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EXECUTIVE SUMMARY

The Snoqualmie Watershed Forum is committed to protecting and restoring the health of
the Snoqualmiewatershed to enhance and preserve itsultural and natural resources.
Therefore, they requestedhis technical memorandum to summarize temperature data
collected throughout the Snoqualmie Rivewatershed during the warmdry summer of
2015. Thepurposeis to inform the Snoqualmie Watershed Forum as well as partner
organizations and interest groups about the unique river conditions observed in that year.
This technicalmemorandum reports observedtemperature trends across the mainstem
Snoqualmie River and itsributaries, and discusses trends in the context of relevant data
sets.

The Snoqualmie Rivemwatershed is an important area foraquatic habitats, agriculture,
aesthetics, and recreational opportunities. The watershed supports several salmon and
trout species, including Chinook salmon and Steelhead trowhich are listed under the
Endangered Species Act. Historic and ongoing degradation have negatively impacted
habitat quality and quantity throughout the watershed altering the health of the ecosystem
and the viability of its related species. Additionally, several regional pressures including
population growth, climate change, andiarious land usesplace Snoqualmie Rivercultural
and natural resourcesat risk.

The summer of 2015had record low flows and high air temperatureswhich provided a
unigue opportunity to evaluate the status and trends of water temperatures the
Snoqualmie River In an effort to capturethese uniquewater conditions, the Snoqualmie
Watershed Forum in partnership withKing CountyWater and Land Resourcestrategically
deployed 27 thermistors across the Snoqualmie River and its primary tributaries.
Continuous water temperature was collected from June 30to September 3@ at 17
mainstem and 10 tributary locations.Water temperature time-serieswere summarizedfor
the 7-day average of daily maximum temperatures and the-@day averageof daily minimum
temperatures, andcompared to Washington State water quality standards as well ag
temperature and stream flow at representative loations. Additionally, 2015 Snoqualmie
water temperatures were compared totwo additional data sets including2006 water
temperature time-series collected bythe Washington State Department oEcologyand
multi -year water temperature time-series collectedby King County

Snoqualmie River vater temperatures during the summer of 2015 wereconsiderably high
across all of the selected sample sites with many of the sites haviiiglay average of daily
maximum temperaturesconsistently above state standards for ésignated uses. Record
low flows were ubiquitous across all sample sites and throughout the Snoqualmie River
watershed during the summer of 2015, likely contribuing to the observed high water
temperatures. Water temperatures tenced to increase from an upgeam to downstream
direction; however, there were noticeable differences from this pattern in areas where the
valley walls narrowed and potential groundwaterexpressionoccurred. Additionally, the
observed water temperature ranges appeared to decreas# sample sites within the
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groundwater gaining reach of the Snoqualmi®iver below the falls(between the Raging
and Tolt Rivers).

Water temperaturesacross primary tributaries were also quite warm with 7-day average
of daily maximum temperaturesat all ofthe sites (excluding Harris and Ames Creeks)
consistently exceeding state standards. Several large tributaries (Tolt, Ragiagd Cherry)
were well within the range of temperatures observed in the mainstem Snoqualmie while
many of the smaller tributaries Harris, Ames, Tokul, Griffinand Patterson) were
noticeably cooler than the mainstemWhile the 7-day average of daily maximum
temperatures of the Tolt River was within the observed rangesf mainstem temperatures,
the minimum temperatures in the Tolt were several degrees lower than the mainstem and
may have influenced observed mainstem temperatures hE Raging Rivewas the warmest
tributary with 7-day average of daily maximum temperaturesat times exceedingthe
mainstem Snoqualmie however, alow percentage offlow contribution resulted in minimal
influence on mainstemtemperatures.

The North Fork of the Snoqualmie wasight around the state standard and the South Fork
was consistently above the state standard’he Middle Fork wasnot only much higher than
the state standardbut also significantly warmer than both the North and South Forks
Additionally, temperatures observed in the Middle Fork wereavell within the upper range
of observed temperatures across the mainster8noqualmie The Northand South Forkson
the other handwere consistently below temperatures observed in the mainstem. The
Middle Fork was not only significantly warmer thanboth of the other forks but contributed
the majority of the flow during the sampled period.

Comparisons with 2006 Washington State Department of Ecologgnd U.S. Geological
Surveydata indicated that 2015 displayed significantly warmer air temperatures and lower
flows than both 2006 and thehistorical average The onset of low flows observed in 2015
occurred much earlier than 2006 and thehistorical record, with low flow occurring as early
as Junen 2015 compared tothe more typical AugustSeptember.Water temperatures
reflected these differences in air temperature and flowvith 2015 having consistently
warmer mainstem Snoqualmietemperatures comparedto 2006. Additionally, tributary
water temperatures in 2015 were consistently warmer than the 2006 water temperature
time-series.

Water temperature comparisons with King County continuous gauges were available for
five sample sites (Chery, Tuck, Harris, Griffin, and Patterson). Flos/across these
tributaries were consistently lower in 2015 compared to previously gauged years.
Additionally, water temperatures from 2015 were consistently warmer than previous
years. Across all sites that were comparable to King Countyauging stations the highest
daily temperatures observed in 2015 exceededll previously gaugedyearswith the
exception of Griffin Ceek

Salmonids in the Snoqualmie River watershedere subjected to both acutdethal and sub
lethal temperatures during thewarm-dry summer of 2015 The impacts of these warm
temperatures likely affected bothjuvenile salmonidsrearing in the watershed over the

Vii
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summer as well as the adultshat were holding or which returned later in the year. During
June and Julytemperatures inthe mainstem Snoqualmiantermittently rose above thel-
day maximum temperature standardsfor both acute lethal effectsand migratory barriers.
While the acutel-day maxmum temperatures were sporadic in the mainstem, the7-day
average of daily maximum temperaturehresholds for core summer habitat as well as
spawning, rearing and migrationhabitats were surpassed for the majaty of the summer.
Many of the Snoqualmie tributariesexperienced exceedances for the core summer habitat
thresholds and some of the larger tributaries (Cherry, Tolt, and Raging) exceedé&etay
maximum temperature thresholds. While the mainstem and majortributaries experienced
water temperatures well above state thresholds, there were several, smaller tributaries
that remained at or below thethreshold for acute lethal effectsThese colder tributaries as
well as areas of groundwater exchangmaintain cooler waters, which may have the
potential to provide refuge for salmonids during warmer water condition.

The warm river conditions observedin 2015 emphasize thevalue ofaddressing water
temperature issuesin the Snoqualmie Rivemwatershed. With warm temperatures
occurring throughout the Snoqualmie watershedit will be important to focus onboth site-
and basin level scalesvhen prioritiz ing strategiesto mitigate current conditions and to
build watershed resiliency for future climate conditions This study highlightsthe need b
consider factors like spatal andtemporal variation in temperature regimes, tributary and
groundwater influences, anddaily patterns in thermal fluctuations when addressing
temperature issues andmpacts on salmonids. Potential actions may include headwater
and tributary riparian restoration, instream flow augmentation or reduced withdrawals,
improved recharge and groundwater exchange, and improved floodplain, tributary, and
riparian connectivity. Additional studies sud as the influence of tributaries and
groundwater, salmonid responses to temperature, spatial and temporal variation in water
temperatures, and others are needed to better understand and develop management
strategies.

Thelow flow and high temperature conditions observed in 2015 may provide useful insight
into the likely impacts ofclimate changeon the Snoqualmie Rivemwatershed.The ability of
Snoqualmie River and its tributaries to continue supporting salmonid populations will
inherently be tied to thedegree to which these water bodies can be resilient to climate
change Building resiliency may require expanded emphasis oprotecting and restoring
cold-water refugia such as tributary confluencesheadwaters,and groundwater recharge
zones Supporting floodplain processes, watershed storage, and instream flows may also be
essential to build resiliency.At a minimum, it will be necessary to increase conservation

and restoration efforts at a magnitude and scale comparable to the degree and urgency of
apparent temperature and flow issues.

viii
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1.0 INTRODUCTION

Across western Washington, the winter of 201415 was much warmer than is typical,
resulting in extremely low snowpack across the west slope of the Cascadange. As a
result, snowmelt-driven flow peaks were largely absent in the spring and by early May
2015, many rivers were exhibiting near record low flows for the time of year. With
minimal snow in the mountains, summer flows were likely to be very low until the onset of
fall rains. Additionally, climate models forecasted a warm and dry summer. In an efff to
capture this extreme event of very low flows coupled with high air temperatures, the
Snoqualmie Watershed Forum and King County funded a study to monitor the status and
trends of water temperature throughout the Snoqualmie River and its tributariesThis
information would provide useful insight into questions such asl) To what extent were
water temperatures at levels that were stressful or lethal to salmonids2) Do the

tributaries and mainstem Snoqualmie respond similarly to extreme temperature\ents?3)
How do water temperatures and flows in 2015 compare to past yearsh) Can cooler areas
of the river and tributaries be detected to help identify potential cold waterefugia?

The Snoqualmie River watershed has been home to the Snoqualraied Tulalip Tribes for
millennia and is part of the TreatyReservedusual and accustomed fishing and hunting
area of the Tulalip Tribes.The watershed drains nearly 700ni¥ from the crest of the
Cascade Mountains down to the confluence with the Skykomigtiver near Monroe, to
create the Snohomish River. The watershed is primarily in King County, with a small
portion of the lower extents in Snohomish CountyThe three main forks of the Snoqualmie
(North Fork, Middle Fork,and South Fork) meet near the cityof North Bend and combine to
form the mainstem Snoqualmie Rivebefore flowing past the city of SnoqualmieAt
approximately river mile 38.5 the Snoqualmie drops 268ft over Snoqualmie Falls and
continues flowing northward past Fall City, unincorporated agcultural areas, and the
cities of Carnation and Duvall The upper Snoqualmie waterked lies within the Mount
Baker Snoqualmie National Forest and upland subdrainages throughout the watershed are
dominated by forests in public and private ownershipAfter forestry, agriculture and
unincorporated rural residential areas are the most prevalent land useswith incorporated
cities representing just 2% of overall watershed area

The Snoqualmie River watershed is an important area for aquatic habitats, domestater
supply uses, forestry, agricultural, and recreational activities (e.g., swimming, rafting,
tubing, fishing andwildlife viewing). Additionally,the Snoqualmie has many residential,
commercial, and industrial usesThe lower valley floor has over 14)00 acres designated as
an Agricultural Production District, of which roughly 9,500 acres are actively farmed,
supporting numerous agricultural usesincluding livestock, vegetables, pastures,
fruits/berries, nurseries, row crops, dairies, and others

The Snoqualmie River watershedsupports wild populations of chinook (Oncorhynchus
tshawytschg, chum (Oncorhynchus ketg coho Oncorhynchus kisutch and pink salmon
(Oncorhynchus gorbuschasteelhead trout (Oncorhynchus mykigsrainbow (Oncorhynchus
mykiss), brook (Salvelinus fontinali$, and cutthroat trout (Oncorhynchus clarki. Though
rarely seen in the Snoqualmie, the watershed is also in the rangergftive char, e.g., Dolly

King County Science and Technical Support Sectiorl0 May 2016
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Varden (Salvelinus malmaand bull trout (Salvelinus confluentus Chinook, lull trout, and
steelhead trout are listed as threatened under the Endangered Species Aith Chinook
and bull trout recovery strategies outlined in the Snohomish River Basin Salmon
Conservation Plan (SBSRF 2005Anadromous salmonid spawning within the manstem
Snoqualmie Riveroccursbelow the fallsthroughout the alluvial depositsbelow the
confluences of the Tolt River, Raging Riverand Tokul CreekAnadromous slmonid
spawningalsooccurs across many of the Snoqualmie tributaries below the Fallscluding
Chery Creek, Tuck Creek, Harris CreeKkplt River, Griffin Creek Patterson Creek, Raging
River, and Tokul CreekAcrossthe Snoqualmie tributaries Chinook andsteelhead
spawningis primarily concentrated in the Raging and Tolt RiverResidert salmonid
spawning also occursabove the fallsthroughout the tributaries and three forks of the
Snoqualmie River.

Prior to European settlement, much of the Snoqualmie floodplaimpstream of Duvall and
downstream of the fallswasforested. The riparian corridor was dominatedby large
numbers of hardwoods; however, very large cedar and spruce were frequent along thes
corridors (Collins and Sheikh2002). While nearly 70% of the watershed is still forested
(NOAA CCAP 2011 datathelower portion of the Snoqualmie mainstem has only a fraction
of its historic forest cover. Areas oforest cover in the floodplains below the fallsare
estimated to be ataround 16% of pre-European settlement (Collins and Sheikh 2002).
Additionally, while the historic floodplain featured many oxbows and wetland¢Collins and
Sheikh 2002), many of these wetland features have either been disconnected or no longer
exist due to conversion of the floodplain from a forested condition to one dominated by
agricultural uses Urbandevelopment pressures and lanelise conversions have negatively
impacted habitat quality and quantity throughout the Snoqualmie Rivewatershed (Haring
2002). Specifically, salmonid habitat degradation has occurred due to fiplassage

barriers, floodplain modification, loss of wetlands, altered channel conditions including
large woody debris removal, and altered riparia functions and conditions (Haing 2002).
Additionally, the Snoqualmie is known to be impaired fowater temperature and currently
has a Total Maximum Daily Load (TMDLgimed to protect aquatic life uses including core
summer salmonid habitatas well assalmonid spawning, rearing, and migration( WA
Ecology2011).

Thewatershed has a temperate marine climateharacteristic of warm, dry summers and
cool, mild, wet winters (WA Ecology2011). Precipitation falls unevenly across the
watershed primarily in the higher elevations. Snowmelt runoff contributes to stream flows
in May and June andolw flows generally occur from August to September when snowmelt
runoff and precipitation are minimal. These low flow periods can beritical for salmonids
influencing their migration, spawning, and rearingSummer low flow and high water
temperatures are @mmonly co-occurring and can result in salmonid migration barriers,
prolonged thermal stress,acute lethality,and increase susceptibility to pathogensin 1979,
in an effort to halt further water withdrawals for out-of-stream uses, an Instream
ResourcesProtection Program established low flow targets for the mainstem of the
Snoqualmie River (WAC 173507) as well as several tributary basins, effectively precluding
issuance ofmost newwater rights.

King County Science and Technical Support SectiorlL1 May 2016
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2.0 METHODS

2.1 Site Selection

Sample gtes were selected througlout the SnoqualmieRiver watershedincluding the three
forks of the upper Snoqualmiemajor tributaries, and several mainstem Snoqualmie
locations downstream to the King County/SnohomishCountyline. Geomorphology of the
SnoqualmieRiver floodplain was used & aprimary filter to evaluate potential mainstem
and tributary sample locations. Geomorphology can influence how shallow groundwater
expresses itself as surface water and groundwater is typically cooler than the surface water
during summer months.Areaswhere colder water enters the systemcanhave

physiological and ecological significancéor fishes serving aghermal refugia (Torgersen et
al. 2012). Potential river reaches where groundwater expression may occur include areas
where the floodplain width narrows on either bankcreating pinch points as well as areas
downstream of large wetland complexesand within alluvial reaches Mainstem

Snoqualmie samplesites were selected by using remote sensing LIDAR (Light Detection
and Ranging) to identify tre areas of narrowing in the floodplainAdditionally, several
thermistors were placed intributaries to measure how the temperature changes as it flows
off the hills and across the floodplainWwhen possible, thermistors were placed near US.
Geological Surey (USGSand King County gauging stations for later comparisons with flow
and water temperature. Once the approximate locations of the sites were selected,
refinements were made based on availability of safe access to the waterway. While most
sites werelocated at public access pointghere were a few key areas in the Snoqualmie
Valley where such locations are sparse. Through outreach to local farmers, we were
grateful to secure access to the waterway through several private properties

Water temperature in the Snoqualmie Rivewassubsequently monitoredacrosstwenty
seven sites includingl7 mainstem and10 tributary locations (Figure 1). The mainstem
sites include one site above the Snoqualmie Falls, and 13 sites below the fak&nding
past Duvall and nearly to the county lineAll three forks of the Snoqualmie (North, Middle,
and South) were monitored as well as primary tibutaries included Cherry Creek, Tuck
Creek, Ames Creek, Harris Creek, Tolt River, Griffin Creek,tBeon Creek, Ragig River,
and Tokul Creek. Details of sitespecific locations arefurther described in Table 1 in section
2.2.

King County Science and Technical Support Sectiorl2 May 2016
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Figure 1. Map of Snoqua Imie River temperature study sites including USGS and King County
gauging stations
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2.2  Thermistor Deployment and Periodic
Downloads

Water temperature was monitored usingHOBO Pendant Thermistors (Model# UA02-64)
with 64KB of rewritable memory. Thermistors were launched using the Onset HOBOware
software and set to record temperaturen Celsiuson 15 minute intervals. Thermistors

were calibrated using a combination of a chilled (refrigerated) and room temperature bath
tests. Thermistors wereplaced in each bath an@llowed to equilibrate for at least3 hours.
The temperatures of the baths were recorded after the eqlitbration period and compared
with the downloaded thermistor readings. None of the thermistors recorded temperatures
that deviated beyond therange of variability noted by Onset(+0.53°C).

Calibrated thermistors were deployedat the 27 sitesin the Snogualmie Riveron June
29t/30 th and stayed in the water until September 29/30 t (Table 1), with occasional data
downloads during that period. Thethermistors were weighed down with bolts and nuts
and secured with 40lbtest monofilamentto riparian vegetation, bridges, logs, and other
suitable secure points To ensure the thermistors were retrievable apotentially higher
late-summer flows, the thermistors were placed in the water no further than~ 10ft from
the bank. Water temperature at the time of thermistor deployment was recorded with an
YSI temperature probe (Model #63) Thermistors were visited monthly to download
temperature data, verify thermistor status (e.g., recording, shutlown, or missing), and to
re-deploy any necessaryeplacement thermistors. Stream temperature was concurrently
recorded at the time ofmonthly downloads with the YSIitemperature probe to verify
thermistor measurements
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Table 1. Snoqualmie River temperature study site locations.
Site ID Approximate | Location
River Mile

NF_SNOQ_1 0.3 North Fork Snoqualmie River near 428 Ave. S.E.,
Snoqualmie, WA

MF_SNOQ_1 04 Middle Fork Snoqualmie River near 428 Ave. S.E.,
Snoqualmie, WA

SF_SNOQ_1 2.1 South Fork Snogualmie River downstream dflighway 202,
Snoqualmie, WA

MS_SNOQ 1 40.8 Snoqualmie River near SE Reinig Rd., Snoqualmie, WA

MS_SNOQ 2 33.9 Snoqualmie River downstream oRaging River confluence,
Fall City, WA

MS_SNOQ_3 32.6 Snoqualmie River near Carlson Restoration Site, Fall City, W

MS_SNOQ 4 31.3 Snoqualmie River near Neal Rd. Boat Launch, Fall City, WA

MS SNOQ _6 28.2 Snoqualmie River downstream of Patterson CreelGarnation,
WA

MS _SNOQ 9 23.8 Snoqualmie River near N.E. Tolt Hill Rd., Carnation, WA

MS_SNOQ 1(¢ 23.4 Snoqualmie River near Tolt MacDonald Park, Carnation, WA

MS_SNOQ_11 21.8 Snoqualmie River near Chinook Bend, Carnation, WA

MS_SNOQ_17 16.6 SnoqualmieRiver upstream of Ames Creek, Carnation, WA

MS_SNOQ 1% 13.8 Snoqualmie River near N.E. 124St., Duvall, WA

MS_SNOQ 1€ 11.2 Snoqualmie River near N.E. 138St., Duvall, WA

MS_SNOQ 17 9.5 Snoqualmie River upstream of Tuck Creek, Duvall, WA

MS_SNOQ_1§ 8.9 Snoqualmie River near Taylor Boat Launch, Duvall, WA

MS_SNOQ_19 6.0 Snoqualmie River downstream of Cherry Creek, Duvall, WA

TOKUL_1 0.4 Tokul Creek near WDFW hatchery, Fall City, WA

RAGING 2 0.4 Raging River near S.E. 44P|. Dike Rd., Fall, City, WA

PATT_5 0.5 Patterson Creek near S.E. 245t., Fall City, WA

GRIFFIN_1 24 Griffin Creek near King County routine water quality site,
Carnation, WA

GRIFFIN_2 0.7 Griffin Creek near Highway 203, Carnation, WA

TOLT_1 0.3 Tolt River near Highway 203, Carnation, WA

HARRIS 2 1.8 Harris Creek near Highway 203, Carnation, WA

AMES 1 0.2 Ames Creek near 100 St., Carnation, WA

TUCK 1 0.04 Tuck Creek near West Snoqualmie River Rd. N.E., Duvall, W|

CHERRY_2 0.2 Cherry Creeknear DuvaltMonroe Rd., Duvall, WA
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2.3  Data Analyses and Comparisons

2.3.1 State Temperature Standards

Analyses and comparisons for the 2015 Snoqualmie temperature study were based on
Washington State water temperature standards, as defined in the WAC (WAC 123l a).
Different parts of the SnoqualmieRiver support different aquatic life usesfor salmonids.
For example, salmonids require cool water during spawning ahincubation, and species
like coho salmon and steelhead spend one or more summers rearing in streams before
migrating to the ocean. Thus, certain waters that are considered to be critical for sabn
spawning and rearing have a different standard for temperature than other areas where
spawning is unlikely to occur.Table 2 lists the temperature standards for aquatic life uses
that apply to one or more water bodies in the SnoqualmiRiver watershed. The water
bodies to which each category applies are listed in the third column. Tributaries to waters
of a particular use designation are subject to the same standards as the receiving water,
unless otherwise specified in the WAC.

The temperature standads outlined in Table 2 are computed as the 7day average of the
daily maximum temperatures (7-DADMAX), i.e., the arithmetic average of seven
consecutive measures oflaily maximum temperatures The use of the DADMAXinstead
of an instantaneougemperature maximum is intended to reflectthat most aquatic
organisms can toleratea short period of high temperature, whereas persistentlgxposure
to warm water is more likely to causeharm. If a water body is naturally warmer than or
within 0.3°C of the criterionfor that water body, human caused increases (considered
cumulatively) must not increase that temperatureby more than 0.3°C. Additional limits on
human-caused temperature changes are described the WAC.

As outlined in Table 2,the Washington State Deartment of Ecology (WA Ecology has
established7-DADMAXthresholds where water temperatures should not exceed 16Zin
core summer habitas or 17.5°Cin areas ofsalmonid spawning, rearing and migrationin
addition to the temperature standards listed inTable 2, WA Ecologyhas designated
supplemental spawning and mcubation criteria for water temperature in certain areas
where salmonid spawning and egg development occurs. These criteria appien the
standard temperature criteria are insufficient. In these tributaries and mainstemreaches,
the 7-DADMAXcriterion is 13°C duringthe specified periods. These reaches agmimarily
in areas where the default criterion would be 16°C, and include portions of trgnoqualmie
mainstem within Chinook spawning areaslower portions of the Tolt River (including
segments of each fork), and reaches in Cherry Creek, Patterson Creek, Gri#fieek and the
Raging River Additionally, WA Ecologyhas set a 1 daynax temperature (1-DMAX) of 23C
to avoid acute lethal effectand a 1 DMAX temperature of 22C to avoid barriers to
migration.
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Table 2.

WA Ecology Snoqualmie River water quality temperature standards.

Aquatic Life Uses

Standards

Snoqualmie Waters

Char spawning and rearing .

The key identifying characteristics of this use are
spawning or early juvenile rearing by native char
(bull trout and Dolly Varden), or use by other
aguatic species similarly dependent on such cold
water. Other common characteristic aquatic life
uses for waters in this category include summer
foraging and migration of native char; and
spawning, rearing, and migration by other
salmonid species.

Temperature (7-DADMax) 12°C.

North Fork Snoqualmie above and including Sunday Creek (at
RM 17). Includes all tribuaries above the junction.

Middle Fork Snoqualmie above and including Dingford Creek
(at RM 26). Includes all tributaries above the junction.

-EAAT A &1 OE 3171 NOAI I EADROS60E
and latitude 47.5389

North Fork Tolt above and incluing tributary at longitude -
121.7775 and latitude 47.7183 (at RM 4). Includes all
tributaries above the junction.

South Fork Tolt above and including tributary at longitude
121.7392 and latitude 47.6925. Includes all tributaries above
the junction.

SolOE &1 OE 4711 080 Otp1AgsBdnd OOE
latitude 47.6889.

North Fork Creek (at North Fork Tolt RM 1) and unnamed
creek at Longitude-121.8231 and latitude 47.7409 (Sec. 18
T26N R8E). All

tributaries above junction.

Cripple Creek (at Middle Fok Snoqualmie RM 24) and all
tributaries.

Pratt River (at Middle Fork Snoqualmie RM 16) and all
tributaries.

Taylor River (at Middle Fork Snoqualmie RM 20) and all
tributaries.
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Core summer salmonid habitat .

The key identifying characteristics of this ge are
summer (June 15 September 15) salmonid
spawning or emergence, or adult holding; use as
important summer rearing habitat by one or more
salmonids; or foraging by adult and subadult native
char. Other common characteristic aquatic life uses
for waters in this category include spawning
outside of the summer season, rearing, and
migration by salmonids.

Temperature (7-DADMax) 16°C.

Cherry Creek and tributaries from mouth to headwaters.

Snoqualmie River and tributaries from and including Harris
Creek towest boundary of Twin Falls State Park on South Fork
(RM9.1)

South Fork Snoqualmie from west boundary of Twin Falls
State Park (RM 9.1) to headwaters.

Middle Fork Snogqualmie from mouth to Dingford Creek (RM
26).

North Fork Snoqualmie from mouth to Suday Creek (RM 17).

South Fork Tolt and tributaries from mouth to west boundary
of T26N-R9E-Sec31 (RM 6.9).

South Fork Tolt and tributaries from west boundary of T26N
R9ESec31 (RM 6.9) to headwaters, except for waters
specifically listed in Table 602 as Rar spawning and rearing.

Tributaries to all waters designated Core summer salmonid
habitat, or as Extraordinary primary contact for recreation.

All lakes and all feeder streams to lakes, where reservoirs with
a mean detention time greater than fifteen dys are treated as
lakes for use designation.

All surface waters not listed in Table 602 lying within national
forests, national parks and/or wilderness areas.

Salmonid spawning, rearing, and migration.

The key identifying characteristic of this use is
salmon or trout spawning and emergence that only
occurs outside of the summer season (September
16 - June 14). Other common characteristic aquatiq
life uses for waters in this category include rearing
and migration by salmonids.

Temperature (7-DADMax) 17.5°C.

Snoqualmie River from mouth to junction with Harris Creek
(RM 21.3).

All other surface waters.
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2.3.2 Time -Series

Temperature time-series across sites were plotted against the Washington State
temperature standards for aquatic designated uses.ifie-series wereplotted on an
extended period (6/10/15 -9/30/15) to show the transitions in designated uses and for
ease of omparison to data series discussed igection 3.3. To aid in interpretation of water
temperature results, the Snoqualmie River timeseries were plotted with daily discharge as
well as air temperature from the nearest city. Air temperature data for all ofite respective
cities in the study area were compiled from weather underground
(http://www.wunderground.com/ ), and discharge data was compiled from a cdmmation
of USG&nd King County hydrologic gauging statioa Gauges used for comparison in this

Temperature

study and the respective sample sites anacluded in Table 3

Table 3.

2015 Snoqualmie temperature sample sites.

U.S. Geological Survey and King County hydrologic gauges used for comparison with

Discharge Gauge

Location

Related Sample sites

USGS 12142000

North Fork Snoqualmie River near Snoqualmie
Falls, WA

NF_SNOQ_1

USGS 12141300

Middle Fork Snoqualmie River near Tanner WA

MF_SNOQ_1

USGS 12144000

South Fork Snogualmie River at NortiBend , WA

SF_SNOQ_1

USGS 12144500

Snoqualmie River near Snoqualmie, WA

MS_SNOQ, 2, 3,4

USGS 12149000

Snoqualmie River near Carnation, WA

MS_SNOQ, 8, 10, 11,
13,15,16,17,18, 19

USGS 12145500 | Raging River near Fall City, WA RAGING 2

USG92148500 Tolt River near Carnation, WA TOLT_1

KG48a Patterson Creek downstream of 29% Ave SE, PATT 5
Fall City , WA

KG21a Griffin Creek upstream of Highway 203, GRIFFIN_]12
Carnation, WA

KG22a Harris Creek near NE 108 St., Carnation, WA HARRIS 2

KGO01a* Ames Creek near W. Snoqualmie Valley Rd. NE| AMES_1
Carnation, WA

KG61la Tuck Creek near W. Snoqualmie Valley Rd. NE.,| TUCK 1
Duvall ,WA

KGO05a Cherry Creek near NE Cherry Valley Rd., Duvall| CHERRY_2

WA

*Data only for 20082011; used forcomparison of previously collected data mentioned in discussion sections.

2.3.3

2015 Snoqualmie River temperature results were compared with two data sets to further

Data Series Comparisons

interpret trends and determine relative conditions. One data set included water
temperature time-series collected by WA Ecology as part of the 2006 Snoqualmie
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Temperature Total Maximum Daily Load (TMDL) efforts and the other data set included
multi -year water temperature time-series collected at various King County gauging
stations. WA Ecology TMDL timeseries data were avadble for all of the tributaries;
however, we foaised on the King County water temperature timeseries when available for
comparison across multiple years. Water temperatures among the data sets were
additionally compared with flows from the closest USGS or King County gauges.
Temperature time-series acioss the mainstem Snoqualmie, as well as several primary
tributaries including Ames Creek, Tolt River, Patterson Creek, Raging River, Tokul Creek,
and the North, Middle, and South Forks of the upper Snoqualmie were compared WitVA
Ecology TMDL water tempeature time-series. The remaining sampledributaries

including Tuck Creek, Cherry Creek, Griffin Creek, and Harris Creek were compared to the
multi -year water temperature time-series collected from King County gauging stations.

Several other agencies ahinterest groupscollectedtemperature data throughout the
Snoqualmie River watershed in 2015Some of hese data sets include Tolt River
monitoring conducted by the City of Seattlenpainstem Snoqualmie temperature
monitoring conducted by the Snoqualmie Tibe, tributary monitoring by the Wild Fish
Conservancy,as well asextensivemonitoring throughout the Snoqualmiewatershed by
the U.S. Forest Service and National Marine Fisheries Servigéhile the includedresults
and discussion donot provide comparison across all data setst may be useful to consider
these resourcedor future analyses.
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3.0 RESULTS AND DISCUSSION

3.1  Thermistor performance and Replacements

Monthly thermistor downloads and concurrent YSI readings confirmed that thelOBO
Pendant Thermistors(Model# UA-002-64) performed well in recording ambient water
temperature across the selected Snoqualmie sample sitelSigure 2). Across the 27 sample
sites, thermistors went missing at four locations, one thermistor shut off due to shock, and
two thermistors were out of water for a period of time. When missing, thermistors were
replaced at select locationsNone of the thermistors placed on private properties went
missing.Details of all sample sites where thermistors did not capture the entire saphe
season can béound in Table4.

Figure 2. YSI water temperature check in the Snoqualmie near NE Tolt Hill Road.

Snoqualmie River near NE Tolt Hill Rd (MS_SNOQ_9)
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Table 4. Sample sites with incomplete time-series.
Site ID Location Notes
SF_SNOQ_1| South Fork Snoqualmie River downstream Thermistor shut off on 6/4/15 due
of Highway 202, Snoqualmie, WA to shock
MS_SNOQ_1| Snoqualmie River near SE Reinigd., Thermistor missing on 8/19/15 and
Snoqualmie, WA replacement missing on 9/30/15
MS_SNOQ_4| Snoqualmie River near Neal Rd. Boat Thermistor was likely out of water
Launch, Fall City, WA from 8/9/15 to 8/13/15
MS_SNOQ_6| Snoqualmie River downstream of Thermistor was likely out of water
Patterson Creek, Carnation, WA from 8/6/15 to 8/14/15
MS_SNOQ_1| Snoqualmie River upstream of Tuck Creek Thermistor was pulled on 8/28/15
Duvall, WA due to high flows
MS_SNOQ_1| Taylor Boat Launch, Duvall, WA Thermistor missing on 8/20/15 and
subsequently replaced. Replacemen
successfully retrieved on 9/30/15
AMES 1 Ames Creek near 100 St., Carnation, WA | Thermistor missing on 9/30/15
PATT_5 Patterson Creek near S.E. 24St., Fall City,| Thermistor missing on8/20/15 and
WA replacement missing on 9/30/15
3.2 Snoqualmie River Temperature Time -Series
and Trends
3.2.1 Time -series Examples

The Snoqualmie Rivetemperature time-serieswere summarizedacross the sample period
(7/1/15 z9/30/15) for the 7-day averageof daily maximum temperatures(7-DADMAX
andthe 7-day average of daily minimum temperatureq 7-DADMN). Additionally, water
temperature results were plotted with daily discharge and air temperature, adescribedin
Section 2.3.2Example paneldrom a mainstem and tributary sitecan be found inFigure 3
and Figure 4, respectively. Data for dl other sample sites can be found il\ppendix A.
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Figure 3. Snoqualmie River temperature time-series downstream of the Raging River.

Top panel includesdaily averageair temperature and discharge and the bottom panel includes
continuous water temperature, 7-day maximum daily average, ®tlay minimum daily averageand
the WA state 7-day maximum daily averagestandard.
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