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Project Description

The purpose of the Stillaguamish TMDL Project is to improve water geatfititions for temperature
and salmon habitat in the Stillaguamish basin by identifying sources of cold groundwater in Hrasst
and rivers which would most benefit from protection.

Several methodologiesvere followed whichled to task completion. These documented in
separate reportgappended here)as follows:

1 WatershedCharacterization

I Base Flow Analysis

I Temperatue Regime Studies
0o FLIR (Forward Looking Infrared Imagery) Temperature Imagery Analysis
o0 River Thermal Profiling
0 20082012Continuous Temperature Monitoring

1 Groundwater Seepagstudy

I Assessment Synthesis and Project Identification Report

9 Riparan Implemenéation

Contact Information:

Frank Leonetti, Senior Habitat Specialist &
Snohomish County Public Works,
Surface Water Management
3000 Rockefeller Ave.

Everett, WA 98021

425 388 3464
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Results were used to describe haweamtemperature may be influenced by the relative importance
of water flow processesDelivery, StoragdRecharge &ischarge; Groundwate) ¢ and Degradation

58 Assessment Units (AUs) draining tributaries were used to test whether water temperature
(standardized #lay average daily maximum C) in 260382 was relatedo water flow process results.

Cooler water tempeature among AUs was significantly correlated with relative wRiecharge
importance and theGroundwatercomponent of the water flow importace model.

Water temperature was not correlated with AU drainage ared@2nf), percent riparian buffer forest
cover, any other water flow importance process, overall in@iace or overall degradation.

For 38 floodmin and tributary AUs witbold-water inflowmapped from infrared imagery, we found
significantly higher courdand thermal effect (temp x siz&r AUs with greatetGroundwaterflow
importance. For tributaries only, the thermal effecumot count) was significant.

These results suggest that the combined influencBRethargeand Dischargeascomponents of the
Groundwatemprocess have relatively moreeightinfluencing water temperature.

To our knowledge, tkiis the first evaluation afiater flow responsebased on hypothesis testiyof
the processes that Watershed Characterization in Puget Sound represents, and therefore validat
(at least parially) as a coarse screening tool for planAdiexgel decisiorsupport.

Forty qages irthe Stillaguamish watershgd911-2013) are described fothe period of record,
drainage area, climate phase and compugerage/-day and 3eday aeraged daily flow.A USGS
Baseflow Index model (PART) was implemented for 34 gagesach year of useable data.

Variable low flow pattern betweeoool andwarm-climate phases was persistent for decades. A shi
dedine in flow in 1985 defined a breakfiow response for this reportut lagged the 1974977
North Pacific Ocean phasbange as published elsewhere.

The annualdw flow in the NF Stillaguamish River was 55% higher in-198%, compared to 1985
present, butflow has been significantly incasing in the NF Stillaguamish River since 1988 nearby
Skykomish and Sauk Rigeonfirm the same lovilow patterns between 1922013.Jim Creek,
Pilchuck Creek, SF Stillaguamish River, and Squire Creek show similar patterns of flow response
between cimate phaseshut have varying severity of respondesd limited datasets).

Squire Creek, the snedominated, headwater mountain stream appears to be more flow sensitive
climate phase changesompared to Pilchuck Creek and Jim Crébgher elevationheadvater
streams with relativelyrotected land conservation status may actually be more vulnerable to
temperature increases based on flow sensitivity to climaiangethan some developed lowland
locations. But, this warrants additional investigation.
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129 coldwater inputs were identified in the Stillaguamish River, NF and SF Stillaguamish rivers, ¢
Pilchuck Creeftom Thermal Infrared (TIR) imageB86 of these were consideramld-water drefugesé

Coldwater refuges wee classified by source (tributaries, floodplain, side channels, seep/springs,
hyporheic) and estimated size of influence on the receiving (teenperature difference x sixe

Half of all coldwvaterinputs were located in the N&tillaguanmsh River whes spacingper mile)was
most frequent due to coldvater discharge fronside channels, floodplain locations and seeps/sprin¢
in addition to tributafes. Coldwater inputs into the SBtillaguamish Rivavere dominated by
tributary sources.

Restoration 6 coldwater refuges in the North Fork will be supported by river and floodplain
restoration, whereas restoration of celdater refuges in the South Fork will be mdrased on AU
restoration and habitat enhancement at tributary confluence locations.

Field-based thermal profiling using cantinuously recordinghermistor found numerous locations of
tributary ard groundwater inflow that mitigagd downstream heatingiJim Creek and Pilchuck Creel

Patches of colder water were often in (or downstream frategper pools in locations with
groundwater inflow (seepage), suggesting restoration of pool sicoflow gaining reacheshould
provide temperature benefits as well as habitaiprovement in Pilchuck and Jim creeks.

Between 2008012, 242 datasets @ontinuously reorded temperature were collected in summer ir
mainstens, side channgal, and tributaries wheréemperature standads are 12, 16, or 17.5 Celsius.

The 7day average daily maximum temperature, on average, was warmest in 2009 abc201
coolest n 2008 and 2011ributaries and side channels were coldest, exceeding temperature stanc
by 30% among all years. Mainstem locations were warmest, exceeding temperature standards b
among all years.

9 17.5 C standardtributaries were coolest and exeded the standard only 2% of the time (1.4
days/year). Side channels were notably warm compared to elsewhere, but still may be
temperature refuges in discrete locations.

I 16 C standard, side channels were coolest, then tributaci@mpared to mainstem s, and the
difference between side channel temperature and mainstem locations was greatest relative t
other comparisons. Side channels exceeded the temperature standard 9% of the time.

I 12 C standard, water temperature was coldest in side channels tth®rnaries and mainstems,
but exceeded standards 4% of the time Protecting tributaries and restoring side channels is
recanmended

dimate changes may have a relatively greater impact on flosvtamperature in headwaters (12 C),
as increasing Aeensiivity to heating corresponded with increasiegceedancg%), making
protection more challenging.

Restoration of side channels and riparian vegetation along mainstem locations for sites withaad 2
16 Cstandard will offer temperature benefits in tH®odplain where resilience to effects from climat
change are likely to bergatest relative to tributaries, except in Puget Lowland tributaries.
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A seepagstudyto determine reackscale flow gain or flow loss was implemented on Septeniber
2011 in lower Pilchuck Creek and in Jim Creek on September 4, 2012 near the time of annual lov

In Pilchuck Creek, groundwater seepage contributed 60% of the flow accumulation in the lower 7
The majority of groundwater inflow, 77%, occudrgom RM 63.1.

In this reach, upstream from3, flow contribution from tributaries, floodplain areas, or other
groundwater discharge locations predominantly arose from the east, coincident with permeable u
glacial deposits or alluvium in the flopldin, as also highlighted by the Watershed Characterization.

In locations with flow gaining reaches, such as lower Pilchuck Creek, large wood jams that scour
pools will improve groundwater seepage flow to this key habitat type.

In Jim Creek, theontribution of groundwater as seepage flow was estimated for 3 eses$ion pairs.
Whereas the first crossection pair far upstream was estimated to have groundwater inflow, the otl
2 locations appeared to be losing reaches, where net surface flovedeed downstream due to loss
of surface flow downstream of Vos Creek.

Vos Creek contributed 16.5% of the total Jim Cifteek during the seepagstudy. And, Vos Creek was
very cold, originating from the Arlington Heights outwash aquifer. As above, prognatinarea
restoration of water flow processeRécharge, Surface Storggmuld support seasonal storage and
summer base flow.

This project identifie®0 potential projects, of which40 are side channel and woodgzement project
types Restoring isolated side channel habitats and river processes that support side channel forn
along with tributary protection and restoration in floodplain locations is recommended.

Strategically, restoration of coldater refuges in the North Fork Stillaguamish River will be supporte
by side channel connections and river process restoration, whereas restoration efamdrefuges in
the South Fork will be based more on Assessment Unit restoration and habitat enhancement at
tributary confluence locations.

Due to past low flow variability and expected future climate change, restoration of side channels :
riparian vegetation within floodplain locations for sites with a 12 C standard will offer temperature
benefits where sensvity to effects of climate change are likely to be less.

In locations with flow gaining reaches, such as lower Pilchuck Creek, large wood jams that scour
pools should improve groundwater seepage flow to this key habitat type (as well as providicig st
habitat improvement).

In a flowlosing reach, protecting and restoring tributary shading and flow (such as at Vos Creek it
Creek), as well as habitat quantity and quality at the cold tributary confluence is important. Large
restoration @n improve habitasuitability (pools and covegt locations where temperature
characteristics are most likely to be favorable duringmer.
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AU area protection and rézration of water flow processes that targBecharge, Discharge and
Groundwatemodel parameters from Watershed Characterization will promote seasonal water flo\
that improves temperature and/or creates more favoraliemperature/size habitat patches.

This project identifies 50 potential riparian planting locations that are spatially discrete and functio
linked to the water flow processes and temperature results, and do reflect shading deficits identifi
5SLI NGYSyd 2F 902t PR KMany lec&tivhsIgitN shadamNdeficits al§o [need
planting in tributaries and not along larger rivers. Tributary locations can be shaded faster with sn
trees and narrower buffers, are not typically subject to erosion from channel migration.

Smalér tributaries contribute colder water to mainstem locations creating thermal refuges, and ou
results suggest many locations are relatively insensitive to warmer air temperature and watershe:
position relative to mainstem river locations.

Finally, he projects suggested here are not exhaustive of all possible strategies, ideas, dapaydicd
or privatestakeholder interests that could address this habitat and water quality problem.
Recommendations are additive to those proposed in the TMDL implementgkan. Also, project
concepts require additional feasibility, review and consideration of costs, benefits, and risks.

Water Quality Improvements

Two locations were planted as part of this project, in the lower South Fork Stillaguamish River an
Trib80 (Pilchuck Creek). A total of 8.8 acres riparian buffer was planted in 2013 and 2014, along
lineal feet of channel.

CAytrfttezr ¢S SadAYFIGSR LRtfdzilyd t2FR NBRdAzO
forimplementationof3.5a8a | yR p®o | ONBa 2F GKS GadaNBlIyYy
on Trib80 in Pilchuck Creek and South Fork Stillaguamish River, respectively.

The Next Steps for Continued Success

Results from this grant, including recommended projects will be communicated to watershed
stakeholder groups that implement water quality improvement projects. Detailed -sypeaific
descriptions and presentation of supporting data from component studies that support project
identification will continue to be developed for outreach and communication.

Detailed feasibility analysis, including landowner outreach needs to be condiactedrstruction
implementation,particularlyfor more complicated projects involving side channel restoration and
wood placement. For some projects, conceptual designs will be needed in order to seek grant fur
for final design and implementation.

Projects hat improve shading, as recommended in the TMDL Implementation Plan, should contini
be to implemented, particularly on smaller streams draining to the North Fork, South Fork, and
mainstem Stillaguamish Rivers.

Annual temperature monitoring shoultbntinue at multiple locations in mainstem rivers and
tributaries to evaluate longerm trends and determine how or whether locations are relatively
sensitive to effects of climate variability or are resilient to these changes.
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PROJECT PURPOSE AND APPROACH

Ecology hasstablishd Total Maximum Daily Load (TMDLSs) for temperature in Washington
waterwaysvhere ambient conditionsxeeed established temperature limiteluding the
Stillaguamish River watershe@old-water fish species such as salmon do poorly when exposed
to high stream temperatures during both adult migration and as juvenile fish rearing in the
stream. The goal dhe TMDL for temperature is to protect these fish and their habitats.

Throughout major portions of the StillaguamRiver basin, instream temperatures routinely
exceed established water quality criteria and pose a continuing problem for protection and
recovery of coolwaterdependent fish and wildlif@hus, the purpose of the Stillaguamish
Temperaturd MDL Adaptive Assessment and Implementat®ynject is tadentify means of
improving temperatureonditionsin theriver basin(Figure 1) Specifically,the project aims to
identify sources of cold groundwateput totheb a s stredms that would most benefit from
protection and to restore thoggbutary,riparian and offchannelareas that coulde most
effective inreducing temperatures throughole channel network

The need fothe Stillaguamish TMDIProject was identified in the 2006 Stillaguamish River

Water Quality Improvement Plan (Lawrence 2006). The project was funded through a
Centennial Clean Water grant agreement between the WashingterD&partment of Ecology
(Ecology) andSnohomish CountyGQounty). It was initiated by Snohomish County Public

Wor ksdo Surface Water Management ADovervieswdfah i n
project findings isummarized ilAppendix A.

This Assessment Synthesis and Project Identification Report summarizes Count y o6 s
Watershed Characterization effartd integratethatwith temperature data collectioBased on

the data collectednder the Stillaguamish TMDL Projet¢he County has assemblad
preliminarylist of actions to guide the developmamtd implementation, over timef specific
protection and restorati@ctivitiesto improve temperature conditions across the watershed,
listed inAppendix B.

Since 200, Snohomish Count$urface WateManagement conductegveraktudies to
characterize the Stillaguamish watershed and to gather kegrdataatinfluences water
temperatures across the watersfigwe County also conducted an expanded analysis of thermal
infrared imaging data collectaa 2001 (Watershed Sciences 20@achof thesestudesis
documentedhn detailin separat@appendedeports as follows

1 Appendix C. Stillaguamish Watershed Characterization.

1 Appendix D. Temperature Anomalies in the Stillaguamish River Mapped from 2001
Thermal Infrared Imagery.

1 Appendix E. Longitudinal Water Temperature Profiles for Selected River Reaches in the
Stillaguamish River Basin, Washington.

1 Appendix F. Pilchuck Creek and Jim Creek Seepage Study.

1 Appendix G. Stillaguamish Watershed Baseflow Analysis; 19117 2013.

Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 5
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1 Appendix H. Summer Temperature Monitoring Among Channel and Habitat Types in
the Stillaguamish Watershed, 2008-2012.

9 Appendix I. Riparian Project Implementation Summary.

In generalareas important fqurotectiongenerally are guided ke results o¥Watershed
Characterizationwhereagproposedestoration actions generally derive from rigeale or
habitatscale temperatur@nd flowinformationcontributed from the other studiéhis final
summary reportindividual studiesnd assoctad mapsare intendedo guidepolicy

development, water quality and watershed management planning, and individual project
identification and implementation effott&ised on strategies proposed tkreughouthe
StillaguamishwatershedSpecific recommeathations regarding study components and their

utility, value, and applicability to this project or transferability to other areas are included in the
separate study reports (Appendices).

o
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Figure 1. Overview of Stillaguamish River watershed.
Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 6

Assessment Synthesis and Project Identification Report



WATERSHED CHARACTERIZATION

Watershed Characterizationaslecisionsupport toothatprovided the framework for the

present study of temperature conditions and management alternatives in the Stillaguamish River
watershed. It was designemhelplocal and regional governmerdscide how best to protect

and restore aquatic resourcpsovidinga systematic, scieneeased structure to prioritize

specific geographic areas on the landscape as focus arsabsequenprotectionand
restorationEcdogy has been creating and refining this approach over the last decade across
western Washington; its guidance docunisitiie Puget Sound Characterizatidrvolume 1:

The Water Resource Assessmefianley et al. 201).

Watershed Characterization is basedhe fundamental principle that water flowocessed

that is,thedelivery, movemepandloss of watewithin the watersheds of the Puget Sound

basir® are the critical determinants of aquatic ecosystem h&&Hkershed Characterization
hypothesizes thanot every location is equaliynportant to the support of these procesard so

not every area of a watershed requires the same degree of function in order for the system as a
whole to support its beneficial otherwise desiredses. Similarly, not eary location is in a
equivalentcondition someareas have been heavilggradedy past human activifyeading to

forest loss, roads, other impervious area, wetland fill, and well withdrawals, for exartige. O
areashave barely been affectbg past uman activity.

Thus,remedialmanagement actiord® notneed to be uniform acroaswatershed. The greatest

attention should presumably be paid whereetifiectivenes®f watershed processes are most
importantand validatedy data The type of actios talen in theseriority areasshould depend

on whether conditions are already degraded or simply need to be protected from future harm.
This results in a c¢onc e p2,wherefour magostratggeesoe nt mat r
management actnscan be appéd to specifi@assessment units atatations within a
watershedProtection RestorationConservationDevelopmentThedegree of precision and

confidencan management prescriptions wouldlimited only by the quality and resolution of

the data thatnderlie the designatiorand the certaintgbouttheir actual relationshipo water

flow, water quality,channelandbiological responses

Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 7
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Highest

Restoration

Conservation

Degree of Importance

Lowest _ Highest
Degree of Degradation

Figure 2. Watershed management matrix (from Stanley et al. 2011).

The management matroategorizesvatershedireas based on theilegree ofmportance to
water flow in the watershgthe vertical axis of Figure 2nd the degree of degradation they
have experiencedhe horizontal axis)So, for instance, areas that are catego@a&testoation
are those tharejudgedmost importanto waterresource functionandhavealso experienced
the greatest degradatiddonversely,dcations with relatively high water flow importance but
low degradatiorirom human activityare recommended for ader level of management
attentior® Protection(i.e.,from future impacts

Watershed meas that the management matrix recommen@oaservatioror Developmeritare

those that haveelatively lower level®f overallwater flow process importance. If theseas

have experienced high degradation, theay not be suitable for full restoration or protectionl

arelikely to be the parts of a landscape best suiteddgelopmentThis designation assumes

that development would have less additional impactat@mflow processes (than elsewhere)

due to the lower overall importance. Howeule actual sensitivity of water flow processes

new developmentintheseareas n 6t known, r el ati vihesteare hi gher
important assumptions and lintians with respect to management strategy designation in
Watershed Characterizatidh theselow importanceareas have experienced relatively little
degradationtheymay be most appropriately maintained in their current staterafervation

Because ihas been applied across the entire Puget Sound region, Watershed Characterization
relies on relatively coarse data anddssiinguishe®nly relatively coarssubwatershedireas.

| t s hBsaessment umd$AUs) cover 1 to 10 square milesnd therefa it can provide
overarching guidance but must be supported by morapéeificinformation that directs

! Developments defined broadly as part of the Watershed Charazttion process and does not refer to any
specific type or intensity of land use.
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recommendations of activities and actiohise Stillaguamish TMDL Projedbas integrated these
multiple spatialscalego incorporaé not onlythe gudance provided foAUs as a unibut also

more localized reactand sitescale dat&ollected as part of th@oject in order toidentify

conditions and recommend projects to improve temperature conditions across the Stillaguamish
River watershed.

Using Watershed Characterization to Implement the Temperature TMDL

The value othe WatershedCharacterizatiompproach heres in helpng to identify thoseareas
that should be targetdust for implementingactions thatan best support achievitige TMDL
temperature criterieStream segments for which the Watershed Characterization predicts
relatively high water flowmportance and lowvater flowdegradation aranticipated to be most
likely to support suitable temperaturfes fish species such as salmatthe present time. These
areas warrant the greatest degree of protection from future degradation, becaoserdéir
temperatureondition should already laeceptablend they ar&eyto maintaining those
beneficial conditionsin contrastlocations vith highimportancebut high degradatiorare likely
less ablenow (orpotentiallyin the future)o supportsuitable water temperatures for fisithout
more active efforts at restoratiohhese assumptions were tested as part of our evaluation of
temperatre conditionsn comparison to Watershed Characterization results, with the hope that
Watershed Characterization results can khalatedirection to efforts to implemeiie

TMDL.

Watershed Characterization in the Stillaguamish Watershed

The1,770squae-kilometer Stillaguamish River basin contains about 1,400 kilometestseafm
channel that provides habitat famadromous salmon in Snohomish and Skagit Counties,
Washington (Pelletier and Bilhimer 200&cologyhas listed several sections of the wsited
under Section 303(d) of the Clean Water Act as exceeding water quality standards for
temperature.

Ecologyhas divided the Stillaguamish watershed into 4@¥watershedAUs thatform the
spatialframework forWatershed Characterizatiosedfor this project. The AUs are showm
Figure3, along with the majosubbasirdrainages in the watershed.

Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 9
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Figure 3. Natural drainage areas and 107 AUs designated by Ecology in the Stillaguamish
watershed.

Stillaguamish Watershed Management Categories

Based on thareas ofvater flow importance and degradatitime Countyhas determined the
management categoriésm each AU in the watershdthe complete report, including
methodologyis provided inAppendixC). Figure4 showsthe spatialdistribution ofareas
expected tde best suited fdRestorationProtection Conservationor Developmentas
characterized bthe management atrix approach{see Figure 2)

These management categories are based on separate, but additive, evaluatienfiaiwv

importance for each water flow process compoiidd¢livery, Surface Storage, Recharge, and
Dischargeand a combine@&roundwatercomponentEven AUs with lower overall importance

may have one or more model components that have modheghtéo hgh importance, so sub
categories of water flow processes may be important to consider in terms of the relative effects
of those model components on actual flow, temperature, or other channel or biological response,
as highlighted below.
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Figure 4. Map showing management matrix category for each AU. The black boundaries
represent the major drainage areas in the watershed and the gray boundaries show individual
AUs.

IMPROVING TEMPERATURE CONDITIONS IN THE WATERSHED

Studies Conducted

From 2A.0to 2012, the County conducteal varietyof studies to assessmperatureonditions in
the waershedFigure5):

1 Thermal infrared imagemnapping FLIR (forward-looking infrared)imagery
commissioned by Ecology September 200Was usedo idertify and mapareas with
colder or warmer surface water compared with upstream median river surface
temperaturest¢rmedanomalie3 (AppendixD). A total of 129 coldwater anomalies and
97 warmwater anomaliewere identified These were categorized by théerredsource
of the anomaly (tributary, seep, side channel, floodpénd, hyporheif the size of
effect, and relative temperature difference relativéh¢osurrounding conditions

Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 11
Assessment Synthesis and Project Identification Report



1 Thermal profiling:Watertemperaturealongthe streanted of the chamel thalwegwere
measured alongight river reachem Pilchuck Creek, Jim Gzek, North Fork
Stillaguamishand South Fork Stillaguamisturing lowflow conditions inAugust 2011
(AppendixE), when temperatures were presumably at or nearrtreximum
Temperatires and depths were measured using a probe towed behind a raft moving
downstream at ambient stream velocity.

1 Seepagstudy Along Jim and Pilchok Creeks detailed measurementsfldw were
madein September 2014nd 20120 identify where groundwat eitherdischargesnto a
stream( a fAgaining r eachsrpamwater(ias Al @ecsh aargg e & alth o
(AppendixF). By measurindglow nearlysimultaneouslyat multiple points along the
stream seepage studiesn provide an estimate iofteractiors between groundwater and
surface flow Any relativechangan flow between measurement points not accounted for
by all other surface water infl@or outflowscan be assumed to reflecater exchanged
between the stream and groundwater storage (SinctaiPidgn 1999) Groundwater
inflow normally is coldethan surface watesp water temperature may also be an
indicator of seepage exchangéow gaining and flow losing reaches were identified in
this study.

1 Baseflow analysis: Baseflow is the portion ofidtow that is generated from
groundwater discharge, and it is the critical component of flow during the summer when
stream temperatures are highest. The baseflow analysis summarized the metrics that
characterize low flow using data from historical andent stream gaging (Append).

1 Temperature probgeploymentDirectand continuousneasurements oémperature
werecollected from 2008 to 2012 across the watersRedults were evaluated based on
temperature criteria, channel type, &dtershed Chacteization results (Appendik).

Stillaguamish Temperature TMDL Adaptive Assessment and Implementation Project 12
Assessment Synthesis and Project Identification Report



1}«

Snohomish County

PUBLIC WORKS
SURFACE WATER MANAGEMENT
(425) 388-3464
Snohomish County disclaims any warranty of merchantability
or wamanty of finess of this map for any particular purpose,
either express or implied. No representation or warranty is
made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility for use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.

Gag
Cg :
0,/"

@ Thermal Infrared Imagery
Thermal Profiling

- Seepage Runs

° Temperature Probe Deployment

A Baseflow

=]
N
IS
o

Figure 5. Locations of data collection to assess temperature conditions in the Stillaguamish
River basin.

Temperature Criteria in the Stillaguamish Watershed

Ecologyhas set three temperaturieriafor fish use in the StillaguamidRiver basin
depending on locatiofl2°C, 16°C, and 17.8C) (Water Quality Program 2@). Figure6 shows
where measured temperatsiheve met orexceedhesefish-use criteria across the watershed
based on theemperaturehresholdfor eachspecific locationThis map also shows the spatial
relationships between the measured temperature datheakdatershed Characterization
management matrigategories for each AU

For the most part, th&Us recommended for storation deshow widespreabtbcationswith
temperatur@xceedancerhis is particularly appareatongthe North Fork, mainstem
Stillaguamish, and lower South FofBther, more scattereateas ofemperaturexceedancare
present alonghe Upper South K&, Jim Creek, and Pilchuck Cregiimarily in areas identified
asDevelopmen(i.e., high degradation but low watfow importance). Only a few measurement
sites are located iRrotectionAUs, and most of these also show water temperatxceedances
which can be attributedn partto ther lower temperaturetandard12°C).
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Figure 6. Measured water temperatures overlaid on fish-use temperature criteria and
Watershed Characterization management matrix results. Measurements are based on the 7-day
average daily maximum temperature, which was measured each summer from 2008 to 2012.
Some locations meet or exceed temperature criteria depending on the year sampled.

At the same timdpr 58 tributarylocations amon@9 AUs, we foundcooler water temperatures
were significantly correlated with relative wakRechargemportance and th&roundwater
component of the water flow importance mo@igbpendix H) Water temperature was not
correlated with AU drainage area{R mf), percentiparian buffer forest cover (within 150
feet), any other water flow component process, overall importance or overall degradason.
does not mean water temperature does not respond to these conditions, only that e wespons
not detected among the Altested.

For 38 floodplain and tributary AUs containing coelater anomalies mapped from infrared
imagery(Appendix D) we found significantly higher count and thermal effect of anomalies for
AUs with greateGroundwaterflow importance. For tributariesdy, the thermal effect (but not
count) was significant. These results suggest that the combined influeReehafrgeand
Dischargeas components of th@roundwaterflow process have relatively more influence on
summer maximum water temperattinan othecomponents of th&/atershed Characterization
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