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Project Background

ThisNB LJ2Lbidgitidinal Water Temperature Profiles Selected River Reaches in the Stillaguamish

River Basig) is a stanealone document as well as one of a series that together detail the key tasks and
associated findings and conclusions of the Stillaguamish Temperature TMDL Adaptive Assessment and
ImpleY Sy G GA2y t Nr2SOG oa{GAffl 3dzr YAAK ¢a5[] tNRB2SOG¢E

The purpose of the Stillaguamish TMDL Project is to improve water quality standards for temperature
and salmon habitat in the Stillaguamish basind®ntifying sources of cold groundwater in the streams
and rivers which would most benefit from protection. The need for the project was identified in the
2004 Stillaguamish River Water Quality Improvement Plan.

The Stillaguamish TMDL Project incorporates several methodologies in its approach, which are
docunented in separate reports, as follows:

9 Watershed Process Characterization
1 Base Flow Analysis
1 Temperature Regime Studies
0 FLIR Temperature Imagery Analysis
0 USGS Thermal Profiling Report
0 2008-2012 Temperature Data Report
Groundwater Seepag8tudy
Assessment Synthesis and Project Identification Report
Riparian Implementation Project Report
Feasibility Analysis for Two Temperature Improvement Projects

= =4 =4 =

The project was funded through a Centennial Clean Water grant agreement between the Washington
State Dgartment of Ecology and Snohomish County. It was initiated by Snohomish County Public
Works Surface Water Management in 2010 and completed i%.201

The final summary report and associated maps can serve as a tool for policy and regulation

development, pecies conservation, water quality and watershed management planning efforts in the
Stillaguamish Basin.
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Executive Summary

Downstreamdngitudinal profiles of neastreambed temperature wereollected for eightiver reaches

in the Stillaguamish Rer basin, Washington, during August, 2011, to provide information about areas of
groundwater flow ito rivers. Locationgncludedparts ofPilchuck Creek, Jim Creek, North Fork
Stillaguamish River, and South Fork Stillaguamish Rigemperature profilinglong the streambed ia
downstream directiormeasures temperature that is influenced by many factbngring tte summer,
groundwater flow (termed dischargean be a source of coldater to streams that controlstream
warmingand can createold-water thermalrefugia for native stream fauniacluding salmon and trout.
To assess areas of groundwater discharge to streams, temperature was measured using) \&ithr an
internal data loggetowed behind a rafmoving downstream at ambient stream velociBepth was

also recorded (saméata logge) as a possible egariate with temperatureThetemperature and depth
data were referenced to position, concurrently surveyed with a Global Positioning System. Data are
retained inspreadsheet files consisting of @atime, nearstreambed water temperaturavater depth
latitude and longitudeData are summarizeith this report in maps and longitudinal profile graphs.

Temperature variability wastrong in lower Pilchuck Creek and changed within individual halmig u
(downstreamcooling from riffles to deep poolsnd over stream reaas (1001000 metersdue to river
reachscalecoolingand strong heating. Deeper pools, in particular appeared to be thermally stratified
though deep pools were rare. In Jim Creeknperature variability was notable among locatians
strongheating was coincident with poor riparian shading and one location with baseflow loss (see
Seepagétudycompanion report). Elsewheilia Jim Creekstream cooling appeared in proximity to Vos
Creek, the Jim Creeéslote canyon, and lower Jim Creek. In the North Fork Stillaguamish River, thermal
profiling detected locations with cooling from significant caldter inflow. This was mostly true for the
upper river reaches where total river dischargas less than dowrniver wheregreaterflow
accumulatioroccurred Higher discharglikely reduced the possibilitythat coldwater influencewould

be deteced at the center of the river channel (thalwed\t the same time, longitudinal profiling in the
North Fork Stillaguamish and South Fork Stillaguamish occurred during relatively higher flow and cooler
air temperature overall, which may have reduced the likelihood that groundwatdmgpeffects would

be observed due to greater mixitagnd lower diurnal bating on those sample days

For both rivers, aerial infrared imagery collected in 2001 from low flying aircraft documented many
more small coldvater flow anomalies (see Companion Report) than were detected with thermal
profiling. That methodology is morsuitable for larger river temperature investigations. The fiekded
longitudinal profiling imfemented as part of this tasippeared to be very well suitdd smaller rivers
and streamsr{avigable withrsmall watercraff that alsomay be obscured fromeaial imaging
techniquesdue to tree canopy coveBased on this project task and others, actions that promote deep
pool formation, that improve shading, that sustain or improve tributary flthat connect flow access

to coldwater habitats (namely, sidehannels) are supported by information summarized here and
included in the Assessment Synthesis &ndject Identification RepotASPIRfpr selected rivers and
streams.
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Introduction

Longitudinal profiles of heastreambed temperatures surveyed at ambigiver velocityhave been
demonstrated toprovide information about potential areas of grouméater dischargehat cool rivers,
as well as salmonid habitat and thermal refudgiax et al. 20057accaro and Malo2006). Longitudinal
profilesof stream tenperature can also reveal the magnitude and extent of cooling influence from
tributary streams (provided they are cooler than a mainstem riv&eam water temperature typically
increases in temperature throughout the daften as adirectresult of solaenergyinput to the stream
surfaceand other heating processes (convection and conduction), except whetercgater inflow
occurs. Because groundwater is typically about lideézallylongitudinal temperature profiling is
accomplished at absolute summieaseflow and during hot weather so as to maximize the possibility of
detecting coldwater inflowin otherwise warmer ambient watet.ongitudinal thermal profiles have
previously been surveyed in several rivers in Washington State including the YakimanRiite
tributaries (Vaccaro et a2008) and the Nooksack River (@b&l.2005)documentingcoldwater inflow
to these systems

This report presents 8 thermal profiles within the Stillaguamish River basin including portions of the
North Fork Stillagamish River, South Fork Stillaguamish River, Jim Creek, anckilteek (Gurel).
These rivers and streams have segments with known temperature impairments, but at the same time
are important for salmonid fish use in the Stillaguamish watershed gmsent a range in channel

sizes (and still navigabldhese data supplememirevious investigations of Igitudinal river
temperaturewithin the Stillaguamish River and its trthues usingorward looking infrared (FR)
technology(Watershed ScienceX002).

Thesethermalprofilingdata may be used to determine locatismof groundwatedischargeidentify

river segments with strong daily heatirand improve understanding of the relationship between the
groundwater and surface water systems of thel&gilamish River basimputs of cold water to rivers,
whether from groundwater or tributaries, are influenced by surfageundwater processes that result
from local climatic and geologic influence operating outside of stream boundaries or upslope from
groundwater discharge locations (seeps and springs). Therdiesetdataalong withwatershed
characterization (climate and geologiLIR imagery, in situ field sampling and continuously recording
temperatureloggers will bausedtogether agoolsto dewelop a better understanding of
groundwater/surfacewater interactions within the Stillaguamish River baamu develop
recommendations for temperaturprotection orimprovement
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Figurel. Map of Stillaguamish Rer watershed and selected thermal profile reaches (from Gendaszek 2011).

XASWMwidéCCWGranf010 Stilly TempAdminReport§ FINA



Methods

Thermal longitudinal profiling of portions of the North Fork, South Fork, Jim Creek, and Pilchuck Creek
wasconductedduring eight surveys between August 15, 20drid Awgust 26, 2011lusingmethodology
developed by the U.S. Geological Surfdgccaro and Maloy 200@yigure 1)This methodvas usedo
documentstream bottomtemperatures and approximate water depgin a longitudinal profile
Longitudinal profiling was caicted in the month of August because the survey should ideally be
conducted at absolute summer low flow and during hot weather to maximize the possibility of detecting
cold-water inflow locationsThis methodology hdseen summarized b§endaszek2011),is described
in parthere, andis available ints entirety at

http://pubs.usgs.gov/ds/654/pdf/ds654.pdf

Continuous water temperature and global positioning system (GPS) data were collecteecand
intervals whié drifting downstream at the sameelocity as the strear{Figure 2)Profiling at ambient
stream velocity tracks a parcel of water amitves downstream during the dajhe data logger (which
measures both temperature and deptifoves with the ambient flow It wasgenerallyexpected that
the data loggewould record increasing temperatuseover the course of the day, except where there
are cooling effects from a cool tributary, groundwater inflow, or river reachle groundwater
dischage.

Sampled locations includdRilchuckCreek between river miles (RMs) 0.0 and &é North Fork
Stillaguamish River betwed®Ms 0.0 and 34,2he South Fork Stillaguamish River betweens®nd

15.7, and Jim Creddetween RMs 0.0 and 7.0 (Table A onehalf mile gap exists between the
beginning of the North Fork Stillaguamish datasettected on August 18 and August 22 (Table 1
because of inadequate equilibration of the temperature probe to ambient stream temperature during
the initial onehalf mile of the August 22 survey.

Continuous temperature was measured using a Solinst Level®ggeemperature probgverified by a
NISTcertified thermistor ¢ KS (G SYLISNI G dzZNBE LINRPo6S o6l a (G26SR 0SKAYR
thalweg and was draggdalong the streambeith protective flowthrough casingGPS3lata was

measured using a Garmin GRPSP®E0Csxunit. Thelocationof each temperature measurement was

determined by relating th&PS data to theemperature data. If a GPS position was not reeardt the

same time as a temperature measurement, the position of the temperature measurement was

determined by linear interpolation of the two GPS positions that braadtéie temperature
measurementAdditionally, during the thermal profile, individuarhperature measurements were

taken in the field of observed surface water inflow (seeps, springs, and tributaries) using a NIST

calibrated YSI 550A temperature probe.

XASWMwidéCCWGrank010 Stilly TempAdminReports FINA 4


http://pubs.usgs.gov/ds/654/pdf/ds654.pdf

In many instances the probe needed to be raised momentarily to adusthclesand inall instances the
exact line of the stream thalweg could not be followéd. a resultthe depth of the water column is
considered to be approximate and relatjwgith better accuracy expected with greater thalweg depth
Therefore overal| the water depthprofile probably best reflectéhe location, spacingand relative
depths of the @epest pools. Additionallyhe SDlinsttemperatureprobe was not depth calibrated.

Figure2. View of thermal profiling in Jim Creek, 8/25/2011sing small watercraft. Thelata loggertethered to
the kayak is orthe stream bottom in thalweg.Photo credit Frank Leonetti

Results fronthis thermal profilingare depicted in graph and map forimthe Results sectiorLocations
of tributaries are hightjhted.

Tablel. Stillaguamish RiveBasin Thermal Profiling Study Overview

Location River Date Applicable Average Stream Estimated
Miles StateWater Maximum  Temperature Dischage
Temperature Air Rangg(®Q (cubic
Criteria Temperature feet per
(O second
Pilchuck Creek 0-3.7 8/15/2011 17.5 21.3 16.219.3 9.9
NF Stillaguamish R 30.034.2 8/16/2011 12 22.7 12.816.3 85
¢ Upper NF
NF Stillaguamish R 17.630.0 8/17/2011 12,16 21.7 11.016.5 378
¢ FrenchSegelsen
NF Stillagamish R. 9.517.6  8/18/2011 16 20.8 11.614.5 438
¢ Middle NF
NF Stillaguamish R 0-9.5 8/22/2011 16 19.6 14.916.8 470
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Location River Date Applicable Average Stream Estimated

Miles StateWater Maximum  Temperature Dischage
Temperature Air Rangg°Q (cubic
Criteria Temperature feet per
(°O second
¢ Lower NF
Jim Creek 0-7 8/25/2011 16 25.3 16.620.1 22.5
SF Stillaguamish  8.2-15.7  8/24/2011 16 24.2 14.017.5 663
River¢ Reach 2
SF Stillaguamish ~ 0-8.2 8/26/2011 16 26.0 16.919.8 474

River¢ Reach 1

Sources: Flow information was accessed online from USGS (2013) or Washington Department of Ecology
(Ecology 2013Air temperature data ardor 15 Stillaguamish watershed locatioausd are from
Snohomish County (unpublished data).

Results

Data tables for Stillaguamidbasinthermal profilingdescribed in this reporare availake from the USGS
data serie654report (Gendaszek 201 Hrchived at the following link.

http://pubs.usgs.gov/ds/654/

Pilchuck Creek

The lower 3.7 milesf Pilchuck Creek were sumwed on August 15, 201Nearminimum stream lbw
occurred in Pilchuck Cre#tkat day, as shown in Figure Baily stream temperature recded near
Interstate-5 shows increasing stream temperature throughout the time of thermal profiling (Figure 4),
indicating river water flowing downstream gradually increased in temperature throughout the day due
to heating and consistent mixing. The timitloe actual longitudinal profiling is shown within the

sample box (Figure 4).

In Pilchuck Creek, the longitudinal profile of water temperature was highly variable (Figure 5) and
exceeded the Washington State water quality criteria of 17.5°C for thisdocaiowever, instead of a
gradually increasing temperature profile (as in Figure 4) from RM 3.7 to the mouth, there were many
locations of punctuated cooling near the streambed or longer stretches of decreasing temperature at
the stream reach scale. Indition, other locations had slower rates of temperature increase, suggesting
a moderate amount of cooling was present that mitigated warming. In other locations, water
temperature rapidly increased.
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In the first half of the survead segmentseven poolsvere identified with a depth greater thah5

meters(150 centimeters [cm])Two of thesepools weredeeperthan 2 meterq200 cm)Figure 5.

Within each deep pookhere wasa subtle or strong local cdap effect in the downstream direction (as

depicted inFigue 6) that appeaedto terminate at the downstream extent of each ppsliggestinghat

groundwater inflomwas reducing overall water temperatued these poolsHence the bottom and

tailout locations of éep pools may provideome thermal refugedr salmonid fishesvhen temperature
exceedgriteria. Conversely, locations with rapid warming (about 0.1 degrees/minute) appear to mostly

be located where watedepthis shalow, where the stream course hasy y 2-BlB 8z0 K¢ | f Ay YSy (s
where shading may be deficier®f course, neither pattern is without exception

Cther variability in temperature change adsonotable.For example, one longrea of pronounced
coolingwasidentified justupstream from the end of the survey segmentind spans many individual
habitat units.This cooling occurs at the riverachscale and can only be explainedthg presence of
increasing groundwater seepagethe downstream directiopasno surface inflow is presemiat could
be contributing to the coolingThe temperature differencim this cooler stretchs more thanl°C,andit
is probablya significant thermal refugtr fishnear the mouth ofPilchuck Creek.
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Figure5. Measured bwer Pilchuck Creek water temperature and depth during August 15, 20h&. water
temperature criterion for lower Pilchuck Creek i57.5°C Survey direction is left to right.
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seconds) highlighng locations of strong warming and cooling.

Thelongitudinalthermal profile is shown imap view in Figure 7 and inclusladditional temperature
observations.
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Jim Creek

Athermal profile of temperature in Jim Creek was conducted betwebs 0 and7.0(Figure ). Stream
flow on this date was near the lowest leflow of the summer (Figure)8NVater temperature in Jim
Creek orthis day, as measured #te Whites Roadyauge, wasnearthe warmest of the year (Figurg.9
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Figure8. Jim Creek average daily flobased on streangaugingat Whites Roadoy EcologyThe arrow identifies
the day of the thermal profile, August 25, 2011.
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Figure9. Jim Creek summer 2011 average daily temperature at ¥$hiRoad (data from &blogy).
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At one fixed location, WhiteRoad, temperature was recorded atifnute intervals On August 25,
2011 temperature rose from approximately 15C to 19.8Cat anearlycontinuousrate throughout the
day (Figurel0) before peaking at approximately 5 pniHowever, thermal profiling reaedstrong
variations in temperature, including distinct locations of cooling, stasis, or heating.

20
19.5
2 19 //__\\
818.5 / \
/ ~
2175 % <
2 s /]
516.5 \ /
= 16
15.5_::::;k::E/AXXXXXXXXXXXX
D T e
Sisiiitiiiiiii i
= 2 T 0o 2 0 - >5 5 5 s s s s s £z T =

Time, 8/25/2011

Figurel0. JimCreek temperatureaecordedat Whites Road during themal profiling, August 25, 2011The
thermal profiling period isshownin the boxed area.The water temperaturecriterion is 16Cin Jim Ceek

Figure 11shows the thermal profile by time of day (starting at RM 7 and ending at R&b6jecooling
appearedto coincide with tributary junctions, butooling was also identifiegdthere no tributariesare
present.Eachobservedtributary discharged water cooler thahé mainstem Jim Creek (Figure.11

Several locations of moderate coolingre observed, along witone location of strong cooling (Figure

12). The location with strong cooling was downstream of the Bear Creek confluence, through the Jim
Creek slot canyon, where the greatest pool depth was observed. Cooling was observed downstream of
this deep pool, aa location where the stream profile was steep and the floodplain was completely
confined. The downstream cooling extended over 1,700 lineal feet. At this location surface and
groundwater may be forced through the slot canyon where bedrock is confining atrdng hydraulic
gradient forces groundwater discharge into the deep pool.
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