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Chapter 1: Introduction

Overview

Improving water quality in the Pilchuck River watershedesdedo support the recovery of
threatened cold water fish species that spawn, rear, or live @@rmok, coho, sockeye, chum,
and pink salmoyas well as bull trout and steelhead traatl the Pilchuck River hom&hese

fish species are highly valued by the many state residents that depend on them for cultural,
recreational, or economic reasomble Pilchuck River mainstetras beemargeted for restoration
of endangere@hinooksalmon (Snohmish Basin Salmon Recovery Forum, 2005).

The Pilchuck Rivedrains a 13%quaremile watershed located in Snohomish County in Water
Resource Inventory Area (WRIA) The watershed drains into the upper enthetidally
influencedportion of the SnohomisRiver.

Datacollectedover twodecades (Tooley et al., 1990; Thornburgh et al., 1991; Thornburgh and
Williams, 2000)revealechigh water temperatures and logsolved oxygen¥O) levels These
levels do not protect fish and other native speciesdiéaend on cool, clean watgrigure 1) As

a resultmultiple water segments the Pilchuck Rivewere included on the 303(d) list

impaired water bodie@ ablel). In recent yearsmuch more data have become available
indicating more widespread impaiemt

In responséo these listingsg=cology collected data from 2012 to 2016 to characterize
temperature and DO in the river. Ecology utezbedata to develop a water quality model to
helpdeterminghe causes of impairment and develop management Bxet@mprove water
guality. Using these monitoring and modelingsults, Ecology determingde wasteload and
load allocation;eededo meet water quality standards for tikchuckRiver and its tributaries.
Ecologythen used this information tievel@ thisreport,Pilchuck River Temperature and
Dissolved Oxygen Total Maximum Daily Load, Water Quality Improvement Report and
Implementation Plan.

The Pilchuck River and its tributaries are also impaired by high bacteria. [EkiEseport does

not address bacteria pollution because Ecology previously addressed bacteria pollution problems
in theSnohomish River Tributaries Fecal Coliform (FC) Bacteria TMBIright et al., 2001)

and its implementation plan (Svrjcek, 2003)

Even leforethis TMDL wasfully developedlocal organizationssedEcologygrantfundsto

start early implementatioactions The Snohomish Conservation Dististarted byworking with
the City of Snohomish on education/outreach and ailmywact development pject. They
included the Pilchuck River in their National Estuary Program (NEP) funded Easement Pilot
program activities and recently received an Ecology grant to promote instream restoration
activities. The AdoptA-Stream Foundation carried out ddgordoor outreach and riparian
plantings in the Little Pilchuck Creek basind later added more riparian restorapoojects in
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the Little Pilchuckin partnership with th€ity of Lake Steveng=cologyalsohelped facilitate a
streamside restoration projectDubuque Creek

Figure 1. Dead fish found in isolated low oxygen habitat in the Pilchuck River.

Much more orthe-ground work is needed to restore water quality in the Pilchuck Watershed
This TMDL suppors that futurework by establishing a firm scientific understandingvater
temperatures, D@vels and the processes that affect those paraméteesTMDLO s
implementation plafurtherdescribeghe riparian and riverine improvements needed to make
the Pilchuck Riven healthy place for fish and supporting biota

Scope

This TMDL addresses temperatuaed DOissues irthe entirePilchuck River watershe@Figure
2). To support orthe-ground implementation and planning, DL divided thePilchuck
River watersheghto the followingthree sections to summarize emtjuality information

1 Upper Pilchuck River (~ RM 26 to headwater$upstream oPurdy CreekThere are no
303(d) listingsan the upper Pilchuck RiveEcology did not conduct modeling analysis in
this section however,a load allocation was assigned.

1 Middle Pilchuck River (~ RM 86 to 26)1 between theonfluences with Little Pilchuck
Creekand thePurdy CreekThe upstream end of the middle Pilchuck River (RM 26) marks
the start of the wwdel boundaryOnly the mouths of the tributari@s this sectiorwere
included in the modeling analysis.

1 Lower Pilchuck River (mouthto ~RM 8.6) 1 from the confluence with the Snohomish River
to the OK Mill Road bridgeOnly the mouths of the tributaries in this secticgrevincluded
in the modeling analysis.
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City of
Marysville
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Granite Falls

Worthy Creek
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Boulder Creek
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Creek Purdy Creek
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Panther Creek Category 5 303(d) listings

Il Temperature

[ Dissolved Oxygen

Il Temp and DO
City of IE=1 pilchuck River TMDL Footprint
Snohomish

Wilson Creek

0 1 2 4 6 Miles

Figure 2: Pilchuck River watershed and TMDL study area with 303(d) impaired water bodies.

Theprimaryuse to be protected by this TMDLtlse aquatic life use ahar spawning and

rearingfor the upper watershed above Boulder Craedt Core Summer Salmonid Habitat below
Boulder CreekPortionsof thePilchuck Rver have applicable supplemental spawning and
incubation criteria of .TaBles€@ant5iothitJsEsoftVatera r y
Bodie® section providenore infamation about beneficial uses and the water quality criteria for

temperature and DO in this watershed

Table land Figure rovide asummary of 303(d) impaired water bodies that are addressed by

15

thisTMDL. In reent years, much more data have become available indicating more widespread

impairment.As described ithe Appendix AWater Quality Issuesection DO and temperature

are important to the health and vitality of fish.
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Table 1. Water bodies on the 2014 303(d) list addressed by TMDL.

- Section of Pilchuck Reach Code
Listing Water-body . :
D Name (or jmb ultimately Pollutant (Assgssment
discharges to) Unit ID)
10621 Pilchuck River Lower (~RM 0-3) Dissolved Oxygen 17110011000048
10620 Pilchuck River Lower (~RM G3) Temperature 17110011000048
7295 Pilchuck River Middle (~RM 912) Temperature 1711001100006%
14725 Pilchuck River Middle (~RM 20-23) Temperature 1711001100006
72567 Pilchuck River Middle (~RM 23-26) Temperature 17110011000065%
7394 Catherine Creek Little Pilchuck Creek| Dissolved Oxygen 17110011000073
7395 Catherine Creek Little Pilchuck Creek Temperature 17110011000073
7400 Dubuque Creek Middle (RM 8.6) Dissolved Oxygen 17110011000054
7401 Dubuque Creek Middle (RM 8.6) Temperature 1711001100005
9274 Little Pilchuck Creek Middle (RM 8.6) Dissolved Oxygen 17110011000188
9275 Little Pilchuck Creek Middle (RM 8.6) Temperature 17110011000188
40911 Little Pilchuck Creek Middle (RM 8.6) Dissolved Oxygen 17110011000072
47441 (Tribgt';??gegilggiii g | Middle (-RM12) | Dissolved Oxygen| 1711001000180

*Referred to as Connor Lake Creek throughout document (see Figure 2 for location)
** Supplemental Spawning Criteria also apply to this segnietidition to the Core Summer Salmonid
Use Criteria. See Table 5 and Ecology Publicatiod@638 for further detail.

As a result of the data collected in 2012 and 2016 by Ecology for this TMDL study, additional
waterbody segments were found that do matet state water quality standards (T&)l& hese
impairedsegments are also addressed by this TMAILthe impaired reaches identified in
Tables1 and 2 occur in the Pilchuck watershed below Boulder Creek, therefore the beneficial

uses and criterimle n t i

fi
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Table 2. Additional water-body segments of the Pilchuck River addressed by this TMDL that
were found to not meet WQ standards (not currently on the 303(d) list).
Stationlocations (PIL XX) refer to river mile from the mouth of the Pilchuck.

NHD Reach Code/ .
Water Body Parameter Assessment Unit ID Basis
Pilchuck River Dissolved Oxyger] 17110011000049 icl)l_lg:: of 3 daily min excursions ;
2016: 3 of 3 daily min excursions i
. . . PIL5.7
Pilchuck River DissolvedOxygen| 17110011000052 2012: 6 of 6 daily min excursions 4
PIL5.7
Pilchuck River Dissolved Oxyger] 17110011000053 icl)l_lEfSG of 6 daily min excursions ;
Pilchuck River | Dissolved Oxyger] 17110011000061 i?l_llz(;i"f 3 daily min excursions :
Pilchuck River | Dissolved Oxygerl 17110011000062 i?&fi ?é of 3 daily min excursions
: . . 2016: 3 of 3 daily min excursions i
Pilchuck River Dissolved Oxyger] 17110011000063 PIL15.1 & PIL18.7
Pilchuck Rirer | Dissolved Oxyger] 17110011000064 i?&g ?5’ of 3 daily min excursions
Pilchuck River Temperature | 17110011000052 i?Lls:??DADMaX excursions at
Pilchuck River Temperature | 1711001100005g | 2016 3 0f 3 daily max excursions
at PIL8.2
Pilchuck River Temperature | 1711001100002 | 2016: 3 of 3 daily max excursions
at PIL11.6
Pilchuck River Temperature | 17110011000063 ﬁ,?L1125 iDADMaX excursions at
Unnamed Creek 2012: ZDADMax excursion at
(Connor Lake Creek) Temperature 17110011000180 CON-0.0
Unnamed Creek 2012: ZDADMax excursion at
(Sexton Creek) Temperature 17110011000244 GOL-0 0

*Supplemental Spawning Criteria also apply to this segment, in addition to the Core Summer Salmonid
Use Criteria. See Table 5 and Ecoldtyyblication 0610-038 for further detail
**Qriginal study referred to this creek as Golf Course Creek, but local partners call it Sexton Creek.
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Table 3 lists pollutants that are not addressed by this TMIDIthe pH listingsin Table 3are
derived fromdata showindow valuesmeasured during the wet seasbow pH can be the result
of natural wetland flushing or acidic rainfall events in naturally poorly buffered systems
(Mathieu, 2011)Therefore, the pHistings are utikely to betied to the sourced ampairment
causing temperature and DO problesssociated with lovilows.

Table 3. 2012 303(d) or Category 2 segments not addressed by this report.

Listing NHD Reach Code/ 2014
LT CT ID Parameter Assessment Unit ID Category
Pilchuck River 7291 pH 17110011000048 5
Little Pilchuck Creek 40817 pH 17110011000188 5
Little Pilchuck Creek 40912 Temperature 17110011000072 2
Dubuque Creek 40816 pH 17110011000054 2
Catherine Creek 40930 pH 17110011000073 5
Unnamed Creek
(Trib to Pilchuck River) 71217 pH 17110011000217 5
Unnamed Creek
(Trib to Pilchuck River) 73910 Temperature 17110011000217 2

Uses of the Water Bodies

The Washington State Water Quality Standards, set forth in Chapt@012A3of the
Washington Administrative Code, include designated beneficial weésebody classifications,
and numeric and narrative water quality criteria for surface waters ofatieeT$te beneficial
uses of the Pilchuck River and its tributag@ssummarize in Table4.

The StateWaterQuality Standardslescribeaquatic life use categories using key speaeff
waterversus warrwater species) and l#stage conditions (spawning versus rearifgjhis
TMDL, the designated aquatic life uses to be protectedasesummer salmonid habitaglow
Boulder Creelandchar spawning and rearimyove Boulder Creek

Table 4. Beneficial uses for the Pilchuck River.

Geographic Area Aquatic Life Uses Other Uses
Confluence with the Snohomis Core simmer Prlmar\);vgfer:tzﬁt Rlecreatlon
River up to Boulder Creek salmonid habitat PRl

Miscellaneous uses
Primary Contact Recreation
Water supply
Miscellaneous uses

Char spawning

All waters above Boulder Creek .
and rearing

Downstream Uses

Downstream uses includ®th freshwater uses the Snohomish Rer and marine uses in the
Snohomish Estuary antld Salish Sea as described in Table 602 and Table 600\fiiee
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Quality Standardgsee ale the stat&Vater Quality Atlad). Appendix Acontains a detailed
discussion of how the allocations in this TMDL could impact downstream Tisesiext section
discusses the watquality criteria that will protect beneficial uses as applied to the Pilchuck
River.

Water Quality Criteria

Each beneficial use designation described above has assotiatedc and narrativerater
quality criteria The temperature and dissolved oxy@P) criteria for Pilchuck River are
described below

State Standards Protect Fish and Other Aquatic Life

Washingtondés numeric water quality cfishteri a
speciesn the water bodyin the Pilchuck River, tempatureis expressed as the highest

allowable 7Zday average daily maximum-gADMax) temperaturesThe metridncludes an

adequate magnitude and duration (averaging period) to protect salrandrépresers

conditions in the thalweg or main stream channel

Special consideration is also required to protect the spawning and incubation season of salmonid
specieghroughout the mainstem Pilchuck River and many of its tributary stredmthese

areas the-DADMax should not exceeti3°C (55.4°Fduring the priod February 15 tdune 15
everyyear.

DO criteria arealsodesigned to protect fidlor spawning, rearing, and migration periods in the
case of salmarDO levels also fluctuate throughout the day based on the photosynthesis of
aguatic plants and resption ofboth plants and other organisr is evaluated using l-day
minimum level

Both parameteraffect the physiology and behavior of fish and other aquatidddeexamplea
warmer streanhasless oxygeravailablefor thefish and othepbrganismst supports Therefore,
temperatur@andDO levels aranfluential factos thatcanaffectthe distribution and health of
aguatic life Temperatur@ndDO levelsin streams fluctuate over the day and year in response to
changes in solar energyputs, meteorological conditions, river flows, groundwater input, and
other factors

Table 5 summarizeshte applicable water quality criteria ftlamperature anBO.

! https://fortress.wa.gov/ecy/waterqualityatlas/StartPage.aspx
Best viewed in Ecol dtpy/losresvaatgeviecy/@Qateaqualityasias/StartPame}aspx
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Table 5. Washington State Water Quality Criteria for temperature and DO in the Pilchuck
River.

Applicable Reach Water Quality Criteria
Parameter
Below Boulder Creek Temperature (13° C?llfgcb:r:;yi-gﬂf:; 15
Below Boulder Creek Dissolved Oxygen >9.5 mg/L 2DMin** *
Above Boulder Creek Temperature <12°C #DADMax
Above Boulder Creek | Dissolved Oxygen >9.5 mg/L 1DMin

*7-DADMax: the highest annual runningday average of daily maximum temperatures.

** Supplementabpawning Criteria apply to all of the mainstem Pilchuck River in this reach, but for the
Pilchuck tributaries they only apply to the lower portions of Little Pilchuck, Catherine, Dubuque, and
Panther Creeks. See Ecology Publication Numbet(®838 for degiled maps

***1-DMin: the lowest annual daily minimum oxygen concentration occurring in the water body.

Natural Water Body Variation

While state standardspply throughout a water body, there may be sitecific features,

including shallow, stagnarandeddy pools where natural features unrelated to human influences
are the cause of not meeting the critdfiar this reason, the standards ditbett measurements
betaken from wellmixed portions of rivers and strearf®r similar reasons, samples a to

be taken from anomalously cold areas such as at discrete points where cold groundwater flows
into the watebody.

Washington State uses the criteria described above to ensure full protection for its designated
aguatic lifeuses The standards recoge, however, that someaterbodiesre naturally cooler

and hold more oxygen, and some are naturally warmer and hold less Odjflgama water body

is naturally warmer than the abedescribed numeric criteria, the state limits the allowance for
additiona warming due to human activitiel this case, the combined effects of all human
activities must not cause more than a 0.3°C (0.54°F) increase above the naturally warmer
temperature conditioWhen a water body's DO is lower than the criterieomwithin 0.2mg/L

of the criteria) and that condition is due to natural conditions, then human actions considered
cumulatively may not cause the DO of that water body to decrease more thagylQ.2

How Are Fish Affected?

Because state standards for temperaand O are designed to sustain healthy fish populations,
it is helpful to know how high temperatures and in turn @Wlevels affect fish with respect to
their geographic distribution during the critical period (Jun&&ptember 30Detailed
informationis provided in Appendix A unddremperature and Dissolved Oxygen Water Quality
Issues.

What Fish Are Present Duringthe Summer Critical Period?

The main populations of fish presence in the Pilchuck River incikigkomish Chinook,
Pilchuck WinterSteelhead, Snohomish Coho, Snohomish-®ddr Pink, and Snohomish
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Coastal CutthroaCoho salmon rear throughout the mainstem and spawn mostly in the
tributaries including Little Pilchuck Creek and Dubuque Cré&all Chinook spawn from
southeast of Citpf Snohomish to downstream of Pilchuck Tree Farm Road and rear from
downstream of Pilchuck Tree Farm Road to upstream of Purdy .Gyeglst flows in the
Pilchuck River are too low for spawning adult Chinook, who typically spawn in September
(Verhey, P. Pesonal communicatior2017) however their use dhe Pilchuck River is relatively
low when compared to steelheddulalip Tribes noteabservations of Chinoogpawning up to
Worthy Creek in 2020 for the first time in 100 years (Nelson, K. Public Comntigrisa
November 13, 2020)Visit WD F W&amonScapavebsite formore infamation.

Winter Steelheadon the other handypically start tospawnin mid-Marchand rarely spawn into
late JungVerhey, PPersonal communication. 20erhey, P. Personal communication. June

3, 2020)through the Pilchuck River mainstem and in the tributaries including Little Pilchuck,
Dubuque, Catherine and Panther creeksl trout, although not listed as one of the main
populations, have been shown to rear throughout the mainstem and in the tributaries including
Little Pilchuck, Dubuque, Catherine, and Panther creBlialip Tribes noted observations of

Bull trout roughly where Purdy Creek enters the mainstem neardhglohuck Diversion Dam

site (Nelson, K. Public communications, November 13, 20B@). chum also are listed as
spawning from Machias up to Granite Falls

Snohomish Odd ear Pinkhave documented presence fromni@uth up to Granite Falls
Accordingb WDF W0 s Speci eswebpage\waksamon typicallylike to spawn in
large river mainstem&.g. Snohomish Rivegnd tributaries that are relatively close to saltwater
No further information was found to indicate Pink salmon spawn or rear RiltieickRiver
watershed

Figure3illustrates the life cycles of these salmonids as it relates to temperature enterhe

critical period High temperatures during the critical period may decrease or block migration,
decrease salmonid growth and kill salmbecreases in summer flows contribute to increased
temperatures during the critical period, which affectsmgarabitat capacity for juveniles and

affect spawning availabilitgnd acces®ull trout activity is largely unknown due to high

variability of their movements in this systefirhe grayed out boxes for cutthroat represent

general informatiomelated to Pget Soundhowever, no further information was found about
these life cycle activities specific to the Pilchuck River or the Snohomish River basotter,

1989; Johnson et al., 1999; Blakely, Leland and Ames, 2000; Anderson, Year Unknown; Goetz,
Baker,Buehrens, and Quinn, 2013; Losee et al., 2017

3 http://apps.wdfw.wa.gov/salmonscape/
4 https://wdfw.wa.gov/specigsabitats/species/oncorhynchgsrbuscha#des@ange
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Figure 3. Temperature criteria impacts on salmonid activity.
Figure adapted frofeDoux et al. 2017 and Beechie et al. 201
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Both the TMDL study and other accepted scientific research on stream temperatures tell us that a
substantial increase in shading over Pilchuck watercourses will result in cooler water
temperatures and highBO. The scientific literature also confirms tmanyfactors, including

air temperature; shading; elevation; surface hydrology; channel shape and complexity; and
connectivity to groundwatecombine to influence stream temperature (Poole and Berman,

2000). Thir e p dmpteraesntation plan relies @meveralcore method$or improving stream
temperatures.

Targets

ThePilchuck RiverTMDL sets out a combination of control and correction meas@ededo
ensure thevater bodymees the state standardsr temperature anBO. Those measures may be
specific criteria established in state standards or other surrogate values that relate directly with
the pollutant of concermhe TMDL describes that range of control actions and limitations as
Aitargets. O

Ecology used the QUAL2KwRElletier and Chapra, 200&ater quality model to evaluate the

effect of shade, nutrients, organic matter, and several other factors on DO and temperature in the
Pilchuck River. We present the modeling and analytical procedure Trethperature and DO

TMDL A nalysissections.

We foundthat even under natural conditions, the Pilchuck River watershed will not meet
numeric water quality criteria for DO and temperatlumeing the periods with high air
temperatures and low flow$herefore, the shade/heat, phosphorus, and BOD targets in thi
TMDL are based on the 0.2 mg/L human allowance for DO and the 0.3 allowance for
temperature. Ecology also used the model to confirm that these @icyats result in
excursions ofvater quality criteriavhen air temperatures are cooler, flowstagher, and
natural conditions meet numeric water quality criteria.

Temperature

Several human influenced factors significantly impact temperature in the river including riparian
shade, permitted dischargesstreambaseflowmloss and hyporheic connectiyit Temperature
allocations for pollutant sources are presented in load of therms per day

Ecology has determined that the most important factor that will lead to streams within the
Pilchuck River watershed meeting DO and temperature standards is thislastit of system
potential shade. System potential shade will reduce water temperatures, allowing water to hold
more dissolved oxygen. It will also reduce the amount of light reaching the water surface, which
will help moderate algae growth.

Becauseshade is a key surrogate measure for improving both temperature and DO, this TMDL
establishes explicit shade targets. We present these targets in Chapter 2 in the load capacity and
load allocations sections. The need for shade targets, as well as atbgateat targets, is

di scussed bDeaailet Temperatura Analysie and Allocatiéssction.
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The TMDL includes the various temperature targets needed to meet allocati@tatand
standardsncluding:

1 Effective Shade in percent shade (0% meardir@tt solar radiation is reaching the river;
100% means no direct solar radiation is reaching the river).
o The effective shasltarget is gstem potential shade in batie mainstem and tributaries
(see Chapter 2)
o Numeric targets, based on the systenepil shade, were calculated fpecific
mainstenriver reaches to measure implementation progress anrsp&tific compliance.

o The effective shade curves (Figure 56) is used to calculate the target in areas without
specific numeric targets.

1 Bank/floodgain improvements in feet akstoration
o Bank improvements such as levee setbacks, softening, or armor remionaease
hyporheic flow exchange.

1 Baseflow restoration in cubic feet per second restored
o Subbasirspecific baseflow restoratido increasalepth and reduce river temperatures

Dissolved Oxygen

The QUAL2Kw model and study results determined that phosphorus loading results in increased
bottom algae growth. As algae levels increase, they consume more oxygen (respiration) as part
of the photosythesis daily cycle. The model also demonstrated that increases in the levels of
organic matteand ammonianstream can result iadditional oxygen depletion, as the organisms
that break down this organic matter consume oxygen. The breakdmarbofibase& organic
matter and ammonia is measured as BO&&e Chapter 4 and Appendices A and F for detailed
discussion.
Temperaturéncreasesn the Pilchuck Rivealsosignificantly reducdO levels thereforethe
temperature targets also apply to DO. In addjtioriher impacts to DO are addressed by
providingpollutantload targets$or both point andhonpointsources throughout the watershed
including
1 Biochemical oxygen demand (BOD)Ibs/day.
1 BOD allocationsare expressed as thainhibited5-Day biochemicé oxygendemand
(BODs). UninhibitedBODs represents the combined oxygen demand from biological use of
carbon, ammonia, and organic nitrogen overda period following sample collection
Soluble reactive lppsphorugSRP) in Ibs/day.

o Phosphorusadallocationsare expressed aslublereactivephosphorugSRB. Soluble
reactive phosphorus sometimes referred to as inorganic phosphorus or -ptthsphate

Note thatmeeting the assigngzhosphorusndBOD allocationswill not entirely solve the low
DO problem temperature improvements are ateeded

Basisfor Targets

These temperaturehosphorus, and carbtwads are based on two different parts of the state
standards:
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1. First, when airéemperatures are at their warmest and flows are at their |cstrestm
temperatures are predicted to naturally exceed numeric criteria. During these conditions, the
natural conditions provisions of the standards are used to set t&ggtsically, the
allowable human impact must het be greatethan 0.3C (for tamperature) and less than
0.2 mg/L (forDO).

2. Second, at certain times when air temperatures are cooler and flows are higher, natural
stream temperatures are predicted to be below numeric criteria. During these conditions,
targets are tested and in some sas#justed, to meet the applicable numeric criteria.

The following summarizes what criteria were used to develop the TMDL (targets/loading
capacity) by season:

Temperature Summary

1 Fall-Winter Season(October 1-February 14)1 7-DADMax temperature less tha°C
appliesand is used to develop the TMDL (tardketading capacity Temperatures are
predicted to be below this numeric criteria during this period

1 Supplemental Spawning Season (February 15 to June 15Y-DADMax temperaturdess
than13°Capplies Typically earlyJune is whetemperatures are predicted to naturally
exceed numeric criteria, triggering natural conditiprevisionsdescribed abovéoth the
numeric criteria anthe natural conditions provisions were used to depehe TMDL
(targets/loading capacity) during this period.

9 Critical Summer Season (June 16 to September 30Y-DADMax temperaturéess than
16°Capplies, but is frequently exceeded during this pefiggically Augustis when
temperatures are predictimnaturally exceed numerariteria;triggering the natural
conditions provisions stated abo#arly September may exceed duextenuatingow
streamflovs. Both the numeric criteria arttle natural conditions provisions were used to
develop the TMDL (tagets/loading capacity).

Dissolved OxygenDO) Summary

1 Fall-Winter Season (October I May 31) - 1-day minimum DO greater than 9.5 mg/L
appliesand is used to develop the TMDL (targets/loading capa@i®)levels are predicted
to beabovethis numeric criteria during this period.

9 Critical Summer Season (June I September 30) 1-day minimum DO greater than 9.5
mg/L applies Under criticalstreamflovs, DO levels ardrequentlylower than 9.5 mg/L
during this time periodriggering the naitral conditions provisions stated abo\ader
runoff conditionsthe 9.5 mg/L criteria is met more oftdaut occasiondy is not achieved.
Both the numericriteriaandthe natural conditions provisiomgere used to develop the
TMDL (targets/loading gaacity).

TheTMDL AllocationsandDetailed TMDL Study Resultsections of this repoftrther
describe how seasonal variation and critical conditions are addressed through this TMDL.
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Sources of Impairment

Temperature

Temperature can be elevated in surfaager as the result of both point and nonpoint sources of
heat. Potential nonpoint sources within the watershed that cause warmer temperatures include
loss of vegetation in the riparian zone along the mainstem and tributaries. Riparian vegetation
loss is @aused by permanent clearing for numerous land uses and temporary forest practices
including harvest roads. This reduction of riparian vegetation reduces the available shade, which
increases sunlight to the stream surface and subsequently increasesmageature.

Temperature is also affected by other human activities which change the amount of flow and
physical characteristics of the river channel including:

1 Reduced Flow Water use and land use changes (such as increased impervious surfaces) can
lead b a reduction of irstream water volume (larger, deeper waterbodies are more resilient
to heating) and cool groundwater inflows.

1 Altered Shapé Activities such as straightening, dredging, armoring, or removing vegetation
from a channel or riparian arearcchange stream channel morphology and geometry.

1 Altered Sediment Land use activities that increase sediment delivery or deposition patterns
can lead to a decrease in the connection between the river and cooler subsurface flow paths
(hyporheic flow).

Potential point sources of heat loads include wastewater, stormwater, and industrial process
waters. In the Pilchuck River watershed the Granite Falls WWTP discharges treated wastewater
and effluent temperatures can often exceed surface water receivimgradmes in summer

months.

During storm events, rainwater can scour the surface of the pavement, rooftops, and other
impervious surfaces. This stormwater runoff accumulates and transports pollutants and
contaminants via stormwater drains to receiving vgéa@d can degrade water quality.

However, rainfall in the critical period is rare, and when rainfall occurs the temperature drops.
Stormwater from point sources generally does not contribute to thermal impairments.

Sand and Gravel facilities are gengrabnsidered to have minimal impact to surface water
temperaturesgcology, 2019 Appendix | discusses NDPES permitted facilities within the
watershed in grater detail and Tables 50 to &Bmmarize the types of permits and names of
facilities.

DissolvedOxygen

Dissolved oxygen can be depressed in surface water as the result of both point and nonpoint
sources of organic matter and nutrients, as well as the direct contribution of water with low DO
concentrations. Increased organic matter from decayingtatan, in addition to other nutrient

and sediment loading, leads to increased biological activity and depletion of DO. Landscape
changes also contribute indirectly to low DO. For example, loss of riparian vegetation decreases
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shading, increases aquategetation, increases stream temperatures, and results in lower DO
concentrations.

Phosphorus

Granite Falls Wastewater treatment plant currently utilizes secondary effluent treatment practices
that result in SRP concentrations in the range-%3g/L, which is ~1001,000 times greater

than the concentrations in the Pilchuck River. The existing SRP load from the WWTP represents
~160% of the estimated load capacity under low flow conditions. The TMDL allocates an SRP
load of ~7% of the estimated overalbd capacity and maintains a less than 0.2 mg/L

downstream impact to DO.

Permitted stormwater sources can contribute SRP via a nahivechanismshowever runoff
based P is not predicted to be a significant source driving impairment as most of ieid tus
of the watershed during times when algae are less active.

Sand and Gravel could potentially provide a source of phosphorus when discharging to surface
waters however this discharge typically occurs during runoff events. Process water discharges
also have some potential impact, but there currently appears to be no direct discharge under
baseflow conditions in the study area.

Data collection for the TMDL did not reveal significant nonpoint sources of phosphorus in the
watershed. Potential nonpoirmdwsces of phosphorus in watershed include:

1 Onssite septic systems, particularly those that are failing, poorly constructed, or poorly
maintained.

Leakingor failing sewer infrastructure.

Range and pastured livestock with direct access to water bodies.

Poorlivestock or pet manure managementon-noo mmer ci al , or fAhobbyo,
Improperly stored or applied manure from commercial farms.

Fertilization of landscaping.

Sediment from erosion.

= =4 =4 -4 -4 a2 -2

Pet manure from residential areas.

Biochemical Oxygen Demand

In generd the sources of excess biochemical oxygen demand (BOD) within the Pilchuck River
watershed are similar to the sources of phosphorus including the wastewater treatment plant,
stormwater, ossite septic systems, animal manure, etc.

BOD is elevated in humaand animal waste and can be very high from sources of decaying
vegetation and other organic matter, including natural sources such as wetlands. Activities such
as dumping grass clippings in a waterbody can lead to elevated levels of BOD.
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Climate Change

While climate change was not included within the scope of this study, this plan recognizes the
potential impacts of climate change on stream temperatur@@nd@hen compared with the
1980s, the Pacific Northwest is projected to see average summer airaemggicreases of
1.7°C by the 2020s, 2.7°C by the 2040s and 4.7°C by the 2@3@sl on mukmodel averages
(Manthua, Tohver and Hamlet 2018urthermore, summer air temperatugesater thari8°C
would become the norm farestern WA by the 2040s andlg higher elevations of the
Cascades and Olympics would resembleatieragdowland air temperatures of the 1980s
(Manthua, Tohver and Hamlet, 2Q1Manthuaet al.(2010) also projected sustained duration
of water temperatures greater thagacrossVashington State during the summfeor
example, in warmer eastern WA, water temperatureseif #tiat typically lasted for 1 to 5
weeks (midJuly to early August) in the 1980s may persist for 10 to 12 weeksJumiel to early
September) by the end of tB&st century

Streamflow is projected to increase in winter and decrease in spring and summer for all basin
types, with the greatest changes occurring in mixed rain and snow watgidaeder et al,

2015) The Snohomish River Basin is projected to transition from snow/rain mix to a rain
dominant basirfFigure4). A loss of springmelt may decrease or eliminate spawning
opportunities for steelhead, alter efgg survival for other salmon species, cause early
dewatering of side channel and-offannel habitats, and reduce floodplain connect{@gechie
2013) A decrease in the volume of summer low flows and longer duration of low summer flows
may contribute to increased stream temperatures, reduce acceasadyilay of spawning and
rearing habitat, hinder summer salmon migration, and cause fish to shift their migration period to
avoid unfavorable temperature aD@® conditions.More information about global climate

change may be found fppendix A
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Figure 4. Streamflow projections: Samish River, a warm water basin (left); Sauk River, a cold water basin with
source waters at high elevations (right); and Snohomish River, a middle-elevation basin with substantial area
near the current snowline (middle) (Mauger et al., 2015).
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Actions such as restoring floodplain connectiviiyeamflowregimes, and incised channels, a
well asremoving barriersare most likely to decrease stream temperatures, increase baseflows,
anddecrease gnk flows thereby increasing salmon resilience (Beechie, 2Q1/3)er climate
change, pests are expecte@merge earlier in the year due to shorter cold seasons that would
otherwisekeep them dormantree pests may wreak havoc on an otherwise heagihgian

buffers. Dead and diseased trees may pgeeatefire risk under climate changéree

protection and maintenanogayinclude the following:

1 AnIntegrated Pest Management PIGRM) to monitor trees that are more susceptible to
pests (e.g. weeds, insects, disease agents, pathoyemBM focuses on pest prevention and
using chemicals only when needed to minimize environmental impacts sudtrayidg a
beneficial species that might prey on the pest.

1 A tree program to monitor, thin and replace diseased, deformed or dead trees that might serve
as kindle for fire Diseaseree woodshould be retainefbr large woodymaterial(also
known as largevoody debrisplacement projects.

Climate change should be a consideration during the adaptive management biDhis

5 https://www.epa.gov/managimaestsschools/introductiotintegratedpestmanagement
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Chapter 2: TMDL Allocations

This chapter presents TMDL al2D1®% dasatcollextios, der i ve
subsequent water glity model development and calibration, and analysis of numerous

modeling scenario predictions including system potential conditions and impacts from variable
magnitude and timing of loading from point amohpointsourcesThe &6 Det ai | ed TMDL
Resus and Anal ysi s 0andAppendicesidcanthin & detailed deseriptionr of

these efforts. The following presents the final results of the detailed TMDL analysis.

TMDL Formula

Awaterbodydo s | oadi ng capaci tpollutardgthat ewvweaterdbodp aamreceief a ¢
and still meet water quality standardse loading capacity provides a reference for calculating

the amount of pollution reduction needed to bring a water body into compliance with the

standards.

The portionofthe ecei vi ng waterdéds | oading capacity ass
wasteload or load allocatioli the pollutant comes from a discrete (point) source subject to a

National Pollutant Discharge Elimination System (NPDES) permit, such as a municipal or
industrial facilityds discharge pipe, that fa
wasteload allocatioWVLA). If the pollutant comes from diffus@@npoin) sources not subject

to an NPDES permit, such as general urban, residential, or dawff,rthe cumulative share is

called a load allocation.

The TMDL must also consider seasonal variations, and include a margin of safety that takes into
account any lack of knowledge about the causes of the water quality problem or its loading
capacity A reserve capacity for future pollutant sources is sometimes included as well.

Therefore, a TMDL is the sum of the wasteload and load allocations, any margin of safety, and
any reserve capacitfhe TMDL must be equal to or less than the loading capaddig/short
hand formula that describes the TMDL is:

LC=xWLA+ xLARSMOS

Loading Capacity (LC) equals sum of Wasteload Allocations (WLA) plus sum of
Load Allocations (LA) plus Margin of Safety (MOS) and Reserve Capacity. (RS)

ThePilchuck River Temperature dibissolved Oxygen TMDIlusesall the allocations shown in
the equation above.

Seasonal Variation and Critical Conditions

This TMDL considered seasonality and identified critical conditions, which are described in
greater detailim Det ai | ed T MDtLs Sa rudl yA rReelstgemperatdre asEOc t | o n s
analysis.

For temperature there are three seasons and two critical conditions:
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1 Fall-Winter Season: October 1 to February 14

o No critical condition
1 Supplemental Spawning Season: February 15 to June 15

o Criterionis 7-DADMax< 13°C

o Critical condition= lowest flows and highest air temperatures (typically June)
1 Core Summer Habitat Season: June 16 to September 30

o Criterion is7-DADMax< 16°C

o Ciritical condition= highest air temperatures (typically August) and low flows

The Core Summer Habitat season was determined to be the most sedisalbecause air
temperatures ar& theirgreatest, solar radiation & itsstrongestyater use is at its peaénd

flows are at their lowestherefore, Ecology based TMDL allocations and estimated loading
capacity on this season amslmostcritical condition The one exception involved Granite Falls
WWTP, which has separat¥LAs to ensure compliance with both core suenrhabitat and
supplemental spawning criteria. For all other allocations, Ecology determined thHbtia¢ions

and implementation actions derived for the Core Summer Habitat season will protect Pilchuck
River water quality during the supplemental spagrseasonas well as the remainder of the

year.

For dissolved oxyge(DO), there are two seasons, one critical and onecritinal, and two
conditions within the critical season:
1 Fall-Winter -Spring Season: October 1 to May 31

o No critical condition
1 Summer Season: June 1 to September 30; Baseflow (<=75 cfs) critical condition

o Criterion is DOdaily min > 9.5 mg/L

o Ciritical condition= highest air temperatures (typically August) combined with low flows
1 Summer Season: June 1 to September 30; Runoff (>75 ktondition

o Not a critical condition, buticreased phosphorus loading from runoff can be stored by
bottom algae

o0 Bottom algaecanusethis stored phosphorus latéo a degree, during periods of
increased productivity, so phosphoal®cationsarenecessary.

The summer season was determined to be the most critical condition; however, Ecology created
two sets of TMDL allocations based on different baseflow conditions (for less than or equal to
and greater than 75 cfs) because:

1 The loading capacity isignificantly different between the two conditions.

1 Itis not necessary or practical to meet the reduced allocations required at baseflow condition
during periods of stormwater andnpointrunoff, given the impact is less during these
events.
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Loading Capacity

The loading capacity provides a reference for calculating the amount of pollutant reduction
needed to bring water into compliance with standards

Temperature

Loading capacitie (Table6) for the Pilchuck River are the solar radiatiooiipointsources) and

NPDES permitted (point sources) heat loads that (1) allow stream temperatures to stay below the
numeric criteria or (2) do not exceed the natural condition by more th&#®.0lf8eé Det ai | e d
TMDL Study Results and AnalysisTemperature Analysisiad Al | ocati onsd® sect.i
reportcontains details on determination of the temperature loading capacity and allocations in

this TMDL. The allocations developed for the summer critical seas®rlso protective of

supplemental spawning critelfaith the exception of thievo separate wasteload allocations for

Granite Falls WWTP)Ecology tested this in the QUAL2Kw model during the early June critical
supplemental period to ensure compliance.

The Temperature TMDL Analysis and Allocations sectiontains more detail supplemental
spawning compliance (see figures 49 and 50).
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Table 6. Estimated loading capacity for temperature.

Applicable Effecti To':_al I—(|jeat
Water-body Name | Sub-basin Name Reach (RM= River Mile) Assesslrgent Unit Sﬁgé\{ae Caggcity
1711001100000 | 9! (tze;;;'y
Pilchuck River Entire Watersheq Headwaters to ~RM1 n/a See below 219,878
Pilchuck River Upper Pilchuck Headwaters to Menzel Lake Rd (~RM26) 065 SPS* 89,707
Pilchuck River Menzel Menzel LakeRd to Robe Menzel Rd (~RM21) 064 45.3%(SPS) 21,056
Pilchuck River Granite Falls Robe Menzel Rd to GWWTP outfall (~RM19) n/a 458% (SPS) 12,571
Pilchuck River SR92 Granite Falls WWTP outfall to §4St NE (~RM15) n/a 49.5%(SPS) 17,137
Pilchuck River Lochsloy 64" St NE to 28 PI NE (~RM 12) 062 48.0%(SPS) 13,235
Pilchuck River Russell Rd 28" PI NE to Little Pilchuck Creek (~RM9) 061 46.1% (SPS) 13,388
Pilchuck River Machias Little Pilchuck Creek to Dubuque Rd (~RM6) n/a 46.8% (SPS) 14,905
Pilchuck River Three Lakes Dubuque Rd to Three Lakes Road (~RM3) 048 50.32% (SPS) 10,761
Pilchuck River Snohomish Three Lakes Road to (~RM1) 048 57.4% (SPS) 8,281
Little Pilchuck Creek Entire Basin Headwaters to mouth 072 188 SPS* 15,889
Dubuque Creek Entire Basin Headwaters to mouth 054 SPS* 2,947
Catherine Creek Entire Basin Headwaters to mouth 073 SPS* 7,121
Connor Lake Creek|  Entire Basin Headwaters to mouth 180 SPS* 168
Sexton Creek Entire Basin Headwaters to mouth 244 SPS* 493

*Effective shade target is the system potential shade, which should be calculated for each planting project or evaluated reach
using channel width, stream aspect, and the effective shade curves (Figure 56) in the detailed load allocations in Chapter 4.
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Dissoled Oxygen

Loading capacitiegTable 7) forthe Pilchuck River arset in Ibs/day of SRP and BOD5 and

represent th&ibutary/groundwater loadsonpointsources) and NPDES permitted (point

sources) loads that (1) allow stre&@® to stayabovethe numeric criteria or (2) do not exceed

the natural condition by more thar2Ong/L detailed TMDL Study Results and Analyisis

Dissolved Oxygen Analysis and Allocatbnss ect i on of thi s report con
determination of the DO loading capacity adldcations in this TMDL.
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Table 7. Estimated loading capacity for soluble reactive phosphorus (SRP) and biochemical oxygen demand (BOD). Load capacities apply to
the period of June 1 to September 30. Note: temperature capacities in Table 6 also apply to Dissolved Oxygen.

Water-body Name | Sub-basin Name Reach Applicable Baseflow | Runoff |Baseflow| Runoff
AssessmentUni{f SRP | SRPLC| BOD5 | BOD5
ID Lc |(bsiday)| |c LC

17110011000xx3 (Ibs/day) (Ibs/day) | (Ibs/day)
Pilchuck River | Entire Watershe( Headwaters to mouth 42066 9.6569 210.11 362.64
Pilchuck River Upper Pilchuck Headwaters to Menzel Lake Rd (~RM26) 2.4782 4.2504 36.50 110.60
Pilchuck River Menzel Menzel Lake Rd to Robe Menzel Rd (~RM21) 064 0.1229 0.4493 2.72 6.66
Pilchuck River Granite Falls Robe Menzel Rd to GWWTP outfall (~RM19) 0.1766 0.4206 6.61 13.69
Pilchuck River SR92 Granite Falls WWTP outfall to 64St NE (~RM15)| 063 01815 04115  4.21]  8.62
Pilchuck River Lochsloy 64" St NE to 28 PI NE (~RM 12) 062 0.1224 0.3082  1.97 3.95
Pilchuck River Russell Rd 28" PI NE to Little Pilchuck Creek (~Rm9) |061 0.1007 0.2151  1.11 2.17
Pilchuck River Machias Little Pilchuck Creek to Dubuque Rd (~Rm6) | 052/053 0.1463 0.3835  1.95 4.76
Pilchuck River Three Lakes Dubuque Rd to Three Lakes Road (~RM3) |049 0.0501 0.1965  1.38  4.45
Pilchuck River Snohomish Three Lakes Road to mouth 048 0.1086 02682 220  5.10
Little Pilchuck Creek  Entire Basin Headwaters to mouth 188 0.3685 1.9551 11.29 53.44
Dubuque Creek Entire Basin Headwaters to mouth 054 0.0282 0.4391 0.88 10.73
Catherine Creek Entire Basin Headwaters to mouth 073 0.1649 0.8749 5.05 23.92
Connor Lake Creek  Entire Basin Headwaters to mouth 180 0.0323 0.0689 0.36 0.70
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Wasteload Allocations

Tables8 through 16 present the temperature, phosphorus, and BOD wasteload allocations
(WLASs) for thePilchuck River Temperature and Dissolved Oxyg&tDL. Theé Det ai | e d
TMDL Study Results and AnalysisTemperature and Dissolved Oxygen Analysis and

Al l ocati ons 6 s detail how Beslogy developed tiseddrAs. p o r t

Temperature WLAs for the mainstem and tributaries to the Pilchuck Riveratmed within

the cumulative 0.3°C change on the scale of the entire watershed, with loads distributed
throughout each sdbasin input based on land area. In this context, due to dispersion (mixing)
and the norconservative nature of temperature in a waddy, the impact of th&/LAs at any

one point in the Pilchuck river mainstem is a relatively small portion of the cumulative 0.3°C.
The majority of the cumulative 0.3°C is assigned to the impact of lost baseflow.

Limited stormwater temperature data fattle Pilchuck Creek suggests minimal temperature
loading, which is consistent with modeled temperature predictions in the mainstem (see Chapter
4 for additional discussignThe TMDL assumes the cumulative impact from stormwater WLAs

in the tributaries Wi be relatively minor and result in tributary temperatures significantly less

than a 0.3°C increase to the numeric criteria.

Ecology determined there wastmignificant stormwateERP or BODoading during the critical
period (se€hapter 4or detail). The Pilchuck River mainstem and tributary general permit
WLAs are based on existing BOD concentratiand an assumed increase in SRP
concentrationsluring runoff periodslt is important to note that the D@WLAs for the tributaries
also include the therrhallocations resulting from system potential shade.

The TMDL assumes theffectsof stormwateiSRP andBOD loads in the tributaries will be
within therange ofallowablechangegiven that they are generally flushed through the tributaries
and into the miastem during runoff events

For BOD, shortretention times and slow decay rasésuld result in minimal changm a
manner similar to the predicted stormwater BOD loading effects in the mainstem model.

For SRP, algagrowth in the tributaries is not expected to be significlming overcast periods
of rainand net algae loss can even occur due to scour, in a manner similar to algal growth
predictions in the mainstem model. In additigiven that narrower channels the tributaries
lead to very highystem potential effgtive shade percentagedgal productivity would likely be
entirelylimited by available light, rather #m nutrient concentrationgnder system potential
shade conditions.

City of Granite Falls Wastewater Treatment Plant (WWTP)

Permittee Name: City of Granite Falls STP
Permit NumberWWA0021130
Permit Type: Municipal NPDES Individual Permit
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WaterbodyNames: Pilchuck River

Listing ID/s of Receiving Water: 106277295, 10620 (includes listings withT MDL boundary
downstream of direct receiving segment).

Table 8. Wasteload allocations for the city of Granite Falls WWTP.

Pollutant WLA Unit Applicable Period Additional Information
Temperature | 893 Therms/ day June 16 to Sept 30 Effluent flow <=0.4 cfs
Temperature | 1092 | Therms/ day June 16 to Sept 30 Effluent flow 0.4% 0.5 cfs
Temperature | 1253 | Therms/ day June 16 to Sept 30 Effluent flow 0.5% 0.6 cfs
Temperature | 1,414 | Therms/ day June 16 to Sept 30 Effluent flow 0.6% 0.7 cfs

Temperature | 1,117 | Therms/ day Feb 15 to June 15 Effluent flow <=0.5 cfs
Temperature | 1223 | Therms/ day Feb 15 to June 15 Effluent flow 0.5% 0.6 cfs
Temperature | 1359 | Therms/ day Feb 15 to June 15 Effluent flow 0.6 0.7 cfs
Temperature | 1,476 | Therms/ day Feb 15 to June 15 Effluent flow 0.7% 0.8 cfs
SRP 0.31 Pounds / day June 1 to Sept 30 Seasonal Average
BOD5 139 Pounds / day June 1 to Sept 30 Monthly average

Other Requirements:

1 The TMDL recommendSRP effluent samples be collected andlyzed on a routine basis.
The expected sampling frequency will likely be within the range®tamples per week.
Sample collection should occur routinely on the same days of the week (for example,
Mondays and Thursdays). Sample collection should cmiroon two consecutive days.

1 The TMDL recommendsth&&c ol ogyés permit writer recal
permit cycle based on the method describetiéd Det ai | ed TMDL St udy
Analysisi Temper ature Anal ysi sthsmepgot Al |l ocati onso
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Snohomish Countyi Phase 1 Municipal Stormwater

Permittee Name: Snohomish County

Permit NumberWAR044502
Permit Type: Municipal Stormwater General Peririthase 1
WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing IDs of Receiving Water10621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401,
9274, 9275, 40911, 47441 (includes listings within TMDL boundary downstream of direct

receiving segment).

Table 9. Wasteload allocations for Snohomish County.

Runoff
' Temperature Baseflow | Runoff Baseflow BOD5
Water-body Name | Sub-basin Name (therms/day) SRP SRP LC BOD5 LC
(Ibs/day) | (Ibs/day) | (Ibs/day) (Ibs/day)

Pilchuck River Entire Watershed 8759 0.1169 1.4294 4.09 29.13
Pilchuck River Upper Pilchuck 0 0 0 0.00 0.00
Pilchuck River Menzel 1118 0.0057 | 0.2172 0.51 3.64
Pilchuck River Granite Falls 594 0.0029 | 0.0776 0.27 1.93
Pilchuck River SR92 505 0.0053 | 0.0562 0.23 1.64
Pilchuck River Lochsloy 382 0.0056 | 0.0541 0.17 1.24
Pilchuck River Russell Rd 228 0.0033 | 0.0241 0.10 0.74
Pilchuck River Machias 409 0.0060 | 0.0760 0.19 1.33
Pilchuck River Three Lakes 603 0.0088 [ 0.0890 0.27 1.96
Pilchuck River Snohomish 251 0.0112 | 0.0765 0.25 1.47
Little Pilchuck Geek Entire Basin 3179 0.0464 | 0.5168 1.43 10.34
Dubuque Creek Entire Basin 1489 0.0217 | 0.2420 0.67 4.84
Catherine Creek Entire Basin 1430 0.0209 | 0.2326 0.65 4.65
Connor Lake Creek| Entire Basin 73 0.0011 | 0.0077 0.03 0.24

Other Requirements:

1 Temperature allocations apply from Junéd 6eptember 30.

1 SRP and BODS5 allocations apply from June 1 to September 30.
1 Baseflow = Daily Average River Flow is <= 75 cfs; Runoff: > 75 cfs
1

Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgnify additional actions to protect water quality,
which will be considered as part of permit renewals or permit modifications

1 Ecology anticipates that there will be no additional TMi2lquired conditions in stormwater
permits, and compliance with tipermit constitutes compliance with the goals of the TMDL
This TMDL does not contain any additional TMBelated actions for stormwater

permittees
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1 Temperature allocation represents daily average for season including runoff anehoibn
conditions.

1 Daily average river flows should be obtained from gage USGS 121535R0D0ick River
near Snohomish, WA

City of Granite Falls T Phase 2 Municipal Stormwater

Permittee Name: City of Granite Falls

Permit NumberWAR045517

Permit Type: Municipal Stormwater GenkePaermiti Phase 2 Western Washington
WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620 (includes listings within TMDL boundary
downstream of direct receiving segment).

Table 10. Wasteload allocations for the City of Granite Falls.

Water-bod Temperature Baseflow | Runoff Baseflow | Runoff
Name Y | sub-basin Name (therﬁ’nsl Gay) | SRP | SRP BOD5 | BODS5
y (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
Pilchuck River| Entire Watershec 96 0.0007 0.0116 0.043 0.311
Pilchuck River| Granite Falls 52 0.0003 0.0067 0.023 0.168
Pilchuck River SR92 44 0.0005 0.0049 0.020 0.143

Other Requirements:

1 Temperature allocations apply from Junéd 6eptember 30.

1 SRP and BODS5 allocations apply from June Séptember 30.

1 Baseflow = Daily Average River Flow is <= 75 cfs; Runoff: > 75 cfs
1

Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions to protect water quglit
which will be considered as part of permit renewals or permit modifications.

1 Ecology anticipates that there will be no additional TMi2lquired conditions in stormwater

permits, and compliance with the permit constitutes compliance with the goalsTdfe.
This TMDL does not contain any additional TMBelated actions for stormwater
permittees

1 Temperature allocation represents daily average for season including runoff anehoibn
conditions.

1 Daily average river flows should be obtained from gd§&S 1215530@ilchuck River
near Snohomish, WA
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City of Lake Stevensi Phase 2 Municipal Stormwater

Permittee Name: City of Lake Stevens
Permit NumberWAR0021130
Permit Type: Municipal Stormwater General Perimithase 2 Western Washington

WaterbodyNames: Pilchuck River; Little Pilchuck Creek, Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 106207394, 7395, 9274, 92780911 (includes listings
within TMDL boundary downstream dlirect receiving segment).

Table 11. Wasteload allocations for the City of Lake Stevens.

. Baseflow | Runoff | Baseflow| Runoff
wolerbody | Subbash | Temperelus | Sk | SRP | BODS | moDs
y (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
Pilchuck River Entire 630 0.0092 | 0.1015 | 0.284 | 2.048
Watershed

Pilchuck River Machias 5 0.0001 0.0009 0.002 0.015
Pilchuck River Three Lakes 64 0.0009 0.0095 0.029 0.209
L'“"a(:fe"e‘;h“‘:k Entire Basin 561 00082 | 00912 | 0253 | 1.824
Catherine Ceek Entire Basin 252 0.0037 0.0410 0.114 0.821

Other Requirements:

T

1
1
il

Temperature allocations apply from Junad.&eptember 30.
SRP and BODS5 allocations apply from June 1 to September 30.
Baseflow = Daily Average River Flow is <= 75 cfs; Runoff: > 75 cfs

Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions to protect water quality,
which will be considered as part of permit renewals or permit modifications.

Ecology anticipates that there will be no additional TMi2lquired conditions in stormwater
permits, and compliance with the permit constitutes compliance with the goals of the. TMDL

This TMDL does not contain any additional TMBelated actions for stornater

permittees

Temperature allocation represents daily average for season including runoff anehoibn

conditions.

Daily average river flows should be obtained from gage USGS 121%5R0Qick River
near Snohomish, WA
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City of Snohomishi Phase 2 Muicipal Stormwater

Permittee Name: City of Snohomish

Permit NumberWAR045543

Permit Type: Municipal Stormwater General Perimithase 2 Western Washington
WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 10620(includes listings within TMDL boundary
downstream of direct receiving segment).

Table 12. Wasteload allocations for the City of Snohomish.

Water-body _ Temperature Baseflow | Runoff | Baseflow| Runoff
Name Sub-basin Name (therms/day) SRP SRP BOD5 BOD5
(Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
Pilchuck River| Entire Watershe 66 0.0010 0.0087 0.030 0.215
Pilchuck River Three Lakes 24 0.0004 0.0036 0.011 0.079
Pilchuck River Snohomish 42 0.0006 0.0052 0.019 0.136

Other Requirements:

1 Temperature allocations apply from Jungéd 6eptember 30.

1 SRP and BODS5 allocations apply from June 1 to September 30.

1 Baseflow = Daily Average River Flow is <= 75 cfs; Runoff: > 75 cfs
1

Best management practices (BMPs) are required incathgvater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions to protect water quality,
which will be considered as part of permit renewals or permit modifications.

1 Ecology anticipates that there will be no additiohsIDL -required conditions in stormwater
permits, and compliance with the permit constitutes compliance with the goals of the. TMDL
This TMDL does not contain any additional TMBelated actions for stormwater
permittees

1 Temperature allocation represengslylaverage for season including runoff and-nonoff
conditions.

1 Daily average river flows should be obtained from gage USGS 12155R0@Qick River
near Snohomish, WA

Construction Stormwater General Permit

Permittee Name: All active Construction Stovater General Permittees within study area
Permit Numbermultiple/transient

Permit Type: Construction Stormwater General Permit

WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620, 14725,56%, 7394, 7395, 7400, 7401,
9274, 9275, 40911, 47441 (includes listings within TMDL boundary downstream of direct
receiving segment).
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Table 13. Wasteload allocations for construction stormwater permittees.

Water-body . Temperature Baseflow | Runoff | Baseflow| Runoff
Name Sub-basin Name (therms/day) SRP SRP BOD5 BOD5
(Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
Pilchuck River | Entire Watersheq 275 0.0035 0.0431 0.124 0.893
Pilchuck River Upper Pilchuck 0 0 0 0.000 0.000
Pilchuck River Menzel 31 0.0002 0.0060 0.014 0.101
Pilchuck River Granite Falls 18 0.0001 0.0024 0.008 0.060
Pilchuck River SR92 16 0.0002 0.0017 0.007 0.051
Pilchuck River Lochsloy 11 0.0002 0.0015 0.005 0.036
Pilchuck River Russell Rd 6 0.0001 0.0007 0.003 0.021
PilchuckRiver Machias 11 0.0002 0.0021 0.005 0.037
Pilchuck River Three Lakes 20 0.0003 0.0029 0.009 0.064
Pilchuck River Snohomish 13 0.0002 0.0016 0.006 0.042
"'“'%g'dc(h“d‘ Entire Basin 107 0.0016 | 00174 | 0048 | 0.347
Dubuque Creek Entire Basin 41 0.0006 0.0067 0.019 0.134
Catherine Creek Entire Basin 48 0.0007 0.0078 0.022 0.156
Co'g;g:;ake Entire Basin 2 0.00003 | 0.0002 | 0.001 | 0.007

Other Requirements:

T

il
1
il

Temperature allocations apply from Junad.&eptember 30.
SRP and BODS5 allocatiorapply from June 1 to September 30.
Baseflow = Daily Average River Flow is <= 75 cfs; Runoff: > 75 cfs

Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions tprotect water quality,
which will be considered as part of permit renewals or permudifications.Ecology
anticipates that there will be no additional TMiBequired conditions in stormwater permits,
and compliance with the permit constitutes compliamitie the goals of the TMDLThis
TMDL does not contain any additional TMErelated actions for stormwater permittees

Temperature allocation represents daily average for season including runoff anehoibn
conditions.

Daily average river flows should be obtained from gage USGS 12135@0Qick River
near Snohomish, WA
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Industrial Stormwater General Permit

Permittee Name: All active Industrial Stormwater General Permittees within the study area.

Permit Numbermultiple/transient
Permit Type: Industrial Stormwater General Permit
WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401,

9274, 9275, 40911, 47441 (includesitigs within TMDL boundary downstream of direct
receiving segment).

Table 14. Wasteload allocations for industrial general stormwater permittees.

Baseflow | Runoff | Baseflow| Runoff
Waterbody | subbasin Name {tﬁr:fr’ﬁsr%:"; SRP | SRP | BOD5 | BODS
y (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)

Pilchuck River | Entire Watershec 275 0.0035 0.0431 0.124 0.893
Pilchuck River Upper Pilchuck 0 0 0 0.000 0.000
Pilchuck River Menzel 31 0.0002 | 0.0060 0.014 0.101
Pilchuck River Granite Falls 18 0.0001 0.0024 0.008 0.060
Pilchuck River SR92 16 0.0002 | 0.0017 0.007 0.051
Pilchuck River Lochsloy 11 0.0002 | 0.0015 0.005 0.036
Pilchuck River Russell Rd 6 0.0001 0.0007 0.003 0.021
Pilchuck River Machias 11 0.0002 | 0.0021 0.005 0.037
Pilchuck River Three Lakes 20 0.0003 0.0029 0.009 0.064
Pilchuck River Snohomish 13 0.0002 | 0.0016 0.006 0.042
L'tt'ecfe";(h“k Entire Basin 107 0.0016 | 0.0174 | 0.048 | 0.347
Dubuque Creek Entire Basin 41 0.0006 0.0067 0.019 0.134
Catherine Creek| Entire Basin 48 0.0007 0.0078 0.022 0.156
Cor(‘:”rg;(Lake Entire Basin 2 0.00003 | 0.0002 | 0.001 | 0.007

Other Requirements:

T

1
il
1

Temperature allocations apply from Junad.&eptember 30.

SRP and BOD?5 allocations apply from June 1 to September 30.
Baseflow = Daily Averag®iver Flow is <= 75 cfs; Runoff: > 75 cfs

Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions to protect water quality,
which will be considered as partpérmit renewals or permmodifications.Ecology
anticipates that there will be no additional TMIBequired conditions in stormwater permits,
and compliance with the permit constitutes compliance with the goals of the TTMHXL
TMDL does not contain angdditional TMDL:-related actions for stormwater permittees

Temperature allocation represents daily average for season including runoff amehoibn
conditions.
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1 Daily average river flows should be obtained from gage USGS 121535R00ick River
near Snobmish, WA

Sand and Gravel General Permit

Permittee Name: All active Sand and Gravel General Permittees within study area.
Permit Numbermultiple/transient
Permit Type: Industrial Stormwater General Permit
WaterbodyNames: Pilchuck River; Tributaries Rilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401,

9274, 9275, 40911, 47441 (includes listimgghin TMDL boundary downstream of direct
receiving segment).

Table 15. Wasteload allocations for sand and gravel permittees.

Baseflow | Runoff | Baseflow| Runoff
Waﬁle;r':gdy Sub-basin Name {tirenfr’ﬁsrj’g:r‘i SRP | SRP | BOD5 | BODS
Y (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
Pilchuck River | Entire Watershec 275 0.0035 0.0431 0.124 0.893
Pilchuck River Upper Pilchuck 0 0 0 0.000 0.000
Pilchuck River Menzel 31 0.0002 0.0060 0.014 0.101
Pilchuck River Granite Falls 18 0.0001 0.0024 0.008 0.060
Pilchuck River SR92 16 0.0002 0.0017 0.007 0.051
Pilchuck River Lochsloy 11 0.0002 0.0015 0.005 0.036
Pilchuck River Russell Rd 6 0.0001 0.0007 0.003 0.021
Pilchuck River Machias 11 0.0002 0.0021 0.005 0.037
Pilchuck River Three Lakes 20 0.0003 0.0029 0.009 0.064
Pilchuck River Snohomish 13 0.0002 0.0016 0.006 0.042
L'tt'ecfe";(h“k Entire Basin 107 0.0016 | 00174 | 0048 | 0.347
Dubuque Creek Entire Basin 41 0.0006 0.0067 0.019 0.134
Catherine Creek Entire Basin 48 0.0007 0.0078 0.022 0.156
Cor(‘:”rg;(Lake Entire Basin 2 0.00003 | 0.0002 | 0.001 | 0.007

Other Requirements:

T

1
T
1

Temperaturallocations apply from June 16 September 30.

SRP and BODS5 allocations apply from June 1 to September 30.
Baseflow = Daily Average River Flow is <= 75 cfs; Runoff :> 75 cfs
Best management practices (BMPs) are required in all stormwater permits & prote

designated aquatic life uses. TMDLs mdgntify additional actions to protect water quality,
which will be considered as part of permit renewals or permit modifications.
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Ecology anticipates that there will be no additional TMi2lquired conditions istormwater
permits, and compliance with the permit constitutes compliance with the goals of the. TMDL
This TMDL does not contain any additional TMBelated actions for stormwater

permittees

Temperature allocation represents daily average for seasadingkunoff and nomunoff
conditions.

Daily average river flows should be obtained from gage USGS 121535R0@ick River
near Snohomish, WA
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Washington State Department of Transportation Stormwater

Permittee Name: Washington State Departmeifirafsportation Stormwater
Permit NumberWAR043000

Permit Type: Stormwater General Permit

WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620, 7394, 7395, 9274, 9275, 40911, 47441
(includes lisings within TMDL boundary downstream of direct receiving segment).

1 Temperature allocations apply from Junéd.6eptember 30.
1 SRP and BODS5 allocations apply from June 1 to September 30.
1 Baseflow = Daily Average River Flow is <= 75 cfs; Runoff :> 75 cfs

Table 16. Wasteload allocations for Washington State Department of Transportation.

Water-bod Temperature Baseflow | Runoff Baseflow Runoff
Name y Sub-basin Name (ther'?nsl day) | . SRP SRP BOD5S BODS5
Y (Ibs/day) | (Ibs/day) | (lbs/day) | (lbs/day)
Pilchuck River | Entire Watershec 172 0.0023 0.0260 0.077 0.558
Pilchuck River Granite Falls 18 0.0001 0.0024 0.008 0.060
Pilchuck River SR92 16 0.0002 0.0017 0.007 0.051
Pilchuck River Lochsloy 11 0.0002 0.0015 0.005 0.036
Pilchuck River Three Lakes 20 0.0003 0.0029 0.009 0.064
L'“"a(:fe"e‘;h“‘:k Entire Basin 107 00016 | 0.0174 | 0.048 0.347
Catherine Creek Entire Basin 48 0.0007 0.0078 0.022 0.156

Other Requirements:

1 Best management practices (BMPs) are required in all stormwater permits to protect
designated aquatic life uses. TMDLs mdgntify additional actions to protect water quality,
which will be considered as part of permit renewals or pemadifications.Ecology
anticipates that there will be no additional TMIBequired conditions in stormwater permits,
and compliance with the permit constitutes compliance with the goals of the TTMhRL
TMDL does not contain any additional TMErelated actions for stormweat permittees

1 Temperature allocation represents daily average for season including runoff anehoibn
conditions.

1 Daily average river flows should be obtained from gage USGS 121535R0Qick River
near Snohomish, WA

Reserve for Future Growth

Permitee Name: Future NPDES Permits
Permit NumberN/A
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Permit Type: Various
WaterbodyNames: Pilchuck River; Tributaries to Pilchuck River

Listing ID of Receiving Waterl0621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401,

9274, 9275, 40911, 47441 (includes listings within TMDL boundary downstream of direct
receiving segment).

Table 17. Reserve wasteload allocations for future NPDES permittees.

Water-body _ Temperature Baseflow | Runoff | Baseflow| Runoff
Name Sub-basin Name (therms/day) SRP SRP BOD5 BOD5
(Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)

Pilchuck River | Entire Watershec 275 0.0035 0.0431 0.124 0.893
Pilchuck River Upper Pilchuck 0 0 0 0.000 0.000
Pilchuck River Menzel 31 0.0002 0.0060 0.014 0.101
Pilchuck River Granite Falls 18 0.0001 0.0024 0.008 0.060
Pilchuck River SR92 16 0.0002 0.0017 0.007 0.051
Pilchuck River Lochsloy 11 0.0002 0.0015 0.005 0.036
Pilchuck River Russell Rd 6 0.0001 0.0007 0.003 0.021
Pilchuck River Machias 11 0.0002 0.0021 0.005 0.037
Pilchuck River Three Lakes 20 0.0003 0.0029 0.009 0.064
Pilchuck River Snohomish 13 0.0002 0.0016 0.006 0.042
L't“%f;"g(h“k Entire Basin 107 0.0016 | 0.0174 | 0.048 | 0.347
Dubuque Creek Entire Basin 41 0.0006 0.0067 0.019 0.134
Catherine Creek Entire Basin 48 0.0007 0.0078 0.022 0.156
ConnorLake | £ pive Basin 2 0.00003 | 0.0002 | 0.001 | 0.007

Creek

Other Requirements:

T

T

Temperature allocation represents daily average for season including runoff amehoibn

conditions.

Daily average river flows should be obtained from gage USGS 121%5R0Qick River
near Snohomish, WA

Load Allocations

The following tables present load al&tions for temperature (Table)l@hosphorus (Table9),

and BOD (Table0) in the Pilchuck Rier TMDL study areaThe6o Det ai | ed
ssol ved

Results and AnalysisT e mper at ur e
of the reportdescribes the methodology and calculation of these values
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Table 18. Temperature load allocations. The allocations apply from June 16 to September 30.

Solar Tributaries otz
. Effective - Load
Sub-basin Radiation and .
Water-body Name Shade Allocation
Name Heat Load | Groundwater
Target (therms/
(therms/day) | (therms/day) d
ay)
. . Entire
Pilchuck River Watershed See below 73927 45423 209,057
Pilchuck River Upper Pilchuck SPS* n/a n/a 89,707
Pilchuck River Menzel 45.3% (SPS) 15949 3864 19,813
Pilchuck River Granite Falls | 45.8% (SPS) 5451 6383 11,834
Pilchuck River SR92 49.5% (SPS) 10754 5756 16,510
Pilchuck River Lochsloy 48.0% (SPS) 8588 4210 12,798
Pilchuck River Russell Rd 46.1% (SPS) 9866 3181 13,134
Pilchuck River Machias 46.8% (SPS) 10104 4341 14,445
Pilchuck River Three Lakes | 50.3% (SPS) 8719 1252 9,971
Pilchuck River Snohomish 57.4% (SPS) 4496 3268 7,936
Little Pilchuck Entire Basin SPS* n/a 6,417 11,615
Creek
Dubuque Creek Entire Basin SPS* n/a 1,293 1,293
Catherine Creek Entire Basin SPS* n/a 5,198 5,198
Connor Lake Creek Entire Basin SPS* n/a 87 87
Sexton Creek EntireBasin SPS* n/a 172 172

The load allocations in Tables 19 and 20 are based on existing measured loads in 2012. The need
for nonpoint reductions in localized areas may be identified in the f(thesload allocation for

Little Pilchuck Creekncludes Catherine Creek, its temperature impaired tributary (Listing IDs
7394and 7395). In a similar fashion the diffuse load allocation for the Pilchuck River includes

the unnamed creek (tributary to the Pilchuck river), also known as Connor Lake tributary

(Listing ID 47441).

Table 19. Soluble reactive phosphorus (SRP) load allocations. The allocations apply from
June 1 to September 30.

Baseflow | Runoff
Water body Applicable Area SRP LA | SRP LA

(Ibs/day) | (Ibs/day)
Pilchuck River Entire Watershed| 3.7479 7.5719
Pilchuck River Upper Pilchuck 2.4782 4.2504
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Pilchuck River Menzel 0.1167 0.208
Pilchuck River Granite Falls 0.1731 0.3242
Pilchuck River SR92 0.1751 0.3417
Pilchuck River Lochsloy 0.1161 0.2464
Pilchuck River Russell Rd 0.0971 0.1883
Pilchuck River Machias 0.1397 0.2981
Pilchuck River ThreeLakes 0.0388 0.0799
Pilchuck River Snohomish 0.1012 0.2044
Little Pilchuck Creek Entire Basin 0.3074 1.2602
Dubuque Creek Entire Basin 0.0045 0.1702
Catherine Creek Entire Basin 0.1376 0.5640
Connor Lake Creek Entire Basin 0.0311 0.0603

Table 20. BOD5 load allocations. The allocations apply from June 1 to September 30.

Baseflow F\I;Lg]lg;f
Water body Applicable Area | BOD5 LA LA
(Ibs/day) (Ibs/day)
Pilchuck River Entire Watershed 66.03 187.0
Pilchuck River Upper Pilchuck 36.50 110.6
Pilchuck River Menzel 2.16 2.62
Pilchuck River Granite Falls 6.28 11.29
Pilchuck River SR92 3.93 6.58
Pilchuck River Lochsloy 1.78 2.53
Pilchuck River Russell Rd 1.00 1.35
Pilchuck River Machias 1.75 3.26
Pilchuck River Three Lakes 1.02 1.88
Pilchuck River Snohomish 1.97 3.42
Little Pilchuck Creek Entire Basin 9.36 39.5
Dubuque Creek Entire Basin 0.14 5.36
Catherine Creek Entire Basin 4.19 17.7
Connor Lake Creek Entire Basin 0.32 0.4

Margin of Safety

The margin of safety accourfts uncertainty about the pollutant loading and wiedy
response and must be included in all TMDLs to ensure water quality standards are met, despite
these uncertaintietn this TMDL, the margin of safety implicit.
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l

Critical air temperature®Qth pecentile ofannual7-day averages of daily maximgymvere
combined with theritical low flows (owest #day average flows with recurrence intervals
of 10 years7Q10 to represent a reasonable wezase condition for water temperatueesl
DO in the Pilchuck River The combinationnherentlyrepresents a recurrence interval of
greater than one in every 10 years, which provides additional margin of safety.

The 7Q10low was used to evaluate reasonable woasie conditions for discharge of peint
source effluent.

The 7Q10flow used to calculate temperature WLAs for the Granite Falls WKl at
~RM 19was scaled down by a factor of 0.85 from the downstream USGSagaged at
RM 3.6 This factor is conservative given that the two {fbeww measurements available to
compare these locations had ratios of 0.86 and 0.95.

Implementation will include additional measures beyond riparian shade that should
contribute to lowertseam temperatures, such as instream structures creating pools that
connect with hyporheic flow, and wetland restoration creating improved groundwater
connection.

The calibrated model slightly owprredicts phosphorus uptake downstream of the WWTP
and thusslightly undefpredicts phosphorus loading capacity.

The calibrated model displayed relatively low uncertainty and bias, which suggests the implicit
margin of safety does not need to be overly conservative:

T

Model uncertainty assessment for prediction afex temperature in existing conditions
compared to system potential conditions revealed a variance between scenarid&of 0.16
root mean square error (RMSHhis is less than the 0G allowable change from natural
conditions.

Model uncertainty assessnidor prediction of DO in existing conditions compared to
system potential conditions revealed a variance between scenarios oigdLO®ot mean
square error (RMSETYhis is less than the Or2g/L allowable change from natural
conditions.

Model bias eviation shows no evidence of systematic eeemunderprediction of
temperatur®r DO. There also is no evidence of a trend in error over the length of the river

TMDL Calculation

Table 21presents a summary of all temperature allocations (in therms/day) used in calculating
the TMDL load capacity.

Table 21. Temperature TMDL calculations expressed in therms/day.

Water body Applicable Area | LA WLA g;‘;wti MOS | TMDL
Pilchuck River Entire Watershed| 209,057 10,547 275 Implicit | 219,878
Pilchuck River Upper Pilchuck | 89,707 0 0 Implicit | 89,707
Pilchuck River Menzel 19,813 1212 31 Implicit | 21,056
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Water body Applicable Area LA WLA (IS:;J(;[\l/Jvrti MOS | TMDL
Pilchuck River Granite Falls 11,834 719 18 Implicit | 12,571
PilchuckRiver SR92 16,510 612 16 Implicit | 17,137
Pilchuck River Lochsloy 12,798 426 11 Implicit | 13,235
Pilchuck River Russell Rd 13,134 247 6 Implicit | 13,388
Pilchuck River Machias 14,445 448 11 Implicit | 14,905
Pilchuck River Three Lakes 9,971 771 20 Implicit | 10,761
Pilchuck River Snohomish 7,936 332 13 Implicit | 8,281

Little Pilchuck Creek Entire Basin 11,615 | 4167 107 Implicit | 15,889
Dubuque Creek Entire Basin 1,293 1613 41 Implicit | 2,947
Catherine Creek Entire Basin 5,198 1875 48 Implicit | 7,121

ConnorLake Creek Entire Basin 87 79 2 Implicit 168

Sexton Creek Entire Basin 172 309 12 Implicit 493

Table 22presents a summary of all soluble reactive phosphorus (SRP) allocations (in lbs/day)
used in calculating the TMDL load capacity

Table 22. SRP TMDL calculations expressed in Ibs/day.

Water body Applicable Area | Condition LA WLA (E:J(;[\ljvrti MOS | TMDL
Pilchuck River Entire Watershed Baseflow | 3.7479 | 0.4552 | 0.0035 | Implicit | 4.2066
Pilchuck River Upper Pilchuck | Baseflow | 2.4782 0 0 Implicit | 2.4782
Pilchuck River Menzel Baseflow | 0.1167 | 0.0060 | 0.0002 | Implicit | 0.1229
Pilchuck River Granite Falls Baseflow | 0.1731 | 0.0034| 0.0001 | Implicit | 0.1766
Pilchuck River SR92 Baseflow | 0.1751 | 0.0062 | 0.0002 | Implicit | 0.1815
Pilchuck River Lochsloy Baseflow | 0.1161 | 0.0061| 0.0002 | Implicit | 0.1224
Pilchuck River Russell Rd Baseflow | 0.0971 | 0.0035| 0.0001 | Implicit | 0.1007
Pilchuck River Machias Baseflow | 0.1397 | 0.0064 | 0.0002 | Implicit | 0.1463
Pilchuck River Three Lakes Baseflow | 0.0388 0.011 | 0.0003 | Implicit | 0.0501
Pilchuck River Snohomish Baseflow | 0.1012 | 0.0072| 0.0002 | Implicit | 0.1086
Li“'ec':;ﬁ(h“‘:k Entire Basin | Baseflow | 0.3074 | 0.0596 | 0.0015 | Implicit | 0.3685
Dubuque Creek Entire Basin Baseflow | 0.0045 | 0.0231| 0.0006 | Implicit | 0.0282
CatherineCreek Entire Basin Baseflow | 0.1376 | 0.0267 | 0.0007 | Implicit | 0.1649

Connor Lake Creell  Entire Basin Baseflow | 0.0311 | 0.0011| 0.0000 | Implicit | 0.0323
Pilchuck River Entire Watershed Runoff 7.5719 | 2.0419| 0.0431 | Implicit | 9.6569
Pilchuck River Upper Pilchuck [ Runoff 4.2504 0 0 Implicit | 4.2504
Pilchuck River Menzel Runoff 0.208 0.2353| 0.006 | Implicit | 0.4493
Pilchuck River Granite Falls Runoff 0.3242 0.094 | 0.0024 | Implicit | 0.4206
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Water body Applicable Area | Condition LA WLA CI;:;J(;[\l/Jvrti MOS | TMDL
Pilchuck River SR92 Runoff 0.3417 | 0.0681| 0.0017 | Implicit | 0.4115
Pilchuck River Lochsloy Runoff 0.2464 | 0.0603 | 0.0015 | Implicit | 0.3082
Pilchuck River Russell Rd Runoff 0.1883 | 0.0261| 0.0007 | Implicit | 0.2151
Pilchuck River Machias Runoff 0.2981 | 0.0833| 0.0021 | Implicit | 0.3835
Pilchuck River Three Lakes Runoff 0.0799 | 0.1137| 0.0029 | Implicit | 0.1965
Pilchuck River Snohomish Runoff 0.2044 | 0.0622 | 0.0016 | Implicit | 0.2682
Li“'ecf;ﬁ(h“‘:k Entire Basin | Runoff | 1.2602 | 0.6775| 0.0174 | Implicit | 1.9551
Dubuque Creek Entire Basin Runoff 0.1702 | 0.2622 | 0.0067 | Implicit | 0.4391
Catherine Creek EntireBasin Runoff 0.5640 | 0.3032| 0.0078 | Implicit | 0.8749

Connor Lake Creell  Entire Basin Runoff 0.0603 | 0.0084 | 0.0002 | Implicit | 0.0689

Table B presents a summary of allday biochemical oxygen demand (BOD5) allocations (in
Ibs/day) used in calculating the TMDL load capacity

Table 23. BOD5 TMDL calculations expressed in Ibs/day.

Water body Applicable Area | Condition LA WLA GF:J(;[\l/Jvrteh MOS TMDL
Pilchuck River Entire Watershed Baseflow | 66.03 144.0 0.1 Implicit | 210.1110
Pilchuck River Upper Pilchuck | Baseflow | 36.50 0 0 Implicit | 36.5000
Pilchuck River Menzel Baseflow 2.16 0.5470 | 0.014 | Implicit | 2.7200
Pilchuck River Granite Falls Baseflow | 6.28 0.3250 | 0.008 | Implicit | 6.6120
Pilchuck River SR92 Baseflow | 3.93 0.2760 | 0.007 | Implicit | 4.2130
Pilchuck River Lochsloy Baseflow 1.78 0.1920 | 0.005 | Implicit | 1.9730
Pilchuck River Russell Rd Baseflow 1.00 0.1120 | 0.003 | Implicit | 1.1120
Pilchuck River Machias Baseflow 1.75 0.2020 | 0.005 | Implicit | 1.9520
Pilchuck River Three Lakes Baseflow 1.02 0.3480 | 0.009 | Implicit | 1.3780
Pilchuck River Snohomish Baseflow 1.97 0.2270 | 0.006 | Implicit | 2.2040
L'tt'ecfe";(h“Ck Entire Basin | Baseflow | 9.36 | 1.8800 | 0.048 | Implicit | 11.2880
Dubuque Creek Entire Basin Baseflow | 0.14 0.7270 | 0.019 | Implicit | 0.8840
Catherine Creek Entire Basin Baseflow | 4.19 0.8413 | 0.0215 | Implicit | 5.0516

Connor Lake Creell  Entire Basin Baseflow | 0.32 0.0359 | 0.0010 | Implicit | 0.3561
Pilchuck River Entire Watershed Runoff 187.0 | 174.7500[ 0.8900 | Implicit | 362.6400
Pilchuck River Upper Pilchuck [ Runoff 110.6 0 0 Implicit | 110.6000
Pilchuck River Menzel Runoff 2.62 3.9400 | 0.101 | Implicit | 6.6610
Pilchuck River Granite Falls Runoff 11.29 2.3380 0.06 | Implicit [ 13.6920
Pilchuck River SR92 Runoff 6.58 1.9900 | 0.051 | Implicit | 8.6230
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Water body Applicable Area | Condition LA WLA CIQ:;J(;\[/JVrti MOS TMDL
Pilchuck River Lochsloy Runoff 2.53 1.3850 | 0.036 | Implicit [ 3.9490
Pilchuck River Russell Rd Runoff 1.35 0.8040 | 0.021 | Implicit | 2.1720
Pilchuck River Machias Runoff 3.3 1.4590 | 0.037 | Implicit [ 4.7600
Pilchuck River Three Lakes Runoff 19 2.5060 | 0.064 | Implicit | 4.4510
Pilchuck River Snohomish Runoff 3.4 1.6360 | 0.042 | Implicit [ 5.0970
Hittle Piiehuck Entire Basin | Runoff | 395 | 13.5510| 0.347 | implicit | 53.4390
Dubuque Creek Entire Basin Runoff 5.4 5.2440 | 0.134 | Implicit | 10.7330
Catherine Creek Entire Basin Runoff 17.7 6.0643 | 0.1553 | Implicit | 23.9150

Connor Lake Creell  Entire Basin Runoff 0.4 0.2575 | 0.0067 | Implicit | 0.6956
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Chapter 3: Implementation Plan

Introduction

This implementation plan was developed jointly by Ecology and interested and responsible parties
It describesecommended actions tmprove water qualityn the Pilchuck Rivewatershedit

explains the roles and authorities of cleanup ast{those organizations with jurisdiction,
authority,mission,or direct responsibility for cleanup), along with the programs or other means
through which they will address these water quality issties plan also describeswide range of
specific actimsrequiredto improve water quality and achiestate standard3hesdnclude

riparian plantings, increasing sumniaseflowsandimprovinginstreamhabitat,as well as

limiting nutrient inputs from individugbroperties, stormwater, and the Graitdls Wastewater
Treatment Plant (WWTP).

In this chapter of the Pilchuck TMDL, Ecologgscribes how temperature &D@ pollutant levels

will be reduced to meeattate standard3emperature an@O TMDL reductions should be

achieved byear2081 in the PiltwuckRiver and its tributaries’he success of this TMDL project

will be assessed using monitoring data from streams in the watershed and adaptive monitoring will
be implemented to adjust and ensure pollution reduction measures are effective.

Land Distribution

Ecology used 201@&hdusedatd r om t he Snohomi sh (Soobhomisty 6s Asse
County Assessor, 2018) evaluatebroadscale pollution stress dhePilchuck WatershedVe

consolidated th&83 landusetypes into 13 categories for analysis purposegufe5). A large

majority of the Pilchuck Rivewatershed55%) is forested Single family resideral takes up

about25% of thetotal watershedrea most of which is concentrated in the lower and middle
watershedUndeveloped land takes up about 198@riculture makes up about 0.3% of the total
watershed aredhe remaining acreage consists of othed use categories such as commercial,

mining, manufacturing, transportation, recreation, open space and open water.

6Countydatashowedalargepartofthewatershed being Avacantd or fAopen spaceo
aerial photos they are analogous to forested areas. For the purposes of pollution stress analysis, land defined by the
County as fivacanto will be referred to as forested.
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Figure 5. Land use in the Pilchuck River watershed.
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Point Sources of Pollution

Point source wasteload allocations (WLAS) will be largely-sefflementing through the
administration of the Nation&ollutantDischarge Elimination System (NPDES) Program.
However, the Pilchuck River Watershed Implementation Lead is tasked to workingesmit
managers$o ensure that new TMDtelated requirements become permit conditions when permits
are renewed. No additional TMDBielated conditions are anticipated for general permittees as part
of WLAs in this TMDL. WLAs for the Granite Falls WWTPilbe expressed as effluent limits

by the permit manager.

Nonpoint Sources of Pollution

The Pilchuck River watershed is home to rural residential living, forestry actiatidsour urban
centersThose actions and activities, which we describe bedoeessentiato decreasing

temperature and increasing dissolved oxygen lefzglsh general set afctions in Table 24 is
discussed below followed by a detailed discussion of improvement opportunities identified in our
study.

Table 24. Key strategies for reducing critical season water temperatures and increasing DO in
the Pilchuck River.

Key Strategies

Riparian Restoration

1 Restore riparian shadinig 1806on mainstem antb Ecology Riparian Buffer Map widths
onftributaries.

1 Conduct communitypased social marketing to determine most effective outreach and
education efforts to landowners.

Restoring and EnhancingNatural River Processes

Create cold water refuges witdrge woody material (LWMand other instream structure
Install LWM andimplementother BMPs to create edge hahitat

Restore forested wetlands and-offannel habitat to increase hyporheic function.
Reconnect floodplainandside channels.

Assess salmon thermoregulation behavior to better understand habitat needs

Assess existing beaver activities including local salmon/beaver/human interaations,
beaver management practices.

1 Installbeaver dam analogsd postassisted log structures (PALS)

1 Conduct communigpased social marketing to determine most effediveeach and
education efforts to landowners.

Water Conservation and Streamflow Augmentation
1 Reduce surface and groundwater use duringsiatemer, low flow conditions.
1 Remove and/or modify bank armoring to increase hyporheic cooling processes.

=4 =4 4 -4 4 4
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Key Strategies
1 Setback/remove levees to restore natural processes that create cooler water.

1 Evaluate using imported water from Spada Lake Reservoir for new development in
of new exempt wellsAssess dry season impacts of added water withdrawals to the
reservoir andultan River and added exported water to the Pilchuck River.

1 Implement lowflow irrigation BMPs to improve irrigation timing and efficiency.

1 Evaluate and install impoundment BMPs (e.g., beaver dam an&lags) to retain water
for use during the summerhere feasible.

1 Implement stormwater retrofits that increase groundwater levels utilizing low impact
development (LID).

1 Conduct communigpased social marketing to determine most effective education &
outreach efforts encouraging landowners to adopt wateservation practices.

Nutrient, Sedimentation and Erosion Control

Implement stormwater retrofit BMPs including LID.

Apply nutrientsusing the proper rates and timing

Install LWM, vertical arrayscoir logsand other bank stabilization BMPs.

Install livestock exclusion fencing and e¢hannel water facilities.

Implement erosion and sediment control BMPs during construction.
Investigate and repair possible sewer leaks and failing onsite septic systems.

Conduct communitypased social marketing to determmest effective outreach and
education efforts to landowners.

=4 =4 4 4 4 4 -4

Key Strategies for Reducing Water Temperatures and Nutrient Inputs

Restore Riparian Vegetation

Planting native vegetation where buffers are lacking is a priority. Trees provide a direct

temperature benefit by creating shade. In some locations, they provide indirect benefits related to

air cooling, supplying woody material, and eventual narrowing and deepening of the stream

channel. Big trees in riparian areas eventually fall down andcowepstream processes that help

keep water cooler. Tree height and density work together to prevent solar radiation from reaching
the water. As illustrated in Figure 50 of this TMDL, large buffers will significantly lower air
temperatures around a streand anovide an added dimension of cooling. Some atdeéfits of

riparian restoration includ€l) trees acting as flood fences that trap flbodne debris, which

would reduce the cost of removing flood control debris after a flood even{2ptvdeshelp
stabilize the riverodés | ocation and may preven
Planting tributaries areas is essential since narrower streams are easier to shade than wider streams.

Implementation partners (discussed later in this doctinsbiould encourage landowners to
establish 18@oot riparian buffers on each side of the mainstem Pilchuck River and buffers
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consi st ent RipartarhnBufielidth Magy wléng tributary streams in order to

effectively achieve microclimate gaineededo decrease water temperatursis watercourses

with flowing waters should have complete shade at themrmar density feasible.

Implementation partners should consult with an Ecology Water Cleanup specialist to discuss
phasing riparian planting designs along the mainstem Pilchuck River in order to maximize funding
opportunitiesPlanting sites should be prefty prepared based on local soil, topography, and
location within the channel migration zone. The need for annual plant maintenance for a period of
at least 5 years following plantings should be evaluated and always be included where the previous
dominantvegetation was composed of blackberries, reed canary grass, Japanese knotweed, and
other invasive or noxious weedestoration specialists should regularly review the success of
techniques to ensure that planting, watering, weed management, and cetthatfues are the

most effective ones available. the faceof climate change, other potential tree protection and
maintenance activities discussed in Chapter 1, Climate Change Sectionabolleassessd

Establish good riparian vegetation on publicand private properties: All landowners with

riparian areas on their property are part of the solution to reducing water temperatures in the
Pilchuck River Outreach programs that inform and motivate private landowners are essential to
achieve this TMDL rgquirementPublically-owned riparian areas that do not have treed buffer
widths consistent with this TMDL should be identified and scheduled for plaattitng earliest

date and no later than five years from the date this TMDL is approved

Enforce localordinances and refine as neededProtecting existing wooded riparian areas is
especially important because of the long time it takes to establish new mature egulations
must be enforced in order to derive both deterrent and corrective actionndé&efio | o gy 6 s
Pilchuck River Temperature and Dissolved Oxygen TMiaets the requirements for best
available science and should be consulted when upddtorglineandcritical areas ordinances,
clearing and grading ordinances, and other regulations.

StateEnvironmental Policy Act and land use planning Consider TMDLs during State
Environmental Policy Act (SEPA) and other local land use planning revittlie land use action
under review is known to potentially impact temperature and dissolvedrody@9 as addressed

by this TMDL project, then the project may have a significant adverse environmental.impact
SEPA lead agencies and reviewers are required to look at potentially significant environmental
impacts and alternatives and to document thabhéocessary environmental analyses have been
made Land-use planners and project managers should consider findings and actions in this TMDL
plan to prevent new land uses from violating water quality standards. Local authorities should
consider this TMDL irthe issuance of land use permits.

7 http://www.arcgis.corinome/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549&extent=
123.0388,47.109122.5317,47.2963
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Figure 6. Riparian restoration photo.

Restoring and Enhancing Natural River Processes

EnhanceCold Water Refuges using LWM: Enhancing and protecting cold water refuges is vital
to salmon recoveryCold water refuges (CWRs) are generally defined as water that is 2°C cooler
than the surrounding watefBorgensen, Ebersole and Keenan, 200#)ile trees take many years
to reach thir full potential to protect streams from excessive hea@igRs provide immediate
assistance to salmon and other cold water species during the warmest times of Treyaae
preferred areas for fish and invertebrates when water temperatures \gatioéor them to

tolerate Observations of fish using CWRs provide direct evidence of the importance CWRs usage
for salmon migrationFish are able to detect <0.1°C temperature difference and respond to this
fine-scale difference both spatially and teradlyrby moving to more favorable water (Torgersen,
EbersoleandKeenan, 2012)Streams with healthy natural processes can contaidewairiety of
these relatively cooler areddany types of hydrological processes including tributary junctions,
side chanels, alcoves, stratified pools, groundwater seeps, hyporheic exchange (i.e., laterally
through point bars and meander bends; or vertically through a pool and rifflesgste create
CWRs(Leonetti et al., 2015)
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Figure 7. Potential cold water refuge (CWR) spot with large woody material (LWM) for fish
along the Pilchuck River

For example, where groundwater from wetlands and other sources is available near a stream, the
presence of large wood structures can connecttudé¢r groundwater to a stream or rivécour

pools created by large wood structures create cooler, deeper pools that can tap into groundwater
Large wood just upstream of where a cooler tributary enters the mainstem can increase the size
of the resultinglownstream CWRN some stream reachegarm water temporarily leaves a

stream only to emerge downstream after being cooled during its subsurface-isivehd

invertebrates can have a dynamic relationship with CWRs during periods where stream
temperatres are high

Control Excessive Erosion and 8&dimentation: Excessive sediment loading can affect local

waters and aquatic life by covering salmon eggs and filling streams so that they become wider
and shallower. Making a stream wider and shallower canadfect water temperatures db@

levels. This problem happens in parts of the stream where water velocities decrease and sediment
falls to the bottom of the streaifihe settled sediment causes the stream to spread out and

become wider. When the streasnwider, more water comes into contact with air and sunlight

making the water warmer. The warmer water also holds less oxygen to support fish and other
aquatic life.

Sedi ment deposition can al so smother satl mon e
their eggs. Cemented redds get clogged with fine sediment, causing poor water flow through the
gravel. Without good water flow, oxygen levels needed by developing eggs can become too low,
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causing them to die. Moreover, as fine sediments clog the dpeivesen gravel, cobble, and
other finer substrates, the rate of hyporheic exchange is also reduced.

Bank erosion in streams and rivers is partwbgéerbodyd s ev ol uti on. When it
levels, erosion brings in fresh gravel to support heatuatic invertebrate communities as well

as provide good salmon spawning substrates. However, when human activities change stream
hydrology and increase water flows, the force of the higher flows accelerates this process.
Increased storm intensity and ppetation are additional factors thaanalsoinducethese

higher flowsespecially in the face of climate changéhen trees and native vegetation are

cleared from riparian areas, the loss of roots make banks more susceptible to erosion and can
cause botla destruction of fish habitat and significant property loss.

Although a sediment budget was not created as a part of this TM®madst common sources
of sediment and altered stream processes typically include 1) landslides; 2) erosion resulting
from poa forestry management practices; 3) construction site runoff; 4) alteration of natural
stream channels and riparian areas; and 5) hydraulic scouring following urban and rural
development. Actions to control sediment released from forest roautsol hydaulic scouring
through stormwater infiltration, and cookidamage to riparian areas aiscussedhroughout

this chapterThis implementation plan supports the following additional actions aimed at
reducing sediment buildup and improving natymalcesses that contribute to improved water
temperatures

1 Control eosionduring construction activities

1 Restore riverbank stability with riparian vegetation

1 Maintain forest access roads

1 Restore natural river processes

Water Conservation and Streamflow Algmentation

This TMDL shows that reducing the amount of wdl@wing in the Pilchuck Riverincreases
stream temperatures and redub€slevels Adding water back into the river results in cooler
water with moreDO. For that reasonncreasing summer baseflow levels through water
conservation and streamflow augmentation is an impootgiattiveof this TMDL. Water
conservation techniques are well established and not individually detailed bielawwver,
streamflow augmentation is dagvely new field of environmental restoratiorhe Pilchuck

Riverd s  wdrietyeof landuses and geography is an excellent watershed in which to pilot new
flow augmentation techniquesnplementation actions required to imprasteeamflovs are
discussedbelow.

Infiltrate stormwater where feasible ando the maximum extent practicable Impervious
surfaces such asafs, roads, and parking lots increase the potential for adverse irbgacts
prevening rainwater from infiltrating intahe ground Infiltrating stormwater helps maintain or
restore natural hydrologic processesh as groundwater rechatbat supporstreamflovs during
summer The proper infiltration of stormwater also hetpsnove pollutants and help minimize
flood frequencies.
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Property owners can usesuiteof Low Impact Development (LID) tools, including harvesting and
infiltrating rain water with rain barrels, installing bswales, replacing lawn grass with native
species or a rain garden, augmenting lawn soils to improve azerption, and replacing paved
areas with gravel or permealgavers Riparian buffers also infiltrate and slow down stormwater.
Information on these different LID options is available through Snohomish Conservation ®istrict
Urban Stormwater PrografThis plan recommends that state and local governments work
together to advance the use of Low Impact Development (LID) practices in new development,
redevelopment and retrofit project®w impact developmnt is a stormwater management and

land development strategy applied at the parcel and subdivision scale that emphasizes-use of on
site natural features integrated with engineered, ssnalk hydrologic controls to more closely

mimic predevelopment hyditogic functions (PSATand WSU 2005). Idally, site planning and
stormwater management are integrated at the initial design phases of a project to maintain a more
hydrologically functional landscape.

E c o | goundwsitervelocity table (illustrated in Apendix J) may serve as an example of a
useful tool for the site planning of infiltration facilitie&fter inputting the elevation of the
infiltration facility, stream elevation and distance to the stream, this table automatically
calculates the followinpased on soil type:

1 Hydraulic gradient (slope)

1 Linear velocity (rate of change)

1 Travel time (in days and years)

Ecology provides a detailed example on how to estimate groundwater volume, groundwater

velocity, travel time, and drainage area for infiltratfaailities (Appendix J)Since this watershed

hasa permeablesoil layer as well as @estrictive soil layefseasonal high water table, bedrock, or

other impervious layerEcology also examined the feasibility to site infiltration facilibesed on

the soil <charact er i2019 StorsmwatteMarageméneMbnual for VEestert o g y
Washingtor? Ecology found infiltration to be feasible fire Pilchuck River watershed (refer to
Appendix J).The analysisin Appendix Js meant to provide a starting point for identifying where

water might be strategically added back to the Pilchuck River mainstem and Little Pilchuck Creek.
This TMDL recommenslconductingsite planning and field verificatioturinga stormwater

p r o j ieit@ltdésgn phases, am$sessingite conditionghroughout the life ofhe project

Restore or enhance wetlands where feasiblé/etlands store water and slowly charge
groundwater supplies during dry weather periotlsis TMDL recommends additional research
to identifymarginalforestry andagricultural lands where wetland restoratamuld improve
summer baseflows

8 https://snohomishcd.org/soudmes
9 https://fortress.wa.gov/ecy/ezshare/wg/Permits/Flare/2019SWMMWW/2019SWMMWW.htm
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Figure 8. Example bioretention facility.

Use imported water for new developmentWhere feasible, supplying new homes and
development with carefully managed water sources outside of the Pilchuck River watershed can
help increase summstreamflove. Imported water is currently estimatexdontribute up to ~ 4

cfs in summer baseflow gain

It is important to note that the Washington State Legislature pass@®18 Streamflow

Restoration Act (ESSB 60919 provideactionsthatoffset impacts to instream flows associated

with permit exemptlomestic water use and achieve net ecological bedifite these actions are

not expected to directly contribute to water quality improvement, this program is expected to

prevent future degradation to instream floWsvill also provide essential guidae on increasing

stream baseflowd his implementation plan recommends tracking and keeping up with streamflow
restoration guidance devel oped by Ecol ogyds W
law.

This planalsorecommends that state and logal’ernments work together to plan for the use of
imported water for new development from outside the basin (e.g., Spada Reservoir) to limit new
exempt wells where feasible. It is important to note that the Little Pilchuck Creek is a closed basin
to newwater right applications

Prevent illegal water withdrawals. On a localized basis, illegal water withdrawals have the

potential to affect water temperatures and should be reported to Ecology by contacting (425) 649
7000. All surface water diversions mugtb aut hori zed through a water
Northwest Regional OfficalVater Resources Program will work with local landowners that need
water for crop irrigation and can be contacted at the telephone number above.
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Improve efficiency and timing of irrigation : Dry Pacific Northwest summer climate conditions
lead to increased irrigation needs and therefore more water withdraaadtowners should water
fields, gardens and lawns during the cooler times of the day in the morning or in the evening
during the critical summer monthkrigation timers can be used to improve convenience of
watering in the early morningysing efficient irrigation devicesuch as soaker hoses and drip
irrigation, conserves water in gardens and fieldgDydelivering waer slowly close to the plant
roots where it is most needed g@¢lavoidng overspraying and evaporatiddeesmart watering

techniques!®

Additionally, installingwater control valves on drainage tiles to control water flow rather than
draining open yearound, may help conserve the amount of water withdrawal from Pilchuck River
itself during the summeirhis TMDL recommends additional research to determine how wiuch

an effect valve drain tiles have in water conservation during the surAgresultural water users
should consult with the Snohomish Conservation Disfiéct Planning Prograthto develop a

water maagement plan that maximgeatering efficiency.

Ecology supports conservation efforts that optemggation and soil health practices. While
irrigation audits are currently not regulategl Ecology this TMDL also recommends voluntary
irrigation auditsto manageaturalsoil moisture and texture. Incentive programs should be
considered to encourage landowners to conduct a voluntary irrigation audit.

Streamflow Augmentation through Beaver Management

Beaver dambave the potential tmcrease summeéeas@ows through an expansion lroth

surface and subsurface water stordge to water ponding and infiltratipfDittbrenner, 2019
Pollock, Castro, and Lewallan, 2018; Bouwes et al., 2Bb8ell et al., 2005Dittbrenner

(2019) found that beaverlogations to headwater streams in the Skykomish watershed created
243 n? of surface water storage and 581 ahsubsurface water storage per 100 m of stream
reach in the first year following relocatioAdding surface water features and increasing
subsuréce storage is expected to increase downstream flows.

While beaver management was not included within the scope of this study, this plan recognizes
the beneficial impacts beavers bring to stream restoration and salmon rgéoyerg9).

Beavers areurrently present in both the Little Pilchuck and Dubuque subbgSnahomish

County verbal communicatiarNovember 16, 207) and are thought tpotentiallyhave

widespread presendierougtout therest ofwatershedSeveral sources indicate beavers tHthee

ability to recharge groundwater by elevating water tables, reconnect and expand floodplains,
increase hyporheic exchange, increase summer baseflows, expand wetlands and cold water
refuges, create sediment traps and improve water quality (Pollocko CasdrLewallen2018;

Bouwes et al., 2016; Weber et,&017; Rosell et al., 2005)

10 hitps://snohomishcountywa.g®ocumentCenter/View/7261/Smaifatering?bidld
11 https://snohomishcd.org/soufiarms
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As illustratedn Figure9, beaveirmade dams and beaver dam analogs (i.e., structures that mimic
beaver dams) slow and increaseface water levels upstream of the dam (Bouwes et al.,.2016)
Pools above and below dams increase bed channel complexity and provide resting and foraging
opportunities for fishDeeper pools allow the water temperature to stratify and increase
hydraulicpressures, which force cooler groundwater to disperse and upwell further downstream
creating an expansion 6WRs Gravel bars may form at the tail of a beaver pond and just
downstream from the scour of the dam, which creates spawning habitat and piiskigésces

to hide Frequent inundation of inset floodplains creates side channels and rearing habitat for
juvenile salmonids and increases riparian vegetation recruitdemmbcrease in riparian

vegetation and pond complexes translates to more foqdysaipd refuges for beavers leading to
higher survival and persistent beaver colorBEsavers maintain the dam and associated
geomorphic, hydrologic and biotic processes continue to create complex fish habitat (Bouwes et

al., 2016)
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Figure 9. Changes expected from beaver dam analog installation and the benefits to beaver
and fish (Bouwes et al., 2016).

Weber et al. (2017) studied beaver impacts on stream temperature and found that even though
beaver colonies are vieweegatively for reducing shade, their data suggested that the increase
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in solar radiation was offset by the buffering effect caused by an increase in surface water
storageFurthermore, summer stream temperature maximums decreased for stream reaches
locateddownstream of active beaver dams, with Dittbrenner (2019) finding a cooling effect
average of 2.3°C in stream temperatures during summer baseflow conditions in the Skykomish
River watershedAreas with the greatest longitudinal increases in maximum suistnegim
temperature occurred during times when no beaver dams or beaver dam analogd/\éxested
evaluating the potential of beaver ponds to supplement summer hydrology as a total percentage
of summer precipitation, Dittbrenner (2019) stdieaver compbees have the potential to
supplement summer precipitatibg 2.4% in mixed basins such as the Snohomish River basin
(see Figure I theClimate hange sectioof this repor}.

The extent to which beaver dams drever dam analogs (BBAraise groundwatdevels and
exampleBDA calculationshased on the August baseflow restoration targets dcaad
Allocationsectionare discussed in AppendixElxampleBDA calculations are meant as a
starting point and do not reflect thatiresuite ofBMPs that camsed to return water to the
Pilchuck River Careful site planning is a mushen considering BDAonstruction. Snohomish
County noted that angonstructed BDA# the PilchuclRiver watershedre likely to beshortly
occupied by beavers (Rustay, piblic communications November 13, 2020)By increasing
groundwater storage, beaver dams and BDAs can shift slightly losing stream reaches to gaining
reachegMajerova et al.2015), shorten the neifowing duration of intermittent streams (Woo
and Waddigton 1990), and even convert intermittent streams into perennial streams
(Snodgrassl997; Pollock et al2003).

Extensive planning must be undertaken in places where beavers and humans interact or in places
where beaver relocation or reintroduction rb@yunder consideratiod/here necessary,

property acquisition or easements should be considered where conditions are suitable for beaver
colonization and water storagictive outreach and education to inform landowners about

beavers and how to live witheavers (including the challenges) should be explétedwn and

potential challenges between humans and beavers include:

1 Impacts to roads and other transportation infrastructure through plugging of road culverts
and/or backwatering of water behind bead@ms.

1 Flooding of private property including dwellings and septic drain fields.

1 Unwanted beaver browse of crops and ornamental plants.

1 Potential reduction of fish passage in confined streams, especially those associated with built
infrastructure.

When conglering beaver restoration, referdot KS . ST @SNJ wS&{G2NI A2y DdzA
SI SNJ G2 wSaidz2NB { iNXB I'¥Beavers Nidhiveddamisivashimgirk Cf 2 2
{01 0SS 5SILINIYSY(ld 2F CA & KfolméminfariafioR This TR & 02 5 C?2

2 hitps:/iwww.fws.gov/oregonfwo/Documents/2018BRGv.2.01.pdf
3 http://www.beaversnw.org/home.html
M https://wdfw.wa.gov/specidsabitats/species/castoanadensis
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recomnends consulting with WDFWildlife biologists early and often during the planning of
beaver management projecthis TMDL also recommends conducting beaver assessments to
better determine the extent of beaver family populations to help guide future beamagement
and public outreach projects within this watershed

Nutrient, Sediment, and Erosion Control

Practice natural yard care techniques The summer season is when plants and lawns need the
most water and a time when streamflows are at their lowastowners can purchase native

plants for their yard that are already acclimated to the local climate and require less maintenance
than lawnsSelecting droughtolerant native plants that require less irrigation will help leave

more water in the strearAdding mulch or compost helps retain moisture in the soil for plants

and also conserves wat@pplying a slowrelease fertilizeat the proper rate anone will

reduce the amount of nutriertsat runoff during storm events by releasing nutrients more

slowly. Grasscycling, is alsoa good techniqut retaingrass clipping®n the lawn for soil

organisms to break down as free nutrieBeSnohomish Counfya v iaiid dziMd wiebsitt

for more infaomation or resources about natural yard care.

Add protections where livestock are presentLivestock owners have a special challenge in
estdlishing and protectingegetation preventing erosion, and controlling nutrient discharges in
riparian areasGrazing animals have the potential to destroy riparian areas as well as discharge
bacterial pollutants and nutrients to local waters if proper management practices are not
followed. Proper best management pract{@dPs)for livestock rearing inade fencing to

keep animals out of waterways and riparian areasstodam watering facilities, and the proper
combination of tree coverage and filter strips outside of the fedcatigpf which are needed to
protect local surface waters.

15 httpsi/snohomishcountywa.gov/1097/Natuiérd-Care
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Figure 10. Livestock grazing.

Continuous grazing can cause soils to become compacted and reduce infiltration of stormwater

to recharge groundwater supplies. It also weakens plants and offers an opportunity for invasive
plants to become establesthand makes it easier for bacteria and other pollutants to drain off the

land and into a wetland or stream. Healthy grass promotes the infiltration of stormwater and is
better for | ivestock. Grass forageghthG@Gazing ts be
bel ow 30 depletes the plantsd energy reserves
Remove animals when grass height reaches 30 a
more.

The Snohomish County Water Pollution Ordinaag@nohomish County Code 7 53rohibits

discharges that contain contaminants, including sediments. The ordinance may atiquirer

best management practccéBMPS) described in appropriate stormwater prevention plans.
Snohomi sh Countyds ¥(ChHapter 3062A.62640espesificdly di nanc e
addresses standards and conditions relédiegmmercialagriculture.The ordinance requires

the use of agricultural BMP6s to protect the
wildlife conservation areas. Althoughe need to plant trees in riparian areas is not specifically
discussed in #ordinance, landownessiouldincludeplanting trees as an appropriate BMP

the design of animal grazing areaeesar critical areas or buffers

Farms thaspread nutrients aafield shouldbe sure t@pply nutrients at agronomic rates. Due to
high seasmal rainfall,theappropriate timing and amount of nutrient application iticat (Carey
and Harrison, 2014)f nutrients are applied during a rainy periadbr too heavily, theplant
uptakemay be limitedresulting in excess nutrients washing off the field and polluting nearby
water bodiesRefer toEcologyd ¥oluntary Clean Water Guidance for Agriculttffandcontact
SnohomishConservation Districtor further information and recommendations on BMPs that
address nutrients

Small farms should receive periodic technical assistance visits from the Snohomish Conservation
Districtd BEarm Planning Progrditto ensure BMPs are being followed. Technical assistance
visits to new landowners are especially important when livestock properties change ownership.

Where Do We Have Opportunitiesfor Improvement?

Many reaches of the mainstem Pilchuck and its tributaries need large riparian planting and
restorationShade is needed along major river segments and all major tributaries in order to cool
not only the water temperature, but createieroclimate that decreases the air temperature. The
larger the buffer, the greater the air temperature decrease

16 https://snohomish.county.codes/SCC/7.53

7 https://snohomish.county.codes/SCC/30.62A_Part600

18 https://fortress.wa.gov/ecy/publications/documents/2010008. pdf
19 https://snohomishcd.org/soufiarms
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A wide tree canopy buffer can help cool soil and subsurface temperatures, which may translate to
cooler groundwater and hyporheic flaws

As part ofthisimplementation plan, Ecology reviewed orthophotography from ArcGIS in 2017
and 2018The following analysis divides Pilchuck River watershed into three segments

1 Upper Pilchuk (River Mile 26.4 and above)
1 Middle Pilchuck(River Mile 8.6 to 264)
1 Lower Pilchuck(confluence with Snohomish River to River Mile 8.6)

River metrics and corresponding maps used to delineateeaches in these segmentsiman
found in Appendix K.

During the 2014 and 2016 surveys, Ecology identified several arebesevaluating seeps and

small tributariesalong the mainstem that might function as potential cold water refuge (CWR)
areasThe temperature differences between the seeps and tributaries and the mainstem averaged
5.6°C TheseCWR areas ardiscussed throughut the Middle and Lower Pilchudubbasin

reaches. A full list of potential CWRs may be found in Tafland Figure24. Siting of actual

CWR projects will require additional study c o0l ogy 6s direct observatior
and flow balancing wik is intended to show both the potential for creating CWRs and the

general areas where that potential exibtés TMDL recommends additional geomorphic and

hydrologic assessment to identify and prioritize CWR creation and augmeiiratinen

mainstem andll major tributaries

The strategic placement of large woody material (LWM) also known as large woody debris
(LWD) or engineered log jams to improve the amount of cool water inputs and localized fish
refuges is highly encouraged as a means of implenggtiitia TMDL. Placing LWM in stream
channels creates channel complexity and forms scour pools, improving fish habitat as well as
enhancing groundwater inflow to the stream (Booth, 1997; Drury, 198%) TMDL recognizes
thatfor projects to install LWM asnvisioned in this TMDL will require additional field

research and community outreaBinoject managershould include an analysis demonstrating a
high likelihood of creating new or increased groundwater inputs as a prioritization criterion.
Public safety should also be weighed as a factor during LWM project d€s@m authorities

are encouraged to reauge the complexity of the additional analysis, community outreach, and
design challenges when examining how they can structure their funding guidelines to help
facilitate this important but complex aspect of implementing this TMDL.

Increasing the numbef pools is another key component towards providing n@Rsthat can
actas stepping stones for fish when temperatures are tooRogis also providkabitat for fish
rearing. Table 25 shows average near stream disturbance zone (NSDZ) channelveititizp
NSDZ channel widtlconversion ratis, approximate wetted channel widthsgerage frequency of
poolspermile targetdased orthe Matrix of Pathways and Indicators (NMFS, 1986jlaverage
frequency of poolperkilometer targetsvithin the MiddlePilchuck and the Lower Pilchuck
reaches.
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Ecologyestimated hewetted channel widtby multiplying the NSDZ channel width lige wetted
to NSDZ ratio. FronNMFS (1996) Ecology used linear interpolation or regresgpr 572.65x
0764 to estimateappoximate pools per mile targdturther information on where additional pools
are needed is discussed later in the Middle and Lower Pilchuck subbasin sections.

Table 25. Pilchuck River channel widths and average pool targets.

River Miles Average Wetted to Approx. ~pool/mi ~pool/km
NSDZ NSDZ wetted width target (1996 target
Channel ratio (m) at low flow matrix)
Width (m)
Middle Pilchuck 48.52 0.54 26.20 19.1 11.8
(RM 8.70-RM
25.48)
Lower Pilchuck 41.37 0.63 26.06 19.1 11.9
(RM 1.24to RM
8.08)
Total Study Area 46.37 0.57 26.43 18.9 11.8
(Middle +Lower
Pilchuck)

Upper Pilchuck Mainstem and Subbasins

Most of the Upper Pilchuck from RM 42 to about RM 26 is forested lands managed by
WashingtorState Department of NatuigesourcegFigure 11). Actionsthat can be taken to
minimize temperature arfdO impacts are discusséelow.

In August 2020 Tulalip Tribes and City of Snohomislompletely removethe City of
Snohomish Diversion Daifbuilt in 1932)on the Pilchuck River, whicimpededupstream fish
migration The Pilchuck River Dam Removal Restoration projestoredunimpeded fish access
to 37 miles of high quality habitaDuring the course of thisroject asecond smaller dam (built
in 1912 wasalsoremoved
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Figure 11. Upper Pilchuck subbasin

The state's forest practices regulations will be relied upon to bring waters into compliance with
the load allocations established in this TMDL on private and state forest Tdmsistrategy,

referred to a the Clean Water Act Assurances, was established as a formal agreement to the
1999 Forests and Fish Repétt

The statebds forest pr ac teipectaton thautheesteeannbeffers and e v e |
harvest management prescriptions were stringent enough to meet state standards for temperature
and turbidity, and provide protection equal to what would be required under a TA4part of

the 1999 agreement, newdst practices rules for roads were also establishesse new road
construction and maintenance standards are intended to provide better controirefatead

sediments, provide better stream bank stability protection, and meet current best management
practices.

To ensure the rules are as effective as assumed, a formal adaptive management program was
established to assess and revise the forest practices rules, as Tibedaggeement to rely on the
forest practices rules in lieu of developing sepafd®L load allocations or implementation

20 https://www.dnr.wa.gov/Publications/fp_rules_forestsandfish.pdf
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requirements for forestry is conditioned on maintaining an effective adaptive management
program.

Consistent with the directives of the 1999 Forests and Fish agreement, Ecology conducted a

formal 10-year review of the forest practices and atd@pmanagement programs in 2609

Ecol ogy noted numerous areas where i mprovement
forest practicesnpgram provides a substantial framework for bringing the forest practices rules

and activities into full compliance with the state standartisrefore, Ecology decided to

conditionally extend the CWA assurances with the intent to stimulate the neededampnts

Ecology, in consultation with key stakeholders, established specific milestones for program
accomplishment and improvememhese milestones were designed to provide Ecology and the

public with confidence that forest practices in the state witdnducted in a manner that does

not cause or contribute to a violation of Htate water quality standards.

This TMDL study did not analyze the effect of clearcutting and other forest management
practices on basin hydrology and resulting temperatfieetefHowever, the adaptive

management process for the Forest Practices Rules includes research being conducted by the
Cooperative Monitoring, Evaluation and Research Comm{{T?ER)? a committee

established by the Forest Practices BoArdong their work is research on the effect of forest
management strategies on stream temperature, sedimentation and hydrology.

The regtations for private forests and State Trust Lands are discussed below:

1 Private forests and state trust land: Private forest landowners must follow the Forest
Practices Rules (FPRs, Chapter 76.09 RCW). The FPRs are regulations adopted by the Forest
Practices Board that establish minimum guidelines for timber harvesting and riparian forest
managemenRiparian Management ZonéBMZ)are established along all perennial streams
where silvicultural activities are restricted to protect shade and large woody matevidl, (
also known as large woody debris) at levels that meet the water quality standards and protect
the streambds €e<The vddihs af RMZ arfe based bni thalrsite .class (its
ability to grow trees), and varies from-200 feet Management within the RMZ is strictly
controlled by a complex set of forestry prescriptions established in the state forest practices
rules Although the rules will allow managemg(tiiinning) to within 50 feet of the water,
along most fiskbearing streams a 101 to 118 foot wideemdry buffer is established.

The specific allowance for harvest within the RMZs depends on how dense the stand is and how
well it protects stream shadedathe supply oEWM to the streamsThe width is also

conditioned on the size of the stream, whether or not it contains fish, and whether or not it flows
yearround (perennial)Private landowners must follow either the state forest practices rules
estabished in conformance with tii@nal Forest Practices Habitat Conservation PIEFPHCP)

21 https:/ffortress.wa.gov/ecy/publications/SummaryPages/0910101.html

22 https://www.dnr.wa.gov/about/boardsdcouncils/forespracticesboard/cooperativenonitoringevaluation
andresearch/

23 More information about Western Riparian Management Zones is available online (WAC Chagé(2) at:
https://apps.leg.wa.gov/wac/default.aspx?cite=22D21
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or follow alternative prescriptions established in a HCP developed and approved specifically for
their ownership.

State Trust Lands are subject to 8tate Lands HabitaConservation PlagHCP). The State

Lands HCP is an agreement covering msjitecies that ensures management activities on State
Trust lands will not result in degradation of habitats that are important for federally listed
speciesThis agreement establies alternative harvesting prescriptions for State Trust lands that
are believed to provide equal or greater protection than those required for private forestry
operationsBuffer widths along watercourses depend orstheam type?* Fish bearing streams
have a site index buffer appliethe width of a site index buffer depends on the productivity of
the soil, and is equal to the height the site dominant tree species is expgetei tb00 years

Currently, under the HCP, some silvicultural activities are allowed within the riparian
management zones if the stand does not meet the desired future coWd@oa riparian zones

will be entered, a core zone of 25 feet on each ditieecstream is considered a no touch area,

and is not subject to any management practidéhin the remaining buffer area, thinning can
occur, as well as creation of downed woody debris and shihgse activities are to be designed
based on site spemfconditions so as to have a positive influence on the stream itself, as well as
on the riparian ecosystem and the species, which rely on it.

Although state and private forest lands are managed under other authorities, this TMDL has the
following generakecommendations for forest managers to promote the improvement of water
temperatures andO in theUpperPilchuck Riversubbasin

1 Establish or maintain good riparian vegetation Where significant portions of riparian
buffers are found to be poorly vegeth{such as with grasses, shrubs, or invasive species),
riparian restoration and replanting with the appropriate plant species are.needed

1 Provide treatment for logging road systemsProper attention to the state of logging roads
and their drainage faciids is needed to prevent sediment delivery to the waterSheer
roads, sediment control structures, and stormwater conveyance systems should be evaluated
for maintenance, removal, or decommissioning.

1 Evaluate large scale land use changes from forestrgtvities: Large scale land use
changes from forestry activities affect watershed hydrology. Changes in interflow,
groundwater storage, and surface runoff can occur from the construction of roads and
clearing of land associated with forestry activitiess Bxpected that existing forestry
management rules and plans will consider this impact on water quality as they are revised

1 Augment streamflow. Assess whethewetland restoratiorheaver dam analoder other
impoundment BMPsandotherbeaver managemepracticesare feasibleConsultwith
WDFW wildlife biologists early and often during the planning of beaver management
projects.

“Stream type descriptions are avail abl ete28216000at:under
https://apps.leg.wa.gov/wac/default.aspx?cite=2@D10. Additional definitions are available online at: (WAC
Chapter 22216-030) at: https://apps.leg.wa.gov/WAC/default.aspx?cite=28230.
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Middle Pilchuck Mainstem and Subbasins

As illustrated in Figures 12 and 18gtMiddle Pilchuck River encompassd®utl8 miles of

channel extending upstream from the confluence with Dubuque Creek at Ok Mill Road (RM 8.6)
to RM 26.4 (where the diversion dam used to Bhe Middle Pilchuck mainstem contains

several riverine (riparian wetlands along rivers, streams) aslvigger forested/shrub wetlands.
Little Pilchuck Creelsubbasircontairs more wetlands than Dubuque Crd€igures 15 and 16)
Refer to Appendix K fomore detailednaps and information about the stream reaches discussed
later in this section.

During Augus 2012, the daily maximum water temperature in the Middle Pilchuck mainstem

peaked a22.87°C and in midAugust 2012, th&-DADMax water temperaturgseaked atbout

22.5°C, well exceeding the state standard of 1&@CAugust 18, 2016, the minimum water

temperatures in the mainstem were just above state stanoleals)g atl6.85°C, while the

maximum water temperaturpsaked aabout22.6°C Modeling scenarios characteridater in

this document itChapter40 Sy st em pot ent i sshowthabtheiddieiPichuské s ect
is unable to meet theumeric criterigpart of the state standarésen under system potential

conditions Despite being unable to meet tin@meric criteriathe managemenscenarios are

shown to

1 Reduce’-DADMax water temperatures below tadult fish lethalityo f  AFRigar€4);

1 Reducehe Tdaymaximumtemperatures below the adult fish lethality criterih 2 3 e C
(Figure %); and

1 Meet the narrative 0.3°C human impact part of the state standards.

The additionof streamflowrestoration and increased hyporheic exchange show a noticeable

di fference with reducing temperat uSys,eesm bel ow 2
potential shade plus microclimate continue to show a substantial difference comared to

action scenario when moving from upstream (RM 26) to downstream through the mainstem

Pilchuck River.

The city of Lake Stevens partnered with the AdapgBtream Foundation, who planted trees and
installed LWM with many private landowners in the LitBdéchuck Watershe(seeFigure 13).
Snohomish Conservation District is currently working with landowners to restore riparian
buffers in both the Middle and Lower Pilchuck segments with Ecology funding.
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Ecology examined the 1800t riparian buffer on each side of the mainstdiddle Pilchuck
Riverfrom OK Mill Road to the diversion dato determine the number of acres that need
planting and the numbeof acres that already have tree coverage or have little to no planting
potential As shown in Table & Ecology calculated total riparianareaof 769 acreslong the
Middle PilchuckmainstemOf this 769 acres, 204.2 acres 27% of the total riparian areeed

to be planted with tree®ver half of the total riparian area or 440.2 acres already hasdiaege
trees About 13% or 101.9 acres had trees considered small or medium in Négyakpect
thesesmall to mediuntrees to provide more shade as they increase in size over the coming
decadesAbout 21.4 acres were comprised of roads and infrastructure that had little to no
planting potential.

Table 26. Middle Pilchuck mainstem riparian areas (OK Mill Rd to diversion dam).

Land Use Acres % o.f Ueizt
Riparian Area
Total riparian area 769 100%
Areas in need ofriparian planting
Barren acres 6.3 1%
Pasture/grass/cleaut 182.6 24%
Shrubscrub 15.3 2%
Areas with existingtree coverage
Mediumsized trees 70.7 9%
Small sized trees 31.2 4%
Large sized trees 440.2 57%
Areas with little/no planting possibility
Water 0.8 0%
IndustrialPower linéHouse 111 1%
Road 10.3 1%

Ecology also examined pool targets in the Middle Pilchuckcanaparedhese targets with
Snohomi sh Coun tC8WM, 20a2s)S ses BabileReaclieS1, 2, 3, 5, 6, 7 all
meet theaveraggoool target of 11.8o00ls/km ashown inTable 25 Reaches that did not meet
theaveragdarges are discussed in the followirsgction

Table 27. Existing pool frequencies by Middle Pilchuck reach, as identified by Snohomish
County.

Difference from
Pool Frequency .
Reach (pools/km): estimated pool
P target (pools/km})*
1 15.0 -3.2
2 15.2 -3.4
3 15.8 -4.0
4 10.4 14

Publication 2610-035 December 2020 Pager6



Difference from
Pool Frequency .
Reach (pools/km}: estimated pool
P target (pools/km)*
5 25.0 -13.2
6 13.1 -1.3
7 16.7 -4.9
8 7.2 4.6

*Estimated frequency of pools targetl1.8poolsperkm (Table 25).

Reaches 8 and 7 (collectively RM 26.44 to 22.52)

Water temperatures measuedzbut 20 feet downstream of the bridge at Menzel Lake Reat
just above lAugust20d2Durinythig same tmeftame, temperatures would dip
down to about 1:2 3 eDissolved oxygen levelst RM 25.5werelowestin August 2012, when
theydipped to just above 9.5 mg/Bee Appendix D, Figure D.1 for further details

A wider riparian buffer might be achieved between RM 25 and RM 26 (Reach 8) on the right
bank between privatelgwned and municipal parcelccording to ArcGIS, it appears there

may be a couple of unnamed tributaries (with a seep noted at each tributary) coming in on the
left bank side Thismight be an area to explore for potenGaVR areas for fish in concert with
planting

According to Snohomi 3CSWM, d0i2ay Reach 8lamainsat Repor
frequency of 7.2 pools per kilomet@rable 26)and is characterized as having few high quality

pools After further calculation, the frequency of pools target for the Middle Pilchuck segment

(RM 8.70 to 25.48) is 11.8 pts per kilometerAdditional information about how the frequency

of pools were calculated may be founda preceding sectian Table 25 As part of theCWR

strategy, further study will be needed to determine the feasibility and prioritization of pool

creation Since Reach 8 is relatively cooler than other reaches, pool creation or enhancement

might be less of a priority in this reach; however, the opportunity to assess and prioritize pools

within this reach should not be overlooked, especially in thredéclimate change.

In Reaches 7 and 8, there is quite a bit of large wounatgrial(LWM) and gravel bars found
downstream from RM 25 to about RM 23 that mayblke toprovide CWR habitat andhould
beexplored for CWRexparsion From about RM 24 tabaut RM 23 (Reach 7), there are sizable
and intermittent planting opportunities along the left bank as well as a couple of pd&vikal
spots along the right banRlanting opportunities also exist around a meander at RM 23

Reaches 4, 5, and 6 (collectikeRM 18.32 to 22.52)

Water temperatures measured upstream of the bridge at Robe Menzel Road in Reach 6 went
above 16eC from early July to ear |-Augu§2042 e mber
Water temperatur es pe aklathe nmotningghbugsCvatern August 1
temperatures would dip below 16eC with the | o
August 17, 2016 at 8:30 am at Robe Menzel R@duderved temperatures fluctuated over the

course of 24 hours, potentiabffecting fish life during the day, less so at nighilo DO results
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were recorded at the Robe Menzel Road in 2012; however, DO measurements taken during mid
August 2016 range from about 8.7 mg/L to nearly 10.6 mg/L.

Significant groundwater gain start from Robe Merizead (Reach 6) and end near City of
Granite Falls (between RM 19 and RM 20 in ReacliPdjt of this gain may be due to permeable
glacial outwash soils in the arégaaining reaches are characterized as one of the hydrologic
processes that cred@®VRs This TMDL recommends prioritizing this gaining reach area for
CWR expansion and riparian restoration opportuniftégem Robe Menzel Rd to around RM 21,
there may be intermittent parcels to plant both on the left and right.darfikeach 6, there are
two poential CWR sites between RM 22 and RM.Around RM 21.29, there are two

tributaries downstream from one of the poter@#R sites in Reach.6

About a quarter mile upstream from RM 20 in Reach 5, planting opportualibieg the right

bank and a potenti€WR between an unnamed tributary and a riverine wetiuodlld be

explored Bare/sparse patches were observed beyon®Bthé&1 r i pari an buffer on
parcel that might benefit from planting to prevent erosion and promote a cooler microclimate in
Reach 4Within Reach 4, there are three intermittent clusters of small parcels that might be

planting opportunities depending on landowner willingnksbetween two of the parcel clusters

is a potentialCWR site near a seePpownstream of RM 19, there mée small intermittent

planting opportunities and a potent@ZWWR site along the right banlklong the left bank across

from the potentiaCWR site is a riverine wetland he left bank along Reach 4 generally seems

to be wellvegetated with trees and shaibe protected

Reach 4 is characterized in the Snohomish County habgatt (SCSWM, 2012a) as having a

low frequency of pools per river kilometer at 10.4 pools per river kilometer as well as few high

quality rearing poolg¢Table Z). High quality pods were defined in the report as pool locations
within the maOnsmtiem tbaeatdaak dépth and have O
boulder, riprap, brushy/overhanging vegetati®gach 6 is also characterized as having a low
frequency of poolsrad few high quality rearing pools by comparison to the other reaches in the

Middle Pilchuck segmenHowever, Reach 6 has a frequency of 13.1 pools per river kilometer,

which meets the Middle Pilchuck target of 11.8 pools per river kilom&sdl¢ ). This

TMDL recommendsurther study to assess and prioritize pool enhancement and/or creation in

both reaches

Reach 3 (RM 14.45 to 18.32)

Intermittent planting or wetland restoration opportunisiesuld be exploredlong the right bank
near RM 18 to RM 17 and just downstream on the left Dafith an unnamed tributary entering
the left bank, there may also be potential f@\VER and/or ofichannel habitaDownstream of
RM 17 at the meander, the potential for engnee side channel creation (where a side channel
could be formed in an area that is already shaded) along the left bank should be assessed.

At the meander at RM 16, WSDOT completed a praje2016to divert the river from SR 92
and planted the area, whiwill need time to gronDownstream of RM 16, there are two areas
for potential CWRs and a sizeable opportunity for planting along the left bank to reduce bank
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erosion, which aligns with the priority matr.
Report (SCSWM, 2012c¢)On the rightbank, a potentidlCWR may be fed by freshwater

forested/shrub wetland and may be a sourgga@indwater recharge the river This area

should be explored for expanding and connectinglofinnel habitat and upland wetlisrto the

north where glacial outwash soil and alluvium exist, so the water being held in the wetland

remains cooler for a longer time in order to increase the likelihogtbohdwater/surface water
exchangen the summer months when it is most needed

At the meander upstream of RM (H8gure14), a feasibility assessment for side channel or

starter channel creation to the east (where there is existing tree stomaligbe explored.

Snohomish County noted there is Aflicodplain dike (placed in the 1940hat fills wetland

areas and alters channel processes within this reach. Dike removal should also be explored to
restore wetlands and channel processes as part of a feasibility assessment (Legauratt, F.
communications November 13, 2020).

During August 1718 2016, DO levels above 9.5 mg/L were measured in the late morning into

the afternoon about 100 feet upstream of the bridge"aB&éet (herein referred to as'64

Street). By late afteooon, DO levels begin tcedreaseWater temperatureguring this same

time frameat64St r eet range from 16.28e¢eC to 21.46¢cC.

After Ecologybdés field study in 2016, the main
channel upstream of RM 14.45 (in Figu# this area is just downstream of RM 15),iethis

now a prime area to be protect&ihce the river now appears to have good tree cover on both

sides within this newly occupied side chantigls TMDL recommends review of most current
orthophotography in combination with field verificatitmdetemine the channel complexity and

CWR potential, including but not limited to off channel habitat or back water channel habitat
connections, side channel and/or braided channel creation, as well as CWR expansion with

instream structuresuch a2 WM. A gravelbaron the tailof anisland formed by the abandoned
mainstem and the newly occupied side channel upstream of RMmghbbea source of

hyporheic cooling that should also be explored for potential GWRBDA feasibility

Thepotential to connect anéstore three wetland complexes (two forested/shrub and one

forested emergent) on the right bank asabinnel habitashould be explorediparian planting

is needed on the right bank, ojectmatoxX{SC8WM,gns wi t
2012c) Glacial outwash and alluviusoils are present through the abandoned meander, which

may foster cooler hyporheic functio@ne forested/shrub wetland on the left bank that might be
feeding a seep is also adjacent to a poteGVER site
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Reach 2 (RM 11.38 to 14.45)

Starting at about 0.3 mile from RM 14 to past RM 13, ample opportuslimdd be explored

for planting buffers on both the right and left baAk part of a FY 2020 Ecology grant,

restoration work is currently proposed along the right bank of the large meander between RM 14
and RM 13 by Snohomish Conservation Distrdiout 0.2 to 0.3 milespstream, there is a

tributary on the right bank and a seep on the left bank respectivelm temperature probe data,
Snohomish Countgleonetti, F. Personal communication. N&8, 2017and July 28, 2020
indicatedthe areaaround RM 13 was one of tieelder spots they monitoreavhichis thought to

be due tdloodplain hyporheic exchange mrachscale flow gain in this moreonfined Pilchuck

river segment just downstregnom the PilchuckLittle Pilchuckoutwash plainAn opportunity

to shade the tribaty mayhelp bring cooler water into the Pilchuck

Downstream of RM 13 to the next meander, intermitbgmortunities should be exploren

extend riparian buffers to increase the amount of cooling, mostly on the right bank, but also some
spots on the febank just before the meandelpstream of RM 12 after the meander, we

observed a seeapith a potentiafor aCWR site The left bank forested area around BWR

site (upstream of RM 12) should be explored for adding channel complexity streatsgside
channelr back water channel habitat and addikgM.

Left bank areas that already contain tree caveund RM 11.38 should also be explored for off
channel habitat potentighdding more habitat complexity witlvell-engineeredide or back
waterchannels will helglow downflashierstreamflove in the winter (lessening flood risi
nearby property owners, stream bank erosimh the need for bank armoring) and provide
complex fish habitat and further cooling during the summer.

Reach 1 (RM 8.60 tdl1.38)

Roughly a quarter mile upstream, riparian planting opporturstiesild be explorediong the
right bank Just upstrearaf RM 11, three seeps were observed and a likely tributaisseareas
contain a couple gfotential CWR sites as temperaturegere found to be fairly low with a series
of nearby forested/shrub and riverine wetlaridere may be a few intermittent spots for
riparian planting on both sides upstream of Russell Rehtth require field verification

About 30 feet upstream of theidge at Russell Roa®O levels range from 8.5 mg/L to about

10.2 mg/L in late August 201RVater temperature measurements were incomplete for 2012;
however,inmidAugust the mini mum water temperatures
above 20eC.

FromRussell Road to just downstream df ®lill Road is a significant segment of groundwater

ganAr ound RM 10, Russel |l Road is adjacent to t
might become an area of concern should the river continue towangsmthand potentially

impact nearby home$he right bank appears to have more space and there may be potential to
widen the buffer if the landowner goals perriipstream of RM 10 is a meander that appears to

be newly abandonedlie to channel migratigthere may be an opportunity to restore this
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meander as a side channel or create deep backwater poolsdbawiffel habitafThis TMDL
recommends exploring how to incre&@®@&/Rswithin this segmentnto the downstream reaches.

Little Pilchuck Creek: Watertemperature measurements take2012about200 feet
downstream of bridgat 12" Streetin Little Pilchuck Creelshowed the following

1 Watertemperaturegncluding 7-DADMin temperaturesgxceed the supplemental spawning
criteria of .13eC in early June

T Froml at e June to early Sept e mlpeakingwsllaltoer t empe
20e C 4HAugustmi d
1 The7-DADMin temperature excesed 6 @@ing earlyJulyto late August

This subbasin was observed to be dry during the subsequent 2014 arsdi2@y8 In late August
2012,DO0 levels never went above 9.5 mg/L, but instead appeared to remain between 8.5 t0 9.0
mg/L.

Using the lanelse/landcover dataset from tHe S D ANiatonal Agricultural $tistics Servicé®

Ecology examinedparian aream the Little PilchucksubbasinFigure 15) Estimatedndicate

that56.3% of the land cover iBrestedat 630acres, followed by 24% developmenat about239

acres and.(0% wetlandat 113acres Shrubland comprised about 94 acres and agriculsel

areas abou8 acresEcologyestimatedabout361 acres ofiparian area nesghade the majority

in the lower part of the subbasin around Lake StevHms calculation was derivday taking the

sumof the barren, agricultureshrublandand developethnd useareasBas ed on Ecol ogy ¢
Riparian BufferWidth Map,?® most of these riparian areas are at-ftGfuffer widths; however,

some areas are lessthan 100Htc ol ogy 6s analysis shows there a
planting is needed in Little Pilchuck. This TMDL recommends review of most current
orthophotography in combination with field verification to develop targeted riparian planting

projects.

2 https://nassgeodata.gmu.edu/CropScape/
26 https://waecy.maps.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549
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City of
Marysville
Z Riparian Status
City of Lake . % e
Stevens ' B Existing shade

Bl Lacking shade
Wetlands
Bl Open water

Figure 15. Little Pilchuck Creek subbasin riparian area map.

There are intermittent areabouta quarter mile upstream from\VR9 to just upstream of Little
Pilchuck Creek (Sites-1 and 12) where planting is either needed or may be extended along the
left bank Planting is also needed around the confluence of Little Pilchuck Creek with the
mainstem Pilchuck River on the righark within Site 1. Since Reach 1, SitesIlthrough 15
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were found to have significant groundwater gain, further analysis should be considered for
potential CWR sites or wetland expansionastoration (Figure 16}or exampleabout 7 parcels
northeasof Lake Stevens contain a wetland complex that may offer an opportunity to plant trees
to shade the wetland and increase wetland v&ldecation and outreach opportunities may exist
alongthenortheastern corner reatsee Figurel5) of the subbasin onater conservation BMPs

This TMDL also recommends exploring the feasibility for beaver management opportunities
throughout this subbasin consultation with WDFWvildlife biologiss.

River mile Subreaches

I Potential cold water refuge Wetlands

Significant gaining reach Shrubs

Bl Grass
Pasture-Agriculture
Sparse trees

© Seep
O Likely Seep
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Figure 16. Sub-reach sites 1-1 through 1-5 implementation actions.

Dubuque Creek According to the Lower PilchudRiver AssessmenHabitatTechnical Report

(Appendix A) water temperatures measured on Dubuque Creek shawddADMax of

19.65°C whereas the mainstewatertemperatl r e s me a s uirr 2016(Cadho, 2038 C

Even though this value exceeds s@tetemperature numeric criteriothis tributary was found

t o be 2.tt&artle mainstetaedrtherefore, would be a valuaklgVR area for

salmonidsAt the mouth oDubuque Creek, water temperatuf@édADMax)p e ak e dCilat 20 e
early tomid-August 2012T e mper at ures wer e at or above 16¢eC
SeptemberThis tributary needs to be protected as a-@atler input into the mainstem Pilchuck
Restaation andCWR opportunities for this tributary should be considessgart of this

implementation plan

Using the same lancbver/landuse dataset mentioned earlier for Little Pilchuck Cré&eklogy
examinediparianarea in theDubuquesubbasin (Figee 17) comprisingabout915acres

Estimates indicate that3%of the land cover iforested a6655 acres, followed by6.5%
developmenataboutl51acres and.8% shrublandat 53.4acres Wetlandscomprised37.4acres

and agriculturalise areas abodtacres Ecologyestimatechearly209acres of the riparian area
needs shadd&his calculation was derived by taking the sum of the barren, agriculture, shrubland
and developed land use arddsa s e d o n Riparian|Boffgryidtls Map?’ most of these
riparian areas are at 1-@0buffer widths; however, some areas are less than 1@dt.ol ogy 6 s
analysis shows some areas where riparian plargingeded in Dubuque Creek. This TMDL
recommends review of most current orthophotography in combination with field verification to
develop targeted riparian planting projects.

27 https://waecy.maps.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549
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Riparian Status 1
B Existing shade 1
I L acking shade
Wetlands

I Open Water

Miles
038 075 1.5

Figure 17. Dubuque Creek subbasin riparian area map

Lower Pilchuck Mainstem and Subbasins

The Lower Pilchuck River is characterized as 8.6 miles of channel from OK Mill Road to the
mouth of the Pilchuck River at its confluence with the Snohomish K#igure 18) Lower

Pilchuck mainstem contains seMeaigerine and freshwater forested/shrub wetlands with the
exception of Southeast of City of Snohomish (west of Hwy 2) and south of the confluence with
Snohomish River where freshwater emergent wetlands &kistwetlandsn this segmentvere
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classified adegraded (SBSRTC, 200Befer to Appendix K fomore detailesnaps and
information about the stream reaches discussed later in this section.

Existing temperature conditions indicate temperatures reach acute levels for salmon just before
mid-August in tle lower reaches around RMEhis emphasizes the need to prioritize the Lower
Pilchuck for planting trees and other measures to cool the.water

Ecology examined the 1800t riparian buffer on each side of the mainstem Lower Pilchuck
River from OK Mill Raad to the mouth to determine the number of acres that need planting, and
the number of acres that already have tree coverage or have little to no planting pagential
shown in Table&8, Ecology calculated a total riparian area of 371 acres along ther Lowe
Pilchuck mainstemOf this 371 acres, nearly 177 acres or just under half of the total riparian area
needs to be planted with treédout 32% of the total riparian area or 118 acres in the Lower
Pilchuckmainstemalready has largsized treesAbout 10% of the total riparian area had trees
considered small and medium in heigiMe expect thesemall and mediurtrees to provide

more shade as they increase in size in the coming deddutrg 38.1 acres were comprised of
roads and infrastructure with litlor no planting potentiaFigure 18 illustratethe

implementation opportunities includingreas needing planting, potential CWR locations and
areas with existing flood control levees.

Table 28. Lower Pilchuck mainstem (below OK Mill Road) riparian areas.

Land Use Acres .% O.f Uit
Riparian Area
Total riparian area 371 100%
Areasin need ofriparian planting
Barren acres 2.9 1%
Pasture/grass/sedge/rus 166.2 45%
Shrubscrub 7.5 2%

Areas with existingtree coverage

Mediumsized trees 18.1 5%
Small sized trees 17.1 5%
Large sized trees 118.0 32%

Areas with little/no planting possibility

Water 2.9 1%
IndustrialPower lindHouse 19.0 5%
Road 16.2 4%
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Figure 18. Lower Pilchuck River implementation opportunities.
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