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Abstract¥z The U.S. Fish and Wildlife Service begaxtensivelymonitoring water
temperature in the Klamath basin in 2001 due to growing interest and concern over
the effects of elevatedater temperatures, particularly in relationship to Pacific
salmornds. This report summarizes the result2619 water temperature monitoring

for a set of locations within the Klamath River watershed that are accessible to
anadromous fish. Temperatureteria for the Trinity River have been adopted by the
Trinity River Restoration Program and are based upon the Trinity River Flow
Evaluation Study and the Trinity River Mainstem Fishery Restoration: Final
Environmental Impact Statement/Environmental Imftegport. We compared water
temperaturesrothe Klamath Rivetot he U. S. Environment al Prote
Pacific Northwest salmonid life history stage temperature critéha.2019 water
year was de s.iAfjanitariaferdill fecal sitéawauatédwere exceeded
onthe TrinityandKlamathrivers. All five focal sites on the Klamath River
experience new recordby surpassinghe historicalsevenday average daily
maximum temperaturegnge 8 to & daysexceedejl On the Trinity River the daily
average water temperatugpassethe maximumhistorical daily average water
temperatures dhree of the four focaites (range 7 12 dayexceedef Although
supplemental flow criteria f 233 @or migrating adult sahonwas exceedecho
emergency flows were released from either Iron Gate Dam or LewistonrDam

2019.
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Introduction

The Klamath River basin historically supported large runs of Chinook Salmon
Oncorhynchus tshawytsch@oho Salmor®D. kisutch and steelhea®. mykisghat

contributed to economically and culturally important subsistence, sport, and commercial
fisheries (Leidy and Leidy 1984; KRBFTF 1991; NAS 20048DOI et al. 2013)Dramatic
declines in native fishpopulationsover the past ggury have been attributed t@rious
anthropogenidinked factors, includingonstruction and operation afseries of
hydropowerdams on the mainstem Klamath and Trinityers (Poole and Berman 2001;
Caissie 2006; Moyle et al. 2008, 2011; Hester andl®&911). Some of these
anthropogenic influences have exacerbated naturally warm water temperatures in parts of
the basin, resulting in negative impacts to salmonid populations (KRBFTF 1991;
McCullough 1999; NAS 2004; Bartholow 2005; NCRWQCB 2010).

The thermal regime of a river characterizes the central tendency and variability in
temperature seasonally and over time, and has numerous cascading influences on the
physiological, ecological, and lifgistory traits of salmonids and other aquatic organisms
(Olden and Naiman 201®allock et al. 1970; McCullough 1999; Harmon et al. 2001;
USEPA 2003; Carter 2006\Water temperature influences thepulation performance of
fishes, the impact of whicts particularlywell studied on the spawning and early life s&eg
of salmonids(Brett 1971; Bjornn and Reiser 1991; Baker et al. 1995; Marine and Cech
2004; Richter and Kolmes 2005). As poikilotherms, salmonid metabolic rates are directly
impacted by the temperature of their environment. These metabolic changesbkave b
linked to behavioral shiftsuch as aeduction in feedingBrett 1973 andseeking thermal
refugia(Sullivan et al. 2000; Goniegt al. 2006).Salmonid embryos and larvae are
particularly susceptible to elevated temperatuwdsch can impact their alify to initiate
exogenous feedinfHeming 1981) Temperatureanalso influence diseases prevalent in
salmonid populations, inhibit individual survivability, and amplify group transmission
(Harmon et al. 2001; Guillen 2003; Turek at al. 2004; Ray etCdl4P While there is often
a focus on maintaining cooler water temperatuwesm water also plays an important role
in fish life history (Armstrong et al. 2021

The Klamath Rivero6s | argest tri budcaehgbat t he T
restoration and salmon recovery effort coordinated byTtin@ty River Restoration Program
(TRRP). The goal of this effort is to restore and maintain the anadromous fishery resources
of the Trinity River (USFWS and HVT 1999; USDOI 2000; USFWS et ab@00ne
component of the restoration effort is the management of flows out of Trinity and Lewiston
dams to improve thermal regimes for all life stages of anadromous salmon that use the
mainstem Trinity River. Temperature criteria were developed for hgldimd spawning

adult salmon and for outmigrating juvenile salmon in the Trinity River Flow Evaluation
Study (TRFES; USFWS and HVT 1999) and were adopted by the Trinity River Mainstem
Fishery Restoration: Final Environmental Impact Statement/Environmenpaldt Report,
Record of Decision (USDOI 2000; USFWS et al. 2000)e annual flow release schedule

for the Trinity River is based on the recommendations of the December 2000 Trinity River
Mainstem Fishery Restoration Record of Decis{B®D) and incorporas the water year

(WY) type and restoration needs (USDOI 2000).

A set of numeric water temp
for the Klamath River. I nst

erature criteria
ead, the Environm
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Pacific Northwest water temperatures were adopted (USEPA 2003; Carter ZA6@PA
prepared these criteria as a set of guidelines for the development of water quality standards
by Pacific Northwest states and Native American tribes. Using these criteria is not an
assertion of any regulatory compliance, or lack thereof, but septesciencéased, peer
reviewed criteria as a measure of thagnitugeto which water temperatures may be

impairing Pacific salmon populations in the Klamath River.

Supplemental flows have been used in previous years as a water management tool to reduce
the risk of disease in August and Septemfére temperature objective ggomarsino and

Hetrick 2013)of the supplemental flows is to reduite daily meantemperature below 23

3h OEA [T ECOAOEI T OEOAOE/Tinthe lofdr Klamath Bive® #EET T 1
(Strange 2010)Thesecriteria were developeih response to th2002fish die-off in the

lower Klamath Riverwhere an estimatedinimum of34,000adultsalmonids diegrior to
spawning This dieoff was attributed to the increased spread of disease outbreaks of
Ichthyophthirius multifilisandFlavobacterium columnaran adult salmon returning to

spawn. This was likely due to low river discharge, high water temperatures, and a large run
size (Guillen 2003; Belchik et al. 2004; Turek et al. 20@jorts toabatethe fish die-off

in 2002,occurred too latéor the water release taitigate theeffects of highwater

temperatures and diseaganergency flow releases are now used as preventative measures

to minimize the risk of infection during adult migration in Augustie&&eptember.

The Arcata office of the U.S. Fish and Wildlife Service (USFWS) began monitoring water
temperatures in the lower Klamath basin in 2001 due to the significant effects of water
temperatures on anadromous salidsmand concern that elevated watemperatures in the
Klamath basin could be impacting saln@populations. The primary intent of this report is

to summarize the monitored thermal regime from 2019 and compare with established
criteria to inform water management decisions in the Klamath bBamher details of these
criteria and the management pesses can be found in reports written by the Trinity River
Restoration Program (TRRFRRP2012 Lagomarsino and Hetrick 2018letrick and

Polos 2015)The secondary objectives are to increase understanding of the areas of concern
within the basin, and thconsequences of water temperatures outside the optimal range for
salmonid life history requirements. Water temperature data included in this report are also
used in the development, validation, and refinements of a predictive water temperature
model forthe basin, (Perry et al. 2011; Jones et al. 2016), which is also a foundational
driver in the Stream Salmonid Simulator (S3) salmon production model (Perry et al. 2018),
which is relied upon to inform resource management decision making in the Klamath Basi
(e.g., Polos 2016; Som and Hetrick 2017)

Methods
Study Area

This report focuses oaccess points farnadromous fisim the lower Klamath Basin,
namelythe Trinity and Klamath rivers and their tributariddonitoring locations on the
Trinity River extend fronbelow Lewiston Dan{TRBL) to the confluence with the Klamath
River (TRWE). In 2019, two norocal sites were addazh the Trinity Riverabove

Lewiston on the East Fork near the mouth (EF&hdabove Trinity Lake (TRTL Klamath
River moritoring locations extend from Iro@ate Dam KRIG) to near the moutrKRTG;
Figure 1; Table L
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Figurel. Locations in the lower Klamath basin where flows were recorded&t U
GeologicalSurvey (USGS)yaging sites and water temperatures were recordedsatish
andWildlife Service monitoring sitesn 2019 Anadromy is limited to below Iron Gate
Dam on the Klamath River and below Lewiston Dam on the Trinity RiMete due totheir
close proxinity, the nonrfocal monitoring sites on the South Fork and Trinity River above
the South Fork overlap on the map appearo be one sitewhichis also the casen the
Shasta River and Klamath Rivabovethe ShasteRiver.
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Tablel. Temperature monitoring locations in the Klamath basin operated by the U.S. Fish
and Wildlife Service irr019 Locations are ordered from upstream to downstream by river
kilometer Rkm) along the Klamath and Trinityvers, with tributaries arranged by their
entrance tdherespective river. Focal monitoring sites are highlighted in guay * Years
operatedbefare 2019do not include infilled data

River/Creek Location Loct::géign Rkm Latitude Longitude Years Operated
Klamath River ~ Below Iron Gate Dain ~ KRIG 309.7 41.931049 -122.4414 20012019
Klamath River  Above Shasta River KRSH 288.5 41.83124 -122.59338 20022019
Shasta River Near mouth SHKR 0.8 41.824759  -122.59392 20012003, 20052018
Klamath River ~ Above Scott River KRSC  233.2 41.779236 -123.03325 20022018
Scott River Johnson Bar SCKR 25 41765479  -123.02266 2004, 20062018
Klamath River  Seiad Valley KRSV  209.3 41.854087  -123.23147 20012018
Klamath River  Below Happy Camp KRHC  164.2 41.729647  -123.42558 20022018
Klamath River ~ Weitchpeé KRWE 70.2 41.185991  -123.70228 20022019
Klamath River  Below Weitchpec KRBW 61.7 41.227666  -123.77259 2004, 20072019
Klamath River  Above Blue Creek KRBC 26.2 41.423077 -123.92933 20032019
Klamath River  Blakes Rifflé KRTG 12.7 41511184 -123.97844 20042019
Ei\ljé:rinity Near mouth EFTL 4.1 41.008173 -122.62036 2019
Trinity River Above Trinity Lake TRTL 226.6 41.053538 -122.69754 2019
Trinity River Below Lewiston Darh  TRBL®  180.6 40.717945  -122.80313 20172019
Trinity River Below Lewiston Darh TRRC 173 40.720869 -122.82912 20022003, 20052017
Indian Creek Nearmouth ICTR 0.2  40.656452 -122.91388 20022019
Trinity River Douglas City TRDC  151.3 40.646797  -122.9562 2019
Trinity River Douglas City DGC?2 148.5 40.645278  -122.95667 20-2018
Canyon Creek  Near mouth CNTR 0.3  40.731906 -123.05382 20012019
Trinity River Above North Fork TRNF 1.2 40.777677 -123.13138 2019

Above North Fork NFH?2  119.7 40.766532  -123.11448 20052018
gi'\férm”ity Near mouth NFTR 0.1 40.770324  -123.12748 20012019
Trinity River  A0ove B1g French TRBF 968 40.779208  -123.3085 20012019
Trinity River Above South Fork TRSF 50.8 40.88981 -123.60204 20012003, 20052019
g.i\ljér‘l'rinity Near mouth SFTR 0.1 40.889434  -123.60221 20012019
Trinity River Above Klamath TRWE 0.8 41.181077 -123.70581 20022019

2The locations at Douglas City and above the North Fork on the Trinity River are monitored
by the Bureau of Reclamatigorior to 2019 These data were obtained from the California

DataExchangeCenter websiteHttps://cdec.water.ca.gov/index.hjml

bThe site 6Bel ow Lewiston Damé was relocated

TRBL have replaced TRRC as the location for this site.
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Data Sources and Procols

The USFWS monitored water temperatures at 23 sites in the Klamath basin in 2019 (Figure
1; Table 1). As of 2019, water temperature data previously reported by USGS at the
Douglas City site (DGC) and the above North Fork site (NFH) are now collattie:

USFWS sites TRDC and NFTR, respectively. Of the 23 locations, 12 were on the Trinity
River and its tributaries and 11 were on the Klamath River and its tributaries. These
locations were selected to be representative of different reaches in tipeicties rivers

and were not determined to be inadvertently influenced by local conditions such as by
springs, tributaries, or other thermal anomalies.

All USFWS monitoring locations were fitted with digital data loggers (HOBO Water Temp

Pro v2, Onset Comyier Corporation) andsedstandardized protocols (Dunham et al. 2005)

to monitor water temperatures. Loggers were set to record-aiid®e intervals anevere

swapped out twiceeryear, once in late spring or early summer and once in late fall or

earlywinter. Prior to and after deployment, each logger was tested to verify operation
within the manufactur er 63s. Daafrom USFWS monifpreng i f i ¢ a
locations are stored in a Water Information Systems by Kisters (WISKI) relationalkadatab

and are available upon request.

Focal Sites

Focal site selection was based on points representing the longitudinal thermal gradients of
the mainstem Klamath or Trinitivers. These points usually correspond to a landmark

(e.g., a dam or large tributg or are associated with temperature criteria requirements. Four
focal sites on the Trinity River and five focal sites on the Klamath River were selected for
this analysis.

On the Trinity River, the most upstream focal site is just below Lewiston D&BI(], the
upper limit to anadromy. The remaining focal sites are located at Douglas City (TRDC),
above the North Fork Trinity River (NFTR), and above the Klamath River (TRWE) and
were chosen based on downstream extents of water temperature criteridrseTRRP.

On the Klamath River the most upstream focal site is below Iron Gate Dam (KRIG), which
marks the current upper limit to anadromy. The other four focal sites are above the Scott
River (KRSC), below Happy Camp (KRHC), at Weitchepec Trinity River (KRWE), and
above the mouth of the Klamath River (KRTG). The KRSC site was chosen because it
encompasses the first tributary that can substantially influence water temperatures in the
Klamath River downstream of Iron Gate Dam. The KRHC site was selected because
previous monitoring identified this reach as the location where peak summer water
temperatures occur in the mainstem Klamath River downstream of Iron Gate Dam
(Magneson 2015). KRWE was chosen because it is upstream of the confluence with the
Trinity River. Finaly, KRTG was chosen as it is the terminus of the river.
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Infilling Data Gaps

Water temperature time series at some focal sites contained gaps due to the loss of loggers
by high flow events or theft, exposure of loggers to air temperatures durinfdow

periods or corruption of logger data after it was collectéthen available, data from other
loggers at the same or nearby locatioreseused to infill time series gapSources of
supplemental data include additional USFWS monitoring locations and data collected by the
Karuk Tribe Department of Natural ResourcékS. Forest Service (USFS), USGS, and the
Yurok Tribe Environmental Program (YTEP). If directly comparableada¢re not available

to infill missing data, but data were available from a relatively nearby monitoring location
(maximumdistance between locations = 69 rkm), a regression relationship within a season
was developed between water temperatures at theawatibns tcestimatewater

temperatures on missing days at the focal location. Generalized least squares (GLS)
regression with a firsbrder autoregressive correlation structure was used to account for the
temporalerror structuredue tothe strong thermahertia of water. The GLS regressions

were implemented using tmeR package (Pinheiro et al. 201Ristorical data prior to

2019 was not infilled. A summary of data gapsh®wnin Appendix F using secci plots.

Historical Data Gaps

It should be noté that upon review of the temperature criteria in the original literature, it was
discovered that the criteria were applied incorrectly in previous water temperature reports.
Missing historical data were not infilled, but the methods were corrected ahduafts and
calculations using historical data were redone and presented in this rpartesult, some

of this reportodés figures and calcul ations ma
presenting the same information. Please contact theé &uthor if further clafication is

required.

Trinity River Evaluation Criteria

A WY is defined as the Xthonth period between October 1 and September 30 of the next
calendar year (Paulson et al. 1985). Trinity RiWY is further described by type:

ONmal 6, 6Wet b, OExtremely Wetd, O6Drydé, and 06
6Nor mal 6, 60 Wet 6, W&g) fowsdoktoft Trindynaad Lgwistie daids are

managed to provide optimal thermal conditions throughout the primary juvenile salmon

outmigmt i on peri od. Dur i n yvys)fowsyodt ofdninity@@ir i t i cal |y
Lewiston dams are managed to facilitate outmigration and provide thermal conditions

conducive to juvenile survival.

Adult salmond temperaturecriteria are thesameregardless bWY and are applied from

July to Decembef(Table 2) Juvenile salmord outmigration temperature criteria differ
depending on th&VY type for the Trinity River and begin in early April aeddJuly 9. In

this report, April 1 was used as the beginning of the juvenile salmonid temperature
objectives (USFWS and HVT 1999; USFWS et al. 2000). This date also coincides with the
WY type determinatiommn April 1st.
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Table2. Numeric water temperature criteria for the Trinity River as defined by the Trinity
River Flow Evaluation Study and the Trinity River Mainstem Fishery Restoration: Final
Environmental Impact Statement/Environmental Impact Refu®t-WS and HVT 1999;
USFWS et & 2000).

WY Type Locations Time Period Days criteria Temperature Life stage applicabl
is in effect criteria (daily to criteria
mean °C)
All types Douglas City July 1- Sept. 14 77 <15.6 Adult salmonid
holding and
spawning
All types Douglas City Sept. 15 Sept. 30 16 <13.3 Adult salmonid
holding and
spawning
North Fork Oct. 1- Dec. 31 92 <13.3 Adult salmonid
All types holding and
spawning
Normal, Wet, Weitchpec (abovApril 1 - May 22 52 <13.0 Outmigrant
and KR) salmonid
Extremely Wet
Normal, Wet, Weitchpec (abovMay 23- June 4 13 <15.0 Outmigrant
and KR) salmonid
Extremely Wet
Normal, Wet, Weitchpec (abovJune 5 July 9 35 <17.0 Outmigrant
and KR) salmonid
Extremely Wet
Dry and Weitchpec (abovApril 1 - May 22 52 <15.0 Outmigrant
Critically Dry KR) salmonid
Dry and Weitchpec (abovMay 23- June 4 16 <17.0 Outmigrant
Critically Dry KR) salmonid
Dry and Weitchpec (abovJune 5 July 9 35 < 20.0 Outmigrant
Critically Dry KR) salmonid

Klamath River Evaluation Criteria

The primary metric recommended by the EPA for evaluating water temperatures is the
sevenday average daily maximum temperature (7DADM), calculated as the average of
daily maximumtemperatures across a sewday period beginning three days before and
ending three days aftany given dateThe EPA guidelines also recommend different
criteria for each of the life history stages of Pacific salidsfTable 3; USEPA 2003;
Carter 2006)Spawning, egg incubation, and emergence criteria (13°C 7DADM) were
applied to the period of October 1 through April 30, the time frame wh@streproductive
activities occur in the Klamath basin (Leidy and Leidy 198HAaw et al. 1997 Criteria

were applied to the Klamath River fuvenile rearing and redistribution (16°C 7DADM)
starting April 1, andlune 1for adult migration (20°C 7DADM) criterigTable 3) The

period for both criteri@xtendthrough September 3due to overlapping run timing and life
history strategies (Leidy and Leidy 1984; Shaw et al. 1997).
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Table3. EnvironmentalProtectionAgencycriteria for Pacific Northwest water temperatures
to protect Pacific salmads (USEPA 20@®). These criteria were interpreted using the EPA
recommended metric of sevelay averagelaily maximumtemperatures and were used in
the evaluation of Klamath Riveturing periods of water temperature concern

Temp. criteria (°C) Time Period Days Life history focus

<13.0 Oct. 1- April 30 212 Spawning, egg incubation, and emergence
<16.0 April 1- Sept. 30 183 Rearing and redistribution juvenile salmonids
< 20.0 June 1- Sept. 30 122 Migrating adult salmonids

Supplemental FlowEvaluation Criteria

To evaluate supplemental flogviteria, daily meanwater temperatures were compared from
five focal sites TRBL; TRWE; KRIG; KRWE; KRTG), which are located just downstream

of USGSstreamflow gagingtations recording discharg@aily meanwater temperatures

from anadditional norfocal site located on the Klamath River below the confluence with

the Trinity River (KRBW) were also evaluated using the supplemental flow evaluation
criteria Temperature below the Trinitiver confluence (KBBW) represents thmost
upstreansite on the Klamath Riveafter the confluence of the Trinity and Klamathers,

while temperature near the mouth of the KlamRther (KRTG) represents the most
downstream siteTRBL is located just below Lewiston Dam aK®RIG just Below Iron Gate
Dam. TRWE and KRWE are located upstream of the confluence on the Trinity and Klamath
rivers. Daily mean discharge values were gathered from five USGS gaging stations to assess
supplemental flowcriteriaexceedancesn the lower Kamath RiverUSGS stations were
located on the KlamatRiver at Iron Gate Dan{gage 115165300Qrleans(gage 11523000),
andthe town of Klamati{gage 11530500). On thinity River discharge data was used

from stations at.ewiston Dam(gage 11525500) andoopa(gage 11530000).

Due to the variation in timing cfupplementaflow releases from Lewiston Dam, the period
of evaluation shifts between years. Generally, the evaluatioogdeuns August 1 through
September 30, but changes are based upon the supplemental flow release timing.

Analysis

Data for February 29 was removed for all leap years to make the number of days criteria
consistent among yearsor each day of the year at édaocalsite, thehistoricalaverage
minimum, and maximunof daily meanwatertemperaturesn the TrinityRiver and

7DADM on the KlamatiRiver were calculated across all years of available data (historical
data was not infilled). These valupsovided the context (mean and range of observed
values) for which to compare 2019 water temperatures. The number of days that exceeded
the associated water temperature criteria were calculated for each focal monitoring location
in each yearThe highest ad lowest of these annual values for each site are referred to as
the historical range of criteria exceedaniéelata werenot complete during the periaer
whichthe criteria was appliedhe calculations were done and reporteat not included in

the historical ranges. Finally, for each focal locatios ¢ rthehi®aricalaverage

minimum, and maximum number of days exceeding the associated water temperature
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criteria across all years were calculated. All analyses were performed using R sdftware
statistical computing (R Core Team 2021).

Results

Trinity River

Water yearR019was designated astaWeWYoon the Trinity River Daily average water
temperatures surpassed the maximum of historic daily avefag8slays at TRBLY days
at TRDC 12 daysat TRNF, and11 daysat TRWE(Table 4;Figure 2). During this period
there were temperature criteria exceedances at all focahvgitegstablishedriteria Daily
criteria wereexceeded fod days afTRDC, 5 days at NFTRand 42 days afTRWE (Table
4; Figure 2) The rumber of day<riteria wereexceededn 2019wasmore tharthe
historical meamumber of days exceedetl TRDC for thel3.33 criteria(1.3 days
AppendixA), but not thel53 criteria. The histdcal average was also exceeded RWE
for all three temperature criteria perio@s9 days, 5.2 days, 17days AppendixA) and
NFTR (4.7 days AppendixA). The uppehistorical range of criteria exceedangas not
surpassed by any sites in 2019.

Table4. The number of days exceeded temperature management targetemyear (WY)

2019 at focal sites W uwgritetichT&RBLT=rTrinityi Rivgr beoivv er , 6 Wi
Lewiston Dam; TRDC = Trinity River at Douglas City; NFERTrinity River below North

Fork Trinity; TRWE = Trinity River above confluence of Klamath Riveows that do not

have a value occurred during time period where no management criemeadentified for

thesite.

Site Location 4/1-5/22 5/236/4 6/57/9 10/1-12/31 7/1-9/14 9/159/30
Name Code 13 15 17 13.3 15.6 13. 3

Below Lewiston TRBL 2 - - - - - .

Dam
Douglas City TRDCP® - - - - 2 2
Above North NFTR¢ - - - 5 - -
Fork
Above Klamath TRWE®P 16 6 20 - - -

10
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Figure2. Daily meanwater temperatures at focal Trinity River monitoring locations
water year (WY) 2019 (i.eQctober 1, 2018 September 30, 20)9with historical
summaries from WYs 2002 to 201Black line =daily meanwater tempgeatures in 2019;

white line =averagehistoricaldaily meanfor each day of the year; gray polygon = range of
historical dailymeanwater temperatussfor each day of the yeabjackdotted line = water

temperature criteria.
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Outmigrantcriteria, evaluatedApril 1 through July 9, was exceeded in all three periods at
TRWE (Table4). Temperaturegxceededs3 f 6 of 52days, b f @of 13days,

andl7 f 20f 35days (Tablet). The alult holding and spawning critem was

exceededor bothperiodsat TRDC (Table4). Temperature exceeded the 15.6 cr i t er i a
during the period July 1 througbeptember 14or 2 of 77 days, andL3.3 f 2of 16 days

from September 15 through September Ble 13.3 crit er OctobepldlB o d
throughDecembe1, 2018 was exceedetbr 5 of 92daysat NFTR (Table 4).

Water year 2019 was both forecasted and observed tagket® WY on the Trinity River

Despite several occasiswh er e t he 23 criteria was exceec
supplemental flows was not triggered from Lewiston Daime criteriawerenot exceeded

at TRBL, located just below Lewiston Dafn the Trinity River TRWE was the only site

evaluated where th23 criteria were exceeded. Exceedanc
August (Figure 4).

Except forflows released fothe culturally significanBoatDance of the Hoopa Valley
Tribe, all other discharges welmsed on the standard TRRP hydrograph planniaggss
Theresulting hydrograph containdtiree peak releases scheduled for habéstorationn

the spring of 2019TRRP 2019) Daily mean dischargesom the USGSgagel11525500
showed recorded flow&l) above 7,000 cffor two days on April 17 and 182) above 8,000
cfs April 29 and 30and(3) 7,920 cfson May 19.The highest instantaneous discharge was
reported on April 29 with a peak discharge of 10,800 cfs.

The planned hydrograpdisoincluded pulse flowsn themonth of June to aid in the
dispersion of juvenile Chinoo&almonfrom Trinity Hatchery (TRRP 2019Flows released
from Lewiston Dam steadily declined the entire month of July frob®Qcfs to the base
flow of 450cfs by August Waterreleased below Lewton Dam to accommodate the
culturally signiicant Boat Dance of the Hoopa Valley Tribeached a peak flow of 2,700
cfs on September 2, 2019RRP 2019).

12
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Figure3. River dischargedfs) at five locations and dailgneanwater temperaturéC) at
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Klamath River

On the Klamath River, temperature datareinfilled for 21 days (10/1/201-80/5/2018;
5/28/20196/12/2019) at the Klamath River site near the mouth of the KlaiRatér
(KRTG). Data from USGS gage 1153050@neused to model and infill KRTG, which was
at approximately the same location. Plots of the regression model used, and root mean
square error valuesre availablen Appendix E.

The number of days exceeding the spawning, incubation, and emergence ERA 13.0
7DADM criteriaat focal Klamath River monitang sites ranged fror80 days at KRIC, to

37 days atKRIG (Table 5;Figure 3;Appendix C).The number of days exceeding the
juvenile rearing EPA 16.8 7DADM criteria ranged from 123 days at KRWE and KRTG,
to 136 days at KRIGTable 5;Figure 3;Appendix Q. The number of days exceeding the
adult migration EPA 20.8 7DADM criteria ranged from 69 days at KRTG, to 92 days at
KRIG (Figure 3; Table 5; Appendix C).

Thehistorical range of criteria exceedangas not exceedeat any sitefor any of the
criteria(Appendix C).The numbepf daysexceeding 13.8 7DADM criterion wereabove
their respectivénistoricalaveragest all stes except KRHETable 5) For thel6.03
7DADM criteria, the number of days exceedegre above their resptve historical
averags at all #es(Appendix Q. The number of days exceeding the 20.DADM
criterion were above their respectivestoricalaveragest all stes except KRTGAppendix
C). 7DADM water temperatures surpassed the maximum of hist@ADM for 5 days at
KRIG, 12 days at KRSC8 days at KRHC, % days at KRWE, andlldays at KRTGEFigure
3).

On the Klamath Rivet he mean t emper az criteda avkKRIS belowwreanr O 2 3
Gate Dan. This criterionwereexceededor 29 days immediately upstream of the Trinity

River confluence with the Klamatt KRWE, 20 days just below the confluence of the

Klamath and Trinity riverat KRBW, and6 days at KRTGEFigure 4). Exceedances began

in late July and continued through late August.

Table5. The number of days exceeding tBevironmentalProtectionAg e n csgvérslay
average daily maximum temperat(#ADM) criteria for Pacific Northwest water
temperatures to prote Pacific salmoids at Klamath River focal monitoring sites in 2019.
Values were not included in the summaries of historical data if the full range of the period
the criteria were applied to was not available.

Site Location code 13.0°C 7DADM 16.0°C 7DADM 20.0°C 7DADM
Below Iron Gate KRIG 37 136 92
Above Scott KRSC 34 131 87
Below Happy Camp KRHC 20 124 83
At Weitchpec KRWE 33 123 80
Blakes Riffle KRTG 36 123 69

14
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Figure4. Sevenday average dailpnaximum temperature’fDADM) at focal Klamath River
monitoring siteduring water year (WY) 2019 (i.eQctober 1, 2018 September 30, 20)9
with historicalsummaries from WYs 2001 to 201Black line = 7DADM water
temperatures in 2019; white lineaverae historicalfDADM for each day of the year; gray
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Pacific Northwest water temperature criteria.
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Daily meandischargeobserved at USGS gadd4516530directly below IronGate Dam
varied between 550 cfs to 2430 cfs from March 1 to March 30o align a flushing flow
with a naturally occurring hydrologic event in the Upper Klamath Bas®R Bmplemented
amanagermantprescribed, sedimefiushing flowreleasdrom Iron Gde Dam between
April 9 and April 13to align with a naturallpccurringhydrologic event in the upper
Klamath Basin The peak releaseom this event occurred on April 10 at880 cfs.

Following the surface flushing flow everdyerage dailflows from Iron Gate Dam steadily
declined to2,350cfs through the end of May.

In early Juneflows below Iron Gate Dam were increasecdiouragehe outmigration of
hatcheryrearedjuvenile Chinook Salmon in the Lower Klamath River. Increased flow
began on June 4 and continued through June 10. During this period, the peak release of
3,100cfs occurred on June 6. Following the flow evedischargebelow Iron Gate Dam
steadil y decr RdogieadOpihionmiNi@unlldavs (NMFS 2019.

Discussion

The TRRP andTrinity Management CouncillMC) based their annualaterrelease

schedule on @lifornia Department oiVaterRes u r doeesadtedVY type asfi We inh 0
2019(TRRP 2019)The monthly volume of flows out of Lewiston Dam was two to four
times higheiin April throughJune in 2019elativeto 2018.1n August flows decreased and
were apprgimately half of what was released in 200@DEC 2022a)Water temperature
criteria for the Trinity River (Table 2kere exceeded more days2019 than 2018r one

of the two period at TRDC, one of three periods at TRWE&nd for the single period

evaluated at NFTRThe 2018NY was designated das Cr i t i ¢ eesulting inDessystoict
water temperature criteria being applied at TRWE. However, criteria at N¥IrR

exceeded more times in 20#8@spitethose criteria remaining the same regardlesd/¥f

The total number of days criteria were exceeded at TRDC (4 days) in 2019 was less than the
total number of days in 2018 (23 day$he number ofexceedanceat NFTR and TRWE in

WY 2019 was similar to WY 2017 which was designated a8 &hx t r e meyéay Wet 0
(AppendixA).

In 2019 the monthly volume of flow out of Iron Gate Dam (108,G8Yefeet (AF) was
higher in June thefor that same month iany year since 2010 (145,587 AF; CDEC 2022b).
This was much higher than the previous y@dr18) when the monthly @lume of flows out

of Iron Gatewas 68,980 AF. Flows over the next several months were comparable to
previous yearsn the KlamattRiver. This is likely the cause for the B3 temperature

criteria being exceeded for a greater number of days attall in 201%elative t02018.
However, the number of days for the 46criteriaand the203 criteriawas only greater at
KRTG and at KRIG respectivelywhich are used to evaluate temperatures later in spring
and summer.

Water temperatureffuctuated around the criteria and historical averages in daghe

Trinity River. Pulse flows out of LewistoDam helped keep water temperatures cool on the
Trinity and lower Klamathiversduringjuvenile outmigratiorin June On the Klamath

River watertemperatures climbed steadily throughout the spring until June when pulse

16
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flows out of Iron Gate Danadded variation to the 7DADM water temperature and
prevented temperature from increasing at a higher rate.

Although the 23 supplemental flow critean were exceededt multiple sites in the

Klamath Basirthere were no emergency releases from Iron Gate or Lewison Slam.

major flow events taking place during adult migration were for the boat dance or a natural
event.The 233 criteria was exceeded mitlly through the end of Augusin both the

Trinity and Klamathrivers. There was little precipitation during that time, however several
small rain events near Weitchpec caused a slight increase in flows and brought water
temperatures dowto below the 23 threshold on several occasiofisgure 4) Between

August 10 and 11, 0.44 inches of rain fell at Weitchpec (PRISM 2022). Notably, this caused
an increase in flovat TRWE and KRWE sites upstream of the confluemcéoth the

Trinity and Klamathrivers, as well as the lower Klamagiver at KRTG. Before the

resulting dip in temperaturéhe 233 criteria were exceeded at TRWE, KRWE, KRTG, and
KRBW (Figure 4). A dip in water temperature could be seen at all sites and the criteria were
not exceded fora brief periodthereafter (Figure 4).

Water released from Lewiston Dam, for the boat dance on Septem®@t2 caused a

sharp, but brief decrease in water temperature at TRDC, TRNF, and TRWE, while water
temperatures below Lewiston Dam at TRBL welready relatively cool (Figure 2Water
temperatures also decreased on the lower Klamath at KRTG and KRBW, which are below
the confluence of the Klamath and Trinity rivers and are affected by water releases from
Lewiston Dam (Figure 4)After water was rieased from Lewiston Danaverage daily

water temperaturdsriefly fell below the historical daily averages all siteson the Trinity

River (Figure 2). Prior to the boat danaeater temperatures had been exceeding historical
averages for extended pergodf time in August (Figure 2A second peak in flow occurred

in late September on the TrinitRiver upstream of the confluen@nd on the lower Klamath
River (Figure 4) which wasa result of a precipitation event. Between September 16 and 19
there was a cumulative rainfall of 2.55 inches near Weitchpec (PRISM 2022). The second
peak in flowwasduein partto a precipitation event that resulted in continued decreases in
water tempeaature(Figure 4 butcould alsobe associated with other weatleents (e.qg.,
changes ircloud cover and air temperatire
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Appendices

AppendixA. Number of days exceeding numeric water temperature criteria for the four
focal locationsand their criteriaon the Trinity River, 202-2019.The historical range of
criteria exceedancis indicatal with the upper end of the range highlighted in bdlde
highest recorded number of dayater temperature criteria were exceeded that year,
highlighted in boldfor each of the criterialhe historic minimunmumber of days water
temperature criteria were exceedsaot highlightedsinceit frequently occurred as zero at
all sites TRRC = Trinity River Below Lewiston Dam; TRDC = Trinifgiver at Douglas
City; NFTR = Trinity River above the North Fork TrinityTRWE = Trinity River above the
KlamathRiver and historic average number of days criteria were exceeded ZnR

WYy TRDC TRDC NFTR TRWE TRWE TRWE wyY
15.6°C 13.3°C 13.3°C 13/15°C 15/17°C 17/20°C  Type

2002 0 0 -- 8?2 10 32 Normal
2003 11 0 -- 0? 0? 142 Wet
2004 0 0 -- 18 1 24 Wet
2005 12 0 -- 0?2 0 13 Wet
2006 7 0 1 3 0 4 Ex. Wet
2007 4 0 0 0 6 13 Dry
2008 0 0 0 0 0 0 Dry
2009 26 7 5 0 02 15 Dry
2010 5 1 12 0 0 10 Wet
2011 0 0 7 0 0 7 Wet
2012 0 0 1 8 3 14 Normal
2013 0 0 2 5 3 18 Dry
2014 10 7 0?2 14 11 27 Crit. Dry
2015 152 7 15 20 11 34 Dry
2016 14 0 18 24 6 22 Wet
2017 0 0 3 6 15 21 Ex. Wet
2018 23 0 0 15 7 22 Crit. Dry
Average 6.7 1.3 4.7 7.9 5.2 17.3 --
2019 2 2 5 16 6 20 Wet

2Incomplete data set for period of criteria.
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AppendixB. Daily meanwater temperatures at focal Trinity River monitoring locations
during water year2002-2018, with historical conditions. Includesnly observed water
temperatures.
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Appendix BL. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 200i1September 3@002. Black line =daily meanwater temperatures wwater
year WY) 2002; grayline = historicaldaily meanwater temperaturedlackdotted line =
watertemperature objective§ections that are blank indicates data existat that site for
the period
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Appendix B. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2002 September 3003, with historicalsummaries fom water yeas (WY s)
2002 Black line =daily meanwater temperatures WY 2003;grayline = historicaldaily
meanwater temperaturedlack dotted line = water temperature objectivBgctions that are
blank indicates no data exists at that sitetha period
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Appendix B3. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2003 SeptembeBO, 2004, withhistoricalsummaries fronwater years\WYs)
2002 to 2003Black line =daily meanwater temperatures WY 2004 grayline =
historicaldaily meanwater temperaturedlack dotted line = water temperature objectives
Sections that are blank indicates no data exists at that site for the period.
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Appendix B4. Daily meanwater temperatueat focal Trinity River monitoring locations,
October 1, 2004 SeptembeBO, 2005, withhistoricalsummaries fronwater years\WY's)
2002 to 2004Black line =daily meanwater temperatures WY 2005; grayline =
historicaldaily meanwatertemperaturesblack dotted line = water temperature objectives.
Sections that are blank indicates no data exists at that site for the period.
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Appendix B. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2005 Septenber30, 2006, with historicasummaries fronwater years\WYs)
2002 to 2005Black line =daily meanwater temperatures WY 2006; grayline =
historicaldaily meanwater temperatureblack dotted line = water temperature objectives.
Sections that arblank indicates no data exists at that site for the period.
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Appendix Bs. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2006 SeptembeBO, 2007, with historicasummaries fronwater years\W/Ys)
2002 to 2006Blackline =daily meanwater temperatures WY 2007; grayline =
historicaldaily meanwater temperaturedlack dotted line = water temperatuobjectives.
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Appendix Br. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2007 SeptembeBO, 2008, with historicalsummaries fronwater years\WYs)
2002 to 2007Black line =daily meanwater temperatures WY 2008; grayline =
historicaldaily meanwater temperatureblack dotted line = water temperature objectives.
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Appendix B3. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2008 SeptembeBO, 2009, with historicalsummaries fronwater years\W/Ys)
2002 to 2008 Black line =daily meanwater temperatures WY 2009; grayline =
historicaldaily meanwater temperatureblack dotted line = water temperature objectives.
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Appendix B. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2097 Septembei30, 2010, with historicalsummaries fronwater years\WYs)
2002 to 2009Black line =daily meanwater temperatures WY 2010; white line =average
historical daiy meanfor each day of the year; gray polygonange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.

32



Arcata Fisheries Date Series Report DS 223B

25 7 Below Lewiston Dam WY 2011
20

15 +

10 _W
5

25 At Douglas City

20 -

S~~~

@)

S

p—

]

=

=

+~

«

) 25 7 Above the North Fork
[aB

g 20 -
O

=

25 91 Above the Klamath River

I I I [ I I I I I I I
Oct-1 Nov-1 Dec-1 Jan-1 Feb-1 Mar-1 Apr-1 May-1 June-1 July-1 Aug-1 Sep-1

Date

Appendix BD. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2010 SeptembeB0, 2011, with historicalsummaries fronwater years\WYs)
2002 to 2010Black line =daily meanwater temperatures WY 2011; white line =average
historical daiy meanfor each day of the year; gray polygonange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.
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Appendix B1l. Daily meanwater temperatures at focal Trinity River monitoringdtions,
October 11, 2017 SeptembeB0, 2012, with historicalsummaries fronwater years\(VYs)
2002 to 2011Black line =daily meanwater temperatures WY 2012; white line =average
historical daily mearior each day of the year; gray polygonange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.
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Appendix BR. daily meanwater temperatures at focal Trinity River monitoring locations,
October 12, 2027 SeptembeB0, 2013, with historicalsummaries fronwater years\(VYs)
2002 to 2012Black line =daily meanwater temperatures WY 2013; white line =average
historical daily mearior each day of the year; gray polygonange othistorical dailymean
water temperaturef®r each day of the yeablackdotted line = water temperature
objectives.
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Appendix B13. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2013 SeptembeBO, 2014, with historicalsummaries fronwater years\W/Ys)
2002 b 2013 Black line =daily meanwater temperatures WY 2014; white line =average
historical daily mearior each day of the year; gray polygonange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = watetemperature
objectives.
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Appendix BM4. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2014 SeptembeBO, 2015, with historicalsummaries fronwater years\WYs)
2002 to 2014Black line =daily meanwater temperat@s inWY 2015; white line =average
historical daily mearior each day of the year; gray polygemange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.
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Appendix B5. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2015 SeptembeBO, 2016, with historicalsummaries fronwater years\WYs)
2002 to 2015Black line =daily meanwater temperatures WY 2016; white line =average
historical daily mearior each day of the year; gray polygemange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.
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Appendix B®6. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2016 SeptembeBO, 2017, with historicalsummaries fronwater years\WYs)
2002 to 2016Black line =daily meanwater temperatures WY 2017; white line= average
historical daily mearior each day of the year; gray polygemange othistorical dailymean
water temperaturef®r each day of the yeabjackdotted line = water temperature
objectives.
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Appendix BT. Daily meanwater temperatures at focal Trinity River monitoring locations,
October 1, 2017 SeptembeB0, 2018, with historicasummaries fronwater years\WYs)
2002 to 2017Black line =daily meanwater temperatures WY 2018; white line =average
historical daiyy meanfor each day of the year; gray polygemange othistorical dailymean
water temperaturef®r eachday of the yearblackdotted line = water temperature
objectives.
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AppendixC. The number of days exceeding seaxday average daily maximum (7DADM) EPA criteria for Pacific
Northwest water temperatures to protect Pacific salmon at five Klamath River focal location2@®@The historic range
of days criteria exceedance is indied with the minimum and maximum number of days exceedurgeric water
temperature criteriaighlighted in bold.KRIG = Klamath below Iron Gate Dam; KRSC = Klamath above the Scott Rive
KRHC = Klamath below Happy Camp; KRWE = Klamath above the TrinixeR KRTG = Klamath above the mouth.

20°C 7DADM criterion 16°C 7DADM criterion 13°C 7DADM criterion
wY KRIG KRSC KRHC KRWE KRTG KRIG KRSC KRHC KRWE KRTG KRIG KRSC KRHC KRWE KRTG
2001 68 - - - - 136 - - - - - - - - -
2002 70 - - 75 - 124 - - 1268 - 312 - - 02 -
2003 98 82 70 46 - 126 128 116 93 - 25 02 02 242 -
2004 79 86 672 86 - 13= 1312 103 121 - 15 16° 13 92 -
2005 69 74 742 69 62 125 82 129 104 104 288 267 212 258 24
2006 81 82 66° 83 74 140 130 842 117 107 32 29 - 28 30
2007 85 92 96 - 81 138 138 131 - 129 28 27 26 22 27
2008 73 78 15 78 63 120 113 3 111 112 20 17 17 o 18
2009 72 81 92 85 712 133 137 135 131 103 26 26 92 22 32
2010 60 65 61 55 56 112 110 101 99 100 25 24 25 27 18
2011 78 70 57 55 54 109 110 99 93 100 32 23 22 22 242
2012 02 72 75 72 55 02 128 119 114 111 35 24 24 25 28
2013 79 90 94 93 89 140 138 132 130 126 1% 39 28 28 44
2014 73 90 92 103 81 141 142 141 139 139 28 26 27 18 41
2015 85 92 78 104 90 131 146 130 150 138 43 44 42 45 57
2016 65 77 78 3 70 10% 133 128 27 126 3R 44 34 35 42
2017 87 87 85 82 788 129 128 108 107 99 28 21 15 16 17
2018 79 90 88 84 7 141 148 142 138 110 24 21 14 18 29
Average 77.3 818 818 78.0 70.5 130.0 1274 1217 1187 1150 29.2 283 24.9 24.9 32.4

2019 92 87 83 80 69 136 131 124 123 123 37 34 20 33 36

a Partial data is missinduring the period of the criteria.
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AppendixD. Sevenday average daily maximum water temperatures at focal Klamath River
monitoring locations, 2002018 water years, with historical conditions. Includaesy
observed water temperatsre
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Appendix DL. Sevenday averagelaily maximum(7DADM) water temperaturest focal
Klamath River monitoring location®ctober 1, 2000 SeptembeB0, 2001. Black line =
7DADM water temperatures water year (WY)2001;blackdotted line =Environmental
Protection Agencyacific Northwest water temperature critetg®ections that are blank
indicates that during that period no data exists for the site.
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Sep-1

Appendix 2. Sevenday average daily maximu(@DADM) water temperaturest focal

Klamath River monitoring location®ctober 1, 2001 September 302002, with historical

summaries fronwater year (VY) 2001 Black line = 7DADM water temperatures WY

2002;grayline = historical’/DADM water temperature®lack dotted line =Environmental

Protection Agencyacific Northwest water temperature criteisections that are blank

indicates that during that period no data exists for the site.
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Appendix 8. Sevenday average daily maximu@DADM) water temperaturest focal

Klamath River monitoring location®ctaber 1, 2002 SeptembeB0, 2003, with historical
summaries fronwater years\(VYs) 2001to 2002 Black line = 7DADM water temperatures

in WY 2003;gray line= historical7/DADM water temperatureslack dotted line =
Environmental Protection Agendyacific Northwest water temperature critelgections
that are blank indicates that during that period no data exists for the site.
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Appendix D4. Sevenday average daily maximu(@DADM) water temperatureat focal
Klamath River monitoring location®ctober 1, 2003 SeptembeB0, 2004, with historical
with historicalsummaries fronwater years\(V'Ys) 2001to 2003 Black line = 7DADM

water temperatures WY 2004;gray line= historical7DADM water temperatureglack

dotted line =Environmental Protection Agendyacific Northwest water temperature

criteria. Sections that are blank indicates that during that period no data exists for the site.
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Appendix [b. Sevenday average daily maximu(@DADM) water temperatureat focal
KlamathRiver monitoring locationsQctober 1, 2004 SeptembeB0, 2005, with historical
summaries fronwater years\(VYs) 2001to 2004 Black line = 7DADM water temperatures
in WY 2005;gray line= historical7lDADM water temperatureslack dotted line =
Environmental Protection Agendyacific Northwest water temperature criteigections

that are blank indicates that during that period no data exists for the site.
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Appendix D6. Sevenday average daily maximu(@DADM) water temperatureast focal
Klamath River monitoring location®)ctober 1, 2005 SeptembeB0, 2006, with historical
summaries fronwater years\(VYs) 2001to 2005 Black line = 7DADM water temperatures
in WY 2006;gray line= historical7lDADM water temperatures; dottédiackline =
Environmental Protection Agendyacific Northwest water temperature criteigections

that are blank indicates that during that period no data exists for the site.
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