Appendix C
Water Quality Supporting Technical
Information

C.1 Water Temperature

C.1.1 Upper Klamath Basin

C.1.1.1 Wood, Williamson, and Sprague Rivers

The Williamson River, the Sprague River and their major tributaries are listed as
impaired under Section 303(d) dktClean Water ActQWA) for water temperature
based upon the 18°C (64.4°F) criteria for salmon and trout re@megdnDepartment of
Environmental QualityQDEQ] 1998;see Klamath Facilities Removahvironmental
Impact Statement/Environmental Impact@e EIS/EIR) Section 3.2Table 3.28). For
waters supporting redband cutthroat trout, the temperature criteriondayaakerage
maximum temperature of 20°C (6349seeSection 3.2Table 3.28).

Mainstemwater temperaturi the Williamson and Spgue rivers have maximum values
(21°C [70F]) during May October ODEQ 2002, Attachment 1). Exposure to solar
radiation during summer and early fall months heats surface water rapidly in headwater
meadows of the Williamson Rivebévid Evans and Associa¢DEA] 2005. Heat

energy is dissipated through turbulence occurring downstream of small impoundments
and meadows on these rivers, and localized cooling from groundwater springs has been
indicated along the mainstem Williamson and Sprague rivers. Spreek, Larkin

Springs, Wickiup Spring, Williamson River Spring and Kamkaun Spring are examples of
large groundwater sources that appear to have a significant cooling effect on surface
waters inthese tributaries to Upper Klamath LakgDEQ 2002, Attachmeinl).

Seasonal irrigation withdrawabndagricultural return flowsncrease mainstem stream
temperatureduring summer timedepending upon relative flow volume aaid

temperature. Widespread removal of riparian vegetation and alterations to channel
morphology also increasaimmeiwater temperatures in the Williamson and Sprague
rivers While the Upper Klamath Lak€otal Maximum Daily Load TMDL) andwater

guality management plamere completed i2002 the Williamson and Sprague rivers

will retain their water quality limited status until theghievewater quality standards.

The Wood River is listed as attaining cold water fish rearing temperature (18°E[p64.4
from River Mile RM) 0i 17.9 ODEQ2002, Attachment 1). Wood River originates from
a groyp of springs near Fort Klamath and stream flow is mostly groundwatered.
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Campbell et al. (1993) report yelmund headwater stream temperatures af44PC
(40.5 45°F) and water entering Agency Lake at 288°C (3662°F).

C.1.1.2 Upper Klamath Lake

Watertemperatures in Upper Klamath Lategularlyexceed 20°C (68°F) during July and
Augustbased on data collectsthce 1990 (Kann 2010). The mean depth of the lake is
relatively shallow, at 8 feet when the lake level is at mean summer elevg262.6 m
[4,141.3 f}; Gearhart et al. 1995), increasing the effect of solar radiation on lake
temperatures beyond that of deeper lakes. Upper Klamath Lake undergoes periods of
intermittent, weak stratification (Kann and Walker 1999), which has implications for
dissolved oxygen and pH (Wood et al. 2006). As described above, water inputs from the
Williamson River exceed 20°C (68°F) during the summer moktis Geologic Survey
[USGS] Data Grapher 2010). Groundwater discharges providing cooler water directly to
the lake appear to have little effect on overall water temperature, with the exception of
springs in or near Pelican Bay on the northwest side of the lake.

C.1.1.3 Link River Dam to Klamath River upstream of J.C. Boyle Reservoir

The Upper Klamath River is listed sspaired under Section 303(d) of the CWA for
summertime water temperatuseé Section 3,2 able 3.28). Weekly measurements in
2007 in the Link River and upper Keno Impoundment reveal maximum temperatures of
23°C (73.4°F) in mido-late summer (AppendiB in Sullivan et al. 2008). Keno
Impoundment exhibits a weak, intermittent stratification during the summer months, with
maximum water temperatures exceeding 25°C (77°F) (Deas and Vaughn 2006).
Recorded average monthly temperatures (R20Q@4) in Keno inpoundment are 22.4°C
(72.3°F) in July, 20.8°C (69.4°F) in August and 18.0°C (64.4°F) in SepteneblerdF
EnergyRegulatoryCommission [FERCR007). Average monthly temperatures reported
by PacifiCorp downstream of Keno Dam are 23.2°C (73.8°F), 2171°CQ°F), and

16.9°C (62.4°F) during July, August, and September (ZIM4), respectively (FERC
2007), exceeding Oregon water quality objectives for core coldwater habitat (16°C
[60.8°F]) cee Section 3,Zable 3.23). Similarly, during 2009, summer wate
temperatures downstreamkéno Dam were generally greater than 16°C (60.8°F) from
Juné September, with peak temperatures exceeding 26°C (78.8°F)-iiulsite
(Watercourse Engineering, Inc. 2011).

C.1.1.4 Hydroelectric Reach

The Hydroelectric Reach spans the gané California state line; both states include this
reach on their Section 303(d) lists of impaired waters for water tempersggr&¢ction
3.2 Table 3.28). During summer months, maximum weekly maximum temperatures
(MWMTS) in the Hydroelectric Reaafegularly exceed the range of chronic effects
temperature thresholds (12)°C [55.4 68°F]) for full salmonid suppofNorth Coast
Regional Water Quality Control BoarMCRWQCH 201Q Kirk et al. 2010.
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In general, \ater temperatures in this reach followemsonal pattern, wittvaerage

monthly water temperaturé®m MarchthroughNovember ranigg from just over 5°C
(41°F)in Novemberto more thar22°C(71.6°F)duringJune through Augu¢FERC

2007) Winter water temperaturésroughout the reacre largéy driven by the
temperature of river inflows (Deas and Orlob 1998) the summerhe relatively

shallow J.C. Boyle Reservoir (like the upstream Keno Impoundment) does not exhibit
long-term thermal stratification, with a typical vertical temperaturietbhce of less than
2°C (3.6°F) in the water column (FERC 2007; Raymond 2008, 2009,.2010)
Downstream of J.C. Boyle Dam, at approximatei 224.7, watefrom cool

groundwater springs at a relatively constant 11 to 123@ to 53.8F) mixes with river
water that can exceed 250C7°F) in July and Augus(Kirk et al. 2010). When combined
with peaking flows from the upstream J.C. Boyle Powerhouse, the groundwater springs
create a unigusummertimaemperature signal on the Klamath River downstream of J.C
Boyle Dam; norpeaking flows are dominated by the cooler spring water while peaking
flows are dominated by warmer water from reservoir discharges (PacifiCorp 2006, Kirk
et al. 2010)

Within and downstream of Copco 1 Reservagirjrsg, summer and fall teperaturesn

the Hydroelectric Reaclre heavily influenced by the large thermal mass of the two
deepest reservoirs, Copco 1 and Iron Gate Reservoirtheindeasonal stratification
patterns.Spring temperatures are generally cooler than would be txpecder natural
conditions, and summer and fall temperatures are generally wara@fiCorp 2004a,
NCRWQCB2010. Both Iron Gate and Copco 1 Reservoirs thermally stratify beginning
in April/May and do not mix again until October/November (Tabi&). The onset of
spring/summer stratification and the timing of fall turnover in Iron Gate and Copco 1
Reservoirs are driven by meteorological conditions (Deas and Orlob 1999).

Table C-1. General Reservoir Turnover Dates for Copco 1 and Iron Gate
Reservoirs (20077 2009).

Year | Thermally Stable Hypolimnion Approximate Reservoir Turnover Date Source
Establishment Date
Copco Iron Gate Copco Iron Gate
2007 | By June 6 By June 6 Before October 23 Before November 28 | Raymond 2008
2008 | By April 30 By April 30 Before October 22 Before November 19 | Raymond 2009
2009 | By May 24 By May 24 Before October 13 Before November 17 Raymond 2010

Powerhouse withdrawals for Copco 1 and Iron Gate Dams are primarily from the
epilimnion (surface watejs In Copco 1 Reservoir, p@shousewvithdrawalis from
approximately 6 m (20 ft) below the water surface when the reservoir is full and in Iron
Gate Reservoir powerhouse withdrawal is from approximately 12 m (39 ft) below the
water surface (BitionalResearctCoundl 2003). Occasionly, withdrawals extend into

the hypolimnion; for example, in Iron Gate Reservoir, the withdrawal envelope has been
estimated to extend down to approximately 18 m (60 ft) in depth (Deas and Orlob 1999).
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Additionally, a small withdrawal (about 50 cfs) fitve Iron Gate Hatchery occurs from

the hypolimnion at Iron Gate Reservoir. In gendnalvever, temperature in waters
discharged from Copco 1 and Iron Gate Reservoirs reflect the warmer temperatures of
surface waterNational Research Coun@0D03). Stréfication of the reservoirs also

prevents mixing of waters within the water column and affects dissolved oxygen, nutrient
concentration (and speciation), and pH in the Hydroelectric Reach and the Klamath River
just downstream of Iron Gate Dagction C.12).

C.1.2 Lower Klamath Basin

C.1.2.1 Iron Gate Dam to Salmon River

The middle portion of the Klamath River, including the reach between Iron Gate Dam
and the Salmon River, is listed as impaired under Section 303(d) of thef@\Wiater
temperaturegsee Section 3,Zable 3.23). Water temperature in the Lower Klamath

Basin varies seasonally, with mean monthly temperatures in the river downstream of Iron
Gate Dam ranging fromt® 6°C (3% 43°F) in January to 2@2.5°C (68 72.5°F) in July

and August (Bartholow 200Karuk Tribe of California 2009/Vatercourse Engineering,

Inc. 201). Based upon annual water temperature monitoring conducted by the Karuk
Tribe since 2000, water temperatures peak during the summer when air temperatures
increase and flows decrease in lemath Basin (Figur€-1; Karuk Tribe of California

2002 2003, 2007, 2009, 2010). Daily average summer water temperatures documented
immediately downstream of Iron Gate Dam are generally cooler and less variable than
those documented farther downstrearthe Klamath River; daily average temperatures
between June and September are approximaitdRCL(1.8 7.2°F) higher near Seiad

Valley and just downstream of the Salmon River confluence (i.e., at Orleans) than those
just downstream of Iron Gate Dam (kg C-2; Karuk Tribe of California 209, 2010).
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Figure C-1. Daily Average Water Temperature in the Klamath River near Seiad
Valley (RM 129.4) June through November 2006, 2007, and 2008.
Source: Karuk Tribe of California 2009.
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Figure C-2. Daily Average Water Temperature in the Klamath River
Downstream of Iron Gate Dam (aRM 189), near Seiad Valley (RM 129.4) and at
Orleans (RM 59) during May through October 2009.

Source: Karuk Tribe of California 2010.

Temperature UC

With respect to the loger term water temperature record (i.e., prior to 2@&xholow
(2005) presents evident®at water temperatures in the lower Klamath River have been
increasing since before 1950. Bartholow (2005) indicates that the obsanltedecade
trend of inceasingwatertemperatures in the lowewer is related to the cyclic Pacific
Decadal Oscillation and is consistent watmeasuredveragebasinwide air temperature
increaseof 0.33 C/decad€0.59°F/decade). Bartholow (200&timates that the season

of high temperatures that are potentially stressful to salmonids has lengthened by about
1 monthin the Klamath Rivesince the early 1960s, and the average length of the lower
river exhibiting asummemwatertemperaturetess tharl5 C (59°F)has declined by

about 8.2 km/decad®.1 mi/decade). Potential climate change effects on water
temperature are discussed in more detail as part of the effects determination for the No
Action/No Poject Alternative g¢ee Section 3.2.37 No Action/No Project Alternativée
Water Temperatuje

C.1.2.2 Salmon River to Estuary

The lower Klamath River between the Salmon River and the Klamath Estuary is listed as
impaired under Section 303(d) of the CVitk watertemperaturésee Section 3,Zable

3.2-3). Water temperature monitoring by the Karuk Tribe includes data from Orleans
(RM 59), which is just downstream of the Salmon Ris@nfluence with the mainstem

Daily average water temperature at Orleans w&s 26°C (50.9 78.8°F) from June

through November 2002008, with the warmest temperatures generally occurring

during July (FigureC-3; Karuk Tribe of California 2009). In the mainstem river between
the Klamath River 6s c onftheKamathestwaiy,tthe t he Tr i n
Yurok Tribe, through the Yurok Tribe Environmental Program (YTEP) has conducted
annual water temperatureomtoring since 2002 (YTEP 20D4Peak temperatures
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generally occur in midto lateJuly, with the highest daily maximum teeratures

recorded at the most upstream locations and a sm&q({DP°F]) cooling effect

detected from the contribution of the Trinity River to the mainstem Klamath River
(Sinnott 2010). During May through November 2009, water temperatures ranged from
approximately 11.%9C (52.C°F) in October to 26.& (80.2°F) in July (Sinnott 2010).

Daily maximum summer water temperatures were greater tif&h(28.8°F) just

upstream of the confluence with the Trinity River (Weitchpec [RM 43.5]), decreasing to
24.5°C (76.7°F) near Turwar CreelRM 5.8 (FigureC-4, YTEP 2005, Sinnott 2010).
These summer temperatures excegtimal growth thresholds as well as critical thermal
maxima forcohg Chinooksalmon, and steelhead (Brett 1952, Armour 1991, $teih
1972,McGeeret al.1991) Historically, simmerwater temperaturgaxima in thdower
Klamath Riverhave been greater than in other coastal rivers to the north and south. For
example, Blakey (1966, as cited in Bartholow 2005), reports water temperatures in the
Klamath River downstream diie Trinity River confluence (RM2.5 reaching26.6 C
(79.9°F)for up to 10 @ys peryear, in contrast tproximalcoastal rivers that nevegach

this temperature
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Figure C-3. Daily Average Water Temperature in the Klamath River at Orleans
(RM 59) June through November 2006, 2007, and 2008.
Source: Karuk Tribe of California 2009.
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Figure C-4. Daily Maximum Water Temperatures in the Klamath River at
Weitchpec (RM 43.5 [WE]), Upstream of Tully Creek (RM 38.5 [TC]), and
Upstream of Turwar Boat Ramp (RM 8 [KAT]), as well as in the Trinity River (RM
40) near the Confluence with the Klamath River (RM 0.5 [TR]) May through
November 2009. Source: Sinnott 2010.

C.1.2.3 Klamath Estuary

Hydrodynamics and water quality within the estuary are highly variable spatmall
temporallyand are greatly influenced lsgason, river flow, vertical water column
stratification (thermal and/or chemical), and location of the estuary mouth, the latter
changing due to periodic sand bar movemdiite lower Klamath River, includinipe
estuary, is listed as impaired under Section 303(d) of the @MAater temperaturgsee
Section 3.2Table 3.23). Water temperaturkasbeen monitored in thidlamath Estuary
by California Department of Fish and Gaifwallace 1998) and most recgnlly the
Yurok Tribe Fisheries Prografhliner 2006) and th& TEP (2005) with support from the
NCRWQCB. Water temperatures in the estuary from December through april
roughly5- 12°C (41- 54°F) Hiner 2006) In summer and fall months, warmer air
temper#éures and lower flows result in increased water temperatuheder lowflow
summertime conditions, water temperatures irefiteary have been obsenadd

20- 24°C (68 75.2°F)(Wallace 1998) or greater than 24(15.2°F)(Hiner 2006)

During JunéSeptembr 2009, water temperatures were 18F 7C (65.7 69.3°F)
(Watercourse Engineering, Inc. 2011). These levels exceed optimal growth thresholds
for salmonids, as cited in the previous section.

Estuarine watetemperature is linked to upstream hydrology @eriods of mouth
closure because when the estuary mouth is open, denser salt water from the ocean sinks
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below the lighter fresh river water, resultingcimemical stratification andfisalt wedgé

that moves up and down the estuary with the daily {idesne and Goldman 1994,

Wallace 1998, Hiner 2006). The salt wedgalsothermaly stratifiedwith cooler, high

salinity ocean waters remaining near the estuary bottom, and warmer, low salinity river
water near the surface. Upstream hydrology cantatiedocation of the salt water

wedge and thus affect thermal structure in the estleoy example, during pulse flows
released from the Lewiston Dam on the Trinity River in August 2004, the upstream

extent of the salt wedge moved downstregproximatey onemile (YTEP 2005) In

the Klamath Estuary, mouth closure has been reportedit@ethe size of the salt water
wedge decrease overall salinitgnd subsequently increase water temperatures in the
estuary (Hiner 2006)Mouth closure, caused by foation of a sand berm across the

mouth of the estuary, is a function of-sfiore and alongshore wave power and sediment
supply, freshwater inflows, the tidal prism, and morphological characteristics of the inlet
(Escoffier 1940, B Bamexnlo8D)9 Bhé histoficél Bequeecypand 9 7 1 ,
duration of mouth closure in the Klamath Estuary has not been documented, although it is
expected to occur during lefhow periods (JunieOctober).

C.2 Suspended Sediments

For the purposes of the Klamath Fac##iRemoval EIS/EIR, suspended sedimesfer

to settleable suspended material in the water column. Bed materials, such as gravels and
larger substrate are discussed iBection3.3.3.2 Aquatic Resourcé@sExisting
Conditions/Affected EnvironmeiitPhystal Habitat DescriptionsTwo types of

suspended material azensidered for the EIS/EIR analysialgatderived (organic)

suspended material and mineral (inorganic) suspended material. Sources of each type of
suspended material differ, as do spatial samporal trends for each within the Upper

and Lower Klamath Basins.

Often, suspended materials in the water column are quantified by measuring the
concentration of total suspended solids (TSS)rbitlity, an optical property refeng to
the amount ofight scattered or absorbed by a fluislanother common way to quantify
suspended materiadgd is measured in nephelometric turbidity units (NTUkg exact
relationship between turbidity and suspended sediment is dependent on the parent
geology and nast be determined for each watersflddntgomery 1985MacDonald et
al. 199). Turbidity and TSSaffectorganisms directly (e.ginterfering with vision) or
indirectly by changing water temperature andddolvedOxygen (DO) andareoften
associated witlthe sorption of contaminants from the water column (e.g., polar organics
and cationic metal formspMunicipal and domestic water suppigneficialuses can also
be adverselgnffeced by changes in suspended sedingententrations and turbidity
streams

For the Klamath River,aincident turbidity data isccasionallypresented along with
TSSdata. Howeveras the dataset is not consistent in space or turtadity levels are
not used to support significance determinatiae® (Section 3.2.217 Thresholds of
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Significance for Narrative Standards or Water Quality ObjecfivBsspended
Sedimentsand are not analyzed in detalthis EIS/EIR

C.2.1 Upper Klamath Basin

C.2.1.1 Wood, Williamson, and Sprague Rivers

Recently collected USGS data (20@810) forTSSat the Williamson River near
Chiloquinindicate a range @i 63 milligrams per liter (mg/L) with peak values

occurring in February and March of 2009 (Fig@x&). Coincident turbidity data

collected roughly monthly from March 2008 to July02at this same location range

from 1.6 to 35 formazin nephelometric units with similar peaks during late winter/early
spring. Cause®f fine sedimenteliveryto the upper Williamson River thatay
increasesuspended sediment and turbidity include strbank erosion from agricultural
lands, lack of interception from riparian vegetation, timber haraesit roacconstruction
and maintenanc@®EA 2005 ODEQ 2002 Road density in the upper Williamson River
subbasin is approximately 3.45 mi/mi2, with 6etgent of total road miles found within
200 feet of a stream channel (DEA 2005). For the Williamson River watershed as a
whole, the number of stream crossings per mile of road (road/stream crossing density) is
reported as 0.4 (Beau ofLandManagemen2005, 2006 as cited in Rabe and Calonje
2009). Most of the roads in the Winema National Forest, in the eastern portion of the
Williamson River subbasin, are dirt gravel (unpaved) (Gearhart et al. 1995) and produce
fine sediment that can be delivered dikgtd streams (DEA 2005). Based on a
watershed analysis of the Deep, Sand and Aspen Creek tributaries to the Williamson
River, estimates obtal road sediment yield are 5 to 20 times greater than background
rates, with the greatest yield originating lire tSand Creek subbasin (Weyerhaeuser
Company 1996, as cited in DEZ05)
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Figure C-5. Suspended Sediment (mg/L) Grab Samples for USGS Williamson
River downstream of Sprague River near Chiloguin (USGS Gage No. 11502500)
20081 2010. Source: USGS 2011 (http://waterdata.usgs.gov/nwis)

Recently collected USGS data (20@810) forTSSat the Sprague River at Chiloquin
rangedi 88 mg/L with peak values generally occurring in February and March (Figure
C-6). Coincident turbidity data collected roughly montfityn March 2008 to July 2009
at this same location weré 23 formazin nephelometric unitsvith similar peaks during
late winter/early spring. fle Sprague Rivdras been identified as a primagurce of
sediment to Upper Klamath Lake, based on analyseducted to determine associated
phosphorus loading to the la@earhearet al.1995) Relatively high and variable rates
of runoff and eosion in the Sprague River drainage, as compared to the Williamson
River drainage, have been identified as the@®of bound phosphorus generated during
seasonal runoff events and delivered to Upper Klamath (QR&EQ 2002, Connelly and
Lyons 2007). The high sediment delivery rates have been identified as a factor affecting
water temperatures in the upper basmlhavealtered relationships between depth and
width of stream channe(&earhearet al.1995 ODEQ2002. The sourcsof the

sediment inputs within the Sprague River drainagiideagriculture, livestock grazing
and forestryactivities, and roadelatederosion ODEQ2002,Connelly and Lyons 2007,
Rabe and Calonje 20Q9)
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Figure C-6. Suspended Sediment (mg/L) Grab Samples for USGS Sprague River
at Chiloquin (USGS Gage No. 11501000) 2008i 2010. Source: USGS 2011
(http://waterdata.usgs.gov/nwis)

Campbellet al. (1993) examinetiSSlevels inthe mainstem Wood River and report
highly variable concentrations of .41 mg/L in the headwaters at Dixon Road and
0.6-5.88 mg/L at the mouth near Agency Dike Road. Available data indicate that
turbidity in the WoodRiver averages 0.689TUs at the headwaters and 1405 NTUs at
the mouth (Campbell et al. 1993).

C.2.1.2 Upper Klamath Lake

While not focused on suspended materials per se, a variety of studies indicate that fine
sediment delivery to Upper Klamath Lakashbeen relatively high during the"20

century. Suspended sediment inputs to Upper Klamath Lake have been examined using
isotopic dating studies of sediment cores to determine the historical timing and potential
sources of sediments to the lake. Uskgpllisotopic ratiostPb?°Pb), Eilers et al.

(2004) demonstrate an increase in sediment accumulation rates in Upper Klamath Lake
from 3 to 22 grams per square meter per year from the early to 1%1teﬂmjry. High
titanium and aluminum concentrat®m upper layers of lake sediments further indicate
accelerated erosional inputs associated withcbtury watershed disturbances (Eilers et
al. 2004). Gearhart et al. (1995) estimate 932-B@eper year of reduction in lake

volume due to the sedent accumulation between 1920 and 1980.
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Bradbury et al.Z004) suggest that a combination of wetland draining and channelization
of tributaries to Upper Klamath Lake have increased erosion in the watershed during the
20" century

Additionally, Eilers efl. (2004) report higher isotopic ratios of nitrog&IN(**N) in 20"
century sediment deposits in Upper Klamath Lake, indicativeopoint sediment
source inputs of nitrogebased fertilizergFry 1999, as cited in Eilers et al. 2004). A
significant hcrease ift°N after the completion of the Link River Dam at the outlet of
Upper Klamath Lake in 1921 suggests that large inputs from nonpoint sediment sources
in the upper watershed have occurred (Eilers et al. 2004). Based on sediment core
analyses by iters et al. (2004)the construction and operation of Link River Dam
appears to have altered timaing and quantity of lake flushing flowsThe dam may also
have contributed to alterationsnmtrient retention dynamidés Upper Klamath Lake (as
evidened by the increasedN:**N ratios)concurrent with the increased nutrient loading
due to anthropogenic activities in the basin.

C.2.1.3 Link River Dam to Klamath River Upstream of J.C. Boyle Reservoir

Between Link River at Klamath Falls (RM 253.1) @hd upstream end of J.C. Boyle
Reservoir RM 224.7), suspended sediment and turbidity concentrations decrease
longitudinally, as algae are exported from Upper Klamath Lake anth&tguiescent,
relatively long residence tim@pproximately 4 to 12 days(fivan et al.2011])waters

of Lake Ewauna and the Keno Impoundment, where they largely settle out of the water
column(see also chlorophyh discussion in Section C.6.).3Data fromJune through
November durin@000-2005 indicate that the largest ril@ decrease in mean TSS in

the upper Klamath River occurs between LiRiker Dam and Keno Dam (Figure G
Raymond 2008), where mean values dropped from approximately 14 mg/L at Link River
at Klamath Fall{RM 253.1) to near 8 mg/L at Keno Dam (RM 233.9glues in

individual years generally conform to this patteatthough year to year variability the
trend is apparenP@cifiCorp 2004, Raymond2008,2009, 2010).
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Figure C-7. Mean Total Suspended Solids (TSS) Values for Data Collected
from Various Sites in the Klamath River Between 2000 and 2005. Error bars
depict 90 percent confidence interval of the mean. Iron Gate Dam (RM 190.1),
Copco 1 Dam (RM 198.6), J.C. Boyle Dam (RM 224.7), Keno Dam (RM 233), Link
River Dam (RM 253), Source: Raymond 2008.
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During summer monthsgak value®f TSS in this reachre associated withlgal

blooms from Upper Klamath Lake (PacifiCorp 2004a). Concurrent data from 2003,
includingchlorophylla, TSS and turbidity, indicate that elesdtorganic suspended
sediments and turbidity levels are associated with high concentrations of algae
(specifically cyanobacteria) downstream of Link River at Lake Ewauna (RM 253.1) in
this reach during summer months (PacifiCorp 2004a). Samples collétie# River
mouth (RM 253.1) during July, August, and September 2003 exhibit algal
(Aphanizomenon fleaquag concentrations greater than 20 cubic millimeters per liter
(Kann andAsarian 200§ maximum turbidity of 22.5 NTU, and maximum TSS of

46 mg/L (PifiCorp 2004a). Earlier and later in the summer of 2003, lower suspended
sediment and turbidity levels correspond to lower algal levels in the river upstream of
J.C. Boyle Dan{RM 224.7). Data from May to October 2005 indicate that suspended
sedimentsn theKeno Impoundment (including Lakéwauna (RM 233-253.]) ranges

from 2 to 21 mg/l.with concentrations increasing through the spring and reaching a
maximum in early summer (Deas and Vaughn 2006). More recent data collected in 2009
for the Keno Impoudment at Miller Island (RM 246) indicate a summer peak in TSS of
17 mg/L (Watercourse Engineering, Inc. 2011).
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C.2.1.4 Hydroelectric Reach

Moving downstream, suspended sediments generally continue to decrease through the
Hydroelectric ReachDuring the winter and springNovember through Aprilthe

reservois at the Four Facilitiegtercept andetainmineral (inorganic) sediments
deliveredfrom tributaries to the reservoirs (i.e., Shovel Creek, Fall Creek, Jenny Creek)
where gakconcentrations occuin associabn with high-flow events While thismaybe
somewhat beneficial for downstream reaches by decreasing suspended sediment
concentrations and turbiditthe interception of mineral (inorganic) sediments by the
reservoirgdoes not appear to ba enportantmechanism related sediment deliveryn
themainstenKlamathRiver. This is because relativelysmall (3.4 percent) fraction of
total sediment supplied to the Klamath Riwar an annual basis originates from the upper
and middle Klamath Rivdi.e.,from Keno Dam to the Shasta Riyé€&tillwater Sciences
2010)and beneficial uses in the upper Klamath River are currently not impaired due to
mineral (inorganic) suspended mate(sde Section 3,Zable 3.28).

During thegrowth seaso(May through October)algatderived (organicsuspended
materials exhibiti general downwardngitudinaltrend in the Hydroelectric Reach,
although the relative decrease through this reach is less than that occurring further
upstream in the Keno Impoundmgewhere algabloomsoriginating in Upper Klamath
Lake largely settle out of the water coluseeFigure G7 andprior discussion in
Section C.2.1.8 Further decreases in concentrationalghlderived (organic)
suspendedhaterialscanoccurin the Hydroegctric Reachwhich may be due tihe
mechanical breakdown of algal remains and sorting of progressively smaller sizes of
natural organic matter (NOMn the turbulent river reachégtweerKeno Damand
Copcol Reservoir as well as bylilution from the spngs downstream of J.C. Boyle
Dam.

Despitethe mechanisms supporting decreased longitudinal concentratialyzt

derived (organicyuspendedhaterials in theiverine portions of thélydroelectric Reach,
concentration# this reactcanalso increasdue to largeseasonadlgal blooms
occurringin Copco 1 and Iron Gate ReservoisSS values in Copco 1 Reservoir during
the growth seasorMay through Octobértypically range <20 mg/L and those in Iron
Gate Reservoir range K24 mg/L, although intemsalgae blooms can result in TSS
levels greater than 20 mg/L (Raymond 2008, 2009, 2000)ing 2003 sampling by
PacifiCorp, a particularly highSSmeasurement of 280 mg/L was recorded in the
epilimnion of Copcdl Reservoir during May. Simultaneous ma&snents osuspended
materialsmeasured in the outflow to the reservoir indicated only 4.8 m§&(FERC
2007),suggestinghat thesuspendedhaterialssource (algal cells) had largely settled out
of the water column within the reservdince pwerhoug withdrawals for Copco 1 and
Iron Gate Dams are froatepths ofapproximately 6 m (20 ftjo 12 m (39 ft)below the
water surface when threservoirs aréull (Section C.1.1.4pnly portions of the
extensivealgal bloomgositioned closer to the water fage may be transported to the
downstream Klamath RiverDuring 2009 water quality monitoringptal suspended
sedimentsneasuredn J.C. Boyle Reservoir rangedi<®28 mg/L from May through
November. Levels in Copco 1 and Iron Gate reservoirs levebks seanewhat greater,
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with suspended sediments ranging 9 mg/L in Copco 1 Reservoir (peak in August)
and <27.2 mg/L in Iron Gate Reservoir (peak in Md@Watercourse Engineering, Inc.
2011).

Estimates of the volume of sediment deposits statidn J.C. Boyle, Copco 1 and 2,

and Iron Gate Reservoirs include 13.1 million cubic yard3) (@reimann et al. 2a),

14.5 million yd (Eilers and Gubala 2003), ag6.4 million yd® (Gathard Engineering
Consultant2006). Sediment texture analysis resultstod current reservoir deposits
indicate that theleposits areomposedf predominantly fine material (e.g., silt and clay
<0.0625 mm Gathard Engineering Consulta2806]} see also Section 3.11 of this
Klamath Facilities Removal EIS/E)Rvith 3 to 5perent of theaccumulated materials
organic carboncorroboraing interpretation of longitudinal suspended sediment patterns
and indicating thaih-reservoirandupstreanalgal growth idargelyintercepted and
retained in reservoir sedimernitsthe Hydroegctric Reach.

C.2.2 Lower Klamath Basin

C.2.2.1 Iron Gate Dam to Salmon River

Immediatelydownstream of Iron Gateam (RM 190.1),mineral (inorganic) suspended
materials tend to increase with distance downstream of the dam during winter months.
On an anual basis, two of th#hree tributaries that contribute the largest amount of
sediment to the Klamath River drethis reachthe Scott Rive(607,300 tonper year or

10 percentof the cumulative average annual delivery from the baamj theSalmon

River (320,600 tonger yearr 5.5 percentof the cumulative average annual delivery
from the basin]Stillwater Sciences 2010). h& ScottRiver enters the mainstem Klamath
River at RM143and is listed as impaired under Section 303(d) of the CWA for
sedmentation(see Section 3.Z;able 3.28).

During the growth season (Mia@ctobe}, suspended materials immediately downstream
of Iron Gate Dam are relatively lower than upstream locatiwith generallylow

(<5-8 mg/L) concentration$or 2000- 2006 (PacifiCorp 2004a; Raymond 2008, 2009,
2010)(Figure G7). Between Iron Gate Dam argkiad Valley (RM 129.4)xuspended
materials can increase; for examp®S concentrations near the Shasta River confluence
(RM 176) for the period 200R005 were raghly 1 mg/L greater than those measured
further upstream at Iron Gate Dam (Figurg)Cand diring 2009 monitoring, TSS
ranged0.87 4.4 mg/L downstream of Iron Gate Dam (RM 190idgreasingo
2.511.5mg/L downstream oSeiad Valley (RM 129.4)Watercairse Engineering, Inc.
2011). Thispatternmay be related tthe transport c§ome portion of then-reservoir

algal bloomdo downstreanreaches of Klamath RiveRiver bed scour may also cause
resuspension of previously settled materials and incré@asesnmer and fallf SSfrom

0 to 20 milesdownstream of the dam (Figure8}. Further downstream, near the
confluence with the Scott River (RM 143d@)ncentrationsf suspended materials tend

to decrease with distance sisspended materiajgadually sdle out of the water column

! This data set includes measurements in November and December 2009 as well.
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farther downstrearar are diluted by tributary inpu{d&rmstrong and Ward 2008).
Chlorophylta datashow a similar trend (see Section C.6.2.1).

EKlamath River T55 and TOC Cones
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Figure C-8. Average TSS and Total Organic Carbon in the Klamath River
Downstream of Iron Gate Dam during Junei October 20017 2005. Source:
Armstrong and Ward 2008.

C.2.2.2 Salmon River to Estuary

As in other reaches of the Klamath River, seasonal variation in turbidity and suspended
materialss evident in the Klamath River from tis&almon River (RM 66.0) to the

Estuary (RM 02), with peak summer turbidity values associated with organic matter

(i.e., algae blooms) and peak spring and winter turbidity values associated with inorganic
sediments that are mobilized during high flow egdtillwater Sciences 2009T.he

lower Klamath Rivefrom theTrinity River (RM 42.5) to the Estuary (RM ) and

multiple tributaries downstream of the Trinity River are listed as impaine@r Section

303(d) of the CWAfor sedimentatiorisee Section.2, Table 3.28) (NCRWQCB 2010,

State Water Resources Control Board [SWRCB] 2R10a

Historical (19501979) suspended sediment data for the Klamath River at Orleans (RM
59) (USGS gage no0.11523000) range from less than 5 mg/L during summé&o@gw
periodsto greater than 5,000 mg/L during winter (hiihw) periods, although some high
(>1,000 mg/L) suspended sediment events have occurred during summer mgnths (
1974, see Figur€-9). More recent data indicate that suspenchaderiallevels in the

lower Klamath River from the Salmon River confluence (RM 66.0) to the Estuary (RM
0i 2) can besimilar to those measured in the upstream reach from Iron Gate Dam to the
Salmon River (RM 66) Results from grab samples collected by the Yurok Tribe
EnvironmentaProgram during the perid2D03 2004indicate thaff SSranged
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<1.0-3.2mg/L upstream of the Trinity River (RM 42.5) and <118.0 farther

downstream at Turwar (RM 5.8), with the peak value (14.0 mggtyrringin December
2003 (YTEP 2005)However, the marity of the grab samples were collected from June
to Septembeand mly two grab samples were collected in December and JanUdrg.
dataexhibit similar values for 2007, with thieighestTSS(up to 16.0 mg/L) observed at
Turwar in September of that ge(Fetcho2007). During 2009 monitoring,SSvalues
measured at Orleans were generally 1313 mg/L between May and December, with
peak valuesgb6 mg/L)occurringduring October (Watercourse Engineering, Inc. 2011).
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Figure C-9. Suspended Sediment (mg/L) Grab Samples for USGS Klamath River
at Orleans (USGS Gage No. 11523000) (RM 59) 19501 1979. Source: USGS 2011
(http://waterdata.usgs.gov/nwis)

TheTrinity River contributes3,317,300 tongper yearnf sediment to theower Klamath
River or57 percentof thecumulative average annual delivery from the béSirlwater
Science010. Mass wasting, bank erosion, and other natural erosion pescess
contribute a large portion of the total fine sediment supply to the lower Klamath River,
along with management activities such as timber harvest and road construction along
tributaries United Stateg-orest Service 2004&tillwater Science2010. When

combined with the steep terrain, granular soil matrix, and high precipitation, these
sourcesnaybe a primarycontribubr to fine sediment deposits found in deep pools near
cultural sites in the lower Klamath River (FERC 2007).
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C.2.2.3 Klamath Estuary

Available historical 1958 1996)suspended sediment data for the Klamath River at
Klamath Glen (RM 7)ySGS gage no. 11530500) indicates validess than 5 mg/L
during summer (lowllow) periods to greater than 500 mg/L during winter (Hiighv)
periods,although one high (>750 mg/L) suspended sediment event appears to have
occurred during the early fall (i.e., October 1977, 5geareC-10).
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Figure C-10. Suspended Sediment (mg/L) Grab Samples for USGS Klamath
River near Klamath (USGS Gage No. 11530500) (RM 7) 1958i 1995. Source:
USGS 2011 (http://waterdata.usgs.gov/nwis)

An analysis of more recently collect&é®Sdata in the Klamath Estuary indicates that
TSSare variable but generally similar to those measured at upstream sites in the lower
KlamathRiver (YTEP 2005, Sinnott 2007}or 20032004, TSS levelsvere

<1.0-3.2mg/L for surface waters in the midnd lowerestuary, and slightly greater
(1.810.0 mg/L) at depth (YTEP 2005Puring Mayi December 2009, measured TSS
levels weregenerally 2.112.7 mg/L, with the peak value (17.9 mgfgcurringin May
(Watercourse Engineering, Inc. 201 Turbidity measurementa small tributaries (e.g.,
McGarvey, Den, Blue, and Turw@reeks) immediately upstream or within a few river
miles upstream of the estry exhibit peak values during winter high flow periods (i.e.,
storm events), with measured values exceeding 500 NTU during December through
February 2004 (YTEP 2005Puring late spring through early fall, when average rates of
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precipitation in the Klarath Basin are relatively lowenorganic (mineral) suspended
sedimentand turbidity in theKlamath Estuaryare generally lower as well

Algal blooms within and upstream of the estuary have the potential to cause large spikes
in turbidity and organic spended sediments in the estuary. This occurred during the
extensive algal bloom detected throughout at least 40 river miles of the lower Klamath
River in September 200Kéann 2007a2007). In the lower estuary, increases in

nutrient levels and algae camdrations were correlated with srcrease in TSS from

2.2mg/L on August 21, 2007 to 9.0 mg/L on September 18, 2007, and increases in
nutrients, algae levels, and TSS during that period were measured as far upstream as
Gate and Copci reservois (Asarian et al. 2009)Thus, the observed 2007 increase in
estuarine TSS appedmshave been influenced by algal growtiginating in the two

largest reservoirs in the Hydroelectric Reach

C.3 Nutrients

Nutrients are critical for the support of primgmoductivity (i.e., plant growth) in both
terrestrial and aquatic ecosystems. High levels of nutrients (nitrogen and phosphorus) in
lakes and rivers have the potential to impact overall water quality by increasing rates of
algal growth and decay, whiclar lead to increased levels of turbidity, large fluctuations

in dissolved oxygen and pH levels, as well as potential increases of toxic substances such
as ammonia (NE/NHa), hydrogen sulfide (b8), and release of heavy metals from low
oxidationreductionpotential at the sediment water interfased Section 3.3.1for

additional background information oraterquality processes in the Klamath Bakin
Dissolved nutrients (e.g., orthghosphorus, nitrate, and ammonium) can be used directly
by algae, whes particulate nutrients (e.g., organic phosphorus, organic nitrogen) are
not readily bioavailable for most algal species.

Volcanic activity has dominated the geology of Upikmmath basin for the past

35 million years. Consequently, relatively higkvels of phosphorus are present in Upper

Kl amat h B a srocks@md soilsEfogsion is cuaently understood to be the

major process by which sedimeagsociated particulate phosphorus is delivered from the
upper sukbasins of the Wood, Williamsoand Sprague Rivers to Upper Klamath Lake
(ODEQ2002). During peak flows, particulate phosphorus has been observed to increase
to 60 percent of thiotal phosphorusIP) load compared to less than 5 percent during
summer low flows (Kann and Walker 1999)he observed seasonal increase in

particulate phosphorus loading and increase in volweighted concentration of TP

during high flows may be indicative of degraded watershed conditions (Kann and Walker
1999), where land uses including road building, fioyegrazing and agriculture have

altered upland and riparian plant communities and subsequently increased contribution of
phosphorus through erosion to Upper Klamath Lake (2B®@5). Based on available
information, local watershed groups have sugghsiat insufficient data exists to clearly
demonstrate the proportion of TP loading due to natural sources and the proportion due to
degraded riparian conditions and increased water yields (Connelly and Lyons 2007, Rabe
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and Calonje 2009)However, researchublished in peer reviewed journals demonsgrate
that although levels of naturally occurring phosphorus are elewatégper Klamath

Lake histori@l land use activities the Upper Klamath Basin resulted in increased
nutrient loadhg to the lake subsegant changein its trophic statusand associated
degradation of water qualifBradbury et al. 2004, Eileet al.2004). Nitrogen sources

to the lake have been identified as uplanasion return flows from agricultural lands,
andin situnitrogen fixdion by cyanobacteridQDEQ2002).

C.3.1 Upper Klamath Basin

C.3.1.1 Wood, Williamson, and Sprague Rivers

Based on the mass balance conducted for development of the Upper Klamath Lake
TMDLs (ODEQ2002), the Williamson River contributes an estimated pérent
(10.8kilograms per square meter per year [koflm) of the external phosphorous load

to Upper Klamath Lake, the Sprague River contributes 26.5 percent (11.5kgjkend

the Wood River contributes 19.1 percent (90 kdfym (Kann and Walket999). The
Sprague River exhibits a high correlation between river flows and phosphorus loading,
particularly during runoff events, suggesting that runoff from peak flow events delivers a
significant source of suspended and particulate phosphorus talttzendbn River and
subsequently, Upper Klamath Lake[EQ2002). Upland contributions to the TP load
are generally bound phosphorus and are associated with peak flows and suspended
sediments (Gearhart et al. 1995, McCormick and Campbell 2007).

Agricultural return flowsfrom former wetlandalong the Wood River appear to

contribute relatively high concentration of phosphorus to Upper Klamath Lake; upstream
of formerwetlands on the Wood River, the phosphorus load is approximately 64.9
kg/km?/yr, while dowrstream it increases to 237 kgfigr (Kann and Walker 1999).

Large increases in TP in the Wood River occur from January to damesponding to
pumpinddrainage of theurrounding inundated lands fgwrazing and agricultural uses
andpeak seasonal ruffd ODEQ2002.

The estimated TN load of the Williamson River, excluding loads contributed by the
Sprague River, is 11thetric tons per year (MT/yr) (Walker 2001). The Sprague River
TN load is estimated at 237 MT/gWalker 2001). Data collected duria99 2005 in
the upper Sprague River subbasin and 1920Q5 in the lower Spragtewer

Williamson river sukbasins indicate that nitrate is consistebigjow 0.38 mg/L, the
evaluation criteria adopted for watershed assessments in ORD&T2006 as citd in
Connelly and Lyons 200Klamath Trikes Natural Resource Departméf6and

USGS 2007%s cited in Rabe and Calonje 200@atershed Professionals Netwdr99)

C.3.1.2 Upper Klamath Lake

Based on the mass balance conducted for development of the Klapeth Lake
TMDLs, the TP budget for Upper Klamath and Agehekes averages 466T/yr;
external sources supply roughly 40 percent of T&2MT/yr) and internal sources
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supply roughly 60 percent (285 MT/BDEQ 2002, Kann and Walker 1999). Identified
external sourceisiclude 1) atmospheric deposition, 2) fluvial sources from tributaries,
and 3) diffuse sources such as springs and maréis@2002). Within these external
sources, springs that contribute to the base flow of tributaries to UppertKlaaiee

carry a naturally high background of soluble phosphorus ranging from 0.05 to 0.09 mg/L
(Gearhart et al. 1995). ghicultural return flows fromiormerwetlands while

contributing only 3 percent of the annual flow into the laaeount for 15 perce of
external phosphorus loading (Kann and Walker 199%)e estimatechedian unitarea
contribution for agricultural return flows is 220 kg/kiyr. Former wetlandsdrained and
diked for agricultural purposes, contain peat soils that decompose uadartiic
conditions of the wet and dry cycles associated with agriculture and release high
concentrations of phosphor(Snyder and Morace 1997)

Seasonal changes in lake TP have been reported by Rykbost and Charlton (2001) and
Kannand Walker (1999); smg runoff causes an initial seasonal increase in TP levels in
Upper Klamath Lakas phosphorus bound to sediments is transported into the lake. A
second increasa phosphorus occufsom Juné September due to algal growth and

decay cyclesdgal bloomsincorporate phosphorus into biomass aftdr a bloom crash
occurs, they release soluble reactive phosphwmaak into the lake Dissolved

ammoniumcan also be released following algal bloom crasiBésoms of thenitrogen

fixing cyanobacteria specieh, flos-aquae,in Upper Klamath Lakappear to be

phosphorus limited. Howeverater column samples collected during the annual

A. flos-aguaebloomin April, May, and August 2006 suggest that iron limitation may

play a rolein primary productivityin thelakeand should be further investigate8tudy
resultssuggest thatlissolved iron became depleted in the lake water column during the
course o006 seasonallgal bloom, while dissolved ammonium and soluble reactive
phosphorus (SRP) increased (Kuwabetral. 2009).However, there were no samples
collected during the primary bloom period and the study did not account for the low SRP
during the initial bloom growth period, suggesting that iron may play a role but it is not
likely to be theprimary driverfor limiting algal growthin Upper Klamath_ake the more
prominent pattern is one of phosphorus limitation during bloom development (e.g., Kann
2010, Lindenberg et al. 200Q9)

TheTotal Nitrogen (TN)balance conducted for development of the Upper Klaraikie
TMDLs indicates that the lake is a seasonal source of nitrogen to Link River, with export
rate estimates at 234.5 kg/kKann and Walker 1999)DEQ 2002). Internal lake

sources of nitrogen appear to exceed external sources given available dadaheher

main source of increased internal nitrogen loading is nitrogen fixation by the
cyanobacteria species, flosaquae(Kann and Walker 1999)Regeneration of nitrogen

from lake sediments is another identified internal source of nitrogen to Uppertklama
Lake (Kuwabara et al. 2009)dentifiedexternal sources of nitrogen to Upper Klamath
Lake include tributaries, native soils, precipitation, agricultural pumps, and springs (Kann
and Walker 1999, McCormick and Campbell 2007).

While both phosphorus amitrogen concentrations have increased in Upper Klamath
Lake over the past 100 years, increases in these nutrients have not necessarily occurred in
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the same proportions (Eilers et al. 2004). A significant decrease in the nitrogen to
phosphorus (N:P) ratiin recent sediment layers has been observed and is likely the
result of either a decrease infiding algae or an increase in phosphorus loading from
external sources. As there is an abundant presencdixahiy algae in the lake, it is

more likely tha phosphorus loading has increased over time relative to nitrogen loading
(Eilers et al. 2004). The relative increase in phosphorus over nitrogen (i.e., decreasing
N:P) favors Nfixing cyanobacteria such @s flosaquae, which currently contribute to
heavy algal blooms in Upper Klamath Lake.

C.3.1.3 Link River Dam to Klamath River upstream of J.C. Boyle Reservoir

Historical (19502001) TP data indicate median values of 0i@72 mg/L in the Upper
Klamath Basin between Link River Dam and J.C. Boyle Rese with the highest

median values occurring at RM 228, which is at the upstream end of J.C. Boyle Reservoir
(FigureC-11). Variability over the longerm record in this reach is high, with multiple
outlying data points above and below the 95th peileeasntd indicating TP levels greater
than 3 mg/L at multiple sites in the reach. The historical record indicates less overall
variability in orthophosphate concentrations in the reach, but still some relatively high
concentrations ( @&vnsineph bflink®River Damr(RMR28§3) j u st
(PacifiCorp 2004b) A review of water quality data near Klamath Strétain (RM
240.5)from 1991 1999 also documented elevated concentrations of total phosphorus,
with mean concentrations across the monitoringopesi 0.41 mg/L at Stateline

Highway (Lytle 2000).

Phosphorusata collected in a more recent study from April to November 2007 from just
downstream of Link River Dam (RM 253.2) to Keno Dam (RM 234.9) range from
0.05to 0.50 mg/L for TP and from 0.01 ta2d. mg/L for filtered orthophosphate

(Sullivan et al. 2008); both nutrient concentrations increase from spring to summer and
decrease into fall months (Sullivan et2008, Deas and Vaughn 2006). During the 2007
study, orthophosphate concentrations apgubéw increase in a downstream direction

from the Link River Dam to the downstream end of the Keno Impoundment (Deas and
Vaughn 2006). In a recent study of nutrient dynamics in the Klamath Riegr,

through November TBnd orthophosphate (reported as $®P2005 2008 follow a
decreasing longitudinal pattern, with the highest concentrations (approximately
0.12-0.5mg/L) measured in the Klamath River downstream of Keno Dam (RWM2333}
(Asarian et al. 2010/Vatercourse Engineering, Inc. 201 Downstreanof KenoDam,
orthophosphateoncentrations are highly variable, and thegsgpears to bsubstantial
conversion of phosphorus from particulate to dissolved forms in the turbulent section of
river between Keno Dam addC. BoyleReservoir (Asariaet al.2010, Deas 2008) For

April to November 2007, peak TP concentrations in this reach tend to occur between July
and September (variable by year), declining through the remainder of the fall months
(Asarian et al2010).A recent study on nutrient cycling thewer Klamath National

Wildlife Refuge indicates that refuge wetland management is simultaneously reducing
nutrient loads and increasing the proportion of bioavailable P in wetland outflows, which
then enter the Klamath River through the Klamath StraitsnRIM 240.5) (Mayer

2005).
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Figure C-11. Box and Whisker Plot of Historical TP Data Collected from
Various Sites in the Klamath River from Klamath River at Klamath Glen (RM 5)
to Klamath River at Link River Dam (RM 254) Between 1950 and 2001. Source:

PacifiCorp 2004b.

Historical (19502001) nitrogen data is available as total Kjeldahl nitrogen (TKN; a
measure of organic nitrogen plus ammonia), nitrates(Ndd ammonia (Ni). TKN

median values were 1.3 mg/L in the Upper Klamath Basin between LRiker Dam

and J.C. Boyle Reservoir, with the highest median values occurring at RM 240.5, which
is just downstream of the Klamath Straits Drain (PacifiCorp 2004b). Variability over the
long-term record in this reach is relatively high, with multiple yintj data points above

the 95th percentile and indicating TKN levels greater than 5 mg/L at multiple sites in the
reach. The historical record indicates similarly high variability in nitrate and ammonia
concentrations in the reach, with some relativegjhidoncentrations (>5 mg/L) occurring
throughout the reach (PacifiCorp 2004b).

For the period April to November 2007, TN concentrations in the mainstem Klamath
River collected from just downstream of Link River Dam (RM 253.2) to near Keno Dam
(RM 234.9) rage from 0.70 to 5.85 mg/L (Sullivan et al. 2008) with concentrations
generally increasing from spring to summer (Sullivan et al. 2008, Deas and Vaughn
2006). Particulate nitrogen (presumably associated with organic particulate )matter
concentrationsange from 0.08 to 3.93 mg/L, also increasing from spring to summer and
generally decreasing in a downstream direction (Sullivan et al. 2008). Average ammonia
concentrations measured during April through November increase in a downstream
direction (Sullivan eal. 2008, Deas and Vaughn 2006) from 0.089 mg/L at Link River,

to 0.413 mg/L at Miller Island (RM 246) and 0.56 mg/L upstream of Keno Dam (RM
234.9, Sullivan et al. 2008). Dissolved nitrite plus nitrate concentrations appear to follow
a different seasa@t cycle than most nutrients in the Klamath River, where concentrations
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are below the reporting level (0.06 mg/L) from late June throughAuaglst 2007, but

are detectable on a si#pecific basis in the spring, late summer and fall (Sullivan et al.
2008) In the Asarian et al. (2010) study of nutrient dynamics in the Klamath River, data
collected from May 2005 to December 2008 indicate that the highest TN values
(approximately 14 mg/L) are found downstream of Keno Dam (RM 233) as compared
with sites father downstream (a similar pattern was observed in the 2009 dataset
[Watercourse Engineering, Inc. 2QL1For the 20062008 study period, peak TN and
organic nitrogen concentrations in this reach tend to occur in September, with an
additional July peakuting 2008, and declining concentrations through the remainder of
the fall months (Asarian et al. 2010), corresponding to general temporal trends in
chlorophylla and blooms of cyanobacteria.

Total inorganic nitrogen (nitrate, nitrite, ammonia) conceiunatfollow a different

trend, tending to be relatively low in Miajune (<0.2 mg/L), increasing through July, and
remaining high (11.1 mg/L) August through November (Asarian et al. 201Data
collected during 2000 to 2002 indicates that 34 percent ofara samples in the
KlamathHydroelectricProject(KHP) reach many of thenfrom the Keno Impoundment
(including Lake Ewauna) (i.e640f 178 exceedances), exceeded levels that would be
acutely toxic to fish (FERC 2007). Accordingly, the Klamath Rime®regon from RM
231.5 (just upstream of Keno Dam) to the Link River Dam (RM 25[ted as impaired
under Section 303(d) of the CWAr ammonia ¢ee Section 3,Zable 3.28). Ammonia
levelsjust downstream oKenoDamexceeded..0 mg N/L during at last one summer
month each year from 2005 to 2008, and exceeded 1.5 mg N/L during August 2005 and
2008 (Asarian et al. 2010).

C.3.1.4 Hydroelectric Reach

TheKlamath Riverfrom the CaliforniaOregonstate lingto Iron Gate Dam (including
Copco Lake Reseoir [1 and 2] and Iron Gate Reservag)isted as impaired under
Section 303(d) of the CWA for nutrientsee Section 3,Zable 3.28). Historical and
contemporary nutrient data indicate that on an annual basis nutrients in the Hydroelectric
Reach tendo be lower than those in the reach from Link River Dam to upstream of
J.C.Boyle Reservoir (Figur€-11 throughC-13), due to dilution from springs

downstream of.C. Boyle Reservoir and the settlioigparticulate matter and associated
nutrients in theéarger KHPreservoirs (PacifiCorp 2004a; FERC 2007, Butcher 2008
Asarianet al.2009) while on a seasonal basis the TN and TP can increase in this reach
due to release of nutrierntts the water column during periods of seasonal hypwtm
anoxia (Kanrmand Asarian 20Q6Asarian and Kan2006a, 2006bButcher2008 Asarian

et al. 2009, et al. 20)0In J.C.Boyle Reservoir (RM 224.7), tHfarthest upstream
reservoir in this reach, concentrations of TN and TP measured between the inflow and
outflow are tyically similar, likely due to the shallow depth and short residence time
characteristic of this impoundment (PacifiCorp 2006), indicating that relatively little
nutrient retention occurs in this reservoir. Downstream of J.C. Boyle Didrand TP
concentations generally decrease with distance, Wwith mean longitudinal
concentrations (Raymond 2008, 2009, 20Mtercourse Engineering, Inc. 20&hd
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Figure C-12. Time Series of Total Phosphorus (TP) and Soluble Reactive Phosphorus (SRP) Concentrations
for Selected Mainstem Klamath SitesfromDownstream of

Dam (&ARM 233)

20057 November 2008. Source: Asarian et al. 2010.
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Figure C-13. Time Series of Total Nitrogen (TN) and Total Inorganic Nitrogen (TIN) Concentrations for
Selected Mainstem Klamath Sites from downstr e am of Ke RM 238 tortunya (RM 5.8), May 2005i
November 2008. Source: Asarian et al. 2010.
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flow-weighted longitudinal concentrations trending stlgrdownward through Copco 1
and Iron Gate Reseoirs, particularly for TN §eeFigureC-14 andC-15 for flow-
weighted concentration datasarianet al.2009,et al.2010) A frequentand notable
exception occurs duringugusi November, when TP concentrations are oftgfmerat
Iron GateDamthan theyareat Keno Damand upstrearnf Copco 1 Reservaithis is
likely due to the combination of internaltiriven nutrient dynamicselated to algal
bloom crashes in Copco 1 and Iron Gate reseramidsa 12 month temporal lag due to
the longethydraulic reéntion timeof the reservoirs as compared to ffemving river
reachegKann and Asarian 2007, Asariahal.2009,et al.201Q Watercourse
Engineering, Inc. 2001
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Figure C-14. Summary of Flow-Weighted Mean Concentration (mg/L) for TP at
Mainstem Klamath River Sites from downstreamof Keno Dam (&aRM 233) to Tu
(RM 5.8) for the Months of Junei October (20051 2008). Source: Asarian et al. 2010.
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Figure C-15. Summary of Flow-Weighted Mean Concentration (mg/L) for TN at

Mainstem Klamath River Sites from Downstream of Keno Dam ( aRM
Turwar (RM 5.8) for the Months of Junei October (20051 2008). Source: Asarian
et al. 2010.

While annual data from 2000 through 2004 and early modeling studies by PacifiCorp
conduckd for the FERC relicensing process indisétat Copco 1 and Iron Gate
Reservoirs act primarily as TN and TP sinks due to trapping of algal deRaasiCorp
2004a, FERQ007), subsequent analyses found that while overall annual retention is
likely occurring, he KHP reservoirscan also serve as seasonal sources of TN and TP
(though far less for TN than for TBjroughthe release of nutrients from reservoir
sediments into the water colurdaring periods of algal decomposition and seasonal
hypolimnetic anoxia, and possibly through direct nitrogen fixation from the atmosphere
by cyanobacteria (Kann and Asari2005,2006 Asarian and Kann 2006a, 2006b;
Butcher2008 Asarian et al. 2009, et al. 201Mata presented in Asarian et @009
suggesthatmuchof the TP released fro@opco 1 and Iron Gate reserveediments
duringsummertime anoxieemairsin the hypolimnion until the reservoirs begin to turn
over in the fallrather than being released to downstremer reachesliuringthe
summeiperiodof peakperiphyton growth However,in many years TP concentrations
duringAugust through Octobédrave been observed to higherdownstream ofron

Gate Danthan upstream dfopcol Reservoircorresponding tpeak irreservoir algal
bloomsandindicatingthat some release of Tnoccur at timeshatdownstream
periphyton growth downstreamaybe stimulated
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With respect to nutrient speciation, internalliyven reservoir nutrient dynamics due to
stratificationpatterns and hydraulic residertame in Iron Gate and Copco 1 Reservoirs
appear to influence orthghosphorus ando a lesser degreammonium concentrations
within theHydroelectric ReacltBoluble reactive phosphorus (surrogate measure for
orthophosphateoncentrations the riverineportions of the Hydroelectric Reach
generally follow a decreasing longitudinal trend through this ré&acsummer and fall
months (i.e., May through November; see Figbt&2); however, concentrations in Iron
Gate Reservoir can exceed those of upstre@s @.e., Klamath River downstream of
Keno ImpoundmentCopco 1 Reservoir) particularly between September and November
(Asarianet al.2009,et al.2010; Raymond 2009, 2010 oncentrations of

orthophosphate are generally constant throughout the vadtenic in winter months

when the reservoirs are mixed, while in stratified periods (i.e.j Meatpber/November)
vertical concentration gradients develop in Copco 1 and Iron Gate Reservoirs (Raymond
2008, 2009, 2010). For example, concentrations near ttebof Copco 1 Reservoir
reached 1.4 mg/L in September and October of 2008 and 2009, while in Iron Gate
Reservoir they remained below 0.5 mg/L throughout the veatemn.

Data from 20012008 indicate that nitrat@ncentrations often peak in the vicyndf

J.C. Boyle Reservoir and decrease through the remainder of the Hydroelectric Reach
(Raymond 2009). On a seasonal basis, coupled nutrient and algal data indicate that
nitrate levels decrease during phytoplankton blooms in the Hydroelectric Reach;
cyarobacteria blooms were recorded in Iron Gate and Copco 1 Reservoirs in summer and
fall 2005 coincident with a nitrate decrease of up to 0.8 mg/L between the inflow to

Copco 1 and the outflow of Iron Gate Reservoirs (Kann and Asarian 2007). Dilution

from the springsdlownstream od.C. Boyle Dam also redugritrate concentrations

this reach

Relativelyhigh levels of ammonia have been recorded in the Hydroelectric Reach. While
available data collected to date suggests no actual ammonia toxicity eseciatas

with the operation of the Four Facilities (NCRWQ&10, elevated ammonia levels in
the deeper portions of the hypolimnion of both Copco 1 and Iron Gate Reservoirs in
summer of 2005 exceeded 0.6 mg/L (Figures 12 and 14 in Kann and Asarian 2007),
indicating that anoxic conditions are likely causing conversion of organic nitrogen in
reservoir deposits to ammonia and introducing the potential for episectsenvoir

toxicity events depending upon reservoir mixing conditions. From 2001 to 20@4, Jun
and November mean ammonia concentrations in Iron Gate Reservoir wiér& Ority/L

to a depth of 45 meters, whereas Copco 1 Reservoir concentrations were consistently
higher for the 2032 meter depth and were D190 mg/L in September and October

(FERC 2@7). Onl y mi nor increases in ammonia (0.

occurin Copco 1 and Iron Gafeservoirs, most often during October and November
(Kannand Asarian 2005, 2007).
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C.3.2 Lower Klamath Basin

C.3.2.1 Iron Gate Dam to Salmon River

Historical (1950 2001) TP data indicate median values of 00119 mg/L in the Lower
Klamath Basin between Iron Gate Dam and Seiad Valley, with the highest values
occurring just downstream of the dam (FigQr&1). Variability over the longerm

record in ths reach is lower than upstream reaches, with concentrations varying from
near zero to over 0.3 mg/L for the period of recdiigre G11). The historical record
indicates relatively low variability in orthophosphate concentrations in the reach (as
compaed with variability in the Upper Klamath Basin), with median values ofi@.a3
mg/L (PacifiCorp 2004)

More recent data indicatbatphosphoruslynamics in the Klamath River immediately
downstream of Iron Gate Dam are affected by conditions withiRtbgct reservoirs
(SectionC.3.1.4. DuringMay 2005 November 2008peak TP concentratiorag
locationsdownstream of Iron Gate Dam testtto occur between midugust and early
Octoberwhich is roughly 1 to 2 months later than peak timing in upstreaohes and
maybe due tahe hydraulicresidence time in Iron Gate and CopeEservoiror release

of TP from anoxic sediments during summer stratification, or following algal bloom and
death (Figurec-12). HighestTP concentrationsvereapproximately @5 mg/L
downstream of Iron Gate Daim 2007 and 2008, with a steep Kl decline in TAn
some years anal moregradualdeclinein others(FigureC-12). Orthophosphate tends to
decrease in the mainstem Klamath River with distance downstream of IroD&mate
(FERC 2007, Asarian et al. 2010). Seasonal trends in orthophosphate closely follow
observed TP concentrations and for the period 22033 this phosphorus species
regularly accourstfor 60to 90 percentof TP sampledqAsarian et al. 2010).

For the peod 1996 2007, average TN concentrations downstream of Iron Gate Dam
(RM 190.1), vary by year, with mean concentrations of 1.2 mg/L (FERC 2007) and a
range of measured concentrations from <0.1 to over 2.0 mg/L (NCRBARDD)).

Additional historical (195012001) nitrogen data is available as TKN (a measure of
organic nitrogen plus ammonia). TKN median values for this period were.9.6g/L

in the Lower Klamath Basin between Iron Gate Dam and Seiad Valley, with the highest
median values occurring just dogstream of the dam (PacifiCorp 2004b). Variability

over the longterm record in this reach is relatively low compared with that of upstream
reaches. For 1952001, high variability in nitrate concentrations is apparent in the reach
between Iron Gate Damnd the Salmon River confluence, with some relatively high
concentrations (>5 mg/L) occurring at the Seiad Valley location (RM 129.4) (PacifiCorp
2004b).

More recentlata indicatéhatnitrogendynamics in the Klamath River immediately
downstream of Iron Ga Dam arelsoaffected by conditions within th€HP reservoirs
(SectionC.3.1.94. Based on data collected May 200®vember 2008, TN

concentrations in the river downstream of Iron Gate Dam are generally lower than those
in upstream reachéBigureC-13) due to dilution from the springsownstream od.C.
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Boyle Dam and reservoir retention in the Klamath Hydropower Reach (Asarian et al.

2009) Furtherdecreases in TN occur in the mainstever downstream of Iron Gate

Damdue to a combination of tributadilution and inriver nitrogen removal processes

such aglenitrification and/or storagelated to biomass uptake (Asarian et al. 2010). On

a seasonal basis, TN me@ases from May through November, with peak concentrations

(1712.5 mg/ L) typically observe€&dd).dPreviousng Sept e
anal ysis of the 2001712004 dataset also indic
the Klamath River frontron Gate Dam to (RM 190.1) to Seiad Valley (RM 129.4)

exceeded 0.2 mg/L (Asarian and Kann 2006b). Downstream of Seiad Valley, median TN
concentrations were often at or only slightly greater than 0.2 mg/L TN (Asarian and Kann

2006D).

Ratios of TN to TP (IN:TP) measured in the Klamath River suggbsitthe systems
generallyN-limited with some periods of elimitation by N and P however,

concentrations dboth nutrientsare high enough ithe river from Iron Gate Dam (RM

190.1) to approximatelgeiad Vlley (RM 129.4) (and potentially further downstream)

that nutrieng are notikely to belimiting primary productivity (i.e., periphyton growth)

in this portion of the Klamath RivéFERC 2007Hoopa Valley Tribal Environmental
Protection AgencyHVTEPA] 2008, Asarian et al. 2010)n addition,N-fixing species
dominate the periphyton communities in the lower reaches d&fltmeath Rver where
inorganic nitrogen concentrations are low (Asarian et al. 2010). Since these species can
fix their own nitrogerfrom the atmospheraitrogen would not limit their growth

Basedon data collected during 2008008, nitrate concentrations also tend to decrease
longitudinally in the Klamath River downstream of Iron Gate Dam (Asarian et al. 2010).
Although patterns inutrient concentrations vary between years, nitrate typically
increases during August and September, with measured concentrations downstream of
Iron Gate Dam greater than 0.25 mg/L each year from 2005 through 2008 (Asarian et al.
2010). In the fall, nitra concentrations tend to increase again, reaching values of over
0.6 mg/L (Asarian et al. 2010). Mean 20R@004 nitrate concentrations downstream of

Iron Gate Dam were 0.18.44 mg/L between March and November, with the highest
concentrations observedearly September (FERC 2007). Over the same time period,
mean nitrate concentrations farther downstream near the confluence of the Shasta River
(RM 176.7) had decreased to 0.0B6 mg/L, with peaks observed in early November
(FERC 2007). Nitrate genenalcomprises less than 40 percent of the TN concentration
throughout the lower Klamath River (Asarian et al. 2010).

As a result of the seasonal production of ammonia in anoxic hypolimnetic waters of the
Project reservoirs (Sectidd.3.1.94 and the high pHevels (>7.5 pH units) measured
seasonally downstream of Iron Gate Daff EP 2005 NCRWQCB2006), the

NCRWQCB evaluated all available sampling data records as part of Klamath River
TMDL development. The NCRWQCB analysis showed that for sampling events in
which all three parameters (pH, ammonia, and water temperature) were collected
simultaneously, no acute or chronic toxicity exceedances of the North Coast Basin Plan
criteria for ammonia were indicated (NCRWQ®@B10. For theMayi November

sampling periodn 2005 2008, ammonia concentrations in the Klamath River
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downstream of Iron Gate Dam were generaly3 mg/Land constituted less than ten

percent of the TN concentration (Asarian et al. 2010). Highest concentrations were
measured during fall months dostream of Iron Gate Dam (RM 190.1), with

ammonia concentrations generally increasing at this location and values increasing to
above 0.2 mg/L during November 2006. For
mg/L were reported in Iron Gate Damtibaw (FERC 2007).

Although tributary dilution generally has a proportionally greater effect on nutrient
concentration reductions in the Klamath River downstream of Iron Gate Dam, nutrient
retention is an important component of overall nutrient dynamittgs reach.In a study

of the JunéOctober and JulySeptember periods during 26@®08, nutrient retention in
the reach from Iron Gate Damttte Klamath River Estuanyas calculated after
accounting fotributarydilution (Asarian et al. 2010). Faone study, positive retention
valuesrepresentedeasonal removal of nutrients from the water column through storage
in algae/plant biomass or denitrification, and negative retengjmesentedn internal
source of nutrients from sediment release or akgéneration and nitrogen fixation.
Retention ratedownstream of Iron Gate Dawere variable but generally positive for

TP, although negative retentisrasobservediuring some yearis the reach between
Seiad Valley (RM 129.4) anthe Salmon River (RM@&), as well as further downstream
to Turwar (RM 5.8) (Asariaet al. 2010). In general, TP and orthophosphate retention
increased with distance downstream of Iron Gate Dam while particulate phosphorus
retention decreased (or became more negative). Nutggention for TN was similarly
positive, with instances of negative retention observed during 2005 between Iron Gate
Dam (RM 190.1andSeiad Valley (RM 129.4)see Section C.3.2.2 for discussion of
retention in lower reachespdditionaly, during 20(%i 2008, btal inorganiaitrogen

(TIN = nitrite + nitrate + ammoniuntetentionwas consistently positive between Iron
Gate Dam ands far downstream aise Trinity River confluencéRM 42.5) The

Asarian et al. (2010) analysis indicates that large qiiestf nitrogen and phosphorus
wereretained irthe river across the roughly80 miles from Iron GatBamto just
downstream of the Salmon River@tleans(RM 59.0) during JulySeptember of 2007
2008, thancomingnutrient loadat Iron Gate Damwas redeed by 24% for TP, 25% for
ortho-phosphorus, 21% for particulate phosphorus, 41% for TN, 93%dfgrand 21%

for organic nitrogen

C.3.2.2 Salmon River to Estuary

Downstream of the confluence with the Salmon River, nutrient concentrations continue to
decrease in the Klamath River as compared with those measured farther upstream.
Historical (19502001) TP data indicate median values of 00687 mg/L in river

between the Salmon River confluence and near the Klamath Estuary, with generally low
variability (FigureC-11). Orthophosphate levels and variability over the fgrgn

record in the reach downstream of the Salmon River are similar to those in the reach
downstream of Iron Gate Dam (see previous section). Contemporary datb2@08)5
indicate thaffP concentrations in this reach gemnerally 0.050.1 mg/Lwith peak

values occurring in September and Octold2ownstream of the Trinity River,
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orthophosphateften accounts fdess than 50 percenf TP, possibly due to dilution
from the Trinity Rive (Asarianet al.2010).

As with upstream reaches, historical (188001) nitrogen data is available as TKN,

nitrate, and ammonia. TKN median values downstream of the Salmon River for this
period were 0.25).3 mg/L (PacifiCorp 2004b). Variability ovdrd longterm record in

this reach is dependent on sampling location, with the greatest variability for the most
downstream site at Klamath Glen (RM 5). For 198101, high variability in nitrate
concentrations is apparent throughout this reach, with selai@/ely high concentrations

(>3 mg/L) occurring at Orleans (RM 59) and Klamath Glen (RM 5) (PacifiCorp 2004b).
Contemporary data indicate that on a seasonal basis, TN increases from May through
November, with peak concentrations (<0.5 mg/L) typicaligeyved during September

and October (Figur€-13), which are at or above the Hoopa Valley Tribe numeric

criterion of 0.2 mg/L TNgee Section 3,Zable 3.26). Downstream of the Trinity River
confluence (RM 42.5), TN concentrations are typically leas thh5 mg/L (YTEP 2005),

with general increases from spring to fall months. For theiZ¥B dataset, TN

increases were observed between September and October at Orleans (RM 59), upstream
of the confluence with the RMS)(AsatiapetR.i ver
2010) (FigureC-13).

Nutrient retention rates in the Klamath River frapproximatelythe Salmon River
confluence to thé&rinity River are variable for the period 2002008, but generally
positive for TNand TR However, fronthe Trhnity River to the Klamath River estuary,
nutrient retention rates are generally negaffgarian et al. 2010)For exampleguring
2005 2008, otal inorganiaitrogen (TIN = nitrite + nitrate + ammonium) retention was
consistently negative between thenity River confluence and TurwgRM 5.8)

(Asarian et al. 2010)The Asarian et al. (2010) analysisggestshatwhile nitrogen and
phosphorusre largely being removed from the river upstream of the Trinity River
confluence (RM 42.5) during the Jui@ctober and JuliSeptember study periods,
downstream of the confluence, nutrients are being added.

C.3.2.3 Klamath Estuary

Nutrient levels in the Klamath River Estuary are highly variable spatially and temporally
and are greatly influenced by season, ril@w, tidal prism, and location of the estuary
mouth. In general, nutrient levels in the Klamath River Estuary are lower than in the
Klamath River just upstream of the Trinity River confluence (RM 43.5) and comparable
to the nearest river sampling statiRM 5)near Turwaf(Sinnott 207, 200, 2009,

2010, 2013). Interannual and seasonal variability are apparent in the contemporary data
collected by the Yurok Tribduring2006 2010 (Sinnott 20D, 20, 2009,2010, 2014).

For example, measured levelsT® in the Klamath River Estuary are below 0.12 mg/L
during the period Juii®ctober 20062010. Contemporary data (206@®10) indicate

that TP concentrations in the Klamath River Estuary generally range froni 0.020

mg/L with peak values generally agcing in September and October, although 2009 and
2010 data indicated that concentrations of TP can continue to increase into November
and December, especially during elevated river flows (Sinnof, ZmWiB, 2009, 2010,
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20119). During peak concentratien, v al ues often exceed the Hoc
standard of 0.035 mg/L TRde Section 3.2, Table 362 During the same period,

orthophosphate is consistently reported at less than 0.05 mg/L. Orthophosphate often

accounts for more than 50% of TP froomé through October.

Contemporary data (2008010) indicate that TN concentrations in the Klamath River
Estuary were consistently below 0.7 mg/L, generally ranging fron0GIng/L (Sinnott

2007, 20, 2009 2010, 2014). Concentrations increase from éun October with

peak values occurring in September and October, although 2009 and 2010 data indicate
that concentrations can continue to increase into November and December, especially
during high river flows (Sinnott 200 20, 200, 2010, 2014). During peak
concentrations, values often exceed the Hoop
(see Section 3.Z,able 32-6). During JunéOctober 20062010, measured values of

nitrate plus nitrite in the Klamath River Estuary are near or below the mgéntiit

(0.01 mg/L), with concentrations generally ranging from 0.01 mg/L to 0.05 mg/L.
Concentrations of nitrate plus nitrite in the Klamath River Estuary increase from June to
October, with peak values during this period occurring in September anide@cas

with TN, recent data indicates that nitrate plus nitrite concentrations can continue to
increase into November and December, especially during elevated river flows (Sinnott
2010, Sinnott 201d). Measured values of ammonia in the Klamath Rivendtgtwere

low, with measurements consistently below 0.1 mg/L during the periodQctober
20062010, generally ranging from 0.01 mg/L to 0.03 mg/L, with peak values generally
occurring in September. Many ammonia samples from the Klamath River Estuany re
values near or below the reporting limit of 0.01 mg/L (Sinnot72@0, 2009, 2010,

20119). However, the Klamath River Estuary sampling site has more detectable
concentrations of ammonia than any other sampling site within the Yurok Reservation.
Nutrient retention has not been explicitly measured in the estuary, although
measurements have been made just upstream of the estuary in the reach from the Trinity
River confluence (RM 43.5) to Turwar (5.8).

C.4 Dissolved Oxygen

C.4.1 Upper Klamath Basin

C.4.1.1 Wood, Williamson, and Sprague Rivers

Limited dissolved oxygen data were collected in the Wood River in 1991, with reported
valuesof 9.8 12.7 mg/L at headwaters and 819.8 mg/L at the mouth (Kann 1993)
Historical dissolved oxygen data for the Williamson and Sprague rivers are not generally
available More recent data collected BPDEQ (2002) for the Sprague River indicates

that dissoled oxygen concentrations in this tributary to Upper Klamath Lake undergo
largedaily cycles due to algal photosynthesis and respiration causing dissolved oxygen
supersaturation (>10 mg/L) during the day and depressed (<7 mg/L) levels at night.
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Critically low dissolved oxygen conditions ocadmring summer months e Sprague
River, where sbwerwater columnvelocities and elevateslatertemperatures encourage
excessive periphytofi.e., benthic or attached algagpwth

C.4.1.2 Upper Klamath Lake

Dissolved oxygen concentrations in Upper Klamath Lake range from less than 4 mg/L to
greater than 10 mg/L and exhibit high seasonal and spatial variabllg. nutrient

loading is the primary cause of eutrophication and subsequent low dissolved oxygen
levels in Upper Klamath LakeWater quality data collected ltlye Klamath Tribes

contains periods of weeks during the summer months when dissolved oxygen levels in
the lake are continuously below t®®EQ criterion of 5.5 mg/L for support of warm

water aquat life (Kann201Q Morace 200Y. Low (Oi 4 mg/L) dissolved oxygen
concentrations occur most frequently in August, the period of declining algal blooms in
the lake and warm water temperatufdsiace 2007ODEQ 2002, Walker 2001).

Intermittentthermal statification in Upper Klamath Lake can isolate a Aeaitom layer

of water, within which high sediment oxygen demand (SOD) and decomposition of algal
cells depletes oxygen and creates potentially unsuitable conditions for resident fish (e.g.,
suckers) (Wod 2001, Wood et al. 2006)n the upper water columhigh concentrations

of N-fixing algae increase dissolved oxygen concentrations during photosynthesis, often
resulting in oxygen supesaturation (>10 mg/Lluring the daytime Theresultingwater
column profiles of oxygeare extreme, witklepletionin bottom watersand super

saturatiornin surface waters. This chemical structure is stressful for fish bot is
maintained for long periods of time as thermal stability tends to develop and erode over
the course of a day (Wood et al. 2006). Strongere extendethermal stratification

can occuin the relatively deep trench along Eagle Ridd@éiscan cause longderm
dissolved oxygen depletiodecreasinglissolved oxygen concentrations in the herh

part of Upper Klamath Lake for periods of weeks (Wood et al. 26104,2008).

C.4.1.3 Link River Dam to Klamath River upstream of J.C. Boyle Reservoir

Historical (19502001) dissolved oxygen data collected during daytime at various times
during the year indicate median values ofi®2 mg/L in the Upper Klamath River
between Link River Dam and J.C. Boyle Reservoir, with the lowest median values
occurring from RM 236 to RM 238, which is downstream of the Klamath Straits Drain
(RM 240.5), and from Rl 245 to RM 248, which is downstream of Link River Dam

(RM 253.7) (FigureC-16). Variability over the longerm record in this reach is high,

with multiple outlying data points above and below the 95th percentile, indicating both
supersaturated and hypoxdissolved oxygen conditions (PacifiCorp 2004b¢ latter

not meetinghe ODEQcriterion of 5.5 mg/L for support of warm water aquatic life.
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Figure C-16. Box and Whisker Plot of Historical Dissolved Oxygen
Data Collected as Daytime Grab Samples from Various Sites in the
Klamath River from Klamath River at Klamath Glen (RM 5) to
Klamath River at Link River Dam (RM 254) between 1950 and 2001.
Source: PacifiCorp 2004b.

More recent continuous-situ data collected in June 2003 show dissolved oxygen

corcentrations below 4 mg/L and many instances where dissolved oxygen was below 1

mg/L in this reach (Doyle and Lynch 2003n the downstream Keno Impoundment

(including Lake Ewauna), dissolved oxygen
Jul y1 Oastlgab teansported from Upper Klamath Lake settle out of the water and

decay(Sullivanet al.2017) (see also chlorophyh discussion in Section C.6.1.3)

Dissolvedoxygen concentrations measured in 2005 from the downstream end of Lake
Ewauna (RM 252)o Keno Dam (RM 235) ranged from 7 to 8 mg/L in the early spring,

and by late July concentrations were less than 2 mg/L throughout the water column (Deas
and Vaughn 2006). During this same period, dissolved oxygen concentrations in Link

River inflow were7i 8 mg/L, but apparently had little effect on the dissolved oxygen
concentrations in the Keno Impoundm@M 252 233) Continuous dissolved oxygen

data collected by Reclamation at Klamath River upstream of Keno Dam (USGS gage no.
11509370) for the pertbJanuary 200@ecember 2009 exhibit seasonally low dissolved

oxygen from July through October (Figutel?).
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Klamath R. above Keno Dam nr Keno, OR [top] (11508370)

Data from Bureau of Reclamation
16lllllllllllllllllllllllllll160

14 140

Illlll

=
N

120

o
(=]

100

=]

1-19-2006 N B

80

60

40

Daily Mean Dissolved Oxygen {mg/L)

Daily Mean Oxygen % Saturation (% sat.)

o e b b T

8-13-2006 —

1-10-2008 —

4-22-2008 [~

8-03-2008 [—

5-02-2006 [~
11-24-2006 —
3-07-2007 —
6-18-2007 —
9-29-2007 —
11-14-2008

9-19-2009 —
12-31-2009

Mon Jan 17 00:16:37 2011
Figure C-17. Daily Mean Dissolved Oxygen Concentration and Percent
Saturation for Continuous Data from Klamath River Upstream of Keno Dam,
USGS Gage No. 1159370, from January 2006 to December 2009. Source: USGS
Data Grapher 2010 (http://or.water.usgs.gov/cgi-bin/grapher).

In addition to water column dissolved oxygen measuremienrssiu SOD has been

measured at multiple locations in the reach from Link River Dam to the Klamath River
upstream of J.C. Boyle Reservoir. TB®D normalized to 20°(B8°F) (SODy)

measured in June 2008Lake Ewauna (RM 253 to 247) and three sites downstream
(Recl amationdés monitoring |l ocations at aRM 2
the North Canal, and at RM 2&tddownstream oKlamathStraits Drain at RM 239)

were 0.32.9 grams of oxygen per square meter per day{m@lay) (Doyle and Lynch
2005). Eilers and Raymond (2005) report higher summer SOD rates 8f&2g/

O./m?/day in Lake Ewauna, with the equivalent rate of water column oxygen demand due
to SOD measured by Doyle and Lynch (2005) at an average ofim@/I3day (20°C

[68°F]) and 0012 1.87 mg/L/day (Sullivan et al. 2010F.ollowing conversion from

areal to volumetric unitshea u t hreportiteat measured water column oxygen demand

is equal to or greater than oxygen demand in sediméwsordingly a reductionn the
upstreamadad of particulate algal materigle., cyanobacteria) to this reach would

decrease the high oxygen demand lauay limit occurrences odinoxia and hypoxia in

the water columifSullivanet al.2010, Doyle and Lynch 2005).
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Historical water column oxygen demmd data is also available for the reach from Link

River Dam to the Klamath River upstream of J.C. Boyle Reservoir. The historical record
indicates relatively highiological oxygen deman@BOD) (but also high variability) at

the downstream end of Lake Buna (RM 247) (Figur€-18). Sullivan et al. (2010)

measured BOD in the Klamath River between Keno Dam (RM 233) and Link River Dam
(RM 253.7), as well as within Klamath Straits Drain (RM 240.5) from April to November
2007. They report the existence ofeatst two pools of organic matter (i.e., labile and
refractory) in these reaches, each possessing a different average rate of decay. The labile
pool of organic matter is dominated by particulate organic matter suchlasaquae,

and decays rapidlyyith 80 percent of the associated oxygen demand expressed in 8 days
(Sullivan et al. 2010). The refractory pool is also largely composed of particulate matter,
but includes some dissolved organic matter and decays at a much slower rate, consuming
oxygen br at least 60 days. Since the travel time from Link River to Keno Daiml& 6

days during summer months, the majority of BOD in this reach during the summer

months appears to be attributable to labile, adigaived organic matter (Sullivan et al.

2010).
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Figure C-18. Box and Whisker Plot of Historical BOD Data Collected from
Riverine Sites in the Klamath River Between 1950 and 2001. Link River Dam
(RM 253.7), Lake Ewauna and Keno Impoundment (RM 233i 253.1), J.C. Boyle
Reservoir (RM 224.71 RM 228.3), Copco 1 Reservoir (RM 198.61 203.1), Copco 2
Reservoir (RM 198.31 RM 198.6), Iron Gate Reservoir (RM 1901.17 196.9).
Source: PacifiCorp 2004b.
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Lastly, four facilities discharge treated wastewater to the Keno Impoundment; however,
these facilities contribute a very small amount (<1.5% of the organic material loading) to
theoverall oxygen demand in the Keno Reach. Overall, decomposition ef alga
transported from Upper Klamath Lake appears to be the primary driver of low oxygen in
the Keno Impoundment (including Lake Ewauna) (Sullivan et al. 2009, Kirk et al. 2010).

The Klamath River in Oregon from the Califorr@aegon state line to RM 251 is

currently listed as impaired for dissolved oxygen under Section 303(d) of the EAFA (

Section 3.2Table 3.28). Oregm 6 s Upper Kl amath Lake Drai nage
Upper Klamath and Lost River draft TMDLs (2010) address dissolved oxygen, among

other water quality parametgisee Section 3.24), and indicate that reductions in BOD

loading fromUpper Klamath Lake anlbth point and nonpoint sources in the Upper

Klamath Riverare requiredn order to achieve water quality standards.

C.4.1.4 Hydroelectric Reach

Dissolved oxygen levels in thé¢ydroelectric Reackiary on a seasonal addily basis
(e.g., Karuk Tribeof Calfornia 2002 2003 FERC 2007 PacifiCorp 2004p2008&,;
USFWS2008 FISHPRO 2000Zedonis and Turner 201.0During summer, th&HP
reservoirs exhibit varying degrees of supersaturation in surface waters due to high rates
of algal photosynthesis and hypuhetic anoxia as dissolved oxygen is depléted
bottom watersluringseasonal thermal stratification amicrobial decomposition afead
algae J.C.Boyle Reservoir, a relatively long, shallow reservdaes not stratify
However,J.C.Boyle Reservoican exhibit large variations in dissolved oxygen due to
conditions in the upstream reach from Link River Dam thrabghKeno Impoundment
(including Lake Ewaunajndin Upper Klamath Lake (see previous sectio@ppco 1
and Iron Gate Reservoirs thermadlyatify beginning in April/May and do not mix again
until October/November (FERC 2007Sratification occurs, with dissolved oxygen in
Iron Gate and Copco 1 surface watgeserally at or, in some cases alfpgaturation

and levels in hypolimnetic waits reaching minimum values near 0 mg/L by July (for
example, 208 data shown irFigure G19).

C.4.2 Lower Klamath Basin

C.4.2.1 Iron Gate Dam to Salmon River

Historical (L9501 2001) dissolved oxygen data (reflecting day time grab sampling) are
variable Median values wer@.1i 10.8mg/L in the Klamath River between Iron Gate
Dam and the confluence with the Salmon River, with the lowest median values and the
greatest general variability in the first mile downstream of the (@gure G16,

PacifiCorp 20@b). Based on more recent data, dissolved oxygen concentrations
immediately downstream of Iron Gate Dam regularly fall below 8 mg/L, the former
North Coast Basin Plan water quality objective for dissolved oxygen during summer
months (Karuk Tribe of Califmia 2001,2002 2007, 2009; NCRWQCR010. Based

2 At high rates of photosynthesis, oxygen production may exceed the diffusion of oxygen out of the water
column and oxygen supersaturation may result.
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Figure C-19. Vertical Profiles of Dissolved Oxygen Concentration
Measured in Copco 1 Reservoir Near the Dam (Top Plot) and Iron
Gate Reservoir Near the Dam (Bottom Plot) in 2008. Source:
Raymond 2009.
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on continuous Sonde data collected at multiple locations in the lower Klamath River
during summer 2002006, roughly 45 to 65 percent of measurements immediately
downstream of Iron Gate Dam did not achiéwe (previous) North Coast Basin Plan

water quality objective of 8 mg/L (the objective is now based on percent saturation, see
Section 3.2Table3.2-5). The percent of dissolved oxygen measurements below 8 mg/L
decreases with distance downstream, paerty in 2005 and 2006-able G2

summarizes dissolved oxygen concentrations in the Lower Klamath River during
Summer 2004006.

Table C-2. Dissolved Oxygen Concentrations in the Lower Klamath River during

Summer 20047 2006.

Location 2004 2005 2006
n@ % n @ % n @ %

At Iron Gate Dam (RM 2,706 64 4,498 45 5,391 61
190.1)
Upstream of Shasta River 5,478 50 5,533 49 - -
(RM 176.7)
Upstream of Scott River (RM | 2,966 58 4,457 a7 - -
143)
Seiad Valley (RM 129.4) 3,381 57 4,713 45 5,526 40
Orleans (RM 59) 57 37 4,533 23 5,349 15
Weitchpec (RM 43.5) 4,142 48 5,400 7 5,332 6
Downstream of Weitchpec (& | 5,500 16 3,529 11 5,293 4
RM 42)
Upstream of Trinity (RM 40) | - - 5,535 5 5,739 3
Turwar (RM 5.8) 5,066 30 5,543 6 - -

Source: Ward and Armstrong 2006, NCRWQCB 2010.

! Dissolved oxygen measurements were collected at 30-minute increments for a total of forty-eight daily
measurements.

Key:
n=number of measurements
%=percent of measurements not achieving the North Coast Basin Plan previous water quality objective of 8 mg/L

Withdrawals occur at depths of approximately 12 meters in Iron Gate Reservoir, and thus
downstream dissolved oxygen concetitras tend to reflect oxygen conditions in the

lower epilimnion (Section C.4.1.4) when the reservoirs are stratified, with some increases
in dissolved oxygen as the water isagrated upon discharge. In the fall, before and after
reservoir turnover, lowlissolved oxygen concentrations from the hypolimnion can be
translated downstream. Table3Gummarizes dissolved oxygen concentrations taken
downstream of Iron Gate Dam (RM 190), representing the range of daily average
measurements.

C-417 September 2011



Klamath Facilities Removal EIS/EIR
Public Draft

Table C-3. Range of Observed Dissolved Oxygen Concentrations Downstream of
Iron Gate Reservoir.

Year General Range of Daily Average Dissolved Oxygen (mg/L) downstream of Iron Gate Dam
(RM 190, near USGS Gage No. 11516530)
Septemberi November Source
October

2001 | 4i6® 718 Karuk Tribe of California 2003

2002 | 4i9@ - Karuk Tribe of California 2003

2004 | 6i9.5 8i9 Zedonis and Turner 2010

2006 6.518 718 Karuk Tribe of California 2009

2007 | 719% - Karuk Tribe of California 2009

2008 | 6.518.5 - Karuk Tribe of California 2009

2009 | 7il0 - Karuk Tribe of California 2010

2010 | 7110.5 517 Preliminary data from PacifiCorp and Karuk Tribe of California, K.

Fetcho, Yurok Tribe, pers. comm.

! No September data reported
2 No October data reported

In situcontinuous data collected during 20@810 by PacifiCorp in the Klamath River
downstream of Iron Gate Dam demonstrates the seasonal decreases in dissolved oxyge
(measured as percent saturation and concentration) originating from the reservoirs, with
the lowest average monthly values occurring in October and November rather than during
the months with the warmest water temperatures (i.e., July and August) Craple

It has been suggested that daily fluctuations of u 2nf/L measured irhe Klamath
River downstream of Iron Gate Dam (RM 190 Ka uk Tribeof California2002 2003
YTEP 2005; NCRWQCRO010 are caused by daytime algal photosynthesis and
nighttime bacterial respiration. Low DO can also be often driven by bacterial
decomposibn of algae in the reservdqWward and Armstrong010).

Testing of tirbine ventingat Iron Gate Dans has been conducted part ofKlamath
Hydroelectric Settlement Agreemdnterim Measure¢Section 1.2.&Klamath
Hydroelectric Settlement Agreemeirterim Measures). Turbine venting is Interim
Measure 3 (IM 3), and has a goal of improving dissolved oxygen concentrations
downstream of Iron Gate DanT.est results from 2008 indicate that dissolved oxygen
levels immediately downstream of Iron Gate Dam lsa increased through the
mechanical introduction of oxygen as water passes through the turbines (Carlson and
Foster 2008, PacifiCorp 2008dYlonitoring data taken during the tests suggest that an
increase of approximately 0.5 to 2 mgridissolved oxygn (approximately 7 to 20
percent saturation) is possible; however, further testing and monitoengcommended
(PacifiCorp 2008p
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Table C-4. Average Monthly Water Temperature, Dissolved Oxygen
Percent Saturation, and Dissolved Oxygen Concentration in the
Klamath River Downstream of Iron Gate Dam (RM 189.7).

Month Average Monthly Average Monthly Average Monthly
Water Temperature Dissolved Oxygen Dissolved Oxygen
(°C) (% Saturation) (mglL)
2008
June 18.4 92.2 8.7
July 22.3 90.0 7.8
August 21.8 91.8 8.0
September 18.6 84.5 7.9
October 14.8 66.2 6.7
November 10.3 67.4 7.5
December 7.0 70.0 8.5
2009
January 3.7 79.4 10.5
February 4.4 83.0 10.8
March 6.7 83.2 10.2
April 8.4 82.2 9.6
May 17.4 94.4 9.0
June 19.3 87.9 8.1
July 21.2 86.8 7.7
August 21.7 99.9 8.8
September 194 95.7 8.8
October 14.6 77.7 7.9
November 9.9 71.2 8.1
December 5.0 81.2 104
2010 (Preliminary)
January 3.9 86.6 11.4
February 5.4 92.2 111
March 7.2 88.9 10.5
April 9.5 100.2 11.4
May 12.7 96.4 10.2
June 16.8 87.3 8.5
July 21.3 90.9 8.1
August 21.9 88.3 7.7
September 18.4 96.7 9.1
October 155 85.1 8.5
November 11.8 57.5 6.2

Raw daily data from http://www.pacificorp.com/es/hydro/hl/kr.html# (PacifiCorp 2008b, 2009, 2010). Data
obtained with YSI 6600 V2 or 6900 Multiprobe Datasondes (30-minute intervals).

Farther downstream in the mainstem Klamath Rinear Seiad Valley (RM 129.4),
dissolved oxygen concentrations tendrterease; howevevalues are often below 8

mg/L (i.e., 2001, 2002, 2006, and 2009, as reported in Karuk Tribe of California [2001,
2002 2007, 2009]). Dissolved oxygen concentrations near Seiad Valley continue to
exhibit variability, with mean daily valgeranging from approximately 6.5 mg/L to
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(supersaturated concentrations of) approximately 10.5 mg/L, from June through
November, 200112002 and 200&2009.

C.4.2.2 Salmon River to Estuary

Measured concentrations of dissolved oxygen in the mainstem Kl&tneth

downstream of the confluence with the Salmon River (RM 66) continue to increase
relative to concentrations at upstream sites. Despite this, values sometimes fall below
8 mg/L in this reach (e.g., at the Orleans gage [RM 59] during 2001, 2002, 2006 a
reported in Karuk Tribe of California [2002002 2007, 2009], Ward and Armstrong
2006, NCRWQCR2010. Dissolved oxygen concentrations near Orleans also exhibit
variability, with mean daily values ranging from approximately 6.5 mg/L to
(supersaturatecbncentrations of) 11.5 mg/L from June through November, /200

and 20062009. Extremely higmeandaily dissolved oxygen concentrationsi1%.5

mg/L) (Sonde data) were reported for October 2006 at the Orleans gage (Karuk Tribe of
California 2007, 209).

Dissolved oxygen concentrations in the mainstem Klamath River upstream of the
confluence with the Trinity River (RM 42.5anged5.5 10.3 mg/L in September and
October 2004, respectively, with minimum dissolved oxygen concentrations 8elow
mg/L (the Basin Plan minimum dissolved oxygen criterfmior to 2010)for extended
periods of time from mighugust through early September (YTEB05) In 2009 at this
location, dissolved oxygen concentrations ranged1a.8 mg/L, with minimum

dissolved oxygen amentrations dropping below 8 mgfthe Basin Plan minimum
dissolved oxygen criterion prior to 2010y an extended period of time from midly to
early August, and again from late August to early September (Sinnott 2010). In 2010
concentrations rangetid 12.1 mg/L(Sinnott 201b), with minimum dissolved oxygen
concentrationsemaining above 2010 amended Basin Plan minimum dissolved oxygen
concentration criteria based on percent saturaéan,7.0, 6.9, and 7.8 mg/L for July,
August, and Septembegspectively, see Section 3.2, Table-3)2

Furtherdownstreamatthe confluence with the Trinity River (RM 42.5) and at the
Turwar gage (RM 5.8yaily minimum dissolved oxygen values at the Trinity River and
Turwar sitesduring May through Novembererconsistently observed to occur taight

or early in the morning, likely due to respiration by aquatic vegetation (YTER 2005
Sinnott 2010, 2014). At Turwar (RM 5.8) in 2004, minimum dissolved oxygen
concentrations dropped bel@wng/L (the Basin Plaminimum dissolved oxygen
criterion prior to 2010petween late July and late August (YTEP 2005); dissolved
oxygen concentrationrenging5.91 10.1 mg/L were observed in August and September).
In 2009 dissolved oxygen concentratioasTurwarranged 73i 11.7 mg/L, with

minimum dissolved oxygen concentrations dropping below 8 mg/L for an extended
period of time from mieluly to early AugustSinnott2010). In 2010concentrations
ranged i 118 mg/L, with minimumvalues remaining above 2010 amended BR&m
minimum dissolved oxygen concentration criteria based on percent satueadjon.Q,
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6.9, and 7.8 mg/L for July, August, and September, respectively, see Section 3.2, Table
3.2-5).

C.4.2.3 Klamath Estuary

Dissolved oxygen concentrations withiretilamath River Stuary are highly variable

spatially and temporally and are greatly influenced by season, riveniotical water

column stratification (thermal and/or chemi¢ahd location of the estuary mouth, the

latter changing due toeriodicsand bar movement. Dissolved oxygen concentrations

have been monitored in the Klamath River Estuary by CDFG (Wallace 1998) and most
recently by the Yurok Tribe Fisheries (Hiner 2006) and Environmental Programs (YTEP
2005) with support from the North Coastdgrenal Water Quality Control Board.
Concentrations in the deeper, main channel of the estuary are generally greater than 6 to 7
mg/L throughout the yegHiner 2006, YTEP 2005)

Lower dissolved oxygen concentratiaasiging 2.55.5 mg/Lhave been measeatnear

the bottom of deep pools orheavily vegetated side channels (Wallace 1998w

dissolved oxygen concentrations (<1 to 5 mg/L) have been observed during summer
months in the relatively shallow, heavily vegetated south slough (Hiner 2006, &/allac
1998). The low levels of dissolved oxygen observed in the slough are likely due to high
rates of growth and subsequent decomposition of algae and macrophytes, which are not
abundant elsewhere in the estuary.

Dissolved oxygen becomes progressivelyenaariable and generally lower in

concentration nearer the estuary bottom and the estuary mouth, with concentrations

frequently below 6 mg/L during summer months (Hiner 2006, YTEP 200&).

dissolved oxygen has also been observed during late summédrsmdreén a sand berm

forms across the river mouth, forcing the river to flow south diagonally betweesand

Sspits. This berm prevents ocean wakebH from
conditions until higher flowbreechthe berm (Wallace 28, Hiner 2006). These

conditions were documented in 1994 and 2002001 a decrease in dissolved oxygen
concentrations was measurethted to sand berm formationith especially marked

decreasem dissolved oxygen in the south slough (Hiner 2006).

C.5 pH

C.5.1 Upper Klamath Basin

C.5.1.1 Wood, Williamson, and Sprague Rivers

The Sprague River is listed as impaired under Section 303(d) of the CWA for pH in the
summer months based upon thel 6.8 range established WDEQin the Upper

Klamath Lale Drainage TMDLsgee Section 3,Zable 3.28). In the Wood River
subbasin, Campbell and Ehinger (1993) report pH levels 68&29n the headwaters and
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7.4i 8.2 at the mouth. During the summer months, Wood River has little potential to
influence the ograll pH of downstream Agency Lake, based upon low relative flow
volumes. High pH levels3(5 9.5) have been observed in the Sprague River linked
primarily to high rates of periphytig.e., benthic or attached alga@al photosynthesis
(ODEQ2002). Thke pH criterion $§ee Section 3,Zable 3.28) has been exceeded on the
mainstem Sprague River during the warmest part of the day in August from RM 79.1 to
the confluence with the Williamson River.

C.5.1.2 Upper Klamath Lake

Upper Klamath Lake is listedsampaired under Section 303(d) of the CWA for pH based
upon the 6.69.0 range established in the Upper Klamath Lake Drainage TMé&les (

Section 3.2Table 3.28). During NovembérApril (non-growing season) pH levels in

Upper Klamath Lake are near neuf@auatic Scientific ResourceX)05). However, in
summer, instances of pH levels above 10 and extended periods of pH greater than 9
lasting for several weeks have been associated with large summer algal blooms occurring
in the lake(Kann 2010 Morace 2007Kannand Smith 1999 On adaily basis, algal
photosynthesis can elevate pH levels during the day, with changes exceeding 2 pH units
over a 24hour period. Elevated pH is linked to nutrient dynamics in the lake, as
increases in pH also incregaeosphous flux from internal loading via #ake sediments

to the water column by solubilizing irdsound phosphorus. A threshold of pH 9.3 has

been identified in the lake where the probability of internal phosphorus loading from
lakebed sediments sharply inases (Kann and Walker 1999). A positive feedback loop
can be created where an initially high phosphorus concentration supports an algal bloom,
which then raises pH through photosynthesis and causes the release of phosphorus from
lake sediments (Kann andalter 1999).Estimates of internal loading of phosphorus

range from 57% (Miller and Tash 1967) to 61% (Kann and Walker 1999) of the total
phosphorus sources, with much of the internal loading source occurring in the summer.
Internal loading in an unstified lake such as Upper Klamath Lake is driven by several
mechanism#cludingl) high gH resulting in dissolution of iron and aluminum
complexedohosphorus2) anoxic conditions at sedimenater interface resulting in
dissolution of iroAphosphorugomgexes, 3) temperature driven microbial metabolism
resulting in mineralization of organphosphorusnto dissolvedphosphorus4) dissolved
phosphoruseleased directly from algal cell in the sediment, wdinden sediment re
suspension, 5) bioturbatioron benthic invertebrates allowing migratiphosphorusn

deeper sediment to migrate upwadd 6) chemical diffusion from phosphorus
concentration gradients in the sediments.

Openwater areas in Upper Klamath Lake tend to have the highest measuredgitihge
levels above 10 (Gearhart et al. 1995), while nearshore areas may have relatively lower
pH of due to the production of acidiamic substances associated with fringe wetlands
and marshethere(Aquatic Scientific Resourcé05) However, an estint@d 35,000

acres of marsh and wetlands directly adjacent to Upper Klamath Lake have been
converted to pasture or agricultural fields (Gearhart et al. 1995), potentially reducing the
buffering effect of the littoral marshes on lake pH level under curremtitons.
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C.5.1.3 Link River Dam to Klamath River upstream of J.C. Boyle Reservoir

The Klamath River from Link River Dam to upstream of J.C. Boyle Reservoir, inclusive
of the Keno Impoundment (and Lake Ewaunagls® listedas impaired under Section
303d) of the CWAfor pH during the summer monthseg Section 3,Zable 3.28).

Generally, pH in the reach from Link River Dam through the Keno Impoundment
increases from spring to early summer and decreases in the fall; however, there are site
dependentariations in the observed trend. Measurements of pH collected by Sullivan et
al. (2008) in the Keno I mpoundment (&ARM 235
2007 indicate pH ranging from 7.2 in April to a etiey peak of 9.9 in November

(Sullivan et al. 208). Downstream at Miller Island, pH was typically 8.5 in the spring,
increasing to values at or near 9.5 in the summer, and decreasing to near 7.5 in the fall.
In 2009, springtime pH levels at J.C. Boyle Reservoir were also typically 8.5, decreasing
during the summer and fall to 7.6.9 (Watercourse Engineerinigic. 2011).

C.5.1.4 Hydroelectric Reach

TheHydroelectric Reacks not listedas impaired under Section 303(d) of @&/A for

pH (see Section 3,Zable 3.28). Basedupon monitoring conductedaly PacifiCorp, pH

in the Hydroelectric Reach is seasonally variable, with levels near neutié.(j.5

during the winter and increasing in the spring and summer§ Ay Peak valuesi9.2)

are recorded during May and September (Raymond 2010). Ldigitly, pH ranges

from 7.3 to 9.2 in this reach, with the lowest values recorded downstream of J.C. Boyle
Reservoir and the highest values in Copco and Iron Gate Reservoirs (Raymond 2008,
2009, 2010). The pH is typically elevated where and when algadgjrmihesis rates are
high; maximum values (e.g., between 8 and 9) are measured at or near the water surface
during periods of thermal stratification and high nutrient concentrations (Raymond 2008).

C.5.2 Lower Klamath Basin

C.5.2.1 Iron Gate Dam to Salmon River

Although not listed as impaired for pH under Section 303(d) of the C8& $ection

3.2 Table 3.28), the California North Coast Basin Plan pH maximum of 8.5 units is
regularly exceeded in the lower Klamath River downstream of Iron Gate( D&8RNS

2008; FERC 2007; FISHPRO 2000; Karuk Tribe of Califo@082 2003; YTEP 2005;
NCRWQCB2006 2010. During April through October 2002004, incidences of pH
belowthe minimum North Coast Basin Plan limit of 7.0 were also observed immediately
downstreanof Iron Gate Den (RM 190Q1) (PacifiCorp 2004b). Because the Klamath
River is a weakly buffered system (i.e., gsically low alkalinity<100 mg/L,

PacifiCorp [2004a], Karuk Tribe of California [20)0f is susceptible to photosynthesis
driven daily svings in pH. Observed exceedances of pH water quality objectives usually
occur during later afternoon or early evening, following the period of maximum
photosynthesis (NCRWQCB010. In addition, the highest pH values generally occur
during latesummer ad earlyfall months (AugustSeptember)ln 2007, daily maximum

pH values downstream of | t9®6with@ahighesDam (aRM
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documented pH occurring in September (Figw2G) ; near Seiad (&aRM 12
pH values were slightly lower, at 8.4 with the highest documented pdcurring in
mid-August (and Figure @Q1; Karuk Tribe of California 2007).

The most extreme pH exceedances typically ofrom Iron Gate Dam (RM 190.1) to
approximatelySeiad Valley (RM 129.4)with pH valuesgenerally decreasing with
distancedownstrean (Figure G22; FERC 2007; Karuk Tribe of California 2007, 2009,
2010). However, during MaiyOctober 2005, the greatest number of pH exceedances in
this reach occurred just upstream of the mainstem confluence with the Shasta River (RM
66) (Figure G23).
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Figure C-20. Daily Maximum, Mean, and Minimum pH Values in the Klamath
River Downstream of Iron Gate Dam (RM 190.1) from June to October 2007.
Source: Karuk Tribe of California 2007.
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Figure C-21. Daily Maximum, Mean, and Minimum pH Values in the Klamath
River near Seiad (arRM 128)
Source: Karuk Tribe of California 2007.
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Figure C-22. Average August Daily Maximum pH Values for Locations along the
Mainstem Klamath River Downstream of Iron Gate Dam for the Years 20007 2004
using Data Collected by USFWS, USGS, and the Karuk Tribe of California and
Yurok Tribe. Source: Kier Associates 2006 as cited in FERC 2007.
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Figure C-23. Percent of pH Measurements in the Lower Klamath River
Exceeding the North Coast Basin Plan Water Quality Objective of 8.5 pH Units
during 2005. Source: NCRWQCB 2010

C.5.2.2 Salmon River to Estuary

The North Coast Basin Plan pH maximum of 8.5 is also regularly exceeded in the lower
Klamath River betwen the Trinity River and Turwar Creek during summer months
(Figure G19; USFWS 2008; FISHPRO 2000; Karuk Tribe of Califora@2 2003;

YTEP 2005; NCRWQCR006 2010. Water quality monitoring by the Karuk Tribe
includes pH data from Orleans (RM 59), alhiis just downstream of the mainstem
confluence with the Salmon River (see also Sed@idn2.). Daily maximum pH values

at Orleans were 7:98.9 from June through October 2007, with the highest pH occurring
in mid-September (Figur€-24; Karuk Tribe ofCalifornia 2007). In the mainstem river
between the confluence with the Trinity River and the Klamath Estuary, annual water pH
monitoring has been conducted by the YTEP since 2002 (2DER YTEP 2005,

Sinnott 2010). During 2009 monitoring, peak pHues were documented from July
through September with the highest daily maximums recorded in early July; the highest
pH values were documented at the most upstream location (i.e., just over 9.0 at Klamath
River at Weitchpec [RM 43.5]) while both sample loeas farther downstream were
approximately 8.8 (Klamath River upstream of Tully Creek [RM 38.5] and upstream of
Turwar Boat Ramp [RM 8]; Figuré-25; Sinnott 2010).
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Figure C-24. Daily Maximum, Mean, and Minimum pH Values on the Klamath
River near Orleans (RM 59) from June to October 2007. Source: Karuk Tribe of
California 2007.
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Figure C-25. Daily Maximum pH in the Klamath River at Weitchpec (RM 43.5
[WE]), Upstream of Tully Creek (RM 38.5 [TC]), and Upstream of Turwar Boat
Ramp (RM 8 [KAT]), as well as in the Trinity River (RM 40 [TR]) near the
Confluence with the Klamath River (RM 0.5 [TR]). Source Sinnott 2010.
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C.5.2.3 Klamath Estuary

pH within theKlamath River Btuary is variable spatially and temporally and is
influenced by season, river flowertical stratification (thermal and/or chemicalhd
location of the estuary mouth, the latter changing dyetmdicsand bar movement.
Although not listed as impaired for pH under Section 303(d) of the C3& $ection

3.2, Table 3.28), the North Coast Basin Plan pH maximum of 8.5 is also regularly
exceeded in the Klamath Estuary (Figax&¢9) (YTEP 2005). Based on Yurok Tribe
water quality data, pH in the Klamath Estuary ranges between approximately 7.5 and 9,
with peakvalues generally occurring during the summer months (YTEP, Zifbott

2010, Sinnott 2014). Daily variations in pH are typically on the order of 0.5 pH units,
and fluctuations tend to be somewhat larger in the late summer and earRhtall.
Environmental Fluid Dynamics Codestuarymodelcomponent used in the California
Klamath River TMDL development as well asserved data show very low algasd
chlorophylla concentrationgn the estuaryYTEP 2005) suggesting thdbcal
photosynthesis and biolmgl respiration are not significant enough to cause large daily
fluctuations ofpH, as seen in upstream reaches. When largeftiatyatiors are
observed, they are likelbaused byanupstreandaily signal that isubsequently
transportednto the estary.

C.6 Algal Toxins and Chlorophyll-a

C.6.1 Upper Klamath Basin

C.6.1.1 Wood, Williamson, and Sprague Rivers

M. aeruginosaccurrencéhas not been reported in the Wood, Williamson, and Sprague
Rivers, and algal toxin data are not available for thieses. Measured water column
chlorophylta production in the Sprague River does not currently exceed action levels
(see Section 3,Zable 3.28) (ODEQ2002), although data collected prtor2000 is not
readily available Abundant periphytic algggee., benthic or attached algae® known

to cause water quality impairments for dissolved oxygen and pH in these tributaries to
Upper Klamath Lake (SectisrC.4.1.2 and C.5.1).2 Chlorophylta concentrations in
Wood River increase from the headwaters®rmouth; flowing water at the headwater
springs of the Wood River exhibit a total chloropke/toncentration of 00.3 ug/L,

while concentrations at the mouth range from 0.9 tqug/2 (Campbell et al. 1993).

C.6.1.2 Upper Klamath Lake

In Upper Klamah Lake, large summertime blooms of cyanobacteria are typically
dominated byA. flosaquae, with relatively smalleamounts oM. aeruginosgresent
(see Section 3,Algae). Despite thid\l. aeruginosas believedo be responsible for the
production ofmicrocystin in the lake. A preliminary study of theesence,
concentration, and dynamicsmicrocystin in Upper Klamath Lake, particularly as
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related taLost River sucker@eltistes luxatusand shortnose suckeClfasmistes
brevirostrig exposure, USGE8ollectedwater sampleat multiple lake sites frorduly to
October2007 and June through September 2088most sites and on most sampling
datesin 2008 microcystin concentrations were equal to or greater thavwtrkl Heath
Organization \WHO) limit for drinking water (jug/L) and peaked at 7g/L, which is
above the Oregon Department of Public Hegitldelines for issuing public health
advisories Microcystin levelswveregenerally lower in 200than 2008 but
concentrations at some sit&l readed a peak of Ag/L. Additional microcystin data
collection in Upper Klamath Lake is ongoing (Vanderkooi et al. 2010).

Upper Klamath Lake and Agency Lake are listed as impaired under Section 303(d) of the
CWA for chlorophylta (see Section 3,Zable 3.28). TheKlamath Tribes water quality
monitoring data from 1990 through 2009 provide chloropaylata for Upper Klamath
Lake from JunehroughSeptember (Kann 2010). Chlorophgltoncentration varies by
location, as related to wind, temperature, pH @amtrients(Morace 2007) Chlorophylta
concentrations measured in 2008 in the relatively sheltered Wocus Baysmutheest
side of the lake, show a series of peaks (1,154 pg/L irJulg 862 pg/L in early
September) due to concentrated cyanobactdooms, whereas concentrations at the
mid-lake monitoring station were considerably lower at 116 and 45 ug/L irdulydand
early Septembergspectively. A correlation between lake mean TP, chlorojalasid

pH was developed by Walker (2001) to depetioe TMDL for total phosphorus as the
controllingparameter in addressing adverse pH and dissolved oxygen levels in Upper
Klamath Lake. Walker (2001) reports a relationship between lake mean TP and
chlorophylta (R?=0.65) and between coincident measunetsief chlorophyHa and lake
mean pH (R=0.87). Based on this relationship, measured values of pH >9 in Upper
Klamath Lake are likely to coincide with chlorophglconcentrations a#50 pg/L.

C.6.1.3 Link River Dam to Klamath River upstream of J.C. Boyle Reservoir

Multiple years of data characterizing the occurresfdd. aeruginosan the reach from
Link River Dam to upstream of J.C. Boyle Resenaive been collected by PacifiCorp
andThe Klamath Tribes (Kann 2006Microcystin data have been colted in this reach
only relatively recently (MaiyDecember 2009) with concentrations of .06 ug/L
(Watercourse Engineering, Inc. 201Blgal species occurrence is discussed further in
Section 3.4Algae.

The Klamath River from RM 231 to RM 251, inclad the Keno Impoundment, is listed
as impaired under Section 303(d) of the CWA for chloropayliee Section 3,Zable
3.2-8). Historical (19502001) chlorophyHa data indicate median values28 37 ug/L

in the Upper Klamath Basin between Link Ri@am and].C.Boyle Reservoirwith the
highest median values occurring at RM 251 in the Keno Impoundimehiding Lake
Ewauna) (Figur€-26). Variability over the longerm record in this reach is high, with
multiple outlying data points above and velthe 95th percentile, indicating
chlorophylta levels greatethan 10Qug/L at multiplesites in the reach
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Figure C-26. Box and Whisker Plot of Historical Chlorophyll-a Data Collected
from Various Sites in the Upper Klamath Basin (Copco 1 Dam Outflow [RM 197]
to Link River at Fremont St. Bridge [RM 254]) Between 1950 and 2001. Source:

PacifiCorp 2004b.

As with the historical data record, more recent data indicate that high summer
chlorophylta concentrations in the Keno Impoundment (includingd_Bkvauna) are due
to large populations of algae, predominathyfflosaquae entering the Klamath River
from Upper Klamath Lake in summer and largely settling out of the water column (FERC
2007,NCRWQCB 2010sSullivan et al. 2008, et al. 2009, et al. 2p1Chlorophylta

data in the mainstem Klamath Rivdwwnstream of Upper Klamath Lakalow a
seasonahnd longitudinapatternwhereconcentrationsend to be highegandmost
variable)at Link River at Klamath Falls (RM 253.Bnddecrease towarndenoDam

(RM 235)and the upstream end of J.C. Boyle ResenRi 28.3) (Figures C27 and
C-28). At all locations in this reach, concentratiguesk in midsummer (Sullivan et al.
2008,et al.20M). For example,dr the 208 growth season, Link River chlgobyll-a
concentrations range from 9.3 pg/L in May, to 340 pg/L in-dudy, peak in early
August at 390 ug/L, and decrease to 8.8 ug/L in Nover(tiigure G27). Further
downstreamin the Keno Impoundmetait the Highway 66 bridgesurfacechlorophylta
concentrationgre considerably lowepeakng atapproximately 12@ug/L in mid-July
2008 and75 pg/L in mid-August, and are generalbelow 50 pg/L for the rest of the
summer Data reported for 2009 show very high concentrations, with a maximum
concentrabn of 631 pg/L at Link River Dam in early August, 35 pg/L downstream of
Keno Dam in late August, and 25 pg/L downstream of J.C. Boyle Dam in late May
(Watercourse Engineering, Inc. 2011).
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Figure C-27. Decrease in chlorophyll-a concentrations from Link River (RM
253.7) to the Keno Impoundment at Highway 66 during May through November,
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2008. Graph modified from Appendix B in Sullivan et al. (2009).
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Figure C-28. Longitudinal analysis of summer (May through September)

chlorophyll-a concentrations from 2005i 2007 along the Klamath River. Note the

ogarithmic scale. Data from the Yurok Tribe, Karuk Tribe of California, North
Coast Regional Water Quality Control Board, and PacifiCorp. Source:
NCRWQCB 2010.
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The seasonal and longitudinal chloropkgyhatterns corresportd patterns measured for
algalderived (organic) suspended materiaivizeen Link River at Klamath Falls (RM
253.1) andhe upstream end of J.C. Boyle ReservBif(228.3) (see Section C.2.1.3), as
well as seasonally high SOD and hypoxic dissolved oxygeideneasured in this reach
(see Section C.4.1.3)

C.6.1.4 Hydroelectric Reach

Over the past decaddgal toxin and chlorophyla have becomeoutinely monitored
water quality parametem theHydroelectric ReachPacifiCorp chlorophyta

monitoring datdor the river upstream of J.@oyle Reservoir to just downstream of Iron
Gate Danfrom 2002through2009(Mayi October)indicatesthat annual rean values
abovelOug/L are typical of the datasahdthere isgenerally greater apparent variability
upstream of J.(Boyle Reservoir as copared with just downstream of Iron Gate
Reservoir (Raymond 2008, 2009, 2010; PacifiCorp 2004a)

A broader longitudinal analysis of measurétbcophyll-a concentrations was conducted
usingmonitoring datacompiledduring2006i 2007 (Mayt September) from th¥urok
Tribe, Karuk Tribe of California, NCRWQCB, aithcifiCorp(NCRWQCB 2010)
Resultsat numerous locations from the lower Klamath Estuary (RE) @ the Link

River Dam (RM 253femonstrate that median chloropkgitoncentratias within

Copco 1 and Ino Gate Reservoirare2 to 10 times greaténote the logarithmic scale in
Figure G28)than those documentéufree-flowing locations inthe mainstenriver, with
medianconcentrations greater than 10 pgfthibited in the reservoirs and median
concentrabnsless than 10 pg/L exhibited at riviecations(NCRWQCB 2010.
Upstream, in thé&eno Impoundment (including Lake Ewaupaedianchlorophylla
concentration$or 2005 2007are similarly high(i.e., greater than 10 ug/L)

Additionally, median blorophyll-a concentrationsneasuredipstream ofCopcol
Reservoirfif Ab v S h ov e |Figurd G28) ard greater thanrthose measured
downstream ofron Gate Damt o appr oxi mately Seiad Vall ey
Val 0 | oc at i-B8)suggestinghktalgaibloens generatéd Copco 1 and
Iron Gate Rservoirsaareexported into th&lamath Rver downstreanof Iron Gate Dam

Seasonal chlorophyd patterns in the Hydroelectric Reach indicate tb&dtively high
concentrations can occur during spring diatom blooms (i.€4®0g/L for Copco 1 and
Iron Gate Reservoirs in March 20@D03), followed by a period of relatively low
concentrationswhich in previous years (e.g., 2009 and 2010) havedetlAnabaena
spp. with sufficient density to require health advisory posting of the reservosecohd
increasenccursduring August and September when dense blatonsinated by botiA.
flossaquaeandM. aeruginosaaretypical (i.e., 30 60 pug/L for Copco and Iron Gate
Reservoir 20002003) (FERC 2007).

High chlorophylta concentrationdiavealsobeen shown to correlate withetoxigenic
cyanobacteridlooms dominated bfnabaenapp.andM. aeruginosandsharp
increases imicrocystin levels abov&/HO numeric targets (Kann and Corum 206éy
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SWRCB, California Department of Public HealtimdOffice of Environmental Health

and Hazard Assessmd@EHHA) guidelines Draft Voluntary Statewide Guidance for
Bluedsreen Algae Blooms [SWRCB 2010b]pata colected from 2004 through009
indicate high levels of microcystin in Copco 1 drah Gate Reservoirsvith measured
concentrationgxceeding the SWRCB/OEHHA public health threshold of 8 pg/L by over
1000timesin Copco Reservoir in 2006, 2007, 2008, af@AFigureC-29) (Kann

20074 2007d, Kann an€orum2007 and2009 Kannet al.2010s, Jacobyand Kann

2007). Microcystin measured during MaRecember 2004t numerous locations in the
Klamath Riverexhibited concentratiorless tharl pg/L, or well belowthe

SWRCB/OEHHA public health threshold of 8 pgAt, freeflowing river sites from Link
River Dam (RM 253) to the Klamath River near Klamath (RM 6) (Watercourse
Engineering, Inc. 2011)However, extremely high concentrations (1,008,000 pg/L)

were measred during algal blooms occurring in July, August, and September in Copco 1

Reservoir in Mallard Cove and Copco Cove, and in Iron Gate Reservoir at Jay Williams
(Watercourse Engineering 2011).
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Figure C-29. Inter-annual Comparison of Microcystin Concentration for
Copco Reservoir (Red Square) and Iron Gate Reservoir (Blue Square) during
July through October 20057 2009. Source: Kann et al. 2010a.
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In 2007,a M. aeruginosabloom prompted a Yurok Tribeealthadvisory alongnultiple

affected reachds the Klamath Rive(Kann 2007a2007d) 85 percentbf fish and

mussel tissusamples collected during July through September 2007 in the Klamath

River, including Iron Gate and Copco 1 Reservoirs, exhibited mistiocy

bioaccumulation (Kann 2008). Results indicated that all of the WHO total daily intake
guideline values were exceeded, including several observations of values exceeding acute
total daily intake thresholds (Kann 2008n a retrospective letter to &aCorp (August

6, 2008), the California OEHHA stated that
consuming mussels from the affected section of the Klamath River, and yellow perch

from Iron Gate and Copco Reservoirs, because their average concentraterteex26

nanograms per gramd@/g), 6 whi ch i s the OEHHA upper bound

fish or shellfish consumption (for a single serving per week based on 8 ounces uncooked
fish). Data from 200&lsoindicate microcystin bioaccumulation in juviensalmonids

reared in Iron Gate hatchery (Kann 2068eSection 3.3.3.BabitatAttributes Expected

to be Affected by the ProjeetWater Quality- Algal Toxinsfor a discussion of algal

toxins as related to fish heajth\dditional public health advis@s were issued in 2009

and 2010 irCopco 1 and Iron Gate Reservous,well as downstream locationsthe

Klamath River(including locations on the Yurok Reservatigioy microcystin levels in
ambient and/or freshwater mussel tis€i@nnet al.2010a, Kann et al. 2016, Fetcho

2010).

As part of an evaluation of the relationship betwskemeruginosacell density and
microcystin concentratiorannet al.(20108) compared measured values to the WHO
guidelines for alow probability of advers health #ect (20,000 cells/mIM. aeruginosa
ord e g/ L miadithe SWRCB/OEHHA guidelindsr protection against a
moderate probability of adverse effed@u@/L microcystir) for 2009. These results
showed thathe more conservativguideline of 20,00@ells/mLM. aeruginosalecreases
the frequency of exceeding thei§/L SWRCB/OEHHAguideline value for microcystjn
and is thus more protective of public heal@verall, the2005 2008 results clearly
illustrate thathe majority of exceedancesat gudelines and thresholdsccurred in the
reservoirs in the Hydroelectric Reach (as compared with downstream riverine sites), with
the highest overall levels measured in Copco 1 Reservoir (Fig@® (Kann and
Corum 2009).
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Figure C-30. Relationship between Microcystis aeruginosa Cell Density and
Microcystin Toxin Concentration for Copco 1 and Iron Gate Reservoirs and
Klamath River Stations 20057 2009. Source: Kann et al. 2010a.

C.6.2 Lower Klamath Basin

C.6.2.1 Iron Gate Dam to Salmon River

As discusse@bove(Section C.6.1.% 2005 2007 data indiate thaduringMay through
September mediarhiorophylla concentrationslecrease longitudinally with distance
downstream ofron Gate Dan{Figure G28) and werggreater than concentrations
measured just upstream of Copco 1 Reservoir. This indicatesdgahblooms occurring
in the reservoirsverebeing transported to the downstream river readiMesd and
Armstrong (2010) report mean annual chloroplaytioncentrations & pg/L for
20012005, with concentratiorsisogenerally decreasing with distandownstream of
Iron Gate Dan{FigureC-31). The highest annual mean valdé (1g/L) occurred in
2005 at the confluence with the Shasta River (RM 176t72009,the Karuk Tribe
collected chlorophyia and pheophytira (an additionaphotosynthetic pigmnt) data
from the Klamath River downstreanf Iron Gate Dam¢hlorophylta valueswere
approximately 135 pg/L and were variable depending on locati@enerally speaking,
relatively greatevalues were observed at upstream locations near Iron GateRMm (
190.1) and Walker Bridge sites, but the peak value was obsantieerdownstream at
Orleans (RM 59) (Karuk Tribe of California 2010)
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Figure C-31. Annual mean values of chlorophyll-a in the Klamath River
downstream of Iron Gate Dam during Junei September 20017 2005. Source:
Ward and Armstrong (2010).

In 2008, theKaruk Tribe collecteccyanobacteri@oncentration (cells/mL) using optical
phycocyanin probes to allow more timely assessment of public health thosats
toxigenic algal speciedData fromdownstream of Iron Gate Dam collected duringé
October indicated peak values (>25,000 cells/mL) in July and-earhd September
(Karuk Tribe of California 2009).

Although concentrations dfoth M. aeruginosandmicrocystin toxin in the Klamath

River downstream of the Hydroelectric Reach are lower relative to the reservoirs (Figure
C-32), WHO guidelines for exposure to microcystin (i.e., < 4 ug/L) have been exceeded
downstream of Iron Gate Dam on numerous occasions (Kann 2004, Kann and Corum
2009, Kannet al.201(, Fetcho 2010), includinigite-summer/earlfall M. aeruginosa
bloonmsin September 2002009,and 201Grom Iron Gate Dam (RM 190.1 the

mouth of the Klamath River (RM 0.0Health Advisories were posted along this reach of
the KlamathRiver (Iron Gate Dam to Shasta River in 2009 and 2010, due to elevated
microcystis cell counts and/or microcystin concentrations in river watailable data
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