Information on both concentration and duration of suspended sediment is
necessary for understanding the potential severity of its effects on salmonids (Newcombe
and MacDonad 1991); e.g., Herbert and Merkens (1961) stated that “there is no doubt
that many species of fresh-water fish can withstand extremely high concentrations of
suspended solids for short periods, but this does not mean that much lower concentrations
are harmless to fish which remain in contact with them for avery long time.” Effects of
suspended sediment on fish may be exacerbated if pollutants or other stressors (e.g.,
water temperature, disease) are present aswell. Turbidity can function as cover to reduce
predation at some life stages, not only in riverine, but also in estuary and nearshore
marine environments (Gregory and Levings 1998, Wilber and Clarke 2001, Gadomski
and Parsley 2005). Some species have been shown to be attracted to turbid water over
clear, which may reflect its use as cover (Gradall and Swenson 1982, Cyrus and Blaber
1992, both as cited in Wilber and Clarke 2001). Thisanaysiswill consider these other
factors qualitatively, but not quantitatively, in assessing the effects of a sediment pulse to
the population.
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Determining the concentrations that cause direct lethal effects in salmonids has generally
been based on laboratory studies experimenting with exposures to concentrations of
suspended sediment over 1,000 mg/l and usually much higher. According to Sigler et al.
(1984), “yearling and older salmonids can survive high concentrations of suspended
sediment for considerable periods, and acute lethal effects generally occur only if
concentrations exceed 20,000 ppm (see e.g., review by Cordone and Kelly 1961).” At
very high concentrations (e.g., 20,000 to 30,000 mg/l), juvenile slmon may survive
short-term exposures, but their survival may be subsequently affected by slower response
times for seeking cover and avoiding predators (Korstrom and Birtwell 2006). Based on
the results of laboratory studies, it appears that relatively short-term exposures to
increases in suspended sediment concentrations under 500-600 mg/l would not likely
result in substantial direct mortality to either juvenile or adult anadromous salmonidsin
the Klamath River. If the duration of exposure is extended for weeks or months,
however, direct mortality (10-20 percent of individuals exposed) is expected (Newcombe
and Jensen 1996).

Potential population-level effects of suspended sediment released from dam removal
activities for a given species not only depend on their abundance, distribution, and life
stages present, but also on the timing, duration, and concentration of suspended sediment
released. Inthisanalysisthe results of Newcombe and Jensen (1996) were used to assess
impacts of SSC on aquatic species. Newcombe and Jensen (1996) reviewed and
synthesized 80 published reports of fish responses to suspended sediment in streams and
estuaries and established a set of equationsto calculate “ severity of ill effect” indices
(Table E-1) for various species and life stages based on the duration of exposure and
concentration of suspended sediment present. The severity of ill effects providesa
ranking of the effects of SSC on salmonid species, as calculated by any of six equations
that address various taxonomic groups of fishes, life stages of species within those
groups, and particle sizes of suspended sediments.

Assessing the potential effects of suspended sediment on anadromous fish species
required identifying the spatial and temporal distribution of each life stage in the Klamath
Basin relative to expected areas of elevated suspended sediment. For each focal species
and life stage, potentia effects were determined by evaluating the magnitude and
duration of SSC predicted by the model for the mainstem Klamath River at times and
locations where the life stage of any focal speciesislikely to be present. For salmonids,
Newcombe and Jensen’s (1996) Severity of Il Effects table (Table E-1) was used to rate
the severity of exposure to suspended sediment. The values for suspended sediment
concentrations were divided into ranges (33-90 mg/l, 90-245 mg/l, 245-685 mg/l, and so
on) based on those used in Newcombe and Jensen (1996). Wherever possible, effects
were quantified based on the percentage of the cohort predicted be in the mainstem
during suspended sediment events, considering both spatial distribution (proportion of the
life stage expected to be in the mainstem compared to tributaries; proximity to Iron Gate
Dam) and life-history timing (proportion of the population expected to be present during
period of effect).
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Table E-1. Scale of the Severity of Ill Effects Associated with Elevated
Suspended Sediment (based on Newcombe and Jensen 1996)

Severity Category of Effect Description of Effect
0 Nil effect No behavioral effects
1 Alarm reaction
2 Behavioral effects Abandonment of cover
3 Avoidance response

Short-term reduction in feeding rates
Short-term reduction in feeding success

Minor physiological stress:
5 Increase in rate of coughing
Increased respiration rate

6 Sublethal effects Moderate physiological stress

Moderate habitat degradation

7

Impaired homing

Indications of major physiological stress:
8 Long-term reduction in feeding rate

Long-term reduction in feeding success
Poor condition

Reduced growth rate:
9 Delayed hatching
Reduced fish density

0—20% mortality

10 . '
Increased predation of effected fish
Lethal effects
11 >20-40% mortality
12 >40-60% mortality
13 >60-80% mortality
14 >80-100% mortality

The indices used by Newcombe and Jensen (1996) have become a standard for selecting
management-rel ated turbidity and suspended sediment criteria (e.g., Walters et a. 2001),
and their report remains the best available source for determining effects of SSC on
salmonids (Berry et a. 2003). However, there are inherent sources of uncertainty in this
application of the model. Newcombe and Jensen (1996) base much of their analysis on
laboratory studies that were conducted in controlled environments over short-durations,
mostly examining acute lethal impacts of non-fluctuating concentrations of suspended
sediment. Thisanalysisisarelatively complex application of the Newcombe and Jensen
(1996) model, in that temporal variation in SSC within periods is captured by summing
continuous days of exposure in various concentration categories of suspended sediment.
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This means that three occurrences of exposure to extreme sediment each lasting for two
days can be, for example, equivalent to a severity of ill effect predicted for 6 continuous
days. How the actual outcome will vary from predictions is uncertain. In addition,
Newcombe and Jensen (1996) do not explicitly address the translation of sublethal
severity levelsinto population-level effects. As Gregory et a. (1993) notein their
criticism of Newcombe and Jensen, the approach simplifies the effects of suspended
sediment and in doing so assumes all effects of suspended sediment are negative, despite
literature to the contrary. This exaggerates the effects of suspended sediment,
particularly for lower concentrations and durations of exposure. Although the predictions
of mortality at high concentrations and durations of exposure are considered more certain
than the predictions of sublethal effects, in this application sublethal effects resulting
from exposure to lower concentrations are included because of the concern that following
sublethal impacts of suspended sediment could be adverse when occurring in conjunction
with the aready stressed condition of some species and life-stages from water
temperature (Bozek and Y oung 1994) and disease.

Because of their relative importance within the watershed, potential impacts of SSC on
Pacific lamprey (Lampetra tridentata) and green sturgeon (Acipenser medirostris) were
assessed. However, little scientific literature exists regarding the effects of SSC on these
species. The models devel oped by Newcombe and Jensen (1996) for assessing impacts
to nonsalmonids were used in this analysis to assess effects on Pacific lamprey and green
sturgeon, in conjunction with discussions with experts regarding the potential effects.

E.3 Results

E.3.1 Existing Conditions and No Action/No Project Alternative

Information on sediment transport within the Klamath Basin is available from Stillwater
Sciences 2010 and USBR 2011. The current supply of coarse and fine sediment can be
summarized, as follows:

e Upstream of Keno Dam, sediment supply to the Klamath River is minimal due to
deposition in Upper Klamath Lake, which captures nearly all sediment entering
from itstributaries.

e Between Keno Dam and Iron Gate Dam, total average annual sediment delivery is
an estimated 200,000 tons/year.

e Downstream from Iron Gate Dam, the Scott, Salmon, and Trinity Rivers supply
approximately 607,000 tons/year; 320,000 tons/year; and 3.3 million tons/year,
respectively.
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Section 3.2.3 (Water Quality — Existing Conditions/Affected Environment) summarized
suspended sediment concentrations under existing conditions in the Klamath River
upstream and downstream from Iron Gate Dam. In genera, the data indicate that
suspended sediment downstream from Iron Gate Dam ranges from less than 5 mg/I
during summer low flows to greater than 5,000 mg/I during winter high flows (Section
3.2.3.3). Daily SSC were modeled for water years 1961-2008 (Reclamation 2012)
(Figures E-1 and E-2).
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Figure E-1. Normal Conditions (50% exceedance probability) Suspended
Sediment Concentrations at Three Locations Downstream from Iron Gate
Dam under Existing Conditions, as predicted using the SRH-1D model.
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Figure E-2. Extreme Conditions (10% exceedance probability) Suspended
Sediment Concentrations at Three Locations Downstream from Iron Gate
Dam under Existing Conditions, as Predicted using the SRH-1D Model.

E.3.1.1 Fall-run Chinook Salmon

Fall-run Chinook salmon range throughout the Klamath River and its tributaries
downstream from Iron Gate Dam. The largest number of spawners are found in the
Trinity River (36 percent), Bogus Creek (11 percent), Shasta River (7 percent), Scott
River (7 percent), and the Salmon River (3 percent), based on escapement data collected
from 1978 to 2002 (FERC 2006). They aso spawn in the mainstem, with the highest
densities of redds found between Iron Gate Dam (River Mile [RM] 310.3) and the Shasta
River (RM 288) (Magneson 2006).

Fall-run Chinook salmon in the Klamath Basin exhibit three juvenile life-history types:
Type | (ocean entry at age 0" in early spring within afew months of emergence), Type I
(ocean entry at age O in fall or early winter), and Type |11 (ocean entry at age 1 in spring)
(Sullivan 1989). Based on outmigrant trapping at Big Bar on the Klamath River from
1997 to 2000, 63 percent of natural Chinook salmon outmigrants are Type |, 37 percent
are Typell, and lessthan 1 percent are Type |11 (Scheiff et al. 2001). Although, trapping

LA fish emerging in spring is designated as age O until January 1st of the following year, wheniit is
designated as age 1 until January 1st of the next year, when it is designated age 2.
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efforts are not equal among seasons, the results are consistent with scale analysis of adult
returns by Sullivan (1989). Large numbers of fry from the Shasta River, Scott River, and
Hunter and Blue creeks move into the mainstem Klamath River in spring, where they
may continue to rear before outmigrating to the ocean (Chesney 2000, Chesney and

Y okel 2003). Few age-0 juveniles are observed in the mainstem Klamath River or
Trinity River in the fall; most have probably already outmigrated in early fall as Type Il
smolts.

Fall Chinook salmon typically migrate upstream in late summer and early fall when
suspended sediment concentrations are usually very low in the Klamath River. Spawning
typically peaksin late October and substantially declines by the end of November (Shaw
et a. 1997). The SRH-1D SSC modeling analysis does not account for stress or mortality
that might result from infiltration of fine sediment into the channel bed because no
suitable measurements or models were available with which to calculate this component.
Under normal conditions, suspended sediment is predicted to result in minimal stresson
spawning adults, eggs, alevins, and fry in the mainstem because of sediment capture by
the dams and time of year (Table E-2), but may cause reduced size at emergence under
extreme conditions (Table E-3) as well as further downstream where concentrations
would be expected to be higher due to accretion from tributary streams.

Most fry produced by fall-run Chinook salmon in the Klamath River exhibit the Type |
life history, in which they enter the ocean within afew months of emergence in early
spring. Age O fry rearing in the mainstem during late winter for a period of a month prior
to outmigration are anticipated to have moderate to major physiological stress under
normal and extreme conditions respectively. Using radio-tag data, Foott et a. (2009)
reported that it took hatchery Chinook smolts a median of 10.2 days to travel the 184
miles from Iron Gate Dam to Blake' s Riffle (RM 8). Wallace (2004) reported that it took
radio-tagged hatchery Chinook smolts a median of 30-34 days (range 13-109 days) to
travel from the hatchery to the estuary. Based on these studies, the analysis assumed a
maximum duration of exposure to suspended sediment during migration of 30 days. Ina
normal year under existing conditions and the No Action/No Project Alternative,
suspended sediment in the mainstem is predicted to be at concentrations resulting in
major physiological stressfor Type | fry during their 30-day migration. In either
scenario, this exposure, although not predicted to result in direct mortality, could
indirectly affect survival by reducing growth and thus the size at which the smolts enter
the ocean (Bilton 1984). Exposure to disease or el evated temperatures in the mainstem
would likely result in the mortality of some portion of these fish. The parr-smolt
transformation can aso be compromised in stressed juveniles (Wedemeyer and McLeay
1981, ascited in Bash et al. 2001), which could increase mortality.
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Table E-2. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Fall-Run Chinook Salmon under Normal Conditions
(50% exceedance probability), for Klamath River at Iron Gate Dam (adult
migration, spawning, incubation, and fry emergence life stages) and Seiad Valley
(juvenile rearing and outmigration life stages)

Life-History Sg:gi?gnetd Exposure | Newcombe and
Stage Concentration Duration |Jensen Severity Effects on Production
(timing) (mall) (days) Index
Adult upstream
migrants 0 0 0 No effect
(Jul 15-Oct 31)

Spawning, ~8 % of ad(;JIts spawn inf the |
incubation, and mainstem downstream from Iron
fr 0 0 0 Gate Dam where suspended

y emergence ) .

Oct 15—Feb 28 sediment is low due to capture of
(Oct 15-Fe ) sediment by Iron Gate Dam
) ) 245 to 665
Juvenile rearing Maior stress
(year-round) 90 to 245 8 J
331090 22 8
outmigration Z:fi,%gggﬁg,{fr Type | fry (~60% of
(Apr 1-Aug 31) 330 90 17 8
Type Il
outmigration 0 0 0 No effect
(Sept 1-Nov 30)
245 to 665 <1 7
Type lll Moderate to major stress for Type Il
outmigration 90 to 245 4 8 (yearling) outmigrants (<1% of
(Feb 1-Apr 15) production)
331090 11 8
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Table E-3. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Fall-Run Chinook Salmon under Extreme Conditions
(10% exceedance probability), for Klamath River at Iron Gate Dam (adult
migration, spawning, incubation, and fry emergence life stages) and Seiad Valley
(juvenile rearing and outmigration life stages).

Life-History Sgsgi?gnetd Exposure Newcombe
Stage Concentration Duration and Jensen Effects on Production
(timing) (mall) (days) Severity Index
Adult upstream
migrants 0 0 0 No effect
(Jul 15—Oct 31)

Spawning ~8 % of adults spawn in the
incubation a’nd mainstem downstream from Iron
fry emergénce 331090 2 9 Gate Dam where suspended
Oct 15—Feb 28 sediment is low due to capture of
(Oct 15-Fe ) sediment by Iron Gate Dam

1,808 to 4,915 1 9
Juvenile rearing 665 to 1,808 2 8 Major stress, reduced growth, and up
to to © mortality for age 1 rearing in
e 245 to 665 7 9 20% lity f 1 ing i
90 to 245 25 9 the mainstem.
3310 90 39 9
245 to 665 5 8
Type | .
outmigration 90 to 245 20 9 Major stress and reduced growth for
Type | fry (~60% of all production).
Apr 1-Aug 31
(Ap 931) 331090 30 8
Type Il 245 to 665 1 7
outmigration 90 to 245 1 7 Short-term (1 wk) moderate stress.
(Sept 1-Nov 30) 330 90 5 7
665 to 1,808 2 8
ou;rn):%erailt:on 245 to 665 4 8 Major stress for Type Il (yearling)
(Feb 1-Apr 15) 90 to 245 14 8 outmigrants (<1% of production).
331090 27 8

The Type Il life history is a'so common among Klamath River fall-run Chinook. These
juveniles remain to rear in the tributaries in which they were spawned (Section 3.3.3.1)
and are only exposed to suspended sediment in the mainstem on their outmigration to the
ocean in thefall, when SSC are lowest. In anormal year under existing conditions and
the No Action/No Project Alternative, no adverse effects of suspended sediment are
predicted for these fish, whilein ayear of extreme conditions, concentrations may cause
avoidance, reduced feeding, and moderate physiological stress for approximately one
week. Additional factors such as disease or €levated temperaturesin the lower Klamath
River are less likely to increase the impacts of suspended sediment on these fish than for
other life-history types, because neither disease or water temperature are problems in the
Klamath River mainstem during the fall when Type Il smolts outmigrate.
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Type Il life-history fish are relatively rare (<1 percent of al production) in the Klamath
River fall-run population (USFWS 2001), although based on Sullivan (1989) these larger
smolts can contribute around 4 percent of the escapement. These fish typicaly remain to
rear in the spawning tributaries until outmigrating in late winter and early spring as
yearlings. Inanormal year, the model predicts that suspended sediment will cause
moderate to major physiological stress for about two weeks, but under extreme
conditions, exposure to suspended sediment is predicted to remain at levels producing
major stress for the approximately one month it takes for them to reach the sea, but
growth may not be substantially affected.

Overal, fall-run Chinook salmon use the mainstem Klamath River for spawning, rearing,
and asamigratory corridor. Although SSCs under existing conditions and the No
Action/No Project Alternative are relatively high in the mainstem downstream from
Orleans, and even more so downstream from the Trinity River (State Water Resource
Control Board [SWRCB] 2006, North Coast Regional Water Quality Control Board
[NCRWQCB] 2010) (Section 3.2.3), they are relatively low in the reach downstream
from Iron Gate Dam where most mainstem spawning occurs. Suspended sediment
concentrations and durations during upstream and downstream migration, even under
extreme conditions, are low enough that effects are limited to physiological stress and
possibly reduced growth rates. In general, fall-run Chinook salmon appear relatively
resilient to current suspended sediment conditions because of their limited use of the
mainstem for spawning and rearing, and the fact that smolt outmigration primarily occurs
when SSC are naturally low.

E.3.1.2  Spring-run Chinook Salmon

Spring-run Chinook salmon spawn primarily in the Salmon and Trinity rivers, with the
vast mgjority (~95 percent) spawning in the Trinity River; therefore, the review of
existing conditions and the No Action/No Project Alternative focuses on potential
exposure to suspended sediment in the mainstem Klamath River downstream from the
Salmon River.

Sediment-transport model predictions for suspended sediment and associated effects on
spring-run Chinook salmon under normal and extreme conditions are summarized in
Table E-4 and E-5, respectively. Under normal conditions, adult spring-run migrants
returning to the Salmon River may be exposed to suspended sediment concentrations
that cause moderate stress and impaired homing, but because the span of elevated
concentrations is only around two weeks, some migrants may avoid exposure altogether.
Under extreme conditions, concentrations may increase slightly, but the duration of
exposure may double. Adults migrating to the Trinity River may only be exposed to
suspended sediment in the mainstem for about a week, and those migrating to the Salmon
River about two weeks (Strange 2007a, 2007b, 2008).
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Table E-4. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Spring-Run Chinook Salmon under Normal Conditions (50%
exceedance probability), for Klamath River at Orleans (RM 58)

Suspended

Life-History Sediment Expos.ure Newcombe .
Stage (timing) |Concentration Duration and gensen Effects on Production
(ma/l) (days) Severity Index
90 to 245 2 7 Impaired homing for adults returning to
Salmon River. Majority (~95% on
Adult spring average) of adults enter Trinity River, and
migration will be exposed to higher concentrations
(Apr 1-June 30)1 331090 14 7 for shorter durations. However, up to
35% of “natural” escapement returns to
Salmon River.
Adult summer No effect to the ~50% of the summer
migration 0 0 0 migration returning exclusively to the
(Jul 1-Aug 31)? Trinity River.
Spawning,
incubation, and fry Spring-run do not generally spawn in the
emergence i i s mainstem.
(Sept 1-Feb 28)
Juvenile rearing n/a n/a n/a Juveniles primarily rear in tributaries; no
(variable) effect is anticipated.
90 to 245 2 7 Major stress for Type | fry (~80% of
Type | production) in smolt outmigration from
outmigration Salmon River. Majority (~95%) of
(Apr 1-May 31)* 331090 18 8 juveniles outmigrate from Trinity River,
and are exposed to higher concentrations
No effect for Type Il smolts from the
Type Il Salmon River (.~20 .percent). dgring
outmigration 0 0 0 downstream migration. Majority (~95%)
3 of juveniles outmigrate from Trinity River
(Oct 1-Nov 15) and are exposed to higher
concentrations.
245 to 665 <1 7 Major stress for Type Ill fry from Salmon
90 to 245 5 8 River (<1%) during downstream
Type Il migrqtion. Majority (.~95 %) of juveniles
outmigration outmigrate frgm Trinity River gnd are
(Jan 15-Ma 31)3 exposed to higher concentrations for
y 33 t0 90 20 8 shorter durations. Outmigrate from

Trinity River and are exposed to higher
concentrations for shorter durations.

! Maximum duration of exposure during migration = 14 days

2 Maximum duration of exposure during migration = 2 days

# Maximum duration of exposure during migration = 30 days
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Table E-5. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Spring-Run Chinook Salmon under Extreme Conditions (10%
exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Sediment pos d ffect Producti
Stage (timing) | Concentration Duration and Jensen Effects on Production
(ma/l) (days) Severity Index
245 to 665 <1 7 Impaired homing and major stress for
90 to 245 14 8 adults returning to Salmon River.
Adult spring Majority (~95% on average) of adults
migration enter Trinity Rlver_, and will be exposed to
1 higher concentrations for shorter
(Apr 1-June 30) 331090 14 7 durations. However, up to 35% of
“natural” escapement returns to Salmon
River.
Adult summer Moderate stress for the ~50% of the
migration 3310 90 <1 6 summer migration returning exclusively
(Jul 1-Aug 31)° to the Trinity River.
Spawning,
incubation, fry Spring-run do not generally spawn in the
n/a n/a n/a .
emergence mainstem.
(Sept 1-Feb 28)
Juvenile rearing n/a n/a n/a Juveniles primarily rear in tributaries; no
(variable) effect to this life stage is anticipated.
90 to 245 12 8 Major stress for Type | fry (~80%) in
Type | smolt outmigration from Salmon River.
outmigration Majority (~95 %) of juveniles outmigrate
(Apr 1-May 31) 331090 30 8 from Trinity River, and are exposed to
higher concentrations.
90 to 245 1 7 Moderate stress for Type Il smolts from
Type Il the Salmon Ri\{er (720%) dyring
outmigration doyvnstrgam mlg(atlon. Majorlt.y.(~95. %)
(Oct 1-Nov 15) 3 33 to 90 2 6 of juveniles outm|grat9 from Trinity River
and are exposed to higher
concentrations.
665 to 1,808 8 Major stress for Type Ill fry from Salmon
Type Il 245 to0 665 8 River (<1%) during downstream
outmigration migration. Majority (~95%) of juveniles
(Jan 15-May 31)° 90 to 245 13 8 outmigrate from Trinity River and are
33 to 90 30 8 exposed to higher concentrations.

! Maximum duration of exposure during migration = 14 days
2 Maximum duration of exposure during migration = 2 days

® Duration of exposure during migration = 30 days

In some years, later-arriving adults have been observed to delay migration upon
encountering high water temperatures in the mainstem (>22°C) and hold in the river for
up to 30 days before continuing on to their spawning streams (Strange 2007a, 2007b,
2008). These fish could be exposed to elevated suspended sediment for longer durations,
particularly in extreme years. Stressed adults are assumed to be more susceptible to
disease, possibly increasing pre-spawn mortality, unless exposure causes avoidance
behavior and early entrance into tributary habitat as was observed for upstream-migrating
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Chinook and coho salmon (Oncor hynchus kisutch) adults during the September 2002 fish
kill in the lower Klamath River (M. Belchik, Senior Biologist, Yurok Tribe, pers. comm.,
2008). Among radio-tagged adult spring Chinook, these later-returning migrants have
been observed to have the highest mortality rates (Strange 2007a, 2007b, 2008). In
contrast, around half of the observed spring Chinook salmon adults make arelatively
rapid summer migration (~2 days in the Klamath River) to the Trinity River, at which
time of year suspended sediment is naturally low under both normal and extreme
conditions.

Since no spring-run Chinook salmon spawning occurs in the mainstem Klamath River
under existing conditions and the No Action/No Project Alternative, incubating eggs,
developing alevins, and emergent fry are not anticipated to be affected by suspended
sediment in the mainstem).

There appear to be three juvenile life-history types for spring-run Chinook salmon in the
Klamath Basin: Type | (ocean entry at age 0 in early spring within afew months of
emergence), Type |l (ocean entry at age O in fall or early winter [Olson 1996]), and Type
Il (ocean entry at age 1 in spring) (Sullivan 1989). Based on outmigrant trapping in the
Salmon River from 2001 to 2006 (Karuk Tribe, unpubl. data), around 80 percent of
outmigrants are Type |, 20 percent are Type Il, and less than 1 percent are Type I11.
Rearing of age-0 juvenileslikely occursto some extent in the mainstem Klamath River,
although it appears that the majority remain to rear in their natal streams (i.e., Salmon and
Trinity rivers). Itisunclear to what extent juvenile spring-run Chinook rear in the
mainstem Trinity and Klamath Rivers as trapping studies do not differentiate between the
spring and fall runs.

Most late-winter rearing of Type | and 11 juveniles is thought to occur in tributaries (West
1991; Dean 1994, 1995), reducing the likelihood of exposure to suspended sediment in
the mainstem. Type | juveniles migrate downstream to the mainstem and ocean in April
and May. Based on radio-tagging studies of Chinook salmon smolt travel times, a
maximum of 30 daysis assumed for exposure of outmigrating smolts. Under both

normal and extreme conditions, exposure to suspended sediment during Type | smolt
outmigration is anticipated to result in maor physiological stress. This exposure, in
association with other environmental factorsin the basin (e.g., water temperatures,
exposure to disease), could lead to mortality or reduced fitness. The Type Il outmigration
pattern is common (~20 percent),with juveniles departing from the Salmon River in the
fall when suspended sediment downstream from the Salmon River istoo low to have an
effect under normal conditions, and only slightly higher under extreme conditions when
concentrations may cause moderate physiological stressfor afew days. Age-1juveniles
of the Type |11 life history outmigrating during winter and early spring may be exposed to
suspended sediment concentrations causing major physiological stress under both normal
and extreme conditions.
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E.3.1.3 Coho Salmon

In order to evaluate the affects of suspended sediment on coho salmon in the Klamath
River, the historical population structure of Southern Oregon Northern California Coast
coho salmon presented in Williams et al. (2006) was used, as described in Section
3.3.3.1. Williamset a. (2006) identifies nine populations within the Klamath River,
including the Upper Klamath River, Shasta River, Scott River, Salmon River, Mid-
Klamath River, Lower Klamath River, and three population units within the Trinity River
watershed (Upper Trinity River, Lower Trinity River, and South Fork Trinity River
population units). Affects of SSC on distinct population units are differentiated where

appropriate.

Coho salmon are distributed throughout the Klamath River downstream from Iron Gate
Dam, and spawn primarily in tributaries (Trihey and Associates 1996, National Research
Council [NRC] 2004). Rearing has aso been observed in tributary confluence poolsin
the mainstem Klamath River (T. Shaw, USFWS, unpubl. data, 2002; as cited in NRC
2004). During their upstream migration, adult coho salmon from the Upper Klamath
River Population Unit may travel upstream asfar as Iron Gate Dam (RM 190.1) and were
formerly known to occupy mainstem and tributary habitat at least as far upstream as
Spencer Creek at RM 228 (NRC 2004, as cited in National Marine Fisheries Service
[NOAA Fisheries] 2007). Thus, the mainstem Klamath River functions primarily as a
migration corridor for coho salmon, but also likely provides rearing habitat and allows for
movement of juvenile fish between tributaries.

The vast mgority of coho salmon that spawn in the Klamath Basin are believed to be of
hatchery origin. Indirect estimates indicate 90 percent of adult coho salmon in the system
return directly to hatcheries or spawning grounds in the immediate vicinity of hatcheries
(Brown et al. 1994). Thisanalysis of SSC effects pertains to the adults and progeny of
both hatchery-returning adults and those that spawn in the river, differentiating between
the two where possible.

Upstream migration of adult coho salmon in the Klamath River spans the period from
September to January, with peak movement occurring between late-October and
mid-November. Asthisisthe only period when adults are present in the mainstem
Klamath River, it is also the only period when they would be exposed to elevated
suspended sediment in the mainstem. Under both normal and extreme conditions
concentrations would be stressful (Tables E-6, E-7); however, the duration of time over
which the exposure occurs is relatively short (<2 wk). Adults from the Trinity River
population units and the Lower Klamath River Population Unit likely receive less
exposure to suspended sediment due to shorter migration times than for populations
further upstream.
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Table E-6. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Coho Salmon under Normal Conditions (50%
exceedance probability), for Klamath River at Seiad Valley (RM 129.4)

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
- . Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mgll) Index
90 to 245 2 7 SSC only predicted to be in stressful range
Adult upstream for 5 days. Adverse effects on adults
migrants assumed unlikely due to short period of
(Sept 1-Jan 1) exposure (5 days) that may only coincide
33to 90 3 7 with a portion of the run.
245 10 665 2 10 No modeling of suspended sediment
infiltration into gravel was conducted.
Spawning, Available information suggests low survival
incubation, and 90 to 245 4 10 (<2%) of spawning adults, i_ncubating eggs,
fry emergence and emergent fry in the mainstem; typically
(Nov 1-Mar 14) a small percentage of the percent of the
Upper Klamath River Population spawns in
33 t0 90 9 11 the mainstem as opposed to tributaries.
245 to 665 2 8 Short-term (10 d) moderate stress for age 1
Age-1 juveniles juveniles rearing the mainstem. An
during winter 90 to 245 3 unknown but assumed small number of all
Nov 15—-Feb 14 juveniles (<1 %) rear in mainstem durin
( ) 331090 5 7 Ay (<1%) e
ﬁge_-o Juveniles 90 to 245 6 8 Major stress for age 0 juveniles rearing in
uring summer mainstem
(Mar 15—-Nov 14) 3310 90 19 8 :
Age 1 juvenile 245 to 665 1 7
outmigration Major stress for smolts outmigrating during
(Feb 15-May i 21 7 & early spring (~44 % of run).
31) 33 to 90 20 8
i i 90 to 245 5 8
Age 1_Juve_nlle Major stress for smolts outmigrating during
outmigration late spring (~56 % of run).
(Apr 1- June 30) 33 t0 90 16 8
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Table E-7. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Coho Salmon under Extreme Conditions (10%
exceedance probability), for Klamath River at Seiad Valley (RM 129.4)

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
oo . Duration . Effects on Production
Stage (timing) [Concentration Severity
(days)
(mg/l) Index
665 to 1,808 1 8
Adlﬁnlti;rpasr:zzam 245 to0 665 3 8 Moderate to major stress for adults
(Sept 1-Jan 1) 90 to 245 6 8 migrating upstream.
3310 90 8 7
1,808 to 4,915 1 10 No modeling of suspended sediment
infiltration into gravel was conducted.
; 665 to 1,808 2 10 Available information suggests low
. Spavynlng, survival (0%) of spawning adults,
incubation, and : . frv in th
fry emergence 245 to 665 5 11 |ncgbat|ng eggs, and emergent fry in the
(Nov 1-Mar 14) mainstem; typically a small percentage of
90 to 245 14 12 the percent of the Upper Klamath River
Population spawns in the mainstem as
331090 14 11 opposed to tributaries
1,808 to 4,915 9 e PIET—

Py . ajor stress and reduced gro or
Agjriﬁju\\llﬁ:tﬁs 665 to 1,808 8 age 1 juveniles rearing the mainstem. An
(Nov ng—Feb 245 to 665 8 unknown but assumed small number of

14) 90 to 245 10 8 all j_uveni_les (<1 %) rear in mainstem
during winter.
3310 90 11 8
Age-0 juveniles | 245 to 665 5 8
during summer 90 to 245 20 9 Major stress and reduced or no growth
(Mar 15-14 for age 0 juveniles rearing in mainstem.
Nov) 331090 39 8
Age 1 juvenile 665 to 1,808 8
outmigration 245 to 665 8 Major stress and reduced growth for
(Feb 15-May 90 to 245 21 9 smolts during early spring (~44 % of run).
31) 33t0 90 37 8
Age 1 juvenile 245 to 665 5 8
outmigration 90 to 245 16 3 Major stress for smolts outmigrating
(Apr 1- June during late spring (~56 % of run).
30) 331090 20 8

Spawning begins within afew weeks of fish arriving at their spawning grounds.

Potential effects on the Upper Klamath River Population Unit spawning coho salmon in
the mainstem were evaluated based on SSC predictions for the period November 1 to
March 15 in the vicinity of Selad Valley. The modeling anaysis does not account for
effects that might result from infiltration of fine sediment into the channel bed because no
suitable measurements or models were available with which to calculate this component.
However, cumulative effects of suspended sediment on spawning adults, incubating eggs,
developing aevins, and emergent fry would result in low survival for any coho salmon
spawning in the mainstem under both normal and extreme conditions, with possibly up
to 100 percent mortality under extreme conditionsin the vicinity of Seiad Valey
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(Table E-7) and further downstream. However, coho sailmon are typically tributary
spawners (NOAA Fisheries 2010), and based on Magneson and Gough (2006) spawning
surveys from 2001 to 2005, only from 6 to 13 are observed in the mainstem, so elevated
suspended sediment during winter flows can be assumed to have only minimal effects on
the Upper Klamath River Population Unit. In addition, it is believed by expertsin the
watershed that progeny of mainstem spawning coho salmon experience reduced survival
compared to fish produced from tributary spawners (Simondet 2006), since rearing and
growth conditions within tributaries are more favorable than in the mainstem.

Varity of behavioral responses of coho salmon to exposure to SSC increases uncertainty
in the analysis. There may be wide variation in terms of how long juvenile coho salmon
rear in natal tributaries versus the mainstem, making it difficult to determine their
exposure to elevated SSC in the mainstem. Some fry and age O juveniles enter the
mainstem in the spring and summer following emergence. These fish may spend their
remaining rearing period in the mainstem, but by the early fall, only low densities of
juvenile coho salmon are found in the mainstem. The latter indicates that oversummer
survival may be low due to high temperatures and exposure to disease in the mainstem
Klamath River (NRC 2004). Even those that survive may experience reduced growth due
to high summer temperatures, resulting in ocean entry at asmaller size and lower marine
survival (Bilton et a. 1982, Hemmingsen et al. 1986). SSC modeling predicts that age 0
fish rearing in the mainstem during winter would al so be exposed to suspended sediment
concentrations high enough to cause major physiological stress even under normal
conditions (Table E-6). Although some juveniles may rear in the mainstem, most
production from al population units probably results from fish that remain to rear in
tributaries.

Additional age 0 juveniles depart from tributaries in the Mid-Klamath and Salmon River
population units (and possibly others) during fall (Soto et al. 2009, Hillemeier et al.
2009). Some of these have been observed to overwinter in tributaries and off-channel
habitats in the lower mainstem Klamath River near or within the estuary (Soto et a.
2009, Hillemeier et al. 2009), which may reduce the amount of time they are exposed to
suspended sediment in the mainstem.

Most juveniles from al population units appear to rear in tributaries or off-channel
habitats during winter, and are not affected by mainstem pulses of suspended sediment
until they migrate to the ocean as smolts, with the exception of potential migrations
among tributaries (e.g., Ebersole et a. 2006). This seems to be the case for most
naturally produced coho salmon, which depart tributaries from February through
mid-June as age-1 smolts (Wallace 2004). During outmigrant trapping efforts from 1997
to 2006 in tributaries in the Upper-Klamath River, Shasta River, and Scott River
populations, 44 percent of coho salmon smolts were captured from February 1 to March
31, and 56 percent from April 1 through the end of June (Courter et a. 2008). Oncein
the mainstem, smolts move downstream fairly quickly. Stutzer et al. (2006) report a
median migration rate for wild coho smolts of 13.5 miles/day (range -0.09-114
miles/day) and a median migration rate for hatchery smolts of 14.6 miles/day (range -
2.3-27.8 miles/day). This equatesto 14.3 days for wild smolts to travel the 193 miles
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from Iron Gate Dam to the estuary, and 13.2 days for hatchery smolts. Beeman et a.
(2007) report even higher rates of travel: amedian migration rate for wild smolts of

22.5 miles/day (range 2.9-113.9 miles/day) and 15.7 miles/day (range 1.9-122.0
miles/day) for hatchery smolts. At these rates, it would take only 7.6 days (range
1.5-59.8 days) for wild smoltsto travel from Iron Gate Dam to the estuary and 10.9 days
(range 1.4-91.8 days) for hatchery smolts. Based on these data, and the observed
outmigration rates for Chinook salmon of around 30 days, a maximum of 20 days
exposure to mainstem suspended sediment during migration was assumed for the
analysis. Under normal conditions, SSC in the mainstem Klamath River during
outmigration for all populations would remain in the subletha range but could result in
major physiological stress and inhibit feeding. Suspended sediment concentrations under
extreme conditions would be somewhat higher, and would result in mgjor stress and
reduced growth, but would remain in the sublethal range during the rearing and
outmigration periods.

During experimental releases of wild and hatchery radio-tagged coho salmon smoltsin
the Klamath River near Iron Gate Dam sustained mortality rates of around 35 to

70 percent (Beeman et al. 2007, 2008). Although these numbers are based on only afew
years of data, it appears that survival is higher for wild fish than for hatchery fish. This
disparity in survival rates may be associated with (1) the length of residency in tributaries
prior to migrating (i.e., fish that enter the mainstem later have higher survival), (2)
mainstem discharge (migrants sometimes showed higher survival when flowsin the
mainstem were higher), or (3) spawning location (survival is much lower for smolts
originating upstream of the Scott River). The relative contribution from SSC to these
mortality ratesis not known.

Overdl, under existing conditions and the No Action/No Project Alternative, suspended
sediment concentrations in the mainstem are sufficiently high and of long enough
duration that major physiological stress and reduced growth of coho salmon are
anticipated in most years. Consistent with these findings, the lower Klamath River
downstream from the Trinity River confluence (RM 40.0) to the estuary mouth (RM 0.0)
islisted as sediment impaired under Section 303(d) of the Clean Water Act (SWRCB
2006, NCRWQCB 2010) (Section 3.2.3.3). Relatively high SSC, in association with
elevated water temperatures and disease may be contributing to the high smolt mortality
that has been observed in the mainstem Klamath River (Beeman et al. 2007, 2008).

E.3.1.4 Summer- and Winter-run Steelhead

The following analysis and discussion applies to summer-, fall-, and winter-run steelhead
(Oncorhynchus mykiss) (steelhead returning in the fall are sometimes lumped with the
winter run) except where indicated. Because juvenile steelhead from various runs are
indistinguishable from each other, the model assumes that steelhead from both the
summer and winter runs share similar juvenile life-history patterns. The vast mgjority of
existing information addresses steelhead rather than resident rainbow trout. This section
primarily addresses steelhead, but it is reasonable to assume that effects of suspended
sediment on resident O. mykiss will be similar to those found for juvenile steelhead.
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Both summer and winter steelhead are distributed throughout the Klamath River and

its tributaries downstream from Iron Gate Dam. Based on available escapement data,
approximately 55 percent of summer steelhead spawn in the Trinity River and other
lower-elevation tributaries. Most remaining summer steelhead are believed to spawn in
tributaries between the Trinity River (RM 43) and Seiad Creek (RM 129), with high
water temperatures limiting their use of tributaries farther upstream (NRC 2004). Winter
steelhead spawn primarily in the Trinity, Scott, Shasta, and Salmon rivers.

Adult summer steelhead typically enter and migrate up the Klamath River from March
through June (Hopelain 1998) and then hold in cooler tributary habitat until spawning
beginsin December (USFWS 1998). Summer steelhead in the Klamath River were
reported by Hopelain (1998) to have a greater incidence of repeat spawning

(40-64 percent) than the fall and winter runs, and alarge proportion of adults are
observed to migrate downstream to the ocean after spawning (also known as “runbacks’).
Under normal conditions, SSC would remain in the sublethal range during adult
migration; however, concentrations may be high enough to cause avoidance,
physiological stress, and possibly impaired homing. Concentrations should still remain
in the sublethal range under extreme conditions, but would be slightly higher and
durations longer than under normal conditions.

In contrast to summer-run steel head, winter-run are sexually mature upon freshwater
entry (Papa et a. 2007). Upstream migration for adult fall-run steelhead in the Klamath
River typically lasts from July to October and for adult winter-run steelhead from
November through March (Hopelain 1998, USFWS 1998). Fall steelhead may be
migrating as early as July, but elevated suspended sediment concentrations are
uncommon during summer. Under normal conditions, SSC are high enough to cause
major stress and possibly impaired homing for about three weeks. The 80 percent of
steelhead spawning upstream of the Trinity River would be exposed for alonger period
due to the additional time spent migrating in the mainstem. Under extreme conditions,
SSC would cause mgjor stress and impaired homing for around six weeks, twice the
duration seen under normal conditions. Concentrations remain in the sublethal range;
however, adults stressed by elevated suspended sediment could be more vulnerable to
disease-related mortality. The amount of time that adults could be exposed will vary,
depending on run timing relative to precipitation events that cause high SSC and how
quickly an adult moves upstream and enters a spawning tributary.

Post-spawning adults, or “runbacks,” migrate downstream in the spring to return to the
seq, typically from April through May 30. Under normal conditions, suspended sediment
concentrations are high enough to cause mgjor stress for alittle over two weeks, but
under extreme conditions the elevated concentrations occur for six weeks or more. |If
runbacks spend a limited amount of time in the mainstem while traveling from their
spawning tributaries to the ocean, this may overestimate the duration of their exposure to
sediment in the mainstem. There are little data on downstream-migrating steelhead in the
Klamath with which to understand potential consequences of exposure to suspended
sediment during thislife history phase.
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Half-pounders—sexually immature fish that return after one year in the ocean—migrate
upstream in the late summer and remain in the Klamath River through March. On
average, 32 percent of summer steelhead adults returning to the North Fork Trinity River
are half-pounders (Hopelain 1998); the proportion of the summer run that employs this
life-history pattern in the area upstream of the Trinity River isunknown. A large portion
(~94 percent) of the fall steelhead run that spawns in tributaries upstream of Weitchpec
return as half-pounders, as well as alarge portion of adults returning to the Trinity River
(~80 percent) (Hopelain 1998). The winter run has a much lower incidence of fish using
the half-pounder life history, ~18 percent. Half-pounders tend to be found in the lower
mainstem Klamath River, but they can be found all the way upstream to Beaver Creek
from December through February. In anormal year under existing conditions and the No
Action/No Project Alternative, suspended sediment concentrations in the mainstem
during the period when haf-pounders are present would be in arange that may cause
major physiological stress, but would not be expected to be lethal or reduce growth
(Table E-8). In an extreme year, suspended sediment concentrations would be somewhat
higher, persist longer, and may reduce growth, but should also remain in the sublethal
range (Table E-9).

No steelhead spawning occurs in the mainstem Klamath River; therefore, spawning
adults, incubating eggs and developing alevins, and emergent fry should be unaffected by
suspended sediment in the mainstem.

Juvenile summer steelhead in the Klamath Basin may rear in fresh water for up to three
years before outmigrating. Although the majority of steelhead outmigrate at age 1
(Scheiff et a. 2001), those that outmigrate at age 2 appear to have the highest survival.
(Hopelain 1998). Juveniles outmigrating from tributaries at age-0 and age-1 may rear in
the mainstem for one or more years before reaching an appropriate size for smolting.
Because juvenile steelhead may spend varying amounts of time between tributaries and
the mainstem, it is difficult to track how much exposure each cohort might receive to
suspended sediment in the mainstem. Juveniles found in the mainstem cannot generally
be identified to run, so for the sake of the analysis the model assumes summer-, fall-, and
winter-run fish share asimilar life history with those that have been observed. In
addition, there is some evidence in the literature that juvenile salmonids may actively
avoid turbid waters by moving into tributaries, so behavior in years of relatively

clear conditions may be different from that in years with elevated suspended sediment.
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Table E-8. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Steelhead under Normal Conditions (50% exceedance
probability), for Klamath River at Seiad Valley (RM 129.4)

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
o : Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(magll) Index
Adult summer 245 to 665 <1 7
Ugerezimn 90 to 245 6 8 Major stress, avoidance of turbidity,
migrants and oo - .
and possibly impaired homing.
runbacks 3310 90 19 8
(Mar 1-June 30)
Adult winter 245 to 665 2 8
upstream 90 to 245 6 8 Major stress and potential for impaired
migrants homing.
(Aug 1-Mar 31) 33t0 90 10 7
90 to 245 5 8 Moderate to major stress to
Adult runbacks downstream-migrating adults; effect
(Apr 1-May 30) 33 t0 90 14 7 dependent on time it takes runbacks to
return downstream to the sea.
24510 665 2 8 Major stress, and possibly reduce
Half-pounder growth or cause mortality. Proportion
! of run that returns as half-pounders is
residence 90 to 245 5 8 .
(Aug 15-Mar 31) unknown. Fish may escape exposure
to high suspended sediment in the
33 t0 90 10 7 mainstem by entering tributaries.
Spawning
though N/A — — No mainstem spawning.
emergence
Age 0 juvenile 90 to 245 6 8 Major stress for portion of age 0
rearing juveniles rearing in mainstem (~60% of
(Mar 15-Nov 14) 33t0 90 19 8 run upstream of Trinity River)
. . 245 to 665 2 8 ) .
Age 1 juvenile Major stress for portion of age 1
rearing 90 to 245 9 8 juveniles rearing in mainstem (~60% of
ear-round run upstream of Trinity River
v ) 330 90 22 8 . y River)
Age 2 in the mainstem (~40 percent of
24510 665 2 8 run upstream of Trinity River) expected
Age 2 juvenile to experience moderate to major
rearing 90 to 245 6 8 stress. Effects on growth may only last
(Nov 15—-Mar 31) 2-3 weeks, perhaps not enough to
3310 90 10 7 substantially reduce size and ocean
survival.
Juvenile/smolt 90 to 245 5 8
outmigrants Major stress.
33t0 90 17 8

(Apr 1-Nov 14)
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Table E-9. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Steelhead under Extreme Conditions (10% exceedance
probability), for Klamath River at Seiad Valley (RM 129.4).

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
o h Duration . Effects on Production
Stage (timing) | Concentration (days) Severity
(magll) y Index
Adult summer 665 to 1,808 1 9
migrants and 245 to 665 5 8 Major stress, avoidance of turbidity, and
runbacks 90 to 245 21 8 impaired homing.
(Mar 1-June 30) 3310 90 37 8
1,808 to 4,915 1 9
Adult winter 665 to 1,808 9 . . .
migrants 245 1o 665 9 Major stress and impaired homing for
(Aug 1-Mar 31) 90 10 245 " . about four months.
331090 20 8
Adult runbacks 245 to 665 4 8 Major stress; exposure duration
(Apr 1-May 30) 90 to 245 11 8 dependant on time it takes runbacks to
P Y 3310 90 28 8 return to sea.
1,808 t0 4,915 1 9 Major stress and reduced growth.
Half-pounder 665 to 1,808 2 9 Proportion_ of run returning as half-
residence 245 10 665 10 9 pounders is unknown. Some half-
(Aug 15-Mar 31) pounders use large tributaries. Fish
9 90 to 245 15 8 may enter tributaries to escape high
33 t0 90 24 8 suspended sediment in the mainstem.
Spawning
through — — — No mainstem spawning.
emergence
Age 0 iuvenile 245 to 665 5 8 Major stress and reduced growth for
9 reajrin 90 to 245 20 9 several months for age 0 rearing in
(Mar 15—Ngv 14) mainstem (~60% of run upstream of
331090 39 8 Trinity River)
1,808 to 4,915 1 9
Age 1 juvenile 665 to 1,808 2 8 Major stress, reduced growth, and up to
rearin 245 10 665 7 9 20% mortality for age 1 rearing in
( ear-rougn d) mainstem (~60% of run upstream of
y 90 to 245 25 9 Trinity River)
3310 90 39 9
1,808 to 4,915 1 9
Age 2 juvenile 665 to 1,808 2 8 Major stress and reduced growth for >1
rearing 245 to 665 5 8 month for age 2 in mainstem (~40% of
(Nov 15—Mar 31) 90 to 245 15 8 run upstream of Trinity River)
331090 20 8
; 245 to 665 5 8
Jgﬁf:q'ile:zmglt 90 to 245 20 9 Major stress and reduced growth
epending on duration of exposure.
Apr 1 ?\l 14 d el S J
(Apr1-Nov14) | 331590 32 8
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Under normal existing conditions and the No Action/No Project Alternative, age 0
steelhead may experience major physiological stress for about three to four weeks
(Table E-8). If they remain to rear in the mainstem for another year, suspended sediment
concentrations would result in major stress for another month for this cohort. Under
extreme existing conditions and the No Action/No Project Alternative, concentrations
modeled for the age O period would cause mgor stress and reduced growth for about two
months, and if they remain in the mainstem until smolting, the same cohort could be
exposed to conditions causing reduced growth for an additional two months. However, it
appears that many of these juveniles are avoiding conditions in the mainstem by using
tributary and other off-channel habitat during winter (Soto et al. 2009, Hillemeier et al.
2009), lowering their exposure and potential mortality. The approximately 55 percent of
the total summer steelhead population that spawn and rear in the Trinity River and
downstream may be exposed to higher concentrations due to tributary accretion, but for
shorter durations because of the shorter distance (and shorter travel time) from the seato
the mouths of their spawning tributaries.

Based on captures in tributaries and the mainstem, it appears that around 40 percent of
the population rearsin tributaries until age-2; upstream of the Trinity River confluence,
around 37 percent of rearing steelhead in the mainstem (run unknown) are age 2, and

3 percent are age 3 (Scheiff et al. 2001). For these fish, suspended sediment in anormal
year under existing conditions and the No Action/No Project Alternative may cause
major stress for about two to three weeks. Under extreme conditions, the model predicts
suspended sediment concentrations that may cause stress for about six weeks.

Smolts are captured in the mainstem and estuary throughout the fall and winter (Wallace
2004), but peak smolt outmigration normally occurs from April through June, based on
estuary captures (Wallace 2004). Temperaturesin the mainstem are generally suitable
for juvenile steelhead, except for reaches upstream of Seiad Valley where summer water
temperatures are considered stressful. Exposure of outmigrating juvenile and smolt
steelhead to suspended sediment in the mainstem will depend on the timing of their
outmigration relative to conditions contributing to elevated suspended sediment, as well
asthe length of time it takes them to outmigrate to sea. Approximately half of the
popul ation outmigrates from the Trinity River and tributaries downstream; the shorter
distance to the sea should a so shorten the time they are exposed to suspended sediment
in the mainstem during outmigration. Under normal conditions, suspended sediment
concentrations can cause major stress extend for about three weeks during the
outmigration period (April 1 to November 14). Under extreme conditions, concentrations
would be high enough to cause major stress and reduce growth for almost eight weeks,
much longer than under normal conditions. Because of this, more smolts originating
from tributaries farther inland (i.e., not produced from the Trinity River or lower-
elevation streams) would likely be exposed to high suspended sediment concentrations
(because there is a greater chance that their outmigration may coincide with a sediment
pulse). The duration of their exposure will depend both on timing and rates of travel
downstream (i.e., the amount of time spent in the mainstem). For smolts that are
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outmigrating in an active fashion, feeding may be less important, thus the effect of
suspended sediment on growth may be relatively minimal in terms of overal survival.

E.3.1.5 Pacific Lamprey

At least four, and possibly five or six species of lamprey occur in the Klamath River
system (Kostow 2002, FERC 2006, PacifiCorp 2006), of which only resident Klamath
River lamprey and anadromous Pacific lamprey are present downstream from Iron Gate
Dam (PacifiCorp 2004, FERC 2006). Pacific lamprey was chosen as the focal species,
since most information on life-history, distribution, and habitat requirementsis from this
species. If basic patternsin distribution differ between the species (e.g., Klamath River
lamprey are found in more abundance directly downstream from Iron Gate Dam), then
effects could vary from those discussed here.

Pacific lamprey are present in the mainstem Klamath River and tributaries below Iron
Gate Dam and in the Trinity, Salmon, Shasta, and Scott river basins (Hardy and Addley
2001, NRC 2004). Based on observations and available habitat, most anmocoete rearing
likely occursin the Salmon, Scott, and Trinity rivers, as well asin the mainstem Klamath
River. The Klamath River upstream of the Shasta River appears to have less spawning
and rearing habitat, and Pacific lamprey are not regularly observed there. Therefore, the
review of existing conditions and the No Action/No Project Alternative focuses on
exposure of Pacific lamprey life stages to suspended sediment in the mainstem Klamath
River downstream from Seiad Valley.

There is not extensive literature on the effects of suspended sediment on lamprey. This
analysis was based on the effects of SSC on salmonids, with the assumption that impacts
on lamprey are likely less than or equal to those on salmonids. It is generally observed
that most life stages of Pacific lamprey are more resilient to poor water quality than
salmonids (Zaroban et a. 1999), so these assumptions are likely conservative.

Anadromous Pacific lamprey enter the Klamath Basin throughout the year, although
numbers peak in early winter. Under existing conditions and the No Action/No Project
Alternative, SSC during adult migration could cause major physiological stress under
both normal (Table E-10) and extreme conditions (Table E-11), although the duration of
exposure under extreme conditions might be about double that under normal conditions.
Pacific lamprey are observed to spawn in the mainstem Klamath River, exposing
ammocoetes to suspended sediment within the mainstem year-round. Under normal
conditions, concentrations are anticipated to be high enough and last long enough

(~5 weeks) to cause major physiological stress under normal conditions, and major
stress and reduced growth for alonger period (~10 weeks) under extreme conditions
(Table E-11).

Juvenile lamprey (ages 2 to 10) outmigrate to the ocean from the mainstem Klamath
River and tributaries rear-round, with peaks in migration during late spring and fall.
Based on effects on salmonids, juvenile lamprey migrating during spring are anticipated
to be exposed to suspended sediment concentrations high enough to cause major stress
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under both normal and extreme conditions, with duration of exposure in extreme
conditions (~6 weeks) being much longer than the duration under normal conditions
(~two weeks). Juveniles migrating during fall are exposed to relatively low increasesin
suspended sediment for less than a week under normal conditions, and only about two
weeks under extreme conditions (Table E-11). Based on data collected on salmonids,
concentrations would cause physiological stress, but would remain in the sublethal range

in most years.

Table E-10. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Pacific lamprey under Normal Conditions (50%
exceedance probability), for Klamath River at Seiad Valley (RM 129.4)

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
- . Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mgll) Index
Adult upstream 245 to 665 2 8 hMajolr st;ess jmld pptentlally |r(;1p|a|red
migration and oming for adult migrants. Adults
Spawnin 90 to 245 9 8 migrating during late spring and summer
( e%r-roung d) are exposed to lower concentrations of
y 330 90 22 8 Ssc.
Ammocoete 245 to 665 2 8 Major stress of ammocoetes rearing in
rearing 90 to 245 9 8 the mainstem. Majority of ammocoetes
(year-round) 3310 90 22 8 rear in tributaries.
Sprlng. Site 240 2 £ Major stress for all juveniles during
outmigration spring outmigration
(May 1-June 30) 33to0 90 12 8 pring g o
Fall/winter 90 to 245 2 7 Short-term (5 d) moderate stress and
outmigration reduced feeding for all juveniles during
33t0 90 3 6

(Sept 1-Dec 31)

fall outmigration.
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Table E-11. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Pacific lamprey under Extreme Conditions (10%
exceedance probability), for Klamath River at Seiad Valley (RM 129.4).

Suspended ExpoSUre Newcombe
Life-History Sediment pos and Jensen .
oo - Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mgll) Index
1,808 to 4,915 1 9
665 to 1,808 2 9
Major stress and impaired homing for
Adl;:ti urp;?it(;iam 245 10 665 7 9 adult migrants. Adult migrating during
( eagr-round) to late spring and summer are exposed to
y lower concentrations of SSC.
90 to 245 25 9
33t0 90 39 8
1,808 to 4,915 1 9
Ammocoete 665 to 1,808 2 8 Major stress and reduced growth of
rearin 245 t0 665 7 9 ammocoetes rearing in the mainstem.
( ear-rougn d) Majority of ammocoetes rear in
y 90 to 245 25 9 tributaries.
33t0 90 39 8
Spring 245 to 665 5 8 ) . ) )
outmigration 90 to 245 14 8 g/lpe:jiﬁgs;LtifnsiJ?;t;ILjuvemles ety
(May 1-June 30) 33 t0 90 21 8 ’
665 to 1,808 1 8
oE?r!/i\ggieorn 245 to 665 3 8 Major stress for all juveniles during
(Sept 1-Dec 31) 90 to 245 5 8 spring outmigration.
33t0 90 7 7

To summarize, under both normal and extreme conditions, Pacific lamprey are
anticipated to suffer from stressful levels of suspended sediment while rearing and
migrating through the mainstem Klamath River, with exposure durations generally much
longer under extreme conditions. Because there are multiple year-classes of lamprey in
the mainstem Klamath River at any given time, and since adults may migrate upstream
throughout the year, Pacific lamprey populations may be well-adapted to persisting
through years when suspended sediment concentrations are high, especially since they
remain within the sublethal range based on salmonid data.
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E.3.1.6  Green Sturgeon

The Klamath Basin is the principal spawning watershed for green sturgeon in Caifornia
(Moyle 2002). Green sturgeon spawn primarily in the lower 67 miles of the mainstem
Klamath River (downstream from Ishi Pishi Falls), in the Trinity Rivers upstream to
Greys Falls, and potentially in the lower Salmon River upstream to Wooley Creek
(KRBFTF 1991, Adams et al. 2002, Benson et a. 2007). Based on this distribution, this
analysis focuses on exposure of green sturgeon life stages to suspended sediment in the
mainstem downstream from Orleans.

There is not extensive literature on the effects of suspended sediment on sturgeon. This
analysisis based on available information of the effects of SSC on salmonids, with the
assumption that effects of suspended sediment on sturgeon are likely less than or equal to
those on salmonids. It is generaly believed that most life stages of sturgeon are more
resilient to turbidity than salmonids, so these assumptions are likely conservative. For
example, juvenile green sturgeon exposed to high suspended sediment in the Connecticut
River showed no apparent physiological stress, even though several other sturgeon
species suffered gill infections (B. Kynard, Fisheries Biologist, BK-Riverfish, pers.
comm., 2008). During extensive radio telemetry studies of green sturgeon, McCovey
(2010) found that adults did not respond to periods of poor water quality, including high
water temperature, algal blooms, disease outbreaks, and pulses of suspended sediment.

In addition, adults have been observed to remain alive for days out of water, and no adult
or juvenile sturgeon mortalities were observed during the September 2002 fish kill in the
lower Klamath River.

Adult green sturgeon enter the Klamath River beginning in mid-March, and under both
normal and extreme conditions suspended sediment concentrations reach levels expected
to cause physiological stressin salmonids. Adult sturgeon are likely to be relatively
tolerant compared to salmonids, however. Feedingisnot likely to be a problem even
when suspended sediment concentrations are high, because they do not generally rely on
eyesight to feed, but instead feed primarily on invertebrates in mud and silt using
sensitive barbels to detect prey, and they may suspend feeding for long periods during
their spawning migration (EPIC et a. 2001, as cited in California Department of Water
Resources [CDWR] 2003).

Green sturgeon females are broadcast spawners that lay thousands of adhesive eggs that
settle into the spaces between cobble substrates (Moyle 2002; Emmett et al. 1991, as
cited in CALFED 2007). It isgeneraly believed that silt can cause mortality by
preventing eggs from adhering to one another and attaching to the substrate (EPIC et al.
2001, ascited in CDWR 2003). Under normal conditions, eggs and larvae are expected
to be exposed to suspended sediment concentrations over 50 mg/l for a period of about
three weeks, which based on the Newcombe and Jensen (1996) approach would be
expected to cause high rates of mortality of salmonid eggs and emergent fry, yet green
sturgeon do successfully spawn in the mainstem Klamath River under existing conditions
and the No Action/No Project Alternative (Benson et a. 2007), and while some mortality
islikely occurring, it islikely that effects are not as severe as suggested for salmonids.
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After spawning, around 25 percent of green sturgeon migrate directly back to the ocean
(Benson et al. 2007), and the remainder hold in mainstem pools in the Klamath River
from RM 13 to RM 65 through November. During this holding period, SSC are
relatively low, and no effects are anticipated under normal conditions; under extreme
conditions, SSC would be elevated to levels moderately stressful to salmonids, but only
for afew days.

Juvenile green sturgeon may rear for one to three yearsin the Klamath River system
before they migrate to the estuary and ocean (NRC 2004, FERC 2006, CALFED 2007),
usually during summer and fall (Emmett et al. 1991, as cited in CALFED 2007).
Juveniles are reported to grow rapidly, and are capable of entering the ocean at young
ages (Allen and Cech 2007, as cited in Klimley et a. 2007). Rearing for more than one
year israrely observed in the mid-Klamath River (M. Belchik, pers. comm., 2008), but
juveniles may be rearing for additional months or years in the lower river or estuary
before migrating to the ocean. During the rearing period, juveniles are anticipated to be
exposed to SSC that cause mgjor stress and reduced growth in sailmonids for about a
month under normal conditions and double that under extreme conditions (Tables E-12,
E-13). However, juvenile green sturgeon exposed to high suspended sediment in the
Connecticut River showed no apparent physiological stress, even though several other
sturgeon species suffered gill infections (B. Kynard, pers. comm., 2008). Green sturgeon
eggs sampled in the Klamath River by Van Eenennaam et al. (2006) were the largest
recorded for a North American sturgeon, and likely produce large, fast-growing juveniles.
These traits may allow them to migrate to the estuary or ocean after only one year of
residence (Van Eenennaam et al. 2006). Thisis consistent with observations of high
growth rates in the mid-Klamath River (M. Belchik, pers. comm., 2008), and may be
related to the fact that the lower Klamath River and estuary offer very little foraging
habitat compared with large systems such as the Sacramento-San Joaguin Bay-Delta, or
Columbia River estuaries (J. Van Eenennaam, Research Associate, University of
California Department of Animal Science, pers. comm., 2008).

Overal, under existing conditions and the No Action/No Project Alternative, green
sturgeon in the Klamath River mainstem are regularly exposed to suspended sediment
concentrations documented to cause major physiological stress, reduced growth, and
mortality in salmonids, especialy during their egg and larval stages, and the year-round
juvenile rearing period. However, these metrics likely overestimate effects on sturgeon.
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Table E-12. Predicted Suspended Sediment Concentration, Exposure Duration,
and Anticipated Effects on Green Sturgeon under Normal Conditions (50%
exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Sediment pos .
s . Duration and Jensen Effects on Production
Stage (Timing) |Concentration ;
(days) Severity Index
(mgl)

A;?]léltsr;;%\r,i?nogn Wi 21 : [ Moderate to major stress for adult
(Mar 15-July 15) 33 to 90 24 8 migrants and spawners.
Eqas and larvae 90 to 245 2 10 Up to 68% mortality for eggs and larvae
(ggr 1-Aug 15) (based on salmonid literature, effects

P 9 33 to 90 22 12 likely overestimated).

Adult post-

SE%?AZQ 0 — — No effects anticipated.

(July 15—-Nov 15)
Juvenile rearing 245 to 665 1 7
(year-round) and 90 to 245 5 8 Major stress (based on salmonid

outmigration literature, effects likely overestimated).

33t0 90 24

(May 15-Oct 15)

Table E-13. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Green Sturgeon under Extreme Conditions (10%
exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Sediment pos
A ; Duration and Jensen .
Stage (timing) | Concentration (days) Severity Index Effects on Production
(mgl)
245 to 665 2 8
Adurlr:igr);rggam 90 to 245 14 8 Major stress for adult migrants and
spawners.
(Mar 15—July 15) 33 to 90 34 8
245 to 665 <1 8
Eqas and larvae Up to 84% mortality for eggs and larvae
99 90 to 245 14 12 (based on salmonid literature, effects
(Apr 1-Aug 15)
P 9 likely overestimated).
331090 31 12
Short duration and relatively low
Adult post- 90 to 245 1 7 concentrations not expected to result in
spawning adverse effects on adults. About 75%
holding of adults remain holding in the
(July 15-Nov 15) 33 t0 90 2 7 mainstem after spawning; remainder
migrates to ocean.
Juvenile rearing 665 to 1,808 2 8
) 245 t0 665 6 9 Major stress and reduced or no growth
(y%irtr;ci)urna(:i)oarllnd (based on salmonid literature, effects
(Ma 159—Oct 15) 90 to 245 18 9 likely overestimated).
y 3310 90 37 8
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E.3.2 Proposed Action— Full Facilities Removal of Four Dams

Under the Proposed Action, full facility removal would result in the release of

1.2-2.9 million metric tons of fine sediment stored in the reservoirsinto the Klamath
River downstream from Iron Gate Dam over atwo-year period (Reclamation 2012),
resulting in higher suspended sediment concentrations than would normally occur under
existing conditions and the No Action/No Project Alternative (Figure E-3), and local,
short-term sediment deposition. SSC would begin to increase during reservoir
drawdown, prior to the deconstruction of the dams and continue to rise through the spring
runoff period as material behind the dams is mobilized downstream. Reservoir
drawdown is expected to commence in January 2020. Based on the suspended sediment
modeling conducted to analyze each aternative (including facility removal) (Reclamation
2012), suspended sediment concentrations are expected to exceed 1,000 mg/l for weeks,
with the potential for peak concentrations exceeding 5,000 mg/l for hours or days,
depending on hydrologic conditions during facility removal. The transport of this
suspended sediment load is expected to affect anadromous fish species in various ways,
in the following sections, the predicted effects of SSC on each focal fish species and
cohort (referenced by the year of birth) are analyzed to evaluate the likely effects of the
Proposed Action on anadromous fish populations in the Klamath River.

100000

Proposed Action worst case

Proposed Action most likely to occur

10000 — — — Existing extreme conditions

A Existing normal conditions
100

Concentration {(mg/1)

0.1

0.01

31720
51720 4
711120

11/30/19
123119
1/3020
3/31720
5/31120
7/31120
8/31120
9/30/20 4
10/31.20
11/3020
12/31120
1/30/21
3221
4121
5221
61721
7221
8721 A
9121
101721

10119
1031119

Figure E-3. Comparison of SSC under Proposed Action and Existing Conditions
and the No Action/No Project Alternative at Iron Gate Dam for the Two-Year
Period following Reservoir Drawdown beginning January 1% 2020, as

Predicted using SRH-1D Model.
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In the sections below, SSC predicted for the most likely and worst-case scenarios are
used to evaluate the potential effects of the Proposed Action on anadromous fish species.

E.3.2.1 Fall-run Chinook Salmon

Although fall-run Chinook salmon migrate as far upstream as Iron Gate Dam to spawn,
they are primarily distributed downstream from Selad Valley. Therefore the assessment
of effects focuses on exposure of fall-run Chinook salmon adult migrants and spawning
to suspended sediment in the mainstem downstream from downstream from Iron Gate
Dam, and downstream from Selad Valley for all other life stages.

Adult fall-run Chinook salmon in the Klamath River migrate upstream from August
through October, when suspended sediment levels are generally low, and typically take
two to four weeks to reach their spawning grounds. Under the Proposed Action, SSCin
the mainstem Klamath River during this migratory period is predicted to be nearly the
same as under existing conditions and the No Action/No Project Alternative, with the
exception that suspended sediment concentrations would be high enough to cause major
physiological stress and impaired homing in the fall immediately following removal of
the dams (2020).

Fall-run Chinook salmon spawning typically peaksin late October and substantially
declines by the end of November (Shaw et al. 1997). The SSC modeling analysis does
not account for potential effects that might result from infiltration of fine sediment into
the channel bed because no suitable measurements or models were available with which
to calculate this component; however, suspended sediment resulting from the Proposed
Action is predicted to result in 100 percent mortality of eggs and fry from all mainstem
Klamath River spawning in 2019 (Table E-14). The sediments released during dam
removal will likely be primarily conveyed as wash load and will not fall out of
suspension; however, the fraction deposited on spawning gravels will carry high
concentrations of very fine sediment. These sediments may smother the eggs by adhering
to the chorion* (Greig et al. 2005, Levasseur et al. 2006). The degree to which sediments
will adhereto the egg is affected by the properties (e.g., angularity) of the minerals within
the sediment. Sediment transport anaysis conducted by Stillwater Sciences (2008)
concluded that fine sediment infiltration is expected to be limited to the upper portion of
the bed surface, which can be readily flushed during a high-flow event after the fine
sediment supply in the former reservoir areais exhausted, or would be removed by the
redd construction activities of spawning fish in subsequent years. Therefore, since the
majority of sediment is predicted to be released within the first year following reservoir
drawdown, the effect of fine sediment from the Proposed Action on spawning successis
unlikely to persist beyond the summer of 2020.

Much of the overall effect of the Proposed Action on fall-run Chinook salmon will
depend on the relative proportion of mainstem spawners during the fall of 2019, prior to
the January 2020 initiation of facility removal. Based on redd surveys using a mark and
re-sight methodology from 1999 through 2009 (Magneson and Wright 2010), an average
of around 2,100 redds from hatchery and naturally returning adults are constructed in the
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mainstem Klamath River, which based on escapement estimates in the Klamath River
Basin from 2001 through 2009 (CDFG, unpublished data) is consistently around ~8
percent (range from 5.3 to 13.5 percent) of the total escapement in the Klamath Basin
(not including grilses). Spawner surveys conducted by USFWS (Magneson and Wright
2010) indicate that approximately half of the fall Chinook that spawn within the 82-mile
survey reach construct their redds in the 13.5-mile section between Iron Gate dam and the
Shasta River (FERC 2006) and thus would be most vulnerable to sediment released in
association with the Proposed Action. With a predicted 100 percent mortality, around
2,100 redds on average could be lost under the Proposed A ction assuming either the
mostly-likely or worst-case scenario. Assuming constructed redds are related to
escapement, this equates to around 8 percent of all anticipated redds in the basin in 2019.
Based on the proximity to the Iron Gate Hatchery, it is expected that much of the redds
affected will be of hatchery origin.

Approximately 60 percent of the fry produced by fall-run Chinook salmon in the Klamath
River exhibit the Type | life history, in which they enter the ocean within afew months of
emergencein early spring. Type | fry enter the mainstem in April and May. As
discussed in Section E.3.1.1, amaximum duration of exposure to SSC during migration
of 30 days was assumed for the analysis. Under the Proposed Action, SSC in the
mainstem will likely result in major physiological stress and reduced growth under either
the mostly-likely or worst-case scenario, which is also predicted under both normal and
extreme existing conditions and the No Action/No Project Alternative (Tables E-14 and
E-15). Prolonged exposure could affect early marine surviva by reducing growth and
thus the size at which the smolts enter the ocean (Bilton 1984). Thiswould also be
expected to be the case under existing conditions and the No Action/No Project
Alternative even in normal years, but to alesser degree. Exposure to disease or elevated
temperatures during this phase would likely result in the mortality of some portion of
these fish. Parr-smolt transformation can also be compromised in stressed juveniles
(Wedemeyer and McLeay 1981, as cited in Bash et al. 2001), and act as a potential
source of mortality.

The Type |l life history is also common (~40 percent of cohort) (Sullivan 1989). These
juveniles remain to rear in the tributaries in which they were spawned and will only be
exposed to suspended sediment in the mainstem during their outmigration to the ocean in
thefall. Under the Proposed Action, SSC would be very low, similar to existing
conditions and the No Action/No Project Alternative, unless there are worst-case
conditions in the fall after dam removal (2020), in which case SSC would be high enough
to cause moderate to major physiological stress for aperiod of one to two weeks.

Type Il life-history fish are relatively rare (<1 percent of production) in the Klamath
River fall-run population (USFWS 2001). Thesefish typically remain to rear in the
spawning tributaries and outmigrate in late winter and early spring as yearlings. Under
the Proposed Action, SSC could cause up to 20 percent mortality, and up to 100 percent
mortality in aworst-case scenario (Tables E-14 and E-15). Under existing conditions and
the No Action/No Project Alternative, suspended sediment concentrations remain in the
sublethal range (Table E-15). Based on outmigrant trapping in the mainstem Klamath
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Table E-14. Suspended Sediment Predictions for Fall-Run Chinook Salmon for most
likely Scenario (50% exceedance probability), Klamath River at Iron Gate Dam (adult
migration, spawning, incubation, and fry emergence life stages) and Seiad Valley

(juvenile rearing and outmigration life stages)

Suspended Exposure Newcombe
Life-History Stage Sediment Dupration and Jensen Effects on Production
(timing) Concentration (days) Severity
(magll) y Index

Adult upstream

migrants -
(July 15-Oct 31 0 0 0 No effect anticipated.

2020)
4,915 to 13,360 10 12 )

Spawning, 1,808 t0 4,915 14 13 Effects_ of suspended_sedlment on .
incubation. and fr spawning gravel quality were not modeled;
mcuemer once Y | 665to01,808 8 12 however, suspended sediment may result
(Oct 15 29019—Feb 245 to 665 5 11 in nearly 100% mortality of all progeny from

mainstem spawning (approximately 2,100
28 2020) 90 to 245 10 11 redds, or around 8% of production).
331090 27 10
Juvenile rearing No juvenile progeny anticipated from
(Fall 2019 through n/a n/a n/a mainstem due to impacts during incubation.
2020) All other juveniles rear in tributaries.
O 245 to 665 4 8
Typg | outmigration Major stress and reduced growth. Applies
(April 1-August 31 90 to 245 19 9 % of | producti
2020) to ~60% of total production.
331090 21 8
Type Il outmigration
(Sept 1-Nov 30 0 0 0 No effect anticipated.
2020)
1,808 to 4,915 11 10
Type Il outmigration 665 to 1,808 3 9 Major stresg, reduced growth and up to
(Feb 1-April 15 20% mortality. (0 to 189 smolts, or less
2020) 245 1o 665 11 9 than 1% of production).
90 to 245 11 8
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Table E-15. Suspended Sediment Predictions for Fall-Run Chinook Salmon for
Worst-Case Scenario (10% exceedance probability), Klamath River at Iron Gate
Dam (adult migration, spawning, incubation, and fry emergence life stages) and
Seiad Valley (juvenile rearing and outmigration life stages)

Suspended ExpoSsure Newcombe
Life-History Sediment pos and Jensen .
o h Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(magll) Index
sttlrgl_g(;itt'%q Wiw s 2 & Major stress and impaired homing for
2020) 33 to 90 58 8 migrating adults.
13,360 to 36,316 1 11
Spawning 4,915 to 13,360 18 13 Effects of suspended sediment on
incubation a{nd 1,808 to 4,915 28 13 spawning gravel quality were not modeled;
frv emer énce 665 to 1.808 17 12 however, suspended sediment may result
(())/ct 15 3019_ ! in nearly 100% mortality of all progeny from
Feb 28 2020) 245 to 665 8 11 mainstem spawning (approximately 2,100
90 to 245 20 12 redds, or around 8% of production).
331090 43 13
No juvenile progeny anticipated from
Juvenile rearing n/a n/a n/a mainstem due to impacts during
(year round) incubation. All other juveniles rear in
tributaries.
Type | 665 to 1,808 1 8
outmigration Major stress and reduced growth. Applies
(Apr 1-Aug 31 24510 665 12 9 to ~60% of total run progeny.
2020) 90 to 245 30 9
331090 30 8
Type Il 245 to 665 <1 6
outmigration 90 to 245 8 Moderate to major stress. Applies to ~40%
(Sept 1-Nov 30 of total run progeny.
2020) 33 to 90 7
4,915 to 13,360 11
Type Ii 1,808 to 4,915 17 11
outmigration 665 to 1,808 13 10 Major stress, reduced growth, and up to
(Feb 1-Apr 15 71% mortality. (Up to 669 smolts, or less
2020;) 245 10 665 18 9 than 1% of production).
90 to 245 25 9
331090 8 7

River at Big Bar, around 942,829 Chinook salmon smolts outmigrate each spring,
including both hatchery and naturally produced fish (USFWS 2001). Typelll age 1
spring outmigrants are very rare, and only 31 were observed at Big Bar in four years of
trapping, or around 0.1 percent of trap captures. Based on abundance estimates annual
average Type |11 outmigration is around 943 smolts each year. Based on model
predictions of 0 to 20 percent mortality, around O to 189 smolts could perish, or around
0.02 percent of the total fall-run Chinook salmon smolt production. This does not take
into account Type Il outmigrants during fall which are not sampled in the Klamath River,
so the actual percentage could be lower. Under aworst case scenario mortality rates of
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up 71 percent are predicted for the Proposed Action, equating to up to 669 smolts, or
around 0.07 percent of the total fall-run Chinook salmon smolt production. Based on
Sullivan (1989) the typically larger Type I11 smolts can contribute up to 4 percent of the
escapement despite their low proportion of smolt production, perhaps due to their larger
size at ocean entry (Bilton 1984). Therefore the effect on the population of mortality to
the Type I11 smolts may be proportionally higher than the effect of mortality of other life
histories.

E.3.2.2  Spring-run Chinook Salmon

Based on spring-run Chinook salmon distribution, the Proposed Action will have the
largest effect on spring-run Chinook salmon returning to or emigrating from the Salmon
River. Therefore, this assessment focuses on life stages most likely to be found in the
mainstem downstream from the Salmon River, including those that migrate to and from
the Trinity River.

Under existing conditions and the No Action/No Project Alternative, and the Proposed
Action, SSC during upstream migration would cause moderate-to-mgjor stress and
impaired homing, with duration of exposure expected to be slightly longer (2—7 days)
under the Proposed Action than under existing conditions and the No Action/No Project
Alternative. Adults migrating later in the season (July through August) are exposed to
elevated suspended sediment for less than two days under any scenario, existing or
proposed.

Spring-run Chinook upstream migration is separated into two time periods—spring and
summer. Under the Proposed Action (most-likely and worst-case scenarios), spring
migrants are expected to be exposed to higher concentrations of SSC than under existing
conditions and the No Action/No Project Alternative, leading to increased stress and
impaired homing (Table E-16). However, the duration of exposure is relatively short
(<14 days), and effects are expected to be sublethal. Behavioral responses of adult
salmon to high suspended sediment can include straying into nearby tributaries with
lower levels of suspended sediment and ceasing or delaying upstream movements when
there are no clearer waters to take refuge in (Cordone and Kelley 1961). Whitman et al.
(1982) found that adult male Chinook showed an avoidance response to their home water
when exposed to an ash suspension of 650 mg/l, but no indication that homing was
affected. Theincreased energy expenditure that may result from a delay in migration can
potentially reduce spawning success (Berman and Quinn 1991), particularly if factors
such as elevated temperatures or disease are a problem.

Around half of the observed spring Chinook salmon adults migrate relatively rapidly to
the Trinity River in the summer (~ 2 days within mainstem Klamath River). Under a
worst-case scenario, effects would be nearly identical to existing conditions and the No
Action/No Project Alternative—only 1-2 days of exposure to concentrations causing
moderate stress (Table E-17).
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Since no spring-run Chinook salmon spawning occurs in the mainstem Klamath River
under existing conditions and the No Action/No Project Alternative, the egg through fry
life stages are not anticipated to be affected by suspended sediment resulting from the
Proposed Action (Tables E-16 and E-17).

Table E-16. Predicted Suspended Sediment Concentration, Exposure Duration, and
Anticipated Effects on Spring-run Chinook Salmon for most likely Scenario (50%
exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
P . Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mgll) Index
90 1o 245 9 8 Major stress and impaired homing for adults
Adult spring to returning to Salmon River. Majority (~95% on
migration average) of adults enter Trinity River, and will be
Apr 1-Jun 30, exposed to lower concentrations. However, up to
p p p
2020)* 331090 14 7 35% of “natural” escapement returns to Salmon
River.
Adult summer
migration 0 0 0 No effect to the ~50% of the summer migrants
ul 1-Au , returning to Trinity River.
(JI1A931 i Trinity Ri
2020)
Spawning,
I;I";u:gtel?gér?:g n/a n/a n/a Spring-run do not generally spawn in the
(Sept 1 2019— mainstem.
Feb 28, 2020)
Juvenile rearing n/a n/a n/a Juveniles rear in tributaries; no effect to this life
(variable) stage is anticipated.
Type | Major stress for Type | fry (~80%) in smolt
outmigration 90 to 245 7 8 outmigration from Salmon River. Majority (~95%)
pr 1-Ma , of juveniles outmigrate from the Trinity River, an
A 1M¥31 f il i f he Trinity Ri d
2020) 33 10 90 o1 8 will be exposed to lower concentrations.
Tvoe Ii No SSC exposure, no effect for Type Il smolts
outni/ip ration from the Salmon River (~20%) during
ownstream migration. Majority (~95%) o
(Oct 1—gN0v 15 0 0 0 d igration. Majority (~95%) of
2020)3 ’ juveniles outmigrate from Trinity River and are
also exposed to no SSC from Proposed Action.
1,808 to 4,915 2 9 » .
Tvoe III Stressful conditions resulting in reduced growth
out%ip ration 665 to 1,808 17 10 and up to 20% mortality for Type Il smolts from
Jan 15—gMa 31 245 to 665 8 9 Salmon River. (around 16 smolts, less than 1%
2020)3y ’ 90 to 245 16 8 of the total smolt population from the Salmon
River).
331090 23 8 )

! Maximum duration of exposure during migration =14 days.
2 Maximum duration of exposure during migration = 2 days.
® Maximum duration of exposure during migration = 30 days
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Table E-17. Predicted Suspended Sediment Concentration, Exposure Duration,
and Anticipated Effects on Spring-Run Chinook Salmon for Worst-Case Scenario
(10% exceedance probability), for Klamath River at Orleans (RM 58)

Suspended

Life-History Sediment Exposure Newcombe
S h Duration and Jensen Effects on Production
Stage (timing) |Concentration ;
(days) Severity Index
(mgfl)
Major stress and impaired homing for
Adult sprin 24510 665 6 9 adults returning to Salmon River.
mi ragong Majority (~95% on average) of adults
(Apr f—.]un 30 90 to 245 14 8 enter Trinity River, and will be exposed to
P 2020)1 ’ lower concentrations. However, up to
3310 90 14 7 35% of “natural” escapement returns to
Salmon River.
Ad#qlit ?;trirg)r:er Impaired homing for the approximately
@ul 1g—Au 31 331090 2 7 50% of the summer migration returning
g ’ exclusively to the Trinity River.
2020)
Spawning,
incubation, and . .
fry emergence n/a n/a n/a igﬁl:gterrnn do not generally spawn in the
(Sept 1 2019 ’
Feb 28, 2020)
‘]rlé\;?inr:le n/a n/a n/a Juveniles rear in tributaries; no effect to
ring this life stage is anticipated.
(variable)
Tvpe | 245 to 665 3 8 Major stress for Type | fry (~80%) in
outm);pration 90 to 245 16 8 smolt outmigration from Salmon River.
(Apr 1—?VIa 31 Majority (~95%) of juveniles outmigrate
P 2020)3/ ! 33 to 90 34 8 from the Trinity River, and W?|| be
exposed to lower concentrations.
Type Il 90 to 245 1 7 Moderate stress for Type Il smolts from
outmigration the Salmon River (~20%) during
(Oct 1-Nov 15, 33t0 90 2 6 downstream migration. Same effects as
2020) 3 under existing conditions.
1,808 to 4,915 6 10 —— . e el
ressful conditions resulting in reduce
ou;r%?eralllt:on 665 to 1,808 30 10 or no growth and up to 36% mortality for
Jan 1%—Ma 245 to 665 16 9 Type Il smolts from Salmon River. (up to
31, 2020) 3)/ 90 to 245 25 9 28 smolts, less than 1% of the total smolt
’ population from the Salmon River).
33t0 90 30 8

! Maximum duration of exposure during migration =14 days.
2 Maximum duration of exposure during migration = 2 days.
# Maximum duration of exposure during migration = 30 days

Based on outmigrant trapping in the Salmon River from 2001 to 2006 (Karuk Tribe,
unpubl. data), around 80 percent of outmigrants are Type |, 20 percent are Type Il, and
lessthan 1 percent are Type l1l. Based on otolith analysis conducted by Olson (1996),
most adults returning to the Salmon River (~70 percent) exhibited the Type Il life history
and outmigrated during fall, and around 7 percent exhibited the Type 11 life history
despite being infrequently observed outmigrating. Juvenile spring-run Chinook of both
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Types| and Il are believed to rear in tributaries for the most part (West 1991; Dean 1994,
1995), reducing likelihood of exposure to suspended sediment in the mainstem. Type |
juveniles move from tributaries into the mainstem and continue downstream to the ocean
in April and May. Suspended sediment concentrations would cause moderate-to-major
stress during the Type | outmigration under all scenarios, both existing and proposed,
with duration of exposure 20 days under normal existing conditions and the No
Action/No Project Alternative and 28 days under the most-likely scenario of the Proposed
Action. Since a maximum exposure of 30 days was assumed for outmigration, the worst-
case scenario of the Proposed Action would be almost equivalent to extreme existing
conditions and the No Action/No Project Alternative —30 days with mgjor physiological
stress.

Under existing conditions and the No Action/No Project Alternative, and the Proposed
Action, SSC during the Type Il outmigration would cause moderate-to-major stress for
one to three days, and only under extreme existing conditions and the No Action/No
Project Alternative or the worst-case scenario of the Proposed Action.

Type Il outmigrants that overwinter in the mainstem Klamath River when SSC are
highest, or those migrating from the Salmon River (<1 percent of outmigrants within
Klamath River watershed), will have the greatest exposure to suspended sediment.
Suspended sediment conditions would cause mgor physiological stress during the Type
Il outmigration under both normal and extreme existing conditions and the No
Action/No Project Alternative, but remain in the sublethal range. Typelll age 1 spring
outmigrants are very rare (only 30 were observed in the Salmon River in five years of
trapping). Based on model predictions of 0 to 20 percent mortality under a most likely to
occur scenario, around 16 smolts would perish at worst, or less than 1 percent of the total
smolt population from the Salmon River, and an even smaller percentage of the total
production from the Klamath Basin. Under aworst case scenario mortality rates of 20 to
36 percent are predicted, or around 28 smolts at worst (<1 percent of production).
However, based on Olson (1996) the typically larger Type 111 smolts can contribute up to
7 percent of the escapement despite their low proportion of smolt production, perhaps due
to their larger size at ocean entry (Bilton 1984). Therefore the effect on the population of
mortality to the Type 111 smolts may be proportionally higher than the effect of mortality
of other life-histories. Most spring-run outmigrants (95 percent) originate from the
Trinity River; they have a shorter distance to travel to the ocean and suspended sediment
concentrations resulting from the Proposed Action should be lower due to dilution
(Reclamation 2012), so they may experience major stress, but suffer little or no mortality.

E.3.2.3 Coho Salmon

As described in Section E.3.1.3, the affects of suspended sediment on coho salmon in the
Klamath River described here follow the Williams et a. (2006) designation of nine
population units. Although coho salmon within the Upper Klamath River Population
Unit do migrate as far upstream as Iron Gate Dam, in general coho salmon are primarily
distributed within tributaries downstream from the Shasta River. Therefore, the analysis
focuses on exposure to suspended sediment within, and downstream from, Seiad Valley.
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Fish within the Upper Klamath River Population Unit upstream of Selad Valley could be
expected to be exposed to dlightly higher SSC concentrations, and fish rearing in all other
population units further downstream to lower concentrations.

Adult coho salmon enter the Klamath River between late September and mid-December,
with peak upstream migration occurring between late October and mid-November.

Based on adult migration observations in Scott River (2007-2009), Shasta River
(2007-2009), and Bogus Creek (2003—2009), on average only around 4 percent of adult
remain in the mainstem after December 15" (initiation of reservoir drawdown under the
Proposed Action) (California Department of Fish and Game, unpubl. data). In most years
all adults are observed prior to December 15", although in some years (e.g., Scott River
in 2009) most fish are observed between December 15 and January 1%. Therefore, most
adult coho should already be in tributaries when reservoir drawdown begins in January
2020 (Table E-18 and E-19), especially those returning the shorter migration distances to
the Trinity River and Lower Klamath River populations. Under the most likely and worst
case scenarios, effects of the Proposed Action on migrating adults from all population
units are anticipated to be sightly higher than those experienced under existing
conditions and the No Action/No Project Alternative, but will remain sublethal

(Table E-18 and E-19). The worst-case scenario under the Proposed Action would

differ from extreme existing conditions only in extending the duration of exposure to
elevated suspended sediment by a week.

Because coho salmon spawning in the mainstem is uncommon (Magneson and Gough
2006), it isunlikely that dam removal will directly affect egg or alevin development, with
the exception of any redds in the mainstem. Coho salmon from the Upper Klamath River
Population Unit that spawn in the mainstem, as well as their progeny, would suffer up to
100 percent mortality under either scenario of the Proposed Action (Table E-18);
however, even under existing conditions and the No Action/No Project Alternative, very
high mortality (98 to 100 percent) is expected (Table E-6 and E-7) due to the effects of
suspended sediment on these life stages (in addition to other sources of mortality);
therefore, the effects of suspended sediment resulting from the Proposed Action are
within the range of those predicted for existing conditions and the No Action/No Project
Alternative. Based on spawning surveys conducted from 2001 to 2005 (Magneson and
Gough 2006), from 6 to 13 redds could be affected, many of which are thought to be
hatchery returning fish (NOAA Fisheries 2010). Based on the range of escapement
estimates of Ackerman et al. (2006), 13 redds could represent anywhere from 0.7 to

26 percent of the naturally returning spawning in the Upper Klamath River Population
Unit, and much less than 1 percent of the natural and hatchery returns combined.
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Table E-18. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Coho Salmon for Proposed Action most likely Scenario (50%
exceedance probability), Klamath River at Seiad Valley (RM 129)

Suspended ExpOSUre Newcombe
Life-History Sediment pos and Jensen .
o ; Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mgll) Index
<
Adur::quasr::(seam 245 10 665 1 ! Major stress and impaired homing for adults
9 90 to 245 5 8 migrating upstream (~4% of all populations
(Sept 1, 2019— 9 dg p 0 pop
Jan1,2020) | 331090 20 8 exposed).
. 1,808 t0 4,915 14 13 Effects of suspended sediment on spawning gravel
Spawning ;
; : ' 665 to 1,808 11 12 quality were not modeled; however, suspended
incubation, and ’ . . .
f sediment may result in nearly 100% mortality of
ry emergence | 245 to 665 10 12 . .
(Nov 1, 2019— progeny from mainstem spawning. (~13 r_edds,_or
' 90 to 245 6 11 0.7—26% of Upper Klamath River Population unit
Mar 14, 2020)
3310 90 20 12 natural escapement).
1,808 to 4,915 10
Age-1 juveniles| 665 to 1,808 9 Reduced growth and up to 20% mortality for age 1
during winter 245 10 665 9 juveniles from the 2019 cohort rearing in the
(Nov 15, 2019- mainstem. An unknown but assumed small number
Feb 14, 2020) 90 to 245 8 (<1%) of juveniles rear in mainstem during winter.
33to 90 17 8
. . 245 to 665 7 9 Reduced growth for age 0 juveniles from 2019
Age-0 juveniles L . X .
f cohort rearing in mainstem during late spring and
during summer| 90to 245 23 9 | - %) of | les believed
(Mar 15— Nov early summer. I\/.Iajorlty. (>50%) of juveni es believe
14, 2020) 3310 90 23 8 to rear in tributaries during summer and will have no
exposure.
1,808 to 4,915 4 10 Major stress, reduced growth, and up to 20%
Age 1 juvenile | 665 to 1,808 6 9 mortality for smolts outmigrating from Upper
outmigration 245 10 665 12 9 Klamath, Mid-Klamath, Shasta River, and Scott
(Feb 15-March River populations during early spring (~44% of run).
31, 2020)" 90 to 245 20 9 (total of 2,668 smolts, 3% of all populations; impacts
33 t0 90 18 8 vary by population)
Age 1 juvenile Major stress and reduced growth for smolts
outmigration 245 to 665 4 outmigrating from Upper Klamath, Mid-Klamath,
(April 1— June Shasta River, and Scott River populations during
30, 2020) 90 to 245 19 9 late spring (~56% of run).
33t0 90 17 8

! Maximum migration duration = 20 days

Vol. I, E-43 — December 2012




Klamath Facilities Removal

Final EIS/EIR

Table E-19. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Coho Salmon for Proposed Action Worst-Case
Scenario (10% exceedance probability), for Klamath River at Seiad Valley

(RM 129)
Suspended Exposure Newcombe
Life-History Sediment Dupration and Jensen Effects on Production
Stage (timing)| Concentration Severity
(days)
(mgll) Index
Adult upstream SlE o 150 1 8 . . . .
migrants 245 to 665 7 9 Major st(ess gnd impaired horrglng for all
(Sept 1, 2019— N " 3 adults mlgratlng upstream (~4% of all
Jan 1, 2020) populations exposed).
’ 33t0 90 34 8
Spawning 4,915 to 13,360 > 12 Effects_ of suspended_sediment on
incubation, 1,808 to 4,915 26 13 spawning gravel quality were not mod_eled;
and fry ! 665 to 1,808 26 13 however,. suspended sedlment_ls predicted
emergence 245 10 665 6 2 to result in nearly. 100% mortallpy of all
(Nov 1, 2019— o progeny from mainstem spawning. (~13
Mar 14’ 2020) 90 to 245 14 12 redds, or 0.7—26% of Upper Klamath River
' 3310 90 34 12 Population unit natural escapement).
Age-1 1,808 to 4,915 24 11 . )
juveniles 665 10 1.808 24 10 Reduced _growt_h and up to 52% mortality
during winter 2 for age _1Juven|Ie_s from the 2019 cohort
(Nov 15 245 to 665 12 9 rearing in the mainstem. An gnkno_wn but
2019—Feb ’14 90 to 245 14 8 assumed small nymber of a]l Juvgnlles
2020) ! TN = = (<1%) rear in mainstem during winter.
Age-0 Reduced or no growth for age 0 juveniles
juveniles 66510 1,808 4 9 from 2019 cohort rearing in mainstem.
during summer 245 to 665 13 9 Majority (>50%) of juveniles believed to
(Mar 15-Nov 90 to 245 41 9 rear in tributaries during summer and will
14, 2020) 3310 90 52 9 have no exposure.
4,915 0 13,360 3 10 Major stress, reduced growth, and up to
Age 1 juvenile | 1,808 to 4,915 6 10 49% mortality for smolts outmigrating from
outmigration 665 to 1,808 11 10 Upper Klamath, Mid-Klamath, Shasta
(Feb 15— River, and Scott River populations during
March 31, 245 10 665 18 9 early spring (~44% of run). (up to 6,536
2020)1 90 to 245 20 9 smolts, 8% of all populations; impacts vary
33 t0 90 20 8 by population)

. . Major stress and reduced growth for smolts
AC;CJueml]ing\;(teircl)lrl]e 665 to 1,808 1 8 outmigrating from L_Jpper Klamath, Mid-
(April 1— June 245 to 665 12 9 Klamath, Shastg River, anq Scott River

30, 2020)1 90 to 245 20 9 populations during late spring (~56% of
331090 20 8 run).

! Maximum migration duration = 20 days

Although most (assumed >50 percent) fry rearing is believed to occur in tributaries, age-0
fry are observed outmigrating from tributaries in late spring and early summer. Juvenile
coho in the mainstem during the spring and summer following facility removal (2020)
would be exposed to concentrations of suspended sediment that will result in major
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physiological stress and reduced growth (possibly no growth at all) under the Proposed
Action (Tables E-18 and E-19), similar to predictions for extreme existing conditions and
the No Action/No Project Alternative (Table E-7). These effects, in addition to possible
exposure to diseases and the elevated temperatures often recorded in the mainstem
Klamath River during summer, could result in high mortality of this cohort for all
popul ations that have some rearing in the mainstem. There could also be indirect effects
on marine survival for those fish that survive the summer, but smolt at asmaller size
(Bilton et al. 1982, Hemmingsen et al. 1986).

Under existing conditions and the No Action/No Project Alternative, suspended sediment
concentrations are typically high during the winter in the mainstem Klamath River, and
predicted to cause major stress for amonth under both normal and extreme conditions
(Table E-7). Under the Proposed Action, age-1 juveniles (progeny of the 2019 cohort)
that have either successfully oversummered or moved from tributaries into the mainstem
infal, could be exposed to much higher SSC in the mainstem during the winter of
facility removal than under existing conditions and the No Action/No Project Alternative
(Table E-7), and may suffer mortality rates of up to 52 percent under a worst-case
scenario (Table E-19). However, many juvenilesin the mainstem Klamath River appear
to migrate to the lower river to rear and may avoid adverse conditions in the mainstem by
using tributary or off-channel habitats during winter, thus reducing their exposure and
potential mortality (Soto et al. 2009, Hillemeier et al. 2009), consistent with the
observation that juvenile salmonids avoid turbid conditions (Sigler et al. 1984, Servizi
and Martens 1992). This strategy may be even more pronounced under the even higher
SSC expected under the Proposed Action. Overdl, it is not known how many juveniles
rear in the mainstem during winter, but it is assumed to be a small (<1 percent)
proportion of any of the coho salmon populations.

Coho salmon smolts from the 2019 cohort are expected to outmigrate to the ocean
beginning in late February, athough most natural origin smolts outmigrate to the
mainstem Klamath during April and May (Wallace 2004). During migrant trapping
studies from 1997-2006 in tributaries upstream of and including Seiad Creek (Horse
Creek, Seiad Creek, ShastaRiver, and Scott River), 44 percent of coho smolts were
captured from February 15 to March 31, and 56 percent from April 1 through the end of
June (Courter et a. 2008). Once in the mainstem, smolts move downstream fairly
quickly (Stutzer et al. 2006). Asdiscussed in detail in Section A.2, this analysis assumes
amaximum exposure of 20 days for downstream migration. Under the Proposed Action,
concentrations would be higher during spring than under existing conditions and the No
Action/No Project Alternative, and smolts outmigrating in early spring (prior to April 1)
arelikely to suffer up to 60 percent mortality in a worst-case scenario (Table E-19).
Smolts outmigrating in late spring (after April 1) will be exposed to lower concentrations,
and may experience only slightly worse physiological stress and reduced growth rates
compared with existing conditions and the No Action/No Project Alternative, even under
aworst-case scenario.

Based on the results of outmigrant trapping by the USFWS (2001) on the mainstem
Klamath River compared with trapping in the Trinity River from 1997 to 2000 (USFWS
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2010), most (>80 percent) coho smolts originate from the Trinity River and Lower

Klamath River populations. For the mgjority of smolts produced from tributaries

downstream from Orleans, effects of the Proposed Action will be similar to existing
conditions and the No Action/No Project Alternative by late April (Figure E-4). The

overal mortality rates predicted to occur as aresult of the Proposed Action vary for each
population, and are summarized in Table E-20, based on the average smolt abundance
predicted for the 2018 brood year (age 1 smoltsin spring 2020). Smolt abundance data

are available for the Shasta River, Scott River, and Trinity River populations. Smolt

abundance datafrom all tributaries within the Upper Klamath, Mid-Klamath, Salmon and
Lower Klamath River populationsis not available, and so smolt production estimates
modeled by Courter et al. (2008) were used. Courter et a. (2008) modeled all mainstem
and tributary reaches within the Klamath Basin based on available smolt production data
and habitat conditions within tributaries, and thus comprise the most compl ete assessment
of potential smolt production available.

Table E-20. Summary of Predicted Age 1 Coho Salmon Smolt Mortality during Early
Spring Outmigration (44% of total smolt abundance) Resulting from the Proposed

Action within Coho Salmon Population Units of the Klamath River Watershed

Estimated mortality

Most Likely to Occur Scenario

Worst Case Scenario

Estimated - -
Population Unit | Total Smolt y Number PI’OpOfI’tIOﬂ lity | Number Propofrtlon
Abundance MO(rot/a)lty of Po l?lation MO(rot/a)lty of Po l?lation
0 Smolts p(%) 0 Smolts p(%)
Upper Klamath 7,675 20 676 9 49 1,655 22
River
Shasta River 1,1312 20 100 9 49 244 22
Scott River 1,300? 20 114 9 49 280 22
Mid-Klamath 20,211* 20 1,779 9 49 4,357 22
River
Salmon River 4,611 0 0 0 0 0 0
Upper Trinity
River
Lower Trinity 3,122° 0 0 0 0 0 0
River
South Fork
Trinity River
'-OWEFZ.K'ama‘h 45,861 0 0 0 0 0 0
ver
Total 83,911 2,668 3 6,536 8

! Based on Courter et al. (2008) for an average water year under existing conditions.

2 California Department of Fish and Game, unpublished data 2011. Predictions for 2018 brood year based on average of

brood year 2003, and 2006 smolt production (spring 2005 and 2008).

% Based on Scheiff et al. (2001) abundance estimates for natural production.
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Figure E-4. Proposed Action Compared to Existing Conditions and the No
Action/No Project Alternative at Orleans, as Predicted using SRH-1D Model.

Under existing conditions and the No Action/No Project Alternative, coho salmon smolts
outmigrating from the Upper Klamath River, Scott River, and Shasta River populations
currently have mortality rates (35 to 70 percent) presumably as a result of poor water
quality and disease (Beeman et al. 2007, 2008), which, in conjunction with physiological
stress and reduced growth resulting from the Proposed Action, could result in even higher
mortality in the spring of 2020.

E.3.2.4  Summer- and Winter-run Steelhead

Although steelhead do migrate as far upstream as Iron Gate Dam, they are primarily
distributed downstream from Seiad Valley; therefore, this analysis focuses on exposure to
suspended sediment in the mainstem Klamath River downstream from Seiad Valley.

Adult summer steelhead typically enter and migrate up the Klamath River from March
through June (Hopelain 1998). Under the Proposed Action, SSC would be higher than
under existing conditions and the No Action/No Project Alternative, most likely resulting
in major physiological stress and impaired homing, or up to 20 percent adult mortality
under aworst-case scenario. Based on summer steelhead surveys conducted in the
Salmon River and other tributaries to the Klamath River by the USDA Forest Service and
others from 1985 to 2009, on average around 657 adult summer steelhead migrate up the
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Klamath River to tributaries upstream of the Trinity River (USDA Forest Service,
unpubl. data; Salmon River Restoration Council, unpubl. data), with an additional 800 on
average migrating up the Trinity River (Busby et al. 1994). Under the worst case
scenario 0 to 20 percent mortality could result from the Proposed Action, resulting in
mortality of from 0 to 130 adults, or from O to 9 percent of the basin-wide escapement.
Those summer steelhead that spawn in the Trinity River (~55 percent of the run based on
escapement data) and other downstream tributaries will likely be exposed to only slightly
higher impacts from suspended sediment than under existing conditions and the No
Action/No Project Alternative.

The Proposed Action is anticipated to have a direct effect on returning adult winter
steelhead. Adults enter the Klamath River in late summer and fall, and migrate and hold
in the mainstem Klamath River through fall and winter. These adultswill likely be
exposed to much higher SSC than under existing conditions and the No Action/No
Project Alternative (Tables E-21 and E-22). Information on the abundance of winter
steelhead, which is considered to be the most abundant form, is very limited due to
logistical difficultiesin sampling adults during the winter season. The only decent long-
term data on adult returns is from hatchery returns to the Iron Gate Hatchery and Trinity
River Hatchery (Busby et al. 1994). Inagood year around 7,000 adults return to both
hatcheries, including around 3,500 to the Klamath River upstream of the Trinity River
(Busby et a. 1994). Based on USFWS (1998) periodicities assessment, on average
around 80 percent (2,800 fish) of winter steelhead migrate upstream after December 15",
and could be exposed to SSC released from the Proposed Action, athough in some years
many more fish migrate in the fall before that time. Based on predictions of up to

40 percent mortality of the adult winter run under the most-likely scenario, up to 1,008
adults, or up to 14 percent of the total run could be affected by the Proposed Action.
Under the worst-case scenario up to 71 percent mortality is predicted to occur as a result
of the Proposed Action, resulting in up to 1,988 adults, or up to 28 percent of the basin-
wide escapement. Stressed adults are also assumed to be more susceptible to disease,
possibly increasing pre-spawn mortality, unless they respond to the high turbidity by
entering tributaries earlier than usual, as was observed for upstream-migrating Chinook
and coho salmon during the September 2002 fish kill event in the lower Klamath River
(M. Belchik, pers. comm., 2008). In addition, steelhead are a highly migratory species
that regularly occur in environments with high SSCs, and therefore the predictions
described here are likely more dire than would occur.

Since no steelhead spawning occurs in the mainstem Klamath River under existing
conditions and the No Action/No Project Alternative, the egg, alevin, and fry life stages
are not anticipated to be affected by suspended sediment resulting from the Proposed
Action (Tables E-21 and E-22).

Post-spawning adults (“runbacks’) migrate downstream in the spring to return to the sea,
typically from April through May. Under the Proposed Action, SSC will be higher than
under existing conditions and the No Action/No Project Alternative, and sublethal but
major stressislikely under either scenario (Tables E-21 and E-22). If runbacks migrate
relatively quickly from their spawning tributaries to the ocean, this may overestimate the
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Table E-21. Predicted Suspended Sediment Concentrations, Durations, and
Anticipated Effects on Steelhead for Proposed Action Most Likely Scenario

(50% exceedance probability), Seiad Valley (RM 129)

Suspended c Newcombe
. . . xposure and
Life-History Stage Sediment . .
oo . Duration | Jensen Effects on Production
(timing) Concentration d ;
(ma/l) (days) Severity
Index
Adult summer 665 to 1,808 3 9 Major stress and impaired homing for
upstream migrants 245 to 665 10 9 adult migrants. The ~55% that migrate
(Mar 1-June 30, 90 to 245 25 9 to the Trinity River or tributaries further
2020) 33 10 90 18 8 downstream will not be as affected.
1,808 to 4,915 14 10
Adult winter upstream 665 to 1,808 11 10 Major stress, impaired homing, and up
migrants to 36% mortality for adult migrants. (Up
(Aug 1 2019—Mar 31, 245 10 665 1 9 to 1,008 adults, or up to 14% of the
2020) 90 to 245 7 8 total escapement).
331090 20 8
245 to 665 1 8 Moderate to major stress to
downstream-migrating adults during a
- 90 to 245 17 8
AU T T2 S two-week period; effect will depend on
(Apr 1-May 30, 2020) S S =T ;
3310 90 8 7 timing of outmigration in relation to
suspended sediment pulse.
Half-pounder 24510 665 8 Major stress and potentially impaired
residence g S A -
90 to 245 8 homing. Majority remain in tributaries
(Aug 15, 2019-Mar d will not be affected
31, 2020) 33 to 90 13 and will not be affected.
Spawning through
emergence Spawning occurs in tributaries; no
(Dec 1, 2019-June 1, i i e effect.
2020)
Age 0 juvenile rearing 245 to 665 7 9 Major stress and reduced growth.
(Mar 15—-Nov 14, 90 to 245 23 9 Around 40% rear in tributaries and will
2020) 3310 90 23 8 not be affected.
1,808 to 4,915 14 11
665 to 1,808 11 10 Major stress resulting in reduced
Age 1 juvenile rearing growth and up to 52% mortality. (Up to
(year-round) 25 B8 1 2 8,200 juveniles or around 14% of total
90 to 245 25 9 age 1 production).
331090 25 8
1,808 to 4,915 14 11
. . . 665 to 1,808 11 10 Major stress resulting in reduced
Age 2 juvenile rearing ’ o .
(Nov 15, 2019—Mar 245 t0 665 11 g |growinandup to 52% mgrlta[j/ty' (b to
31, 2020) 6,893 juveni es or aroun 3% of total
' 90 to 245 7 8 age 2 production).
331090 17 8
Juvenile/smolt 245 10 665 4 8 Major stress and reduced growth.
outmigrants Around 57% outmigrate from Trinity
(Apr 1-Nov 14, 2020) Ol 28 1 2 River and will have less exposure.
331090 22 8
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Table E-22. Predicted Suspended Sediment Concentrations, Durations, and
Anticipated Effects on Steelhead for Proposed Action Worst-Case Scenario (10%
exceedance probability), Seiad Valley (RM 129)

. . Suspended Exposure Newcombe
Life-History Stage Sediment ] .
> . Duration and Jensen Effects on Production
(timing) Concentration ;
(days) Severity Index
(mgfl)
1,808 to 4,915 <1 9 WP ) el q
ajor stress, impaired homing, an
Adult summer 665 to 1,808 8 10 i
. 2 up to 20% mortality for adult
U(F)l\igfir_nJlTr:grggts 245 to 665 18 9 migrants. (From O to 130 adults, or
2020) ’ 90 to 245 a1 9 from 0 to 9% of the basin-wide
Y0 = 5 escapement).
0
4,915 to 13,360 5 11
Adult winter 1,808 to 4,915 26 11 Major stress, impaired homing, and
upstream migrants 665 to 1,808 26 10 up to 71% mortality for adult
(Aug 1 2019-Mar migrants. (Up to 1,988 adults, or up
31, 2020) 245 to 665 17 9 to 28% of the basin-wide
90 to 245 20 8 escapement).
331090 34 8
665 to 1,808 1 8
,(Aﬁ;rltlrg&ﬁjglés 245 10 665 10 9 Major stress to downstream-
2020) ’ 90 to 245 32 9 migrating adults.
331090 25 8
1,808 to 4,915 9
H?elfs-%oeunr:ier 665 to 1,808 2 9 Major stress and reduced growth.
(Aug 15 2019—Mar 245 to 665 11 9 Majority remain in tributaries and will
31, 2020) 90 to 245 18 8 not be affected.
331090 30 8
eigﬁg\;’\;nrlzg_(gic n/a n/a n/a Spawning occurs in tributaries; no
1-Jun 1, 2020) effect.
Age 0 iuvenile 665 to 1,808 4 9
g reefring 245 to 665 13 9 Major stress and reduced growth.
(]
(Mar 15-Nov 14 Around 40% rear in tributaries and
2020) ' 90 to 245 41 9 will not be affected.
331090 52 9
4,915 to 13,360 5 11
Ade 1 iuvenile 1,808 to 4,915 26 11 Major stress resulting in reduced
9 rez;rin 66510 1,808 26 10 growth and up to 71% mortality. (Up
(year-rougnd) 245 0 665 18 9 to 1I1,2071juvercljiles_or)around 19% of
total age 1 production).
90 to 245 41 9
3310 90 52
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Table E-22. Predicted Suspended Sediment Concentrations, Durations, and
Anticipated Effects on Steelhead for Proposed Action Worst-Case Scenario (10%
exceedance probability), Seiad Valley (RM 129)

Suspended Exposure Newcombe
Life-History Stage Sediment pos .
o . Duration and Jensen Effects on Production
(timing) Concentration ;
(ma/l) (days) Severity Index
4,915 to 13,360 5 11
Age 2 juvenile 1,808 to 4,915 26 11 Major stress resulting in reduced
rearing 66510 1,808 26 10 growth and up to 71% mortality. (Up
(Nov 15 2019-Mar 245 to 665 17 9 to 9,412 juveniles or around 18% of
31, 2020) 90 10 245 20 9 total age 2 production).
331090 28 8
Juvenile/smolt 665 to 1,808 1 8 Major stress and reduced growth.
outmigrants 245 to 665 12 9 Around 57% outmigrate from Trinity
(Apr 1-Nov 14, 90 to 245 39 9 River and will .have less exposure
2020) 3310 90 52 9 and no mortality.

duration of their exposure to sediment in the mainstem. There are little dataon
downstream-migrating steelhead in the Klamath with which to understand potential
consequences of exposure to suspended sediment during this life-history phase.

Adult summer-run half-pounders typically enter the mainstem and hold from around mid-
August through March, and thus would be affected by the Proposed Action during the
winter of 2020. Half-poundersin the mainstem upstream of the Trinity River could be
exposed to higher SSC than under existing conditions and the No Action/No Project
Alternative, with major physiological stress predicted under either scenario (Tables E-21
and E-22). However, an unknown proportion of half-pounders are observed to hold in
the Trinity River or other tributaries, and these fish will not be affected.

Juvenile steelhead rear in the mainstem Klamath River, tributaries to the Klamath, or the
estuary. Since most (>90 percent) juvenile steelhead smolt at age-2, those juveniles
leaving tributaries to rear in the mainstem will be exposed to elevated suspended
sediment concentrations resulting from the Proposed Action through both winter and
spring. Based on capturesin tributaries and the mainstem, it appears than around 40
percent of the population rearsin tributaries until age-2 (Scheiff et al. 2001), and will
only be susceptible while outmigrating. The approximately 60 percent of the rearing
population that outmigrates from tributaries as age-0 or age-1 and rears for extended
periods in the mainstem upstream of Trinity River would likely be exposed to much
higher SSC than under existing conditions and the No Action/No Project Alternative,
with mortality rates up to 100 percent in aworst-case scenario (Tables E-21 and E-22).
Table E-23 summarizes the total number of rearing steelhead of each class within the
Klamath River estimated based on migrant trapping datafrom the Trinity River at
Willow Creek and the Klamath River at Big Bar from 1997 to 2000 (Scheiff et a. 2001).
Mortality estimates in Table E-23 were based on the extrapol ated estimates of abundance
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for each class within the Klamath River, as compared to the average total production
estimated in both the Klamath and Trinity river trap locations, and assuming around

40 percent of juveniles rear within tributaries and will not be exposed. This estimate does
not consider juveniles produced from tributaries downstream from the Trinity River, and
thus the actual rate of mortality would be lower than estimated here. It does appear that
many of these juveniles avoid conditions in the mainstem by using tributary and
off-channel habitats during winter, which would reduce their exposure (Soto et al. 2009,
Hillemeier et a. 2009), consistent with the observation that juvenile salmonids avoid
turbid conditions (Sigler et a. 1984, Servizi and Martens 1992). Most smolts outmigrate
in the fall, so many juveniles should aready be in the estuary or ocean when initial pulses
in sediment occur, or they may migrate out of the mainstem later in the winter after
concentrations decrease.

Table E-23. Summary of Steelhead Juvenile Rearing Abundance and
Estimated Mortality Resulting from the Proposed Action

Age 0 Age 1 Age 2 and older
Klamath | Trinity Klamath Trinity Klamath Trinitv River
River River River River River y
Average juvenile 4217 | 13,384 | 15,784 20,445 13,256 17,401

abundance

Most-likely to occur scenario

Estimated mortality

0% 0% 52% 0% 52% 0%
rate
Mortality estimate 0 0 8,208 0 6,893 0
Percentagelof total 0% 0% 14% 0% 13% 0%
production

Worst-case scenario

Estimated mortality

rate 0% 0% 71% 0% 71% 0%
Mortality estimate 0 0 11,207 0 9,412 0
Percentage_of total 0% 0% 19% 0% 18% 0%

production

Under the Proposed Action, steelhead outmigrating in spring as age-2 smolts from
tributaries higher in the basin will likely be exposed to suspended sediment for longer
than under existing conditions and the No Action/No Project Alternative, with major
physiological stress predicted for both scenarios (Tables E-21 and E-22). Based on
migrant trapping data from the Trinity River at Willow Creek and the Klamath River at
Big Bar from 1997 to 2000 (Scheiff et a. 2001) approximately 57 percent of smolts
outmigrate from the Trinity River, and will be exposed to SSC similar to those under
existing conditions and the No Action/No Project Alternative.

E.3.2.5 Pacific lamprey
Based on Pacific lamprey distribution, the impacts of the Proposed Action will be highest
on those lamprey returning to or emigrating from mid-Klamath River tributaries such as
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the Scott River; therefore, this analysis focuses on exposure to suspended sediment in the
reach downstream from Seiad Valley.

Thereislittle to no literature on the effects of suspended sediment on lamprey. This
analysis used the effects of suspended sediment on salmonids to predict effects on
lamprey, with the assumption that effects on lamprey are equivalent or less severe than
on salmonids. In general, most life stages of Pacific lamprey appear more resilient to
poor water quality conditions than salmonids (Zaroban et al. 1999), so thisislikely a
conservative assessment of potential effects.

Anadromous Pacific lamprey enter the Klamath Basin throughout the year, although their
numbers peak in early winter, and thus alarge proportion of adults could be directly
affected by suspended sediment resulting from the Proposed Action in winter and early
spring, with possibly up to 40 percent mortality under a most-likely scenario, and up to
100 percent under a worst-case scenario (Tables E-24 and E-25). Approximately

44 percent of Pacific lamprey are believed to spawn in the Trinity River basin (Scheiff

et a. 2001). Theseindividualswill be exposed to lower SSC, while those adults
returning in fall, summer, or late spring will avoid exposure to the highest suspended
sediment concentrations likely to result from the Proposed Action.

Pacific lamprey ammocoetes rear for a variable number of years before outmigrating to
sea; therefore, suspended sediment resulting from the Proposed Action has the potential
to affect multiple year-classes of the population (Tables E-24 and E-25). Lamprey are
reported to have an intermediate level of tolerance to increased sedimentation and
turbidity (Zaroban et a. 1999), but it is not known how changes in suspended sediment
affect ammocoete survival. Juvenile salmonids would have mortality rates of

60-100 percent under aworst-case scenario (Tables E-24 and E-25), but because Pacific
lamprey ammocoetes rear in burrows in fine sediment, they may tolerate spikesin
suspended sediment resulting from the Proposed Action, although excessive
sedimentation from the settling out of suspended fines could possibly smother
ammocoetes in some areas. Ammocoetes are filter-feeders, so at a minimum reduced
growth rates might be expected from elevated suspended sediment, and it is assumed that
mortality will be higher than under existing conditions and the No Action/No Project
Alternative. However, the broad spatial distribution of lamprey in the Klamath Basin,
including mid-Klamath River tributaries such as the Scott River, and the fact that

~44 percent of adults return to the Trinity River, should mean that alarge portion of the
rearing ammocoete popul ation will escape impacts from the Proposed Action.

Juvenile lamprey (ages 2 to 10) outmigrate to the ocean from the mainstem Klamath
River and tributaries rear-round, with peaksin late spring and fall. Exposure to
suspended sediment from the Proposed Action is only slightly higher during the spring
migration than under existing conditions and the No Action/No Project Alternative and
the same as existing conditions and the No Action/No Project Alternative during fall
(Tables E-24 and E-25).
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Table E-24. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Pacific lamprey for Proposed Action Most Likely
Scenario (50% exceedance probability), for Klamath River at Seiad Valley (RM 12)

Suspended Exposure | Newcombe and
Life-History Sediment pos . .
oo h Duration Jensen Severity Effects on Production
Stage (timing) Concentration
(days) Index
(mgl)
1,808 to 4,915 14 10
Major stress, reduced growth,
A .
Adult upstream 665 to 1,808 11 10 an_d up to I?d/olmort_allty_for_adlult
migration and migrants. ults migrating in late
. 245 to 665 13 9 spring and summer exposed to
spawning | sSsC |
(all of 2020) ower 5L, as aré 'lamprey
90 to 245 25 9 returning to lower river tributaries
such as the Trinity River.
33t0 90 25 8
1,808 to 4,915 14 11
665 to 1.808 11 10 Major stress, reduced growth,
Ammocoete ’ and up to 52% mortality for
rearing 245 to 665 13 9 multiple year classes. Majority
(all of 2020) rear in tributaries and will not
90 to 245 25 9 suffer mortality.
331090 25 8
Spring_ 90 to 245 10 8 . . .
outmigration Major stress for all juveniles
(May 1-June 30, during spring outmigration.
33t0 90 16 8
2020)
Fall/winter 90 to 245 2 7
outmigration Moderate stress for all juveniles
(Sept 1-Dec 31, during spring outmigration.
33t0 90 4 7

2020)
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Table E-25. Predicted Suspended Sediment Concentration, Exposure Duration, and
Anticipated Effects on Pacific Lamprey for Proposed Action Worst-Case Scenario
(10% exceedance probability), for Klamath River at Seiad Valley (RM 129).

Suspended Exposure | Newcombe and
Life-History Sediment pos . .
> . Duration |Jensen Severity Effects on Production
Stage (timing) Concentration (days) Index
(mg/1) Y
4,915 to 13,360 5 11 Major stress, reduced growth, and
up to 71% for adult migrants.
Adult upstream 1.80810 4,915 26 11 Adult migrating during late spring
migration and 665 to 1,808 26 10 and summer are exposed to lower
Spawnin concentrations of SSC, as are
(al?of 202%) 245 10 665 18 lamprey returning to lower river
90 to 245 41 tributaries such as the Trinity
River, and thus should avoid
33t0 90 52 8 mortality
4,915 to 13,360 5 11
1,808 to 4,915 26 11 Major stress, reduced growth, and
Ammopoete 665 to 1,808 26 10 up to 71% mortali.ty for multiple
rearing year classes. Majority rear in
(all of 2020) 245 10 665 18 9 tributaries and will not suffer
90 to 245 41 9 mortality.
33t0 90 52 9
SuEe S 665 to 1,808 <1 7
outmigration 245 to 665 9 9 Moderate to major strgss ar!d
(May 1-June 30 reduced growth for all juveniles
y 2020) ’ 90 to 245 26 9 during spring outmigration
33to 90 30 8
Juvenile 665 to 1,808 1 8
oL?rl:w/\iglrr;tt?cr)n 245 to 665 3 8 Major stress for all juveniles during
(Sept 1 2020— 90 to 245 6 8 spring outmigration
Dec 31, 2020) 331090 18 8

E.3.2.6

Green Sturgeon

Based on green sturgeon distribution, the Proposed Action will have the highest potential

effect on green sturgeon within the Klamath River downstream from Ishi Pishi Fals (i.e.,

downstream from the Salmon River and Orleans; RM 66); therefore, this analysis focuses
on exposure of green sturgeon to suspended sediment in this reach.

Very little information is available on the effects of suspended sediment on sturgeon.
This assessment is based on available information of the effects of suspended sediment
on salmonids, with the assumption that effects on sturgeon are equivalent or less severe
than on salmonids. Most life stages of sturgeon are more resilient to poor water quality
conditions than salmonids, so thisis likely a conservative assessment.

Adult green sturgeon enter the Klamath River beginning in mid-March, and under the
Proposed Action are likely to be to exposed to long durations of high SSC, that would
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result in reduced growth and major physiological stressin salmonids under aworst-case
scenario for the Proposed Action (Tables E-26 and E-27). Green sturgeon typicaly go
for long periods without feeding during their spawning migration, and generally feed on
benthic organisms detected in fine sediments by their sensitive barbels, both of which
traits would likely reduce the impacts of suspended sedimentation on the speciesin terms
of feeding ability (EPIC et a. 2001, as cited in CDWR 2003). Green sturgeon in the
Klamath River spawn an average of every four years (occasionally males spawn every
two years) (McCovey 2010), which is consistent with spawning return intervals observed
in the Rogue River (Erickson and Webb 2007; D. Erickson, Fisheries Biologist, PEW
Institute for Ocean Science, pers. comm., August 2008). The result of thislife history
pattern is that up to 75 percent of the mature adult population (as well as 100 percent of
sub-adults) can be assumed to be in the ocean during 2020 and avoid effects associated
with the Proposed Action.

Another behavior that may influence the effects of the Proposed Action is that green
sturgeon appear to forego spawning migrationsif environmental conditions are less than
optimal (CALFED 2007). Webb and Erickson (2007) observed that some of the mature
adults that entered the Rogue River returned downstream without spawning, and this
behavior has also been observed in white sturgeon (J. Van Eenennaam, pers. comm.,
2008). Some adults may turn back upon encountering high suspended sediment
concentrations resulting from the Proposed Action and not compl ete their spawning
migration, or may enter later in the spring when concentrations are expected to be lower.
Such behavior has not been documented in the Klamath River, however (J. Isradl,
Research Associate, University of California Department of Animal Science, pers.
comm., 2008).

Green sturgeon are broadcast spawners that lay thousands of adhesive eggs that settle into
the spaces between cobbles (Moyle 2002). The Proposed Action may affect the
spawning, egg, and larval stagesin avariety of ways, based on the limited information
available. Itisgenerally believed that silt can prevents eggs from adhering to one
another, reducing egg viability (EPIC et al. 2001, as cited in CDWR 2003). Fine
sediment deposition on the channel bed may reduce availability of exposed cobble
surfaces for eggs to adhere to, and incubating eggs could be exposed to higher SSC for
longer periods than under existing conditions and the No Action/No Project Alternative.
Although 100 percent mortality is predicted for salmonids under the Proposed Action
(Tables E-26 and E-27), it is aso predicted under existing conditions and the No
Action/No Project Alternative, and clearly does not occur every year. Fine sediment
deposition resulting from the Proposed Action could reduce production from the
mainstem to an unknown degree (J. Van Eenennaam, pers. comm., 2008). Spawning of
green sturgeon is common downstream from the confluence with the Trinity River, where
SSC should be similar to existing conditions and the No Action/No Project Alternative.
Production from the Trinity River, which is estimated to be around 30 percent of total
production from the Klamath Basin (Scheiff et al. 2001), will be unaffected by the
Proposed Action in 2020. In addition, production from the Salmon River in 2020, which
isoccasionally quite high, will be unaffected by the Proposed Action.
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Table E-26. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Green Sturgeon for Proposed Action Most Likely
Scenario (50% exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Stage Sediment pos .
P . Duration and Jensen Effects on Production
(timing) Concentration :
(days) Severity Index
(mgll)
. Major stress for adult migrants and
90 to 245 14 8
AU TEETS spawners. Around 75% of mature
il s Uy 1o adult population not expected to
VD) 331090 28 8 migrate in 2020.
Up to 76% mortality for all
Incubation and 90 to 245 9 11 mainstem production. Around 30%
emergence of production is from Trinity River,
(April 1-Aug15, and will be unaffected. Assessment
2020) 33t0 90 27 12 based on salmonid literature,
effects likely exaggerated.
Adult post-
spawning holding -
(Jul 15-Nov 15, 0 0 0 No effects anticipated.
2020)
1,808 to 4,4915 2 9
Juvenile rearing 665 to 1,808 17 10 Reduced growth and up to 20%
(year-round) and 245 t0 665 9 9 mortality. Around 30% of juveniles
outmigration (May rear in the Trinity River and will not
15-Oct 15, 2020) 90 to 245 18 9 be affected.
33t0 90 28 8
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Table E-27. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Green Sturgeon for Proposed Action Worst-Case
Scenario (10% exceedance probability), for Klamath River at Orleans (RM 58)

Suspended Exposure Newcombe
Life-History Stage Sediment pos .
> . Duration and Jensen Effects on Production
(timing) Concentration ;
(days) Severity Index
(mg/l)
Adult migrants | 570 : | adul migrants and spawners. -
(Mar 15-July 15, 90 to 245 29 9 7504 fgd | | P :
2020) 6 of adult population not
33t0 90 62 8 expected to migrate in 2020.
245 t0 665 6 11 95% mortality for all mainstem
Incubation and production. Around 30% of
emergence production is from Trinity River, and
(April 1-Aug15, 9010245 29 12 will be unaffected. Assessment
2020) based on salmonid literature, effects
331090 58 13 likely exaggerated.
Short duration and relatively low
Adult post- 90 to 245 2 7 concentrations not expected to result
spawning holding in adverse effects on adults. About
(July 15—-Nov 15, 75% of adults remain holding in the
2020) 33t0 90 4 7 mainstem after spawning; remainder
migrate to ocean.
1,808 to 4,915 6 10
Juvenile rearing 665 to 1,808 32 10 Reduced growth and up to 36%
(year-round) and mortality. Around 30% of juveniles
outmigration (May 24510 665 e 9 rear in the Trinity River and will not
15-Oct 15, 2020) 90 to 245 29 9 be affected.
33t0 90 62 9

After spawning, around 25 percent of green sturgeon return directly back to the ocean
(Moyle 2002), and the remainder hold in mainstem poolsin the Klamath River from RM
13 to RM 65 through November. Benson et a. (2007) found that after spawning, most
sturgeon held in deep poolsin the mainstem Klamath and Trinity rivers from June
through November for an average of 150-170 days (range = 116-199 days). Benson et
al. (2007) reported that the majority of post-spawning adults outmigrated in the fall and
winter after summer holding, and appeared to be triggered by increasing discharge. SSC
related to the Proposed Action prior to adult downstream migration is predicted to be
similar to existing conditions and the No Action/No Project Alternative, with no
associated effects anticipated, even under a worst-case scenario.

Juvenile green sturgeon may rear for one to three years in the Klamath River system
before they outmigrate to the estuary and ocean (NRC 2004, FERC 2006, CALFED
2007), usually during summer and fall (Emmett et a. 1991, as cited in CALFED 2007).
Green sturgeon juveniles are reported to have rapid growth, and are capable of entering
the ocean at young ages (Allen and Cech 2007, as cited in Klimley et al. 2007). Rearing
for more than one year israrely observed in the mid-Klamath River (M. Belchik, pers.
comm., 2008), but at least some juveniles may rear for additional months or yearsin the
lower river and the estuary before migrating to the ocean. Under the Proposed Action,
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juveniles of the 2019 cohort rearing downstream from Orleans in 2020 are anticipated to
be exposed to higher SSC for longer periods than under existing conditions and the No
Action/No Project Alternative (Table E-12). These exposures would be expected to
result in no growth and up to 40 percent mortality for juvenile salmonids under a worst-
case scenario (Tables E-26 and E-27). However, juvenile green sturgeon exposed to high
suspended sediment in the Connecticut River showed no apparent physiological stress,
despite the fact that several other sturgeon species suffered gill infections during these
same events (B. Kynard, pers. comm., 2008). Juvenile rearing is common downstream
from the Trinity River, where SSC will be similar to existing conditions and the No
Action/No Project Alternative. Juvenilesrearing in the Trinity River, which may
represent ~30 percent of the total production in the Klamath Basin (Scheiff et al. 2001),
will be unaffected by the Proposed Action in 2020. In addition, any juvenilesrearingin
the Salmon River in 2020, which also occasionally has abundant production, will be
unaffected by the Proposed Action.

E.4 Klamath River Estuary

Estuary fish species regularly documented to occur in the Klamath River estuary (Moyle
2002) include:

Pacific herring (Clupea pallasii)
Longfin smelt (Spirinchus thal eichthys)
Eulachon (Thaleichthys pacificus)
Topsmelt (Atherinops affinis)

Shiner perch (Cymatogaster aggregata)
Arrow goby (Clevelandia ios)

Starry flounder (Platichthys stellatus)

Under existing conditions and the No Action/No Project Alternative, SSC within the
Klamath River Estuary isrelatively high, the lower Klamath River downstream from the
Trinity River confluence (RM 40.0) to the estuary mouth (RM 0.0) is currently listed as
sediment impaired under Section 303(d) of the Clean Water Act, as related to protection
of the cold freshwater habitat (COLD) beneficial use associated with salmonids (SWRCB
2006, NCRWQCB 2010) (Section 3.2.3.3). Under the Proposed Action sediment will be
released from Iron Gate Dam, and will decline in concentration in the downstream
direction as aresult of accretion from downstream tributaries. As aresult, the magnitude
of SSC from the Proposed Action relative to existing conditions and the No Action/No
Project Alternativeis at its lowest level in the Klamath River Estuary (Figure E-5).
Therefore effects on aguatic species from SSC within the estuary are not anticipated to be
distinguishable from existing conditions and the No Action/No Project Alternative.
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Figure E-5. Comparison of SSC at Klamath Station (RM 5) under Existing
Conditions and the Proposed Action, as Predicted Using SRH-1D Model.

E.5 Pacific Ocean near Shore Environment

Many aguatic species occur within the nearshore environment in the vicinity of the
Klamath River. Under existing conditions there exists a*“ plume”’ within the nearshore
environment in the vicinity of the Klamath River that is subject to strong land runoff
effects following winter rainfall events. Thisincludeslow-sdlinity, high levels of
suspended particles, high sedimentation, and low light (and potential exposure to land-
derived contaminants). The extent and shape of plumeisvariable, and influenced by
wind patterns, upwelling effects, shoreline topography (especially Point Saint George),
and alongshore currents. High SSC events contribute to the plume, especially during
floods (Figure E-6). In astudy of the Eel River nearshore sediment plume, located
approximately 80 miles to the south of the Klamath River, in situ measurements of plume
characteristics indicated no relationship with suspended sediment concentration,
turbulent-kinetic-energy, time from river mouth, wind speed, wave height, or discharge
(Curran et al. 2002). A relationship apparently did exist between effective settling
velocity (bulk mean settling velocity) of plume sediments and wind speed/direction, as
well aswith tides (Curran et a. 2002). In contrast to the lower Klamath River, model ed
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short-term suspended sediment concentrations following dam removal are not available
for the nearshore marine environment adjacent to the Klamath River. Substantia dilution
of the high (>1,000 mg/L) mainstem river suspended sediment concentrations is expected
to occur in the nearshore under the Proposed Action; based on data from 110 coastal
watershedsin California[1], where nearshore SSC were measured at >100 mg/L during
the El Nino winter of 1998 (Mertes and Warrick 2001), peak SSC |leaving the Klamath
River estuary may be diluted by 1-2 orders of magnitude from >1,000 mg/L to >10-100
mg/L. However, considering that dilution of high wintertime SSC |oads occurs under
existing conditions as well, the magnitude and extent of the sediment plume under the
Proposed Action islikely to be greater than that of the No Action/No Project Alternative.
Thiswould potentially increase the rate of sediment deposition to nearshore benthic
sediments. Overall, any elevations in SSC associated with the Proposed Action are not
anticipated to have effects on species distinguishable from existing conditions.

Figure E-6. River Plumes for Rivers in the Vicinity of the
Klamath River during Typical Winter Conditions.
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