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Chapter 1: Introduction 

Overview 

Improving water quality in the Pilchuck River watershed is needed to support the recovery of 

threatened cold water fish species that spawn, rear, or live there. Chinook, coho, sockeye, chum, 

and pink salmon, as well as bull trout and steelhead trout, call the Pilchuck River home. These 

fish species are highly valued by the many state residents that depend on them for cultural, 

recreational, or economic reasons. The Pilchuck River mainstem has been targeted for restoration 

of endangered Chinook salmon (Snohomish Basin Salmon Recovery Forum, 2005). 

The Pilchuck River drains a 137-square-mile watershed located in Snohomish County in Water 

Resource Inventory Area (WRIA) 7. The watershed drains into the upper end of the tidally 

influenced portion of the Snohomish River.  

Data collected over two decades (Tooley et al., 1990; Thornburgh et al., 1991; Thornburgh and 

Williams, 2000) revealed high water temperatures and low dissolved oxygen (DO) levels. These 

levels do not protect fish and other native species that depend on cool, clean water (Figure 1). As 

a result, multiple water segments in the Pilchuck River were included on the 303(d) list of 

impaired water bodies (Table 1). In recent years, much more data have become available 

indicating more widespread impairment.  

In response to these listings, Ecology collected data from 2012 to 2016 to characterize 

temperature and DO in the river. Ecology used these data to develop a water quality model to 

help determine the causes of impairment and develop management scenarios to improve water 

quality. Using these monitoring and modeling results, Ecology determined the wasteload and 

load allocations needed to meet water quality standards for the Pilchuck River and its tributaries. 

Ecology then used this information to develop this report, 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 levels. This report does 

not address bacteria pollution because Ecology previously addressed bacteria pollution problems 

in the Snohomish River Tributaries Fecal Coliform (FC) Bacteria TMDL (Wright et al., 2001) 

and its implementation plan (Svrjcek, 2003).  

Even before this TMDL was fully developed, local organizations used Ecology grant funds to 

start early implementation actions. The Snohomish Conservation District started by working with 

the City of Snohomish on education/outreach and a low-impact development project. 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 Adopt-A-Stream Foundation carried out door-to-door outreach and riparian 

plantings in the Little Pilchuck Creek basin and later added more riparian restoration projects in 
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the Little Pilchuck in partnership with the City of Lake Stevens. Ecology also helped facilitate a 

streamside restoration project in Dubuque Creek.  

 

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

Much more on-the-ground work is needed to restore water quality in the Pilchuck Watershed. 

This TMDL supports that future work by establishing a firm scientific understanding of water 

temperatures, DO levels, and the processes that affect those parameters. The TMDLôs 

implementation plan further describes the riparian and riverine improvements needed to make 

the Pilchuck River a healthy place for fish and supporting biota.  

Scope 

This TMDL addresses temperature and DO issues in the entire Pilchuck River watershed (Figure 

2). To support on-the-ground implementation and planning, the TMDL divided the Pilchuck 

River watershed into the following three sections to summarize water quality information:  

¶ Upper Pilchuck River (~ RM 26 to headwaters) ïupstream of Purdy Creek. There are no 

303(d) listings in the upper Pilchuck River. Ecology did not conduct modeling analysis in 

this section; however, a load allocation was assigned. 

¶ Middle Pilchuck River (~ RM 8.6 to 26) ïbetween the confluences with Little Pilchuck 

Creek and the Purdy Creek. The upstream end of the middle Pilchuck River (RM 26) marks 

the start of the model boundary. Only the mouths of the tributaries in this section were 

included in the modeling analysis. 

¶ Lower Pilchuck River (mouth to ~RM 8.6) ïfrom the confluence with the Snohomish River 

to the OK Mill Road bridge. Only the mouths of the tributaries in this section were included 

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

The primary use to be protected by this TMDL is the aquatic life use of Char spawning and 

rearing for the upper watershed above Boulder Creek and Core Summer Salmonid Habitat below 

Boulder Creek. Portions of the Pilchuck River have applicable supplemental spawning and 

incubation criteria of 13ęC from February 15 to June 15. Tables 4 and 5 in the ñUses of Water 

Bodiesò section provide more information about beneficial uses and the water quality criteria for 

temperature and DO in this watershed.  

Table 1 and Figure 2 provide a summary of 303(d) impaired water bodies that are addressed by 

this TMDL. In recent years, much more data have become available indicating more widespread 

impairment. As described in the Appendix A, Water Quality Issues section, 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. 

Listing 

ID 

Water-body 

Name 

Section of Pilchuck 

(or trib ultimately 

discharges to) 

Pollutant 

Reach Code 

(Assessment  

Unit ID)  

10621 Pilchuck River Lower (~RM 0-3) Dissolved Oxygen 17110011000048 

10620 Pilchuck River Lower (~RM 0-3) Temperature 17110011000048**  

7295 Pilchuck River Middle (~RM 9-12) Temperature 17110011000061**  

14725 Pilchuck River Middle (~RM 20-23) Temperature 17110011000064**  

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 17110011000054**  

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 
Unnamed Creek 

(Tributary to Pilchuck R)* 
Middle (~RM 12) Dissolved Oxygen 17110011000180 

*Referred to as Connor Lake Creek throughout document (see Figure 2 for location) 

** Supplemental Spawning Criteria also apply to this segment, in addition to the Core Summer Salmonid 

Use Criteria. See Table 5 and Ecology Publication 06-10-038 for further detail. 

As a result of the data collected in 2012 and 2016 by Ecology for this TMDL study, additional 

water-body segments were found that do not meet state water quality standards (Table 2). These 

impaired segments are also addressed by this TMDL. All the impaired reaches identified in 

Tables 1 and 2 occur in the Pilchuck watershed below Boulder Creek, therefore the beneficial 

uses and criteria identified as ñbelow Boulder Creekò in Table 4 and 5 apply. 
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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).  
Station locations (PIL XX) refer to river mile from the mouth of the Pilchuck. 

Water Body Parameter 
NHD Reach Code/ 

Assessment Unit ID 
Basis 

 Pilchuck River Dissolved Oxygen 17110011000049 
2016: 3 of 3 daily min excursions at 

PIL3.6 

 Pilchuck River Dissolved Oxygen 17110011000052 

2016: 3 of 3 daily min excursions at 

PIL5.7 

2012: 6 of 6 daily min excursions at 

PIL5.7 

 Pilchuck River Dissolved Oxygen 17110011000053 
2012: 6 of 6 daily min excursions at 

PIL8.5 

 Pilchuck River Dissolved Oxygen 17110011000061 
2012: 3 of 3 daily min excursions at 

PIL10.4 

 Pilchuck River Dissolved Oxygen 17110011000062 
2016: 3 of 3 daily min excursions at 

PIL11.6 

 Pilchuck River Dissolved Oxygen 17110011000063 
2016: 3 of 3 daily min excursions at 

PIL15.1 & PIL18.7 

 Pilchuck River Dissolved Oxygen 17110011000064 
2016: 3 of 3 daily min excursions at 

PIL21.5 

 Pilchuck River Temperature 17110011000052* 
2012: 7-DADMax excursions at 

PIL5.7 

 Pilchuck River Temperature 17110011000053* 
2016: 3 of 3 daily max excursions 

at PIL8.2 

 Pilchuck River Temperature 17110011000062* 
2016: 3 of 3 daily max excursions 

at PIL11.6 

 Pilchuck River Temperature 17110011000063* 
2012: 7-DADMax excursions at 

PIL15.1 

Unnamed Creek 

(Connor Lake Creek) 
Temperature 17110011000180 

2012: 7-DADMax excursion at 

CON-0.0 

Unnamed Creek 

(Sexton Creek) 
Temperature 17110011000244 

2012: 7-DADMax excursion at 

GOL-0.0**  

*Supplemental Spawning Criteria also apply to this segment, in addition to the Core Summer Salmonid 

Use Criteria. See Table 5 and Ecology Publication 06-10-038 for further detail. 

**Original 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 TMDL. All the pH listings in Table 3 are 

derived from data showing low values measured during the wet season. Low pH can be the result 

of natural wetland flushing or acidic rainfall events in naturally poorly buffered systems 

(Mathieu, 2011). Therefore, the pH listings are unlikely to be tied to the sources of impairment 

causing temperature and DO problems associated with low flows. 

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

Water body 
Listing 

ID 
Parameter 

NHD Reach Code/ 

Assessment Unit ID 

2014 

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 Chapter 173-201A of the 

Washington Administrative Code, include designated beneficial uses, water-body classifications, 

and numeric and narrative water quality criteria for surface waters of the state. The beneficial 

uses of the Pilchuck River and its tributaries are summarized in Table 4.  

The State Water Quality Standards describe aquatic life use categories using key species (cold-

water versus warm-water species) and life-stage conditions (spawning versus rearing). In this 

TMDL, the designated aquatic life uses to be protected are core summer salmonid habitat below 

Boulder Creek and char spawning and rearing above Boulder Creek.  

Table 4. Beneficial uses for the Pilchuck River. 

Geographic Area Aquatic Life Uses Other Uses 

Confluence with the Snohomish 

River up to Boulder Creek 

Core summer  

salmonid habitat 

Primary Contact Recreation 

Water supply 

Miscellaneous uses 

All waters above Boulder Creek 
Char spawning  

and rearing 

Primary Contact Recreation 

Water supply 

Miscellaneous uses 

Downstream Uses 

Downstream uses include both freshwater uses in the Snohomish River and marine uses in the 

Snohomish Estuary and the Salish Sea as described in Table 602 and Table 600 of the Water 



 

Publication 20-10-035           December 2020 Page 18 

Quality Standards (see also the state Water Quality Atlas1). Appendix A contains a detailed 

discussion of how the allocations in this TMDL could impact downstream uses. The next section 

discusses the water quality criteria that will protect beneficial uses as applied to the Pilchuck 

River. 

Water Quality Criteria  

Each beneficial use designation described above has associated numeric and narrative water 

quality criteria. The temperature and dissolved oxygen (DO) criteria for Pilchuck River are 

described below.  

State Standards Protect Fish and Other Aquatic Life 

Washingtonôs numeric water quality criteria are based on the needs of the most sensitive fish 

species in the water body. In the Pilchuck River, temperature is expressed as the highest 

allowable 7-day average daily maximum (7-DADMax) temperatures. The metric includes an 

adequate magnitude and duration (averaging period) to protect salmonids and represents 

conditions in the thalweg or main stream channel.  

Special consideration is also required to protect the spawning and incubation season of salmonid 

species throughout the mainstem Pilchuck River and many of its tributary streams.2  In these 

areas the 7-DADMax should not exceed 13°C (55.4°F) during the period February 15 to June 15 

every year.  

DO criteria are also designed to protect fish for spawning, rearing, and migration periods in the 

case of salmon. DO levels also fluctuate throughout the day based on the photosynthesis of 

aquatic plants and respiration of both plants and other organisms. DO is evaluated using a 1-day 

minimum level.  

Both parameters affect the physiology and behavior of fish and other aquatic life. For example, a 

warmer stream has less oxygen available for the fish and other organisms it supports. Therefore, 

temperature and DO levels are influential factors that can affect the distribution and health of 

aquatic life. Temperature and DO levels in streams fluctuate over the day and year in response to 

changes in solar energy inputs, meteorological conditions, river flows, groundwater input, and 

other factors. 

Table 5 summarizes the applicable water quality criteria for temperature and DO.  

                                                 

1 https://fortress.wa.gov/ecy/waterqualityatlas/StartPage.aspx 
2 Best viewed in Ecologyôs Water Quality Atlas (https://fortress.wa.gov/ecy/waterqualityatlas/StartPage.aspx)  

https://fortress.wa.gov/ecy/waterqualityatlas/StartPage.aspx
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Table 5. Washington State Water Quality Criteria for temperature and DO in the Pilchuck 
River. 

Applicable Reach 
Water Quality 

Parameter 
Criteria  

Below Boulder Creek Temperature 
<16°C 7-DADMax*  

(13°C, February 15-June 15)**  

Below Boulder Creek Dissolved Oxygen >9.5 mg/L 1-DMin** *  

Above Boulder Creek Temperature <12°C 7-DADMax 

Above Boulder Creek Dissolved Oxygen >9.5 mg/L 1-DMin 

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

** Supplemental Spawning 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 Number 06-10-038 for detailed maps. 

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

Natural Water Body Variation 

While state standards apply throughout a water body, there may be site-specific features, 

including shallow, stagnant, and eddy pools where natural features unrelated to human influences 

are the cause of not meeting the criteria. For this reason, the standards direct that measurements 

be taken from well-mixed portions of rivers and streams. For similar reasons, samples are not to 

be taken from anomalously cold areas such as at discrete points where cold groundwater flows 

into the water body. 

Washington State uses the criteria described above to ensure full protection for its designated 

aquatic life uses. The standards recognize, however, that some waterbodies are naturally cooler 

and hold more oxygen, and some are naturally warmer and hold less oxygen. When a water body 

is naturally warmer than the above-described numeric criteria, the state limits the allowance for 

additional warming due to human activities. In 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 condition. When a water body's DO is lower than the criteria in (or within 0.2 mg/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 than 0.2 mg/L. 

How Are Fish Affected? 

Because state standards for temperature and DO are designed to sustain healthy fish populations, 

it is helpful to know how high temperatures and in turn low DO levels affect fish with respect to 

their geographic distribution during the critical period (June 16-September 30). Detailed 

information is provided in Appendix A under Temperature and Dissolved Oxygen Water Quality 

Issues. 

What Fish Are Present During the Summer Critical Period? 

The main populations of fish presence in the Pilchuck River include Skykomish Chinook, 

Pilchuck Winter Steelhead, Snohomish Coho, Snohomish Odd-Year Pink, and Snohomish 
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Coastal Cutthroat. Coho salmon rear throughout the mainstem and spawn mostly in the 

tributaries including Little Pilchuck Creek and Dubuque Creek. Fall Chinook spawn from 

southeast of City of Snohomish to downstream of Pilchuck Tree Farm Road and rear from 

downstream of Pilchuck Tree Farm Road to upstream of Purdy Creek. August flows in the 

Pilchuck River are too low for spawning adult Chinook, who typically spawn in September 

(Verhey, P. Personal communication. 2017); however their use of the Pilchuck River is relatively 

low when compared to steelhead. Tulalip Tribes noted observations of Chinook spawning up to 

Worthy Creek in 2020 for the first time in 100 years (Nelson, K. Public Communications, 

November 13, 2020).  Visit WDFWôs SalmonScape3 website for more information.  

Winter Steelhead, on the other hand, typically start to spawn in mid-March and rarely spawn into 

late June (Verhey, P. Personal communication. 2017; Verhey, P. Personal communication. June 

3, 2020) through the Pilchuck River mainstem and in the tributaries including Little Pilchuck, 

Dubuque, Catherine and Panther creeks. Bull 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 creeks. Tulalip Tribes noted observations of 

Bull trout roughly where Purdy Creek enters the mainstem near the old Pilchuck Diversion Dam 

site (Nelson, K. Public communications, November 13, 2020).  Fall chum also are listed as 

spawning from Machias up to Granite Falls.  

Snohomish Odd-Year Pink have documented presence from the mouth up to Granite Falls.  

According to WDFWôs Species in Washington web page,4 pink salmon typically like to spawn in 

large river mainstems (e.g. Snohomish River) and tributaries that are relatively close to saltwater.  

No further information was found to indicate Pink salmon spawn or rear in the Pilchuck River 

watershed.   

Figure 3 illustrates the life cycles of these salmonids as it relates to temperature criteria and the 

critical period. High temperatures during the critical period may decrease or block migration, 

decrease salmonid growth and kill salmon. Decreases in summer flows contribute to increased 

temperatures during the critical period, which affects rearing habitat capacity for juveniles and 

affect spawning availability and access. Bull trout activity is largely unknown due to high 

variability of their movements in this system. The grayed out boxes for cutthroat represent 

general information related to Puget Sound; however, no further information was found about 

these life cycle activities specific to the Pilchuck River or the Snohomish River basins (Trotter, 

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/species-habitats/species/oncorhynchus-gorbuscha#desc-range 

http://apps.wdfw.wa.gov/salmonscape/
https://wdfw.wa.gov/species-habitats/species/oncorhynchus-gorbuscha#desc-range
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Figure 3. Temperature criteria impacts on salmonid activity.  
Figure adapted from leDoux et al. 2017 and Beechie et al. 2013. 



  

Publication 20-10-035           December 2020 Page 22 

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 higher DO. The scientific literature also confirms that many factors, including 

air temperature; shading; elevation; surface hydrology; channel shape and complexity; and 

connectivity to groundwater, combine to influence stream temperature (Poole and Berman, 

2000). This reportôs implementation plan relies on several core methods for improving stream 

temperatures.  

Targets 

The Pilchuck River TMDL sets out a combination of control and correction measures needed to 

ensure the water body meets the state standards for temperature and DO. Those measures may be 

specific criteria established in state standards or other surrogate values that relate directly with 

the pollutant of concern. The TMDL describes that range of control actions and limitations as 

ñtargets.ò 

Ecology used the QUAL2Kw (Pelletier and Chapra, 2008) water 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 in the Temperature and DO 

TMDL A nalysis sections.  

We found that even under natural conditions, the Pilchuck River watershed will not meet 

numeric water quality criteria for DO and temperature during the periods with high air 

temperatures and low flows. Therefore, the shade/heat, phosphorus, and BOD targets in this 

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 targets did not result in 

excursions of water quality criteria when air temperatures are cooler, flows are higher, and 

natural conditions meet numeric water quality criteria. 

Temperature 

Several human influenced factors significantly impact temperature in the river including riparian 

shade, permitted discharges, instream baseflow loss, and hyporheic connectivity. 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 the establishment 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.  

Because shade 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 other surrogated targets, is 

discussed further in the óDetailed Temperature Analysis and Allocationsô section. 
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The TMDL includes the various temperature targets needed to meet allocations and state 

standards including: 

¶ Effective Shade in percent shade (0% means all direct solar radiation is reaching the river; 

100% means no direct solar radiation is reaching the river).  

o The effective shade target is system potential shade in both the mainstem and tributaries 

(see Chapter 2). 

o Numeric targets, based on the system potential shade, were calculated for specific 

mainstem river reaches to measure implementation progress and site-specific compliance. 

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

specific numeric targets. 

¶ Bank/floodplain improvements in feet of restoration. 

o Bank improvements such as levee setbacks, softening, or armor removal to increase 

hyporheic flow exchange. 

¶ Baseflow restoration in cubic feet per second restored. 

o Subbasin-specific baseflow restoration to increase depth 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 photosynthesis daily cycle. The model also demonstrated that increases in the levels of 

organic matter and ammonia instream can result in additional oxygen depletion, as the organisms 

that break down this organic matter consume oxygen. The breakdown of carbon-based organic 

matter and ammonia is measured as BOD. See Chapter 4 and Appendices A and F for detailed 

discussion. 

Temperature increases in the Pilchuck River also significantly reduce DO levels; therefore, the 

temperature targets also apply to DO. In addition, further impacts to DO are addressed by 

providing pollutant load targets for both point and nonpoint sources throughout the watershed 

including:  

¶ Biochemical oxygen demand (BOD) in lbs/day. 

¶ BOD allocations are expressed as the uninhibited 5-Day biochemical oxygen demand 

(BOD5). Uninhibited BOD5 represents the combined oxygen demand from biological use of 

carbon, ammonia, and organic nitrogen over a 5-day period following sample collection. 

Soluble reactive phosphorus (SRP) in lbs/day. 

o Phosphorus load allocations are expressed as soluble reactive phosphorus (SRP). Soluble 

reactive phosphorus is sometimes referred to as inorganic phosphorus or ortho-phosphate.  

Note that meeting the assigned phosphorus and BOD allocations will not entirely solve the low 

DO problem; temperature improvements are also needed.  

Basis for  Targets 

These temperature, phosphorus, and carbon loads are based on two different parts of the state 

standards: 
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1. First, when air temperatures are at their warmest and flows are at their lowest, stream 

temperatures are predicted to naturally exceed numeric criteria. During these conditions, the 

natural conditions provisions of the standards are used to set targets. Specifically, the 

allowable human impact must be not be greater than 0.3°C (for temperature) and less than 

0.2 mg/L (for DO). 

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 cases adjusted, to meet the applicable numeric criteria.  

The following summarizes what criteria were used to develop the TMDL (targets/loading 

capacity) by season: 

Temperature Summary 

¶ Fall-Winter Season (October 1-February 14) ï 7-DADMax temperature less than 16°C 

applies and is used to develop the TMDL (targets/loading capacity). Temperatures are 

predicted to be below this numeric criteria during this period. 

¶ Supplemental Spawning Season (February 15 to June 15) ï 7-DADMax temperature less 

than 13°C applies. Typically early June is when temperatures are predicted to naturally 

exceed numeric criteria, triggering natural conditions provisions described above. Both the 

numeric criteria and the natural conditions provisions were used to develop the TMDL 

(targets/loading capacity) during this period. 

¶ Critical Summer Season (June 16 to September 30) ï 7-DADMax temperature less than 

16°C applies, but is frequently exceeded during this period. Typically August is when 

temperatures are predicted to naturally exceed numeric criteria; triggering the natural 

conditions provisions stated above. Early September may exceed due to extenuating low 

streamflows. Both the numeric criteria and the natural conditions provisions were used to 

develop the TMDL (targets/loading capacity). 

Dissolved Oxygen (DO) Summary 

¶ Fall-Winter Season (October 1 ï May 31) - 1-day minimum DO greater than 9.5 mg/L 

applies and is used to develop the TMDL (targets/loading capacity). DO levels are predicted 

to be above this numeric criteria during this period. 

¶ Critical Summer Season (June 1 ï September 30) ï 1-day minimum DO greater than 9.5 

mg/L applies. Under critical streamflows, DO levels are frequently lower than 9.5 mg/L 

during this time period; triggering the natural conditions provisions stated above. Under 

runoff conditions, the 9.5 mg/L criteria is met more often, but occasionally is not achieved... 

Both the numeric criteria and the natural conditions provisions were used to develop the 

TMDL (targets/loading capacity). 

The TMDL Allocations and Detailed TMDL Study Results sections of this report further 

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 surface water 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 caused 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 increases water temperature. 

Temperature is also affected by other human activities which change the amount of flow and 

physical characteristics of the river channel including: 

¶ Reduced Flow ï Water use and land use changes (such as increased impervious surfaces) can 

lead to a reduction of in-stream water volume (larger, deeper waterbodies are more resilient 

to heating) and cool groundwater inflows.  

¶ Altered Shape ï Activities such as straightening, dredging, armoring, or removing vegetation 

from a channel or riparian area can change stream channel morphology and geometry.   

¶ Altered Sediment ï 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 receiving temperatures 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 waters and 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 generally considered to have minimal impact to surface water 

temperatures (Ecology, 2010). Appendix I discusses NDPES permitted facilities within the 

watershed in greater detail and Tables 50 to 53 summarize the types of permits and names of 

facilities. 

Dissolved Oxygen 

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 decaying vegetation, 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 aquatic vegetation, 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 of 3-5 mg/L, which is ~100-1,000 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 overall load capacity and maintains a less than 0.2 mg/L 

downstream impact to DO. 

Permitted stormwater sources can contribute SRP via a number of mechanisms; however, runoff 

based P is not predicted to be a significant source driving impairment as most of this flushed out 

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 nonpoint sources of phosphorus in watershed include: 

¶ On-site septic systems, particularly those that are failing, poorly constructed, or poorly 

maintained. 

¶ Leaking or failing sewer infrastructure. 

¶ Range and pastured livestock with direct access to water bodies. 

¶ Poor livestock or pet manure management on non-commercial, or ñhobbyò, farms. 

¶ Improperly stored or applied manure from commercial farms. 

¶ Fertilization of landscaping. 

¶ Sediment from erosion. 

¶ Pet manure from residential areas. 

Biochemical Oxygen Demand 

In general, 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, on-site septic systems, animal manure, etc. 

BOD is elevated in human and 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 temperature and DO. When compared with the 

1980s, the Pacific Northwest is projected to see average summer air temperature increases of 

1.7°C by the 2020s, 2.7°C by the 2040s and 4.7°C by the 2080s based on multi-model averages 

(Manthua, Tohver and Hamlet 2010). Furthermore, summer air temperatures greater than 18°C 

would become the norm for western WA by the 2040s and only higher elevations of the 

Cascades and Olympics would resemble the average lowland air temperatures of the 1980s 

(Manthua, Tohver and Hamlet, 2010). Manthua et al. (2010) also projected a sustained duration 

of water temperatures greater than 21ęC across Washington State during the summer. For 

example, in warmer eastern WA, water temperatures of 21ęC that typically lasted for 1 to 5 

weeks (mid-July to early August) in the 1980s may persist for 10 to 12 weeks (mid-June to early 

September) by the end of the 21st 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 watersheds (Mauger et al, 

2015). The Snohomish River Basin is projected to transition from snow/rain mix to a rain 

dominant basin (Figure 4). A loss of spring-melt may decrease or eliminate spawning 

opportunities for steelhead, alter egg-fry survival for other salmon species, cause early 

dewatering of side channel and off-channel habitats, and reduce floodplain connectivity (Beechie 

2013). A decrease in the volume of summer low flows and longer duration of low summer flows 

may contribute to increased stream temperatures, reduce access or availability of spawning and 

rearing habitat, hinder summer salmon migration, and cause fish to shift their migration period to 

avoid unfavorable temperature and DO conditions. More information about global climate 

change may be found in Appendix A.  

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 connectivity, streamflow regimes, and incised channels, as 

well as removing barriers, are most likely to decrease stream temperatures, increase baseflows, 

and decrease peak flows, thereby increasing salmon resilience (Beechie, 2013). Under climate 

change, pests are expected to emerge earlier in the year due to shorter cold seasons that would 

otherwise keep them dormant. Tree pests may wreak havoc on an otherwise healthy riparian 

buffers. Dead and diseased trees may pose a greater fire risk under climate change. Tree 

protection and maintenance may include the following: 

¶ An Integrated Pest Management Plan5 (IPM) to monitor trees that are more susceptible to 

pests (e.g. weeds, insects, disease agents, pathogens). An IPM focuses on pest prevention and 

using chemicals only when needed to minimize environmental impacts such as destroying a 

beneficial species that might prey on the pest. 

¶ A tree program to monitor, thin and replace diseased, deformed or dead trees that might serve 

as kindle for fire. Disease-free wood should be retained for large woody material (also 

known as large woody debris) placement projects. 

Climate change should be a consideration during the adaptive management of this TMDL. 

                                                 

5 https://www.epa.gov/managing-pests-schools/introduction-integrated-pest-management 

https://www.epa.gov/managing-pests-schools/introduction-integrated-pest-management
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Chapter 2: TMDL Allocations 

This chapter presents TMDL allocations derived from Ecologyôs 2012-2016 data collection, 

subsequent water quality 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 and nonpoint sources. The óDetailed TMDL Study 

Results and Analysisô section of this report and Appendices D-I contain a detailed description of 

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

TMDL Formula 

A water bodyôs loading capacity is the amount of a given pollutant that a water body can receive 

and still meet water quality standards. The loading capacity provides a reference for calculating 

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

standards. 

The portion of the receiving waterôs loading capacity assigned to a particular source is a 

wasteload or load allocation. If the pollutant comes from a discrete (point) source subject to a 

National Pollutant Discharge Elimination System (NPDES) permit, such as a municipal or 

industrial facilityôs discharge pipe, that facilityôs share of the loading capacity is called a 

wasteload allocation (WLA). If the pollutant comes from diffuse (nonpoint) sources not subject 

to an NPDES permit, such as general urban, residential, or farm runoff, the 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 capacity. The TMDL must be equal to or less than the loading capacity. The short-

hand formula that describes the TMDL is:  

LC=×WLA+×LA+MOS+RS 

Loading Capacity (LC) equals sum of Wasteload Allocations (WLA) plus sum of  

Load Allocations (LA) plus Margin of Safety (MOS) and Reserve Capacity (RS). 

The Pilchuck River Temperature and Dissolved Oxygen TMDL uses all 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 detail in óDetailed TMDL Study Results and Analysisô sections for temperature and DO 

analysis.  

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

o No critical condition 

¶ Supplemental Spawning Season: February 15 to June 15 

o Criterion is 7-DADMax< 13°C 

o Critical condition = lowest flows and highest air temperatures (typically June) 

¶ Core Summer Habitat Season: June 16 to September 30 

o Criterion is 7-DADMax< 16°C 

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

The Core Summer Habitat season was determined to be the most critical season because air 

temperatures are at their greatest, solar radiation is at its strongest, water use is at its peak, and 

flows are at their lowest; therefore, Ecology based TMDL allocations and estimated loading 

capacity on this season and its most critical condition. The one exception involved Granite Falls 

WWTP, which has separate WLAs to ensure compliance with both core summer habitat and 

supplemental spawning criteria. For all other allocations, Ecology determined that the allocations 

and implementation actions derived for the Core Summer Habitat season will protect Pilchuck 

River water quality during the supplemental spawning season, as well as the remainder of the 

year.  

For dissolved oxygen (DO), there are two seasons, one critical and one non-critical, and two 

conditions within the critical season: 

¶ Fall-Winter -Spring Season: October 1 to May 31 

o No critical condition. 

¶ Summer Season: June 1 to September 30; Baseflow (<=75 cfs) critical condition 

o Criterion is DO daily min > 9.5 mg/L. 

o Critical condition = highest air temperatures (typically August) combined with low flows. 

¶ Summer Season: June 1 to September 30; Runoff (>75 cfs) condition 

o Not a critical condition, but increased phosphorus loading from runoff can be stored by 

bottom algae. 

o Bottom algae can use this stored phosphorus later, to a degree, during periods of 

increased productivity, so phosphorus allocations are necessary. 

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: 

¶ The loading capacity is significantly different between the two conditions. 

¶ It is not necessary or practical to meet the reduced allocations required at baseflow condition 

during periods of stormwater and nonpoint runoff, 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 capacities (Table 6) for the Pilchuck River are the solar radiation (nonpoint sources) 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 than 0.3°C.  The óDetailed 

TMDL Study Results and Analysis ï Temperature Analysis and Allocationsô section of the 

report contains details on determination of the temperature loading capacity and allocations in 

this TMDL. The allocations developed for the summer critical season are also protective of 

supplemental spawning criteria (with the exception of the two 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 section contains more detail supplemental 

spawning compliance (see figures 49 and 50).
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Table 6. Estimated loading capacity for temperature. 

Water-body Name Sub-basin Name Reach (RM= River Mile) 

Applicable 

Assessment Unit 

ID 

17110011000xxx 

Effective 

Shade 

Target 

Total Heat 

Load 

Capacity 

(therms/ 

day) 

Pilchuck River Entire Watershed 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 Lake Rd to Robe Menzel Rd (~RM21) 064 45.3% (SPS) 21,056 

Pilchuck River Granite Falls Robe Menzel Rd to GF-WWTP outfall (~RM19) n/a 45.8% (SPS) 12,571 

Pilchuck River SR92 Granite Falls WWTP outfall to 64th St NE (~RM15) n/a 49.5% (SPS) 17,137 

Pilchuck River Lochsloy 64th St NE to 28th Pl NE (~RM 12) 062 48.0% (SPS) 13,235 

Pilchuck River Russell Rd 28th Pl 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 50.3% (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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Dissolved Oxygen 

Loading capacities (Table 7) for the Pilchuck River are set in lbs/day of SRP and BOD5 and 

represent the tributary/groundwater loads (nonpoint sources) and NPDES permitted (point 

sources) loads that (1) allow stream DO to stay above the numeric criteria or (2) do not exceed 

the natural condition by more than 0.2 mg/L. óDetailed TMDL Study Results and Analysis ï 

Dissolved Oxygen Analysis and Allocationsô section of this report contains details on 

determination of the DO loading capacity and allocations 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 

Assessment Unit 

ID 

17110011000xxx 

Baseflow 

SRP  

LC 

(lbs/day) 

Runoff 

SRP LC 

(lbs/day) 

Baseflow 

BOD5  

LC 

(lbs/day) 

Runoff 

BOD5 

LC 

(lbs/day) 

Pilchuck River Entire Watershed Headwaters to mouth  4.2066 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 GF-WWTP outfall (~RM19)  0.1766 0.4206 6.61 13.69 

Pilchuck River SR92 Granite Falls WWTP outfall to 64th St NE (~RM15) 063 0.1815 0.4115 4.21 8.62 

Pilchuck River Lochsloy 64th St NE to 28th Pl NE (~RM 12) 062 0.1224 0.3082 1.97 3.95 

Pilchuck River Russell Rd 28th Pl 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 0.2682 2.20 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 

Tables 8 through 16 present the temperature, phosphorus, and BOD wasteload allocations 

(WLAs) for the Pilchuck River Temperature and Dissolved Oxygen TMDL. The óDetailed 

TMDL Study Results and Analysis ï Temperature and Dissolved Oxygen Analysis and 

Allocationsô sections of this report detail how Ecology developed these WLAs. 

Temperature WLAs for the mainstem and tributaries to the Pilchuck River are evaluated within 

the cumulative 0.3°C change on the scale of the entire watershed, with loads distributed 

throughout each sub-basin input based on land area. In this context, due to dispersion (mixing) 

and the non-conservative nature of temperature in a waterbody, the impact of the WLAs 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 for Little Pilchuck Creek suggests minimal temperature 

loading, which is consistent with modeled temperature predictions in the mainstem (see Chapter 

4 for additional discussion). The TMDL assumes the cumulative impact from stormwater WLAs 

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

than a 0.3°C increase to the numeric criteria. 

Ecology determined there was not significant stormwater SRP or BOD loading during the critical 

period (see Chapter 4 for detail). The Pilchuck River mainstem and tributary general permit 

WLAs are based on existing BOD concentrations and an assumed increase in SRP 

concentrations during runoff periods. It is important to note that the DO WLAs for the tributaries 

also include the thermal allocations resulting from system potential shade.  

The TMDL assumes the effects of stormwater SRP and BOD loads in the tributaries will be 

within the range of allowable change given that they are generally flushed through the tributaries 

and into the mainstem during runoff events.  

For BOD, short retention times and slow decay rates should result in minimal change, in a 

manner similar to the predicted stormwater BOD loading effects in the mainstem model.  

For SRP, algae growth in the tributaries is not expected to be significant during overcast periods 

of rain and net algae loss can even occur due to scour, in a manner similar to algal growth 

predictions in the mainstem model. In addition, given that narrower channels in the tributaries 

lead to very high system potential effective shade percentages, algal productivity would likely be 

entirely limited by available light, rather than nutrient concentrations, under system potential 

shade conditions. 

City of Granite Falls Wastewater Treatment Plant (WWTP) 

Permittee Name: City of Granite Falls STP 

Permit Number: WA0021130  

Permit Type: Municipal NPDES Individual Permit 
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Water-body Names: Pilchuck River  

Listing ID/s of Receiving Water: 10621, 7295, 10620 (includes listings within TMDL 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 0.41- 0.5 cfs 

Temperature 1253 Therms / day June 16 to Sept 30 Effluent flow 0.51- 0.6 cfs 

Temperature 1,414 Therms / day June 16 to Sept 30 Effluent flow 0.61- 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 0.51- 0.6 cfs 

Temperature 1359 Therms / day Feb 15 to June 15  Effluent flow 0.61- 0.7 cfs 

Temperature 1,476 Therms / day Feb 15 to June 15  Effluent flow 0.71- 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:  

¶ The TMDL recommends SRP effluent samples be collected and analyzed on a routine basis. 

The expected sampling frequency will likely be within the range of 1-3 samples per week. 

Sample collection should occur routinely on the same days of the week (for example, 

Mondays and Thursdays). Sample collection should not occur on two consecutive days. 

¶ The TMDL recommends that Ecologyôs permit writer recalculate the effluent flow each 

permit cycle based on the method described in the óDetailed TMDL Study Results and 

Analysis ï Temperature Analysis and Allocationsô section of this report. 
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Snohomish County ï Phase 1 Municipal Stormwater 

Permittee Name: Snohomish County 

Permit Number: WAR044502 

Permit Type: Municipal Stormwater General Permit ï Phase 1 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing IDs of Receiving Water: 10621, 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. 

Water-body Name Sub-basin Name 
Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP LC 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day)  

Runoff 

BOD5 

LC 

(lbs/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 Creek 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: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater 

permittees.  
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¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 

City of Granite Falls ï Phase 2 Municipal Stormwater 

Permittee Name: City of Granite Falls 

Permit Number: WAR045517 

Permit Type: Municipal Stormwater General Permit ï Phase 2 Western Washington 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 7295, 10620 (includes listings within TMDL boundary 

downstream of direct receiving segment). 

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

Water-body 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater 

permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 
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City of Lake Stevens ï Phase 2 Municipal Stormwater 

Permittee Name: City of Lake Stevens 

Permit Number: WAR0021130  

Permit Type: Municipal Stormwater General Permit ï Phase 2 Western Washington 

Water-body Names: Pilchuck River; Little Pilchuck Creek, Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 10620, 7394, 7395, 9274, 9275, 40911 (includes listings 

within TMDL boundary downstream of direct receiving segment). 

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

Water-body 

Name 

Sub-basin 

Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River 
Entire 

Watershed 
630 0.0092 0.1015 0.284 2.048 

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 

Little Pilchuck 

Creek 
Entire Basin 561 0.0082 0.0912 0.253 1.824 

Catherine Creek Entire Basin 252 0.0037 0.0410 0.114 0.821 

Other Requirements: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater 

permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 
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City of Snohomish ï Phase 2 Municipal Stormwater 

Permittee Name: City of Snohomish 

Permit Number: WAR045543 

Permit Type: Municipal Stormwater General Permit ï Phase 2 Western Washington 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 10620 (includes listings within TMDL boundary 

downstream of direct receiving segment). 

Table 12. Wasteload allocations for the City of Snohomish. 

Water-body 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater 

permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA.  

Construction Stormwater General Permit 

Permittee Name: All active Construction Stormwater General Permittees within study area  

Permit Number: multiple/transient 

Permit Type: Construction Stormwater General Permit 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 7295, 10620, 14725, 72567, 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 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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 

Little Pilchuck 

Creek 
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 

Connor Lake 

Creek 
Entire Basin 2 0.00003 0.0002 0.001 0.007 

 

Other Requirements: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck 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 Number: multiple/transient 

Permit Type: Industrial Stormwater General Permit 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401, 

9274, 9275, 40911, 47441 (includes listings within TMDL boundary downstream of direct 

receiving segment). 

Table 14. Wasteload allocations for industrial general stormwater permittees. 

Water-body 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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 

Little Pilchuck 

Creek 
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 

Connor Lake 

Creek 
Entire Basin 2 0.00003 0.0002 0.001 0.007 

Other Requirements: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 
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¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 

Sand and Gravel General Permit 

Permittee Name: All active Sand and Gravel General Permittees within study area. 

Permit Number: multiple/transient 

Permit Type: Industrial Stormwater General Permit 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 7295, 10620, 14725, 72567, 7394, 7395, 7400, 7401, 

9274, 9275, 40911, 47441 (includes listings within TMDL boundary downstream of direct 

receiving segment). 

Table 15. Wasteload allocations for sand and gravel permittees. 

Water-body 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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 

Little Pilchuck 

Creek 
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 

Connor Lake 

Creek 
Entire Basin 2 0.00003 0.0002 0.001 0.007 

 

Other Requirements: 

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 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 may identify 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 TMDL-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 TMDL-related actions for stormwater 

permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 
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Washington State Department of Transportation Stormwater 

Permittee Name: Washington State Department of Transportation Stormwater 

Permit Number: WAR043000 

Permit Type: Stormwater General Permit 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 7295, 10620, 7394, 7395, 9274, 9275, 40911, 47441 

(includes listings within TMDL boundary downstream of direct receiving segment).  

¶ Temperature allocations apply from June 16 to September 30. 

¶ SRP and BOD5 allocations apply from June 1 to September 30. 

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

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

Water-body 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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 

Little Pilchuck 

Creek 
Entire Basin 107 0.0016 0.0174 0.048 0.347 

Catherine Creek Entire Basin 48 0.0007 0.0078 0.022 0.156 

 

Other Requirements: 

¶ Best management practices (BMPs) are required in all stormwater permits to protect 

designated aquatic life uses. TMDLs may identify 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 TMDL-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 TMDL-related actions for stormwater permittees.  

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 

Reserve for Future Growth 

Permittee Name: Future NPDES Permits 

Permit Number: N/A 
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Permit Type: Various 

Water-body Names: Pilchuck River; Tributaries to Pilchuck River  

Listing ID of Receiving Water: 10621, 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 

Name 
Sub-basin Name 

Temperature 

(therms/day) 

Baseflow 

SRP 

(lbs/day) 

Runoff 

SRP 

(lbs/day) 

Baseflow 

BOD5 

(lbs/day) 

Runoff 

BOD5 

(lbs/day) 

Pilchuck River Entire Watershed 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 

Little Pilchuck 

Creek 
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 

Connor Lake 

Creek 
Entire Basin 2 0.00003 0.0002 0.001 0.007 

 

Other Requirements: 

¶ Temperature allocation represents daily average for season including runoff and non-runoff 

conditions. 

¶ Daily average river flows should be obtained from gage USGS 12155300 Pilchuck River 

near Snohomish, WA. 

Load Allocations 

The following tables present load allocations for temperature (Table 18), phosphorus (Table 19), 

and BOD (Table 20) in the Pilchuck River TMDL study area. The óDetailed TMDL Study 

Results and Analysis ï Temperature and Dissolved Oxygen Analysis and Allocationsô sections 

of the report describes 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. 

Water-body Name 
Sub-basin 

Name 

Effective 

Shade 

Target 

Solar 

Radiation 

Heat Load 

(therms/day) 

Tributaries 

and 

Groundwater 

(therms/day) 

Total 

Load 

Allocation 

(therms/ 

day) 

Pilchuck River 
Entire 

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 

Creek 
Entire Basin SPS* n/a 6,417 11,615 

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 Entire Basin 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 future. The load allocation for 

Little Pilchuck Creek includes Catherine Creek, its temperature impaired tributary (Listing IDs 

7394 and 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. 

Water body Applicable Area 

Baseflow 

SRP LA 

(lbs/day) 

Runoff 

SRP LA 

(lbs/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 Three Lakes 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. 

Water body Applicable Area 

Baseflow 

BOD5 LA 

(lbs/day) 

Runoff 

BOD5 

LA 

(lbs/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 accounts for uncertainty about the pollutant loading and water-body 

response and must be included in all TMDLs to ensure water quality standards are met, despite 

these uncertainties. In this TMDL, the margin of safety is implicit. 
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¶ Critical air temperatures (90th percentile of annual 7-day averages of daily maximum) were 

combined with the critical low flows (lowest 7-day average flows with recurrence intervals 

of 10 years; 7Q10) to represent a reasonable worst-case condition for water temperatures and 

DO in the Pilchuck River. The combination inherently represents a recurrence interval of 

greater than one in every 10 years, which provides additional margin of safety.  

¶ The 7Q10 flow was used to evaluate reasonable worst-case conditions for discharge of point-

source effluent. 

¶ The 7Q10 flow used to calculate temperature WLAs for the Granite Falls WWTP outfall at 

~RM 19 was scaled down by a factor of 0.85 from the downstream USGS gage located at 

RM 3.6. This factor is conservative given that the two low-flow 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 lower stream temperatures, such as instream structures creating pools that 

connect with hyporheic flow, and wetland restoration creating improved groundwater 

connection. 

¶ The calibrated model slightly over-predicts phosphorus uptake downstream of the WWTP 

and thus slightly under-predicts 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: 

¶ Model uncertainty assessment for prediction of water temperature in existing conditions 

compared to system potential conditions revealed a variance between scenarios of 0.16°C 

root mean square error (RMSE). This is less than the 0.3°C allowable change from natural 

conditions.  

¶ Model uncertainty assessment for prediction of DO in existing conditions compared to 

system potential conditions revealed a variance between scenarios of 0.08 mg/L root mean 

square error (RMSE). This is less than the 0.2 mg/L allowable change from natural 

conditions. 

¶ Model bias evaluation shows no evidence of systematic over- or under-prediction of 

temperature or DO. There also is no evidence of a trend in error over the length of the river.  

 

TMDL Calculation  

Table 21 presents 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  
Future 

Growth 
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  
Future 

Growth 
MOS TMDL  

Pilchuck River Granite Falls 11,834 719 18 Implicit 12,571 

Pilchuck River 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 

Connor Lake Creek Entire Basin 87 79 2 Implicit 168 

Sexton Creek Entire Basin 172 309 12 Implicit 493 

Table 22 presents 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 lbs/day. 

Water body Applicable Area Condition LA  WLA  
Future 

Growth 
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 

Little Pilchuck 

Creek 
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 

Catherine Creek Entire Basin Baseflow 0.1376 0.0267 0.0007 Implicit 0.1649 

Connor Lake Creek 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  
Future 

Growth 
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 

Little Pilchuck 

Creek 
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 Entire Basin Runoff 0.5640 0.3032 0.0078 Implicit 0.8749 

Connor Lake Creek Entire Basin Runoff 0.0603 0.0084 0.0002 Implicit 0.0689 

Table 23 presents a summary of all 5-day biochemical oxygen demand (BOD5) allocations (in 

lbs/day) used in calculating the TMDL load capacity.  

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

Water body Applicable Area Condition LA  WLA  
Future 

Growth 
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 

Little Pilchuck 

Creek 
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 Creek 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  
Future 

Growth 
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 1.9 2.5060 0.064 Implicit 4.4510 

Pilchuck River Snohomish Runoff 3.4 1.6360 0.042 Implicit 5.0970 

Little Pilchuck 

Creek 
Entire Basin Runoff 39.5 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 Creek 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 describes recommended actions to improve water quality in the Pilchuck River watershed. It 

explains the roles and authorities of cleanup partners (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 issues. The plan also describes a wide range of 

specific actions required to improve water quality and achieve state standards. These include 

riparian plantings, increasing summer baseflows, and improving instream habitat, as well as 

limiting nutrient inputs from individual properties, stormwater, and the Granite Falls Wastewater 

Treatment Plant (WWTP). 

In this chapter of the Pilchuck TMDL, Ecology describes how temperature and DO pollutant levels 

will be reduced to meet state standards. Temperature and DO TMDL reductions should be 

achieved by year 2081 in the Pilchuck River and its tributaries. The 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 2016 land-use data from the Snohomish Countyôs Assessor Office (Snohomish 

County Assessor, 2012) to evaluate broad-scale pollution stress on the Pilchuck Watershed. We 

consolidated the 183 land use types into 13 categories for analysis purposes (Figure 5). A large 

majority of the Pilchuck River watershed (55%) is forested.6 Single family residential takes up 

about 25% of the total watershed area, most of which is concentrated in the lower and middle 

watershed. Undeveloped land takes up about 19%.  Agriculture makes up about 0.3% of the total 

watershed area. The remaining acreage consists of other land use categories such as commercial, 

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

                                                 

6 County data showed a large part of the watershed as being ñvacantò or ñopen spaceò categories. Comparison with 

aerial photos they are analogous to forested areas. For the purposes of pollution stress analysis, land defined by the 

County as ñvacantò 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 self-implementing through the 

administration of the National Pollutant Discharge Elimination System (NPDES) Program. 

However, the Pilchuck River Watershed Implementation Lead is tasked to working with permit 

managers to ensure that new TMDL-related requirements become permit conditions when permits 

are renewed.  No additional TMDL-related conditions are anticipated for general permittees as part 

of WLAs in this TMDL. WLAs for the Granite Falls WWTP will be expressed as effluent limits 

by the permit manager. 

Nonpoint Sources of Pollution  

The Pilchuck River watershed is home to rural residential living, forestry activities, and four urban 

centers. Those actions and activities, which we describe below, are essential to decreasing 

temperature and increasing dissolved oxygen levels. Each general set of actions 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  

¶ Restore riparian shading to 180ô on mainstem and to Ecology Riparian Buffer Map widths 

on tributaries.   

¶ Conduct community-based social marketing to determine most effective outreach and 

education efforts to landowners. 

Restoring and Enhancing Natural River Processes 

¶ Create cold water refuges with large woody material (LWM) and other instream structure.  

¶ Install LWM and implement other BMPs to create edge habitat.  

¶ Restore forested wetlands and off-channel habitat to increase hyporheic function. 

¶ Reconnect floodplains and side channels. 

¶ Assess salmon thermoregulation behavior to better understand habitat needs. 

¶ Assess existing beaver activities including local salmon/beaver/human interactions, and 

beaver management practices. 

¶ Install beaver dam analogs and post-assisted log structures (PALs). 

¶ Conduct community-based social marketing to determine most effective outreach and 

education efforts to landowners. 

Water Conservation and Streamflow Augmentation  

¶ Reduce surface and groundwater use during late-summer, low flow conditions.  

¶ Remove and/or modify bank armoring to increase hyporheic cooling processes. 
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Key Strategies 

¶ Setback/remove levees to restore natural processes that create cooler water. 

¶ Evaluate using imported water from Spada Lake Reservoir for new development in place 

of new exempt wells. Assess dry season impacts of added water withdrawals to the 

reservoir and Sultan River and added exported water to the Pilchuck River. 

¶ Implement low-flow irrigation BMPs to improve irrigation timing and efficiency. 

¶ Evaluate and install impoundment BMPs (e.g., beaver dam analogs, PALs) to retain water 

for use during the summer where feasible. 

¶ Implement stormwater retrofits that increase groundwater levels utilizing low impact 

development (LID). 

¶ Conduct community-based social marketing to determine most effective education & 

outreach efforts encouraging landowners to adopt water conservation practices. 

Nutrient, Sedimentation and Erosion Control 

¶ Implement stormwater retrofit BMPs including LID. 

¶ Apply nutrients using the proper rates and timing. 

¶ Install LWM, vertical arrays, coir logs and other bank stabilization BMPs. 

¶ Install livestock exclusion fencing and off-channel water facilities. 

¶ Implement erosion and sediment control BMPs during construction. 

¶ Investigate and repair possible sewer leaks and failing onsite septic systems. 

¶ Conduct community-based social marketing to determine most effective outreach and 

education efforts to landowners. 

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 and improve stream 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 stream and provide an added dimension of cooling.  Some added benefits of 

riparian restoration include: (1) trees acting as flood fences that trap flood-borne debris, which 

would reduce the cost of removing flood control debris after a flood event; and (2) trees help 

stabilize the riverôs location and may prevent excessive bank erosion and loss of farmland. 

Planting tributaries areas is essential since narrower streams are easier to shade than wider streams. 

Implementation partners (discussed later in this document) should encourage landowners to 

establish 180-foot riparian buffers on each side of the mainstem Pilchuck River and buffers 
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consistent with Ecologyôs Riparian Buffer Width Map7 along tributary streams in order to 

effectively achieve microclimate gains needed to decrease water temperatures. All watercourses 

with flowing waters should have complete shade at the maximum 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 

opportunities. Planting sites should be properly 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 

dominant vegetation was composed of blackberries, reed canary grass, Japanese knotweed, and 

other invasive or noxious weeds. Restoration specialists should regularly review the success of 

techniques to ensure that planting, watering, weed management, and outreach techniques are the 

most effective ones available. In the face of climate change, other potential tree protection and 

maintenance activities discussed in Chapter 1, Climate Change Section should also be assessed. 

Establish good riparian vegetation on public and 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 requirement. Publically-owned riparian areas that do not have treed buffer 

widths consistent with this TMDL should be identified and scheduled for planting at the earliest 

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

Enforce local ordinances and refine as needed: Protecting existing wooded riparian areas is 

especially important because of the long time it takes to establish new mature growth. Regulations 

must be enforced in order to derive both deterrent and corrective action benefits. Ecologyôs 

Pilchuck River Temperature and Dissolved Oxygen TMDL meets the requirements for best 

available science and should be consulted when updating shoreline and critical areas ordinances, 

clearing and grading ordinances, and other regulations. 

State Environmental Policy Act and land use planning:  Consider TMDLs during State 

Environmental Policy Act (SEPA) and other local land use planning reviews. If the land use action 

under review is known to potentially impact temperature and dissolved oxygen (DO) 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 that the necessary 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 in the issuance of land use permits. 

                                                 

7 http://www.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549&extent=-

123.0388,47.109,-122.5317,47.2963 

https://www.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549&extent=-123.0388,47.109,-122.5317,47.2963


  

Publication 20-10-035        December 2020 Page 58 

 

Figure 6. Riparian restoration photo.  

Restoring and Enhancing Natural River Processes 

Enhance Cold Water Refuges using LWM: Enhancing and protecting cold water refuges is vital 

to salmon recovery. Cold water refuges (CWRs) are generally defined as water that is 2°C cooler 

than the surrounding waters (Torgensen, Ebersole and Keenan, 2012). While trees take many years 

to reach their full potential to protect streams from excessive heating, CWRs provide immediate 

assistance to salmon and other cold water species during the warmest times of the year. They are 

preferred areas for fish and invertebrates when water temperatures get too warm for them to 

tolerate. Observations of fish using CWRs provide direct evidence of the importance CWRs usage 

for salmon migration. Fish are able to detect <0.1°C temperature difference and respond to this 

fine-scale difference both spatially and temporally by moving to more favorable water (Torgersen, 

Ebersole, and Keenan, 2012). Streams with healthy natural processes can contain a wide variety of 

these relatively cooler areas. Many types of hydrological processes including tributary junctions, 

side channels, alcoves, stratified pools, groundwater seeps, hyporheic exchange (i.e., laterally 

through point bars and meander bends; or vertically through a pool and riffle system) can 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 connect that cooler groundwater to a stream or river. Scour 

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 resulting downstream CWR. In some stream reaches, warm water temporarily leaves a 

stream only to emerge downstream after being cooled during its subsurface travel. Fish and 

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

temperatures are high.  

Control Excessive Erosion and Sedimentation: 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 can also affect water temperatures and DO 

levels. This problem happens in parts of the stream where water velocities decrease and sediment 

falls to the bottom of the stream. The settled sediment causes the stream to spread out and 

become wider. When the stream is wider, 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. 

Sediment deposition can also smother salmon eggs and ñcementò the redds where salmon deposit 

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 spaces between gravel, cobble, and 

other finer substrates, the rate of hyporheic exchange is also reduced. 

Bank erosion in streams and rivers is part of a water bodyôs evolution. When it occurs at natural 

levels, erosion brings in fresh gravel to support healthy aquatic 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 precipitation are additional factors that can also induce these 

higher flows especially in the face of climate change. When trees and native vegetation are 

cleared from riparian areas, the loss of roots make banks more susceptible to erosion and can 

cause both a destruction of fish habitat and significant property loss. 

Although a sediment budget was not created as a part of this TMDL, the most common sources 

of sediment and altered stream processes typically include 1) landslides; 2) erosion resulting 

from poor 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 roads, control hydraulic scouring 

through stormwater infiltration, and control damage to riparian areas are discussed throughout 

this chapter. This implementation plan supports the following additional actions aimed at 

reducing sediment buildup and improving natural processes that contribute to improved water 

temperatures: 

¶ Control erosion during construction activities 

¶ Restore riverbank stability with riparian vegetation 

¶ Maintain forest access roads 

¶ Restore natural river processes  

Water Conservation and Streamflow Augmentation 

This TMDL shows that reducing the amount of water flowing in the Pilchuck River increases 

stream temperatures and reduces DO levels. Adding water back into the river results in cooler 

water with more DO. For that reason, increasing summer baseflow levels through water 

conservation and streamflow augmentation is an important objective of this TMDL. Water 

conservation techniques are well established and not individually detailed below. However, 

streamflow augmentation is a relatively new field of environmental restoration. The Pilchuck 

Riverôs wide variety of land uses and geography is an excellent watershed in which to pilot new 

flow augmentation techniques. Implementation actions required to improve streamflows are 

discussed below. 

Infiltrate stormwater where feasible and to the maximum extent practicable: Impervious 

surfaces such as roofs, roads, and parking lots increase the potential for adverse impacts by  

preventing  rainwater from infiltrating into the ground. Infiltrating stormwater helps maintain or 

restore natural hydrologic processes such as groundwater recharge that support streamflows during 

summer. The proper infiltration of stormwater also helps remove pollutants and help minimize 

flood frequencies. 
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Property owners can use a suite of Low Impact Development (LID) tools, including harvesting and 

infiltrating rain water with rain barrels, installing bio-swales, replacing lawn grass with native 

species or a rain garden, augmenting lawn soils to improve water absorption, and replacing paved 

areas with gravel or permeable pavers. Riparian buffers also infiltrate and slow down stormwater. 

Information on these different LID options is available through Snohomish Conservation Districtôs 

Urban Stormwater Program.8 This 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 projects. Low impact development 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, small-scale hydrologic controls to more closely 

mimic pre-development hydrologic functions (PSAT and WSU, 2005). Ideally, site planning and 

stormwater management are integrated at the initial design phases of a project to maintain a more 

hydrologically functional landscape.  

Ecologyôs groundwater velocity table (illustrated in Appendix J) may serve as an example of a 

useful tool for the site planning of infiltration facilities. After inputting the elevation of the 

infiltration facility, stream elevation and distance to the stream, this table automatically 

calculates the following based on soil type: 

¶ Hydraulic gradient (slope) 

¶ Linear velocity (rate of change) 

¶ 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 infiltration facilities (Appendix J). Since this watershed 

has a permeable soil layer as well as a restrictive soil layer (seasonal high water table, bedrock, or 

other impervious layer), Ecology also examined the feasibility to site infiltration facilities based on 

the soil characteristics described in Ecologyôs 2019 Stormwater Management Manual for Western 

Washington.9 Ecology found infiltration to be feasible for the Pilchuck River watershed (refer to 

Appendix J). The analysis in Appendix J is 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 recommends conducting site planning and field verification during a stormwater 

projectôs initial design phases, and assessing site conditions throughout the life of the project. 

Restore or enhance wetlands where feasible: Wetlands store water and slowly charge 

groundwater supplies during dry weather periods. This TMDL recommends additional research 

to identify marginal forestry and agricultural lands where wetland restoration could improve 

summer baseflows. 

                                                 

8 https://snohomishcd.org/sound-homes 
9 https://fortress.wa.gov/ecy/ezshare/wq/Permits/Flare/2019SWMMWW/2019SWMMWW.htm 

https://snohomishcd.org/sound-homes
https://fortress.wa.gov/ecy/ezshare/wq/Permits/Flare/2019SWMMWW/2019SWMMWW.htm
https://fortress.wa.gov/ecy/ezshare/wq/Permits/Flare/2019SWMMWW/2019SWMMWW.htm
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Figure 8. Example bioretention facility. 

Use imported water for new development: Where feasible, supplying new homes and 

development with carefully managed water sources outside of the Pilchuck River watershed can 

help increase summer streamflows. Imported water is currently estimated to contribute up to ~ 4 

cfs in summer baseflow gain.  

It is important to note that the Washington State Legislature passed the 2018 Streamflow 

Restoration Act (ESSB 6091) to provide actions that offset impacts to instream flows associated 

with permit exempt domestic water use and achieve net ecological benefit. While these actions are 

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

prevent future degradation to instream flows. It will also provide essential guidance on increasing 

stream baseflows. This implementation plan recommends tracking and keeping up with streamflow 

restoration guidance developed by Ecologyôs Water Resources Program resulting from this new 

law. 

This plan also recommends that state and local governments 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 new water 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 must be authorized through a water rights permit. Ecologyôs 

Northwest Regional Office, Water 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 withdrawals. Landowners should water 

fields, gardens and lawns during the cooler times of the day in the morning or in the evening 

during the critical summer months. Irrigation timers can be used to improve convenience of 

watering in the early morning. Using efficient irrigation devices, such as soaker hoses and drip 

irrigation, conserves water in gardens and fields by (1) delivering water slowly close to the plant 

roots where it is most needed and (2) avoiding overspraying and evaporation. See smart watering 

techniques.10 

Additionally, installing water control valves on drainage tiles to control water flow rather than 

draining open year-round, may help conserve the amount of water withdrawal from Pilchuck River 

itself during the summer. This TMDL recommends additional research to determine how much of 

an effect valve drain tiles have in water conservation during the summer. Agricultural water users 

should consult with the Snohomish Conservation District Farm Planning Program11 to develop a 

water management plan that maximizes watering efficiency.  

Ecology supports conservation efforts that optimize irrigation and soil health practices.  While 

irrigation audits are currently not regulated by Ecology, this TMDL also recommends voluntary 

irrigation audits to manage natural soil moisture and texture.  Incentive programs should be 

considered to encourage landowners to conduct a voluntary irrigation audit. 

Streamflow Augmentation through Beaver Management 

Beaver dams have the potential to increase summer baseflows through an expansion in both 

surface and subsurface water storage due to water ponding and infiltration, (Dittbrenner, 2019; 

Pollock, Castro, and Lewallan, 2018; Bouwes et al., 2016; Rosell et al., 2005). Dittbrenner 

(2019) found that beaver relocations to headwater streams in the Skykomish watershed created 

243 m3 of surface water storage and 581 m3 of subsurface water storage per 100 m of stream 

reach in the first year following relocation.  Adding surface water features and increasing 

subsurface 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 recovery (Figure 9). 

Beavers are currently present in both the Little Pilchuck and Dubuque subbasins (Snohomish 

County. verbal communication. November 16, 2017) and are thought to potentially have 

widespread presence throughout the rest of watershed. Several sources indicate beavers have the 

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 (Pollock, Castro, and Lewallen, 2018; 

Bouwes et al., 2016; Weber et al., 2017; Rosell et al., 2005).  

                                                 

10 https://snohomishcountywa.gov/DocumentCenter/View/7261/Smart-Watering?bidId 
11 https://snohomishcd.org/sound-farms 

https://snohomishcountywa.gov/DocumentCenter/View/7261/Smart-Watering?bidId
https://snohomishcountywa.gov/DocumentCenter/View/7261/Smart-Watering?bidId
https://snohomishcd.org/sound-farms
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As illustrated in Figure 9, beaver-made dams and beaver dam analogs (i.e., structures that mimic 

beaver dams) slow and increase surface 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 fish. Deeper pools allow the water temperature to stratify and increase 

hydraulic pressures, which force cooler groundwater to disperse and upwell further downstream 

creating an expansion of CWRs. 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 provides fish places 

to hide. Frequent inundation of inset floodplains creates side channels and rearing habitat for 

juvenile salmonids and increases riparian vegetation recruitment. An increase in riparian 

vegetation and pond complexes translates to more food supply and refuges for beavers leading to 

higher survival and persistent beaver colonies. Beavers maintain the dam and associated 

geomorphic, hydrologic and biotic processes continue to create complex fish habitat (Bouwes et 

al., 2016).  

 

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 viewed negatively 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 

storage. Furthermore, summer stream temperature maximums decreased for stream reaches 

located downstream 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 watershed. Areas with the greatest longitudinal increases in maximum summer stream 

temperature occurred during times when no beaver dams or beaver dam analogs existed. When 

evaluating the potential of beaver ponds to supplement summer hydrology as a total percentage 

of summer precipitation, Dittbrenner (2019) states beaver complexes have the potential to 

supplement summer precipitation by 2.4% in mixed basins such as the Snohomish River basin 

(see Figure 5 in the Climate Change section of this report).  

The extent to which beaver dams and beaver dam analogs (BDAs) raise groundwater levels and 

example BDA calculations based on the August baseflow restoration targets from óLoad 

Allocationsô section are discussed in Appendix J. Example BDA calculations are meant as a 

starting point and do not reflect the entire suite of BMPs that can used to return water to the 

Pilchuck River. Careful site planning is a must when considering BDA construction.  Snohomish 

County noted that any constructed BDAs in the Pilchuck River watershed are likely to be shortly 

occupied by beavers (Rustay, M. public communications, November 13, 2020).  By increasing 

groundwater storage, beaver dams and BDAs can shift slightly losing stream reaches to gaining 

reaches (Majerova et al., 2015), shorten the non-flowing duration of intermittent streams (Woo 

and Waddington, 1990), and even convert intermittent streams into perennial streams 

(Snodgrass, 1997; Pollock et al., 2003).  

Extensive planning must be undertaken in places where beavers and humans interact or in places 

where beaver relocation or reintroduction may be under consideration. Where necessary, 

property acquisition or easements should be considered where conditions are suitable for beaver 

colonization and water storage. Active outreach and education to inform landowners about 

beavers and how to live with beavers (including the challenges) should be explored. Known and 

potential challenges between humans and beavers include: 

¶ Impacts to roads and other transportation infrastructure through plugging of road culverts 

and/or backwatering of water behind beaver dams. 

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

¶ Unwanted beaver browse of crops and ornamental plants. 

¶ Potential reduction of fish passage in confined streams, especially those associated with built 

infrastructure. 

When considering beaver restoration, refer to ά¢ƘŜ .ŜŀǾŜǊ wŜǎǘƻǊŀǘƛƻƴ DǳƛŘŜōƻƻƪΥ ²ƻǊƪƛƴƎ ǿƛǘƘ 

.ŜŀǾŜǊ ǘƻ wŜǎǘƻǊŜ {ǘǊŜŀƳǎΣ ²ŜǘƭŀƴŘǎΣ ŀƴŘ CƭƻƻŘǇƭŀƛƴǎέ12, Beavers Northwest13 and Washington 

{ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜΩǎ ό²5C²ύ ǿŜōǎƛǘŜ14 for more information. This TMDL 

                                                 

12 https://www.fws.gov/oregonfwo/Documents/2018BRGv.2.01.pdf 
13 http://www.beaversnw.org/home.html 
14 https://wdfw.wa.gov/species-habitats/species/castor-canadensis 

https://www.fws.gov/oregonfwo/Documents/2018BRGv.2.01.pdf
https://www.fws.gov/oregonfwo/Documents/2018BRGv.2.01.pdf
http://www.beaversnw.org/home.html
https://wdfw.wa.gov/species-habitats/species/castor-canadensis
https://wdfw.wa.gov/species-habitats/species/castor-canadensis
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recommends consulting with WDFW wildlife  biologists early and often during the planning of 

beaver management projects. This TMDL also recommends conducting beaver assessments to 

better determine the extent of beaver family populations to help guide future beaver management 

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 lowest. Landowners can purchase native 

plants for their yard that are already acclimated to the local climate and require less maintenance 

than lawns. Selecting drought-tolerant native plants that require less irrigation will help leave 

more water in the stream. Adding mulch or compost helps retain moisture in the soil for plants 

and also conserves water. Applying a slow-release fertilizer at the proper rate and time will 

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

slowly. Grass-cycling, is also a good technique to retain grass clippings on the lawn for soil 

organisms to break down as free nutrients. See Snohomish CountyΩǎ ƴŀǘǳǊŀƭ yard care website15 

for more information or resources about natural yard care. 

Add protections where livestock are present: Livestock owners have a special challenge in 

establishing and protecting vegetation, preventing erosion, and controlling nutrient discharges in 

riparian areas. Grazing 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 practices (BMPs) for livestock rearing include fencing to 

keep animals out of waterways and riparian areas, off-stream watering facilities, and the proper 

combination of tree coverage and filter strips outside of the fencingðall of which are needed to 

protect local surface waters. 

 

                                                 

15 https://snohomishcountywa.gov/1097/Natural-Yard-Care 

https://snohomishcountywa.gov/1097/Natural-Yard-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 established and 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 livestock. Grass forage has its best nutrient value between 3ò and 8ò of height. Grazing 

below 3ò depletes the plantsô energy reserves, which it needs throughout its dormant period. 

Remove animals when grass height reaches 3ò and return them when the height reaches 6ò or 

more. 

The Snohomish County Water Pollution Ordinance16 (Snohomish County Code 7.53) prohibits 

discharges that contain contaminants, including sediments.  The ordinance may allow or require 

best management practices (BMPs) described in appropriate stormwater prevention plans. 

Snohomish Countyôs Critical Areas Ordinance17 (Chapter 30.62A.620-640) specifically 

addresses standards and conditions relating to commercial agriculture. The ordinance requires 

the use of agricultural BMPôs to protect the functions and values of wetlands and fish and 

wildlife conservation areas. Although the need to plant trees in riparian areas is not specifically 

discussed in the ordinance, landowners should include planting trees as an appropriate BMP in 

the design of animal grazing areas near critical areas or buffers. 

Farms that spread nutrients on a field should be sure to apply nutrients at agronomic rates. Due to 

high seasonal rainfall, the appropriate timing and amount of nutrient application is critical (Carey 

and Harrison, 2014). If nutrients are applied during a rainy period and/or too heavily, then plant 

uptake may be limited, resulting in excess nutrients washing off the field and polluting nearby 

water bodies. Refer to Ecologyôs Voluntary Clean Water Guidance for Agriculture18 and contact 

Snohomish Conservation District for further information and recommendations on BMPs that 

address nutrients. 

 
Small farms should receive periodic technical assistance visits from the Snohomish Conservation 

Districtôs Farm Planning Program19 to ensure BMPs are being followed. Technical assistance 

visits to new landowners are especially important when livestock properties change ownership. 

Where Do We Have Opportunities for Improvement? 

Many reaches of the mainstem Pilchuck and its tributaries need large riparian planting and 

restoration. Shade is needed along major river segments and all major tributaries in order to cool 

not only the water temperature, but create a microclimate that decreases the air temperature. The 

larger the buffer, the greater the air temperature decrease.  

                                                 

16 https://snohomish.county.codes/SCC/7.53 
17 https://snohomish.county.codes/SCC/30.62A_Part600 
18 https://fortress.wa.gov/ecy/publications/documents/2010008.pdf 
19 https://snohomishcd.org/sound-farms 

https://snohomish.county.codes/SCC/7.53
https://snohomish.county.codes/SCC/30.62A_Part600
https://fortress.wa.gov/ecy/publications/documents/2010008.pdf
https://snohomishcd.org/sound-farms
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A wide tree canopy buffer can help cool soil and subsurface temperatures, which may translate to 

cooler groundwater and hyporheic flows.  

As part of this implementation plan, Ecology reviewed orthophotography from ArcGIS in 2017 

and 2018. The following analysis divides Pilchuck River watershed into three segments:  

¶ Upper Pilchuck (River Mile 26.4 and above) 

¶ Middle Pilchuck (River Mile 8.6 to 26.4)  

¶ Lower Pilchuck (confluence with Snohomish River to River Mile 8.6) 

River metrics and corresponding maps used to delineate the reaches in these segments can be 

found in Appendix K. 

During the 2014 and 2016 surveys, Ecology identified several areas while evaluating seeps and 

small tributaries along the mainstem that might function as potential cold water refuge (CWR) 

areas. The temperature differences between the seeps and tributaries and the mainstem averaged 

5.6°C. These CWR areas are discussed throughout the Middle and Lower Pilchuck subbasin 

reaches. A full list of potential CWRs may be found in Table 40 and Figure 24.  Siting of actual 

CWR projects will require additional study. Ecologyôs direct observations of cold water inputs 

and flow balancing work is intended to show both the potential for creating CWRs and the 

general areas where that potential exists. This TMDL recommends additional geomorphic and 

hydrologic assessment to identify and prioritize CWR creation and augmentation in the 

mainstem and all 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 implementing this 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, 1999). This TMDL recognizes 

that for projects to install LWM as envisioned in this TMDL will require additional field 

research and community outreach. Project managers should 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 design. Grant authorities 

are encouraged to recognize 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 number of pools is another key component towards providing more CWRs that can 

act as stepping stones for fish when temperatures are too high. Pools also provide habitat for fish 

rearing.  Table 25 shows average near stream disturbance zone (NSDZ) channel widths, wetted to 

NSDZ channel width conversion ratios, approximate wetted channel widths, average frequency of 

pools per mile targets based on the Matrix of Pathways and Indicators (NMFS, 1996) and average 

frequency of pools per kilometer targets within the Middle Pilchuck and the Lower Pilchuck 

reaches.   
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Ecology estimated the wetted channel width by multiplying the NSDZ channel width by the wetted 

to NSDZ ratio. From NMFS (1996), Ecology used linear interpolation or regression (y = 572.65x-

0.764) to estimate approximate pools per mile target. Further 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 

NSDZ 

Channel 

Width  (m) 

Wetted to 

NSDZ 

ratio 

Approx. 

wetted width 

(m) at low flow 

~pool/mi 

target (1996 

matrix)  

~pool/km 

target  

Middle Pilchuck 

(RM 8.70-RM 

25.48) 

48.52 0.54 26.20 19.1 11.8 

Lower Pilchuck 

(RM 1.24 to RM 

8.08) 

41.37 0.63 26.06 19.1 11.9 

Total Study Area 

(Middle +Lower 

Pilchuck) 

46.37 0.57 26.43 18.9 11.8 

 

Upper Pilchuck Mainstem and Subbasins 

Most of the Upper Pilchuck from RM 42 to about RM 26 is forested lands managed by 

Washington State Department of Natural Resources (Figure 11). Actions that can be taken to 

minimize temperature and DO impacts are discussed below.  

In August 2020, Tulalip Tribes and City of Snohomish completely removed the City of 

Snohomish Diversion Dam (built in 1932) on the Pilchuck River, which impeded upstream fish 

migration. The Pilchuck River Dam Removal Restoration project restored unimpeded fish access 

to 37 miles of high quality habitat. During the course of this project, a second smaller dam (built 

in 1912) was also removed.  
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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 lands. This strategy, 

referred to as the Clean Water Act Assurances, was established as a formal agreement to the 

1999 Forests and Fish Report.20 

The stateôs forest practices rules were developed with the expectation that the stream buffers and 

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 TMDL. As part of 

the 1999 agreement, new forest practices rules for roads were also established. These new road 

construction and maintenance standards are intended to provide better control of road-related 

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 needed. The agreement to rely on the 

forest practices rules in lieu of developing separate TMDL load allocations or implementation 

                                                 

20 https://www.dnr.wa.gov/Publications/fp_rules_forestsandfish.pdf 

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 adaptive management programs in 200921. 

Ecology noted numerous areas where improvements were needed, but also recognized the stateôs 

forest practices program provides a substantial framework for bringing the forest practices rules 

and activities into full compliance with the state standards. Therefore, Ecology decided to 

conditionally extend the CWA assurances with the intent to stimulate the needed improvements. 

Ecology, in consultation with key stakeholders, established specific milestones for program 

accomplishment and improvement. These milestones were designed to provide Ecology and the 

public with confidence that forest practices in the state will be conducted in a manner that does 

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

This TMDL study did not analyze the effect of clearcutting and other forest management 

practices on basin hydrology and resulting temperature effects. However, the adaptive 

management process for the Forest Practices Rules includes research being conducted by the 

Cooperative Monitoring, Evaluation and Research Committee (CMER)22 a committee 

established by the Forest Practices Board. Among their work is research on the effect of forest 

management strategies on stream temperature, sedimentation and hydrology. 

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

¶ Private forests and state trust lands: 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 

management. Riparian Management Zones (RMZ) are established along all perennial streams 

where silvicultural activities are restricted to protect shade and large woody material (LWM; 

also known as large woody debris) at levels that meet the water quality standards and protect 

the streamôs ecological functions.23  The widths of RMZ are based on the soil site class (its 

ability to grow trees), and varies from 90-200 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 management (thinning) to within 50 feet of the water, 

along most fish-bearing streams a 101 to 118 foot wide no-entry buffer is established.  

The specific allowance for harvest within the RMZs depends on how dense the stand is and how 

well it protects stream shade and the supply of LWM to the streams. The width is also 

conditioned on the size of the stream, whether or not it contains fish, and whether or not it flows 

year-round (perennial). Private landowners must follow either the state forest practices rules 

established in conformance with the Final Forest Practices Habitat Conservation Plan (FPHCP) 

                                                 

21 https://fortress.wa.gov/ecy/publications/SummaryPages/0910101.html 
22 https://www.dnr.wa.gov/about/boards-and-councils/forest-practices-board/cooperative-monitoring-evaluation-

and-research/ 
23 More information about Western Riparian Management Zones is available online (WAC Chapter 222-30-021) at: 

https://apps.leg.wa.gov/wac/default.aspx?cite=222-30-021. 

 

https://fortress.wa.gov/ecy/publications/SummaryPages/0910101.html
https://www.dnr.wa.gov/about/boards-and-councils/forest-practices-board/cooperative-monitoring-evaluation-and-research/
https://apps.leg.wa.gov/wac/default.aspx?cite=222-30-021
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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 the State Lands Habitat Conservation Plan (HCP). The State 

Lands HCP is an agreement covering multi-species that ensures management activities on State 

Trust lands will not result in degradation of habitats that are important for federally listed 

species. This agreement establishes alternative harvesting prescriptions for State Trust lands that 

are believed to provide equal or greater protection than those required for private forestry 

operations. Buffer widths along watercourses depend on the stream type.24  Fish bearing streams 

have a site index buffer applied. The 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 expected to get in 100 years.  

Currently, under the HCP, some silvicultural activities are allowed within the riparian 

management zones if the stand does not meet the desired future condition. Where riparian zones 

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

and is not subject to any management practices. Within the remaining buffer area, thinning can 

occur, as well as creation of downed woody debris and snags. These activities are to be designed 

based on site specific conditions 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 general recommendations for forest managers to promote the improvement of water 

temperatures and DO in the Upper Pilchuck River subbasin: 

¶ Establish or maintain good riparian vegetation: Where significant portions of riparian 

buffers are found to be poorly vegetated (such as with grasses, shrubs, or invasive species), 

riparian restoration and replanting with the appropriate plant species are needed.  

¶ Provide treatment for logging road systems: Proper attention to the state of logging roads 

and their drainage facilities is needed to prevent sediment delivery to the watershed. Older 

roads, sediment control structures, and stormwater conveyance systems should be evaluated 

for maintenance, removal, or decommissioning. 

¶ Evaluate large scale land use changes from forestry activities: 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 activities. It is expected that existing forestry 

management rules and plans will consider this impact on water quality as they are revised.  

¶ Augment streamflow: Assess whether wetland restoration, beaver dam analogs (or other 

impoundment BMPs) and other beaver management practices are feasible. Consult with 

WDFW wildlife biologists early and often during the planning of beaver management 

projects.  

                                                 

24 Stream type descriptions are available online under ñRiparian management zoneò (WAC Chapter 222-16-010) at: 

https://apps.leg.wa.gov/wac/default.aspx?cite=222-16-010.  Additional definitions are available online at: (WAC 

Chapter 222-16-030) at: https://apps.leg.wa.gov/WAC/default.aspx?cite=222-16-030. 

https://apps.leg.wa.gov/wac/default.aspx?cite=222-16-010
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Middle Pilchuck Mainstem and Subbasins  

As illustrated in Figures 12 and 13, the Middle Pilchuck River encompasses about 18 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 be). The Middle Pilchuck mainstem contains 

several riverine (riparian wetlands along rivers, streams) and freshwater forested/shrub wetlands. 

Little Pilchuck Creek subbasin contains more wetlands than Dubuque Creek (Figures 15 and 16). 

Refer to Appendix K for more detailed maps and information about the stream reaches discussed 

later in this section. 

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

peaked at 22.87°C and in mid-August 2012, the 7-DADMax water temperatures peaked at about 

22.5°C, well exceeding the state standard of 16°C. On August 18, 2016, the minimum water 

temperatures in the mainstem were just above state standards, peaking at 16.85°C, while the 

maximum water temperatures peaked at about 22.6°C. Modeling scenarios characterized later in 

this document in Chapter 4, óSystem potential conditionsô section, show that the Middle Pilchuck 

is unable to meet the numeric criteria part of the state standards, even under system potential 

conditions. Despite being unable to meet the numeric criteria, the management scenarios are 

shown to:  

¶ Reduce 7-DADMax water temperatures below the adult fish lethality of 22ęC (Figure 44);  

¶ Reduce the 1-day maximum temperatures below the adult fish lethality criteria of 23ęC 

(Figure 45); and  

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

The addition of streamflow restoration and increased hyporheic exchange show a noticeable 

difference with reducing temperatures below 22ęC, especially in the lower reaches. System 

potential shade plus microclimate continue to show a substantial difference compared to a no 

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

Pilchuck River. 

The city of Lake Stevens partnered with the Adopt-A-Stream Foundation, who planted trees and 

installed LWM with many private landowners in the Little Pilchuck Watershed (see Figure 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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Figure 12. Middle Pilchuck implementation opportunities 
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Figure 13. Middle Pilchuck RM 8.6-19 implementation opportunities 



  

Publication 20-10-035        December 2020 Page 76 

Ecology examined the 180-foot riparian buffer on each side of the mainstem Middle Pilchuck 

River from OK Mill Road to the diversion dam 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 

potential. As shown in Table 26, Ecology calculated a total riparian area of 769 acres along the 

Middle Pilchuck mainstem. Of this 769 acres, 204.2 acres or 27% of the total riparian area needs 

to be planted with trees. Over half of the total riparian area or 440.2 acres already has large-sized 

trees. About 13% or 101.9 acres had trees considered small or medium in height. We expect 

these small to medium trees to provide more shade as they increase in size over the coming 

decades. About 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 
% of Total 

Riparian Area 

Total riparian area 769 100% 

Areas in need of riparian planting   

Barren acres 6.3 1% 

Pasture/grass/clear-cut 182.6 24% 

Shrub-scrub 15.3 2% 

Areas with  existing tree coverage  

Medium sized 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% 

Industrial/Power line/House 11.1 1% 

Road 10.3 1% 

Ecology also examined pool targets in the Middle Pilchuck and compared these targets with 

Snohomish Countyôs assessment (SCSWM, 2012a)± ï see Table 27. Reaches 1, 2, 3, 5, 6, 7 all 

meet the average pool target of 11.8 pools/km as shown in Table 25. Reaches that did not meet 

the average targets are discussed in the following section. 

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

Reach 
Pool Frequency  

(pools/km)± 

Difference from 

estimated pool 

target (pools/km)* 

1 15.0 -3.2 

2 15.2 -3.4 

3 15.8 -4.0 

4 10.4 1.4 
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Reach 
Pool Frequency  

(pools/km)± 

Difference from 

estimated pool 

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 target is 11.8 pools per km (Table 25). 

Reaches 8 and 7 (collectively RM 26.44 to 22.52) 

Water temperatures measured about 20 feet downstream of the bridge at Menzel Lake Road went 

just above 16ęC early to mid-August 2012. During this same timeframe, temperatures would dip 

down to about 12-13ęC. Dissolved oxygen levels at RM 25.5 were lowest in August 2012, when 

they dipped to just above 9.5 mg/L. See 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 privately-owned and municipal parcels. According 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.  This might be an area to explore for potential CWR areas for fish in concert with 

planting.  

According to Snohomish Countyôs Habitat Report (SCSWM, 2012a), Reach 8 contains a 

frequency of 7.2 pools per kilometer (Table 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 pools per kilometer. Additional information about how the frequency 

of pools were calculated may be found in a preceding section in Table 25. As part of the CWR 

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 the face of climate change. 

In Reaches 7 and 8, there is quite a bit of large woody material (LWM) and gravel bars found 

downstream from RM 25 to about RM 23 that may be able to provide CWR habitat and should 

be explored for CWR expansion. From about RM 24 to about RM 23 (Reach 7), there are sizable 

and intermittent planting opportunities along the left bank as well as a couple of potential CWR 

spots along the right bank. Planting opportunities also exist around a meander at RM 23.  

Reaches 4, 5, and 6 (collectively RM 18.32 to 22.52)  

Water temperatures measured upstream of the bridge at Robe Menzel Road in Reach 6 went 

above 16ęC from early July to early September 2012, peaking at about 20ęC in mid-August 2012. 

Water temperatures peaked at 21ęC on August 18, 2016. In the morning hours, water 

temperatures would dip below 16ęC with the lowest water temperature measured at 15.27ęC on 

August 17, 2016 at 8:30 am at Robe Menzel Road. Observed temperatures fluctuated over the 

course of 24 hours, potentially affecting fish life during the day, less so at night... No 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 Menzel Road (Reach 6) and end near City of 

Granite Falls (between RM 19 and RM 20 in Reach 4). Part of this gain may be due to permeable 

glacial outwash soils in the area. Gaining reaches are characterized as one of the hydrologic 

processes that create CWRs. This TMDL recommends prioritizing this gaining reach area for 

CWR expansion and riparian restoration opportunities. From Robe Menzel Rd to around RM 21, 

there may be intermittent parcels to plant both on the left and right banks. In Reach 6, there are 

two potential CWR sites between RM 22 and RM 21. Around RM 21.29, there are two 

tributaries downstream from one of the potential CWR sites in Reach 6.  

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

bank and a potential CWR between an unnamed tributary and a riverine wetland should be 

explored. Bare/sparse patches were observed beyond the 180ô riparian buffer on a municipal 

parcel that might benefit from planting to prevent erosion and promote a cooler microclimate in 

Reach 4. Within Reach 4, there are three intermittent clusters of small parcels that might be 

planting opportunities depending on landowner willingness. In between two of the parcel clusters 

is a potential CWR site near a seep. Downstream of RM 19, there may be small intermittent 

planting opportunities and a potential CWR site along the right bank. Along the left bank across 

from the potential CWR site is a riverine wetland. The left bank along Reach 4 generally seems 

to be well-vegetated with trees and should be protected.  

Reach 4 is characterized in the Snohomish County habitat report (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 pools (Table 27). High quality pools were defined in the report as pool locations 

within the mainstem that are Ó1.0 m in residual depth and have Ó10% cover (i.e. wood debris, 

boulder, riprap, brushy/overhanging vegetation). Reach 6 is also characterized as having a low 

frequency of pools and few high quality rearing pools by comparison to the other reaches in the 

Middle Pilchuck segment. However, Reach 6 has a frequency of 13.1 pools per river kilometer, 

which meets the Middle Pilchuck target of 11.8 pools per river kilometer (Table 27).  This 

TMDL recommends further 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 opportunities should be explored along the right bank 

near RM 18 to RM 17 and just downstream on the left bank. With an unnamed tributary entering 

the left bank, there may also be potential for a CWR and/or off-channel habitat. Downstream of 

RM 17 at the meander, the potential for engineered 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 project in 2016 to divert the river from SR 92 

and planted the area, which will need time to grow. Downstream 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 matrix in Snohomish Countyôs Middle Pilchuck Final 

Report (SCSWM, 2012c). On the right bank, a potential CWR may be fed by freshwater 

forested/shrub wetland and may be a source of groundwater recharge to the river. This area 

should be explored for expanding and connecting off-channel habitat and upland wetlands to 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 likelihood of groundwater/surface water 

exchange in the summer months when it is most needed.  

At the meander upstream of RM 16 (Figure 14), a feasibility assessment for side channel or 

starter channel creation to the east (where there is existing tree cover) should be explored. 

Snohomish County noted there is mid-floodplain dike (placed in the 1940s) that 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 (Leonetti, F. public 

communications. November 13, 2020).  

During August 17-18 2016, DO levels above 9.5 mg/L were measured in the late morning into 

the afternoon about 100 feet upstream of the bridge at 64th Street (herein referred to as 64th 

Street). By late afternoon, DO levels begin to decrease. Water temperatures during this same 

time frame at 64th Street range from 16.28ęC to 21.46ęC. 

After Ecologyôs field study in 2016, the mainstem river moved from its main channel into a side 

channel upstream of RM 14.45 (in Figure 14, this area is just downstream of RM 15), which is 

now a prime area to be protected. Since the river now appears to have good tree cover on both 

sides within this newly occupied side channel, this TMDL recommends review of most current 

orthophotography in combination with field verification to determine 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 structures such as LWM. A gravel bar on the tail of an island formed by the abandoned 

mainstem and the newly occupied side channel upstream of RM 14.45 might be a source of 

hyporheic cooling that should also be explored for potential CWR and BDA feasibility. 

The potential to connect and restore three wetland complexes (two forested/shrub and one 

forested emergent) on the right bank as off-channel habitat should be explored. Riparian planting 

is needed on the right bank, which aligns with Snohomish Countyôs project matrix (SCSWM, 

2012c). Glacial outwash and alluvium soils are present through the abandoned meander, which 

may foster cooler hyporheic function. One forested/shrub wetland on the left bank that might be 

feeding a seep is also adjacent to a potential CWR site.  
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Figure 14: Middle Pilchuck wetland complex example 
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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 opportunities should be explored 

for planting buffers on both the right and left bank. As 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 District. About 0.2 to 0.3 miles upstream, there is a 

tributary on the right bank and a seep on the left bank respectively. From temperature probe data, 

Snohomish County (Leonetti, F. Personal communication. Nov. 16, 2017 and July 28, 2020) 

indicated the area around RM 13 was one of the colder spots they monitored, which is thought to 

be due to floodplain hyporheic exchange or reach-scale flow gain in this more-confined Pilchuck 

river segment just downstream from the Pilchuck-Little Pilchuck outwash plain. An opportunity 

to shade the tributary may help bring cooler water into the Pilchuck.  

Downstream of RM 13 to the next meander, intermittent opportunities should be explored to 

extend riparian buffers to increase the amount of cooling, mostly on the right bank, but also some 

spots on the left bank just before the meander. Upstream of RM 12 after the meander, we 

observed a seep with a potential for a CWR site. The left bank forested area around this CWR 

site (upstream of RM 12) should be explored for adding channel complexity such as creating side 

channels or back water channel habitat and adding LWM.  

Left bank areas that already contain tree cover around RM 11.38 should also be explored for off-

channel habitat potential. Adding more habitat complexity with well-engineered side or back 

water channels will help slow down flashier streamflows in the winter (lessening flood risk to 

nearby property owners, stream bank erosion and the need for bank armoring) and provide 

complex fish habitat and further cooling during the summer. 

Reach 1 (RM 8.60 to 11.38) 

Roughly a quarter mile upstream, riparian planting opportunities should be explored along the 

right bank. Just upstream of RM 11, three seeps were observed and a likely tributary. These areas 

contain a couple of potential CWR sites as temperatures were found to be fairly low with a series 

of nearby forested/shrub and riverine wetlands. There may be a few intermittent spots for 

riparian planting on both sides upstream of Russell Road, which require field verification.  

About 30 feet upstream of the bridge at Russell Road, DO levels range from 8.5 mg/L to about 

10.2 mg/L in late August 2012. Water temperature measurements were incomplete for 2012; 

however, in mid-August the minimum water temperatures were at or above 16ęC, peaking well 

above 20ęC. 

From Russell Road to just downstream of OK Mill Road is a significant segment of groundwater 

gain. Around RM 10, Russell Road is adjacent to the river for part of the riverôs meander, which 

might become an area of concern should the river continue towards the road and potentially 

impact nearby homes. The right bank appears to have more space and there may be potential to 

widen the buffer if the landowner goals permit. Upstream of RM 10 is a meander that appears to 

be newly abandoned due to channel migration; there may be an opportunity to restore this 
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meander as a side channel or create deep backwater pools for off-channel habitat. This TMDL 

recommends exploring how to increase CWRs within this segment into the downstream reaches. 

Little Pilchuck Creek: Water temperature measurements taken in 2012 about 200 feet 

downstream of bridge at 12th Street in Little Pilchuck Creek showed the following:   

¶ Water temperatures (including 7-DADMin temperatures) exceed the supplemental spawning 

criteria of 13ęC in early June.  

¶ From late June to early September, water temperatures exceed 16ęC, peaking well above 

20ęC in mid-August.  

¶ The 7-DADMin temperature exceeds 16ęC during early July to late-August.  

This subbasin was observed to be dry during the subsequent 2014 and 2016 surveys. In late August 

2012, DO levels never went above 9.5 mg/L, but instead appeared to remain between 8.5 to 9.0 

mg/L. 

Using the land-use/land-cover dataset from the USDAôs National Agricultural Statistics Service,25 

Ecology examined riparian areas in the Little Pilchuck subbasin (Figure 15). Estimates indicate 

that 56.5% of the land cover is forested at 630 acres, followed by 21.4% development at about 239 

acres and 10% wetland at 113 acres. Shrubland comprised about 94 acres and agricultural use 

areas about 28 acres. Ecology estimated about 361 acres of riparian area needs shade, the majority 

in the lower part of the subbasin around Lake Stevens. This calculation was derived by taking the 

sum of the barren, agriculture, shrubland and developed land use areas. Based on Ecologyôs 

Riparian Buffer Width Map,26 most of these riparian areas are at 100-ft buffer widths; however, 

some areas are less than 100 ft.  Ecologyôs analysis shows there are plenty of areas where riparian 

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.   

 

                                                 

25 https://nassgeodata.gmu.edu/CropScape/ 
26 https://waecy.maps.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549 

https://nassgeodata.gmu.edu/CropScape/
https://waecy.maps.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549
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Figure 15. Little Pilchuck Creek subbasin riparian area map. 

There are intermittent areas about a quarter mile upstream from RM 9 to just upstream of Little 

Pilchuck Creek (Sites 1-1 and 1-2) 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 right bank within Site 1-1. Since Reach 1, Sites 1-1 through 1-5 
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were found to have significant groundwater gain, further analysis should be considered for 

potential CWR sites or wetland expansion or restoration (Figure 16). For example, about 7 parcels 

northeast of Lake Stevens contain a wetland complex that may offer an opportunity to plant trees 

to shade the wetland and increase wetland value. Education and outreach opportunities may exist 

along the northeastern corner reach (see Figure 15) of the subbasin on water conservation BMPs. 

This TMDL also recommends exploring the feasibility for beaver management opportunities 

throughout this subbasin in consultation with WDFW wildlife  biologists. 
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Figure 16. Sub-reach sites 1-1 through 1-5 implementation actions. 

Dubuque Creek: According to the Lower Pilchuck River Assessment: Habitat Technical Report 

(Appendix A), water temperatures measured on Dubuque Creek showed  a 7-DADMax of 

19.65°C, whereas the mainstem water temperatures measured 22.45ęC in 2016 (Cardno, 2018). 

Even though this value exceeds the state temperature numeric criterion, this tributary was found 

to be 2.8ęC cooler than the mainstem; and therefore, would be a valuable CWR area for 

salmonids. At the mouth of Dubuque Creek, water temperatures (7-DADMax) peaked at 20ęC in 

early to mid-August 2012. Temperatures were at or above 16ęC from early July to about mid-

September. This tributary needs to be protected as a cold-water input into the mainstem Pilchuck. 

Restoration and CWR opportunities for this tributary should be considered as part of this 

implementation plan.  

Using the same land-cover/land-use dataset mentioned earlier for Little Pilchuck Creek, Ecology 

examined riparian areas in the Dubuque subbasin (Figure 17) comprising about 915 acres. 

Estimates indicate that 73% of the land cover is forested at 665.5 acres, followed by 16.5% 

development at about 151 acres and 5.8% shrubland at 53.4 acres. Wetlands comprised 37.4 acres 

and agricultural use areas about 4 acres. Ecology estimated nearly 209 acres of the riparian area 

needs shade. This calculation was derived by taking the sum of the barren, agriculture, shrubland, 

and developed land use areas. Based on Ecologyôs Riparian Buffer Width Map,27 most of these 

riparian areas are at 100-ft buffer widths; however, some areas are less than 100 ft.  Ecologyôs 

analysis shows some areas where riparian planting is needed 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 

https://waecy.maps.arcgis.com/home/webmap/viewer.html?webmap=d5478a4aaf704d81bac63ffc934e1549
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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 River (Figure 18). Lower 

Pilchuck mainstem contains several riverine 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 exist. The wetlands in this segment were 
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classified as degraded (SBSRTC, 2002). Refer to Appendix K for more detailed maps 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 the lower reaches around RM 5. This emphasizes the need to prioritize the Lower 

Pilchuck for planting trees and other measures to cool the water.  

Ecology examined the 180-foot riparian buffer on each side of the mainstem Lower Pilchuck 

River from OK Mill Road 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 potential. As 

shown in Table 28, Ecology calculated a total riparian area of 371 acres along the Lower 

Pilchuck mainstem. Of this 371 acres, nearly 177 acres or just under half of the total riparian area 

needs to be planted with trees. About 32% of the total riparian area or 118 acres in the Lower 

Pilchuck mainstem already has large-sized trees. About 10% of the total riparian area had trees 

considered small and medium in height. We expect these small and medium trees to provide 

more shade as they increase in size in the coming decades. About 38.1 acres were comprised of 

roads and infrastructure with little or no planting potential. Figure 18 illustrates the 

implementation opportunities including: areas 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 
% of Total 

Riparian Area 

Total riparian area 371 100% 

Areas in need of riparian planting  

Barren acres 2.9 1% 

Pasture/grass/sedge/rush 166.2 45% 

Shrub-scrub 7.5 2% 

Areas with existing tree coverage 

Medium sized 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% 

Industrial/Power line/House 19.0 5% 

Road 16.2 4% 
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Figure 18. Lower Pilchuck River implementation opportunities. 
























































































































































































































































































