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Abstract 

 

The Puyallup River Watershed has many listings on the federal Clean Water Act 303(d) list as 

impaired for fecal coliform bacteria.  This total maximum daily load (TMDL) report includes a 

study of bacteria impairment, indicates how much the bacteria needs to be reduced to meet 

Washington State water quality standards (load and wasteload allocations), and describes 

activities to achieve those reductions. 

 

During October 2006 to September 2007, the Washington State Department of Ecology collected 

bacteria and streamflow data from 55 sites throughout the study area twice per month.  These 

data were analyzed to determine how much the current bacteria levels needed to be reduced to 

meet the water quality standards. 

 

The Puyallup River Watershed is required to have a geometric mean of less than 100 bacteria 

colonies per 100 milliliters of water (cfu/100 mL).  Not more than 10% of samples used to 

calculate the geometric mean can exceed 200 cfu/100 mL. 

 

This TMDL expresses load allocations as a percent reduction needed to meet the concentration-

based standard. Wasteload allocations are expressed as concentration limits.  These percent 

reductions are targets used to prioritize implementation activities to reduce bacteria.  Load 

allocations are established from nonpoint (diffuse) sources along many of the mainstem and 

tributaries of the Puyallup and White River systems.  Wasteload allocations are established for 

Phase I and II communities, wastewater treatment plants, industrial permitted facilities. 

 

Compliance with this TMDL will be based on meeting the water quality standard. 
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Executive Summary 

Introduction 

The Puyallup River, White River, and several of their tributaries have fecal coliform (FC) 

bacteria levels higher than Washington Stateôs allowed levels (standards) for freshwater streams.  

These typically harmless bacteria tend to exist along with disease-causing bacteria and viruses 

(i.e., pathogens), so they serve to indicate the potential for pathogens in the water.  Meeting the 

FC standards is important because it helps make our rivers and streams safe places to swim, fish, 

boat, and do other recreational activities. 

 

The federal Clean Water Act requires that a total maximum daily load (TMDL) be developed for 

each of the water bodies on the stateôs 303(d) list of polluted waters.  The TMDL identifies 

pollution problems in the watershed, and then specifies how much pollution needs to be reduced 

or eliminated to achieve clean water.  The Washington State Department of Ecology (Ecology) 

then works with the local community to develop an implementation plan to assess the 

effectiveness of the water quality improvement activities.  Together, the TMDL and the 

implementation plan make up the water quality improvement report (WQIR). 

 

This WQIR will be submitted to the U.S. Environmental Protection Agency (EPA) for review 

and approval.  This report will also include implementation commitments that will describe and 

prioritize specific actions planned to improve water quality. 

 

The goal of this Puyallup River watershed FC TMDL is to reduce FC concentrations within the 

study area (Figure ES-1) to water quality standards by 2022. 

Watershed description 

The Puyallup River basin, Water Resource Inventory Area (WRIA) 10, drains an area of 

approximately 1,065 square miles.  The watershed contains more than a dozen cities and towns, 

including Washington Stateôs third largest city, Tacoma.  The major rivers of the basin are the 

Puyallup River and its two largest tributaries: the White (Stuck) and Carbon Rivers.  The study 

area excludes the Clarks Creek and South Prairie Creek watersheds, where bacteria TMDLs have 

recently been done. 

 

The White River enters the Puyallup River near the cities of Puyallup and Sumner and drains a 

494 square-mile basin.  Mud Mountain Dam, located at about river mile (RM) 28 on the White 

River, affects flow in the White River.  Water is removed from the White River at about RM 24, 

stored in Lake Tapps, and then returned to the White River at about RM 4. 

 

The Puyallup River watershed within the TMDL study area serves as receiving water for six 

municipal wastewater treatment plants (WWTPs): Puyallup, Orting, Enumclaw, Sumner, 

Buckley, and Rainier School. 
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Figure ES-1.  Puyallup/White River watershed (WRIA 10) including the Puyallup River watershed 
FC TMDL study area. 

TMDL targets 

This TMDL sets targets in terms of the FC concentrations necessary to meet criteria described in 

the following paragraphs.  Percent reductions reflect the estimated level of source control needed 

to meet water quality standards. 

 

Tables ES-1 and ES-2 contain the target FC reductions for water bodies that violated water 

quality standards.  The water quality standards within the TMDL study area are: 

 Geometric mean (similar to an average) of 100 bacteria colonies per 100 milliliters of water 

(cfu/100 mL). 

 No more than 10% of samples should exceed 200 cfu/100 mL.  In this report, this is 

calculated as the 90th percentile of sample results. 
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Table ES-1.  FC reductions and target capacity for the Puyallup River tributaries. 

Station ID Site Description 

Observed FC 
 (cfu /100mL) FC 

Reduction 

FC Target 
Capacity 

(cfu /100 mL) 

Geo-
mean 

90th 
%tile 

Geo-
mean 

90th 
%tile 

Dry Season (May ï October) 

10-DEE-0.1 Deer Creek near mouth 509 1336 85% 76 200 

Wet Season (November to April) 

10-DEE-0.1 Deer Creek near mouth 119 219 16% 100 184 

10-CLK-0.01 Clark Creek at mouth 87 253 31%
1
 60

1
 174

1
 

Clarks Ck.  1-3 
Pooled data for Clarks Ck at 3 
sites 

132 402 57%
2
 57

2
 174

2
 

Non-Seasonal 

10-SWN-3.9 Swan Creek at 80th St E 59 437 54% 27 200 

10-UNO-0.3 Alderton Creek at 80th St E 83 734 73% 83 734 

1 Not the official FC target capacity and percent reductions, official targets were set a by a separate TMDL for Clarks Creek. 
2 Official FC target capacity and percent reductions based on 2002-03 data set in separate Clarks Creek Watershed FC TMDL 

report (James, 2008). 

Note: Yellow (light shading) = 0-33% FC reduction; Orange (medium) = 33-67%; Red (dark) = 67-100%. 

Table ES-2.  FC reductions and target capacity for the White River and its tributaries. 

Station ID Site Description 

Observed FC 
 (cfu /100 mL) 

 
FC 

Reduction 
 

FC Target 
Capacity 

(cfu /100 mL) 

Geo-
mean 

90th 
%tile 

Geo-
mean 

90th 
%tile 

Dry Season (July ï October) 

10-WHT-0.1 White River at mouth 68 248 20% 55 200 

10-WHT-1.4 White River at 142nd  58 251 20% 47 200 

10-BOI-0.1 Boise Creek at mouth  401 2435 92% 33 200 

10-BOI-1.0 Boise Creek at 252nd 724 1556 87% 93 200 

10-BOI-2.2 Boise Creek at 276th 105 462 57% 45 200 

10-BOW-0.3 Bowman Creek at Kersey Way 99 507 61% 39 200 

10-JOV-0.4 Jovita Creek at West Valley Hwy E 295 586 66% 100 199 

10-SAL-0.2 Salmon Creek  at East Valley Hwy 194 876 77% 44 200 

Wet Season (November to June) 

10-BOI-0.1 Boise Creek at mouth  70 507 61% 27 200 

10-BOI-1.0 Boise Creek at 252nd 57 614 67% 18 200 

10-MIL-2.2 Milwaukee Ditch near Hwy 167 52 351 43% 30 200 

10-SAL-0.2 Salmon Creek  at East Valley Hwy 86 274 27% 63 200 

10-TAS-0.01 
Trib to White R at Auburn Riverside 
HS 39 476 58% 17 200 

Non-Seasonal 
10-RSSW-
0.01 Rainer School stormwater drainage 32 1475 86% 4 200 

10-UNW-0.2 
Unknown trib to White River at 
180th 203 2057 90% 20 200 

Yellow (light shading) = 0-33% FC reduction; Orange (medium) = 33-67%; Red (dark) = 67-100%. 

  



Puyallup River FC TMDL: WQ Improvement Report 

Page xvi 

Conclusions and recommendations 

Conclusions 

 Fecal coliform concentrations were highest during the dry season (July to October) for both 

the Puyallup River and the White River. 

 Clarks, Deer, Salmon, Jovita, Boise, and Bowman Creeks were higher than (exceeded) water 

quality standards during the dry season. 

 Boise Creek was the largest FC loading source of any tributary in the TMDL study area.  It 

also required the largest FC reduction of any dry season source. 

 Wet season FC concentrations were well below water quality standards at all measured 

stations on the mainstem Puyallup River. 

 Boise Creek, Clarks Creek, Deer Creek, upper Swan Creek (SWN-3.9), Alderton Creek  

(10-UNO-0.3) Salmon Creek, Milwaukee Ditch at creek mile (CM) 2.2, and the unnamed 

tributary to White River (at both UNW-0.1 and UNW-0.2) exceeded water quality standards 

during the wet season.  Of these sites, Boise and Clarks Creek were the largest FC loading 

sources. 

 Stormwater runoff caused high FC concentrations on the White River and Boise Creek. 

However, on the mainstem Puyallup River, counts were consistently low during the wet 

season and consistently elevated during the dry season, regardless of rainfall. 

 The dry season storm event on 9/4/07 resulted in the only dry season FC counts above  

200 cfu/100 mL at all mainstem sites on the White River from RM 0.1 to 7.5. 

Recommendations 

 The Boise Creek watershed should be the number one priority cleanup basin for this TMDL.  

King County and the city of Enumclaw should work together to locate and eliminate sources 

of fecal pollution, particularly between CM 0.1 and 1.0. 

 Clarks Creek continues to violate water quality standards and was the second largest FC 

loading source to the Puyallup River (of the basins that exceeded water quality standards).  

Clarks Creek should be the number two priority cleanup basin. 

 The highest FC counts occurred during the dry season, (July to October) for both the 

Puyallup and White Rivers.  Dry season sources should be addressed first, particularly for: 

1. Stormwater delivery to the White River mainstem. 

2. Boise and Clarks Creeks. 

3. Salmon, Deer, Jovita, and Bowman Creeks. 

 Wet season stormwater delivery of FC loads to the White River should be reduced below  

RM 23.8.   

 Unexplained increases in FC concentrations within the following reaches should be 

investigated: 

o White River RM 3.3 to 1.4. 



Puyallup River FC TMDL: WQ Improvement Report 

Page xvii  

o Puyallup River RM 3.0 to 1.4. 

o White River RM 23.8 to 18.9. 

o Puyallup River RM 12.0 to 10.3 (FC counts increase during the dry season only). 

Implementation summary 

The implementation section of this report describes how fecal coliform bacteria levels will be 

reduced to meet water quality standards.  Bacteria TMDL reductions in the Puyallup River 

watershed should be achieved by 2022. 

 

Fecal coliform bacteria primarily enter waterways from one or more of the following sources:  

 Livestock with direct access to streams or with poor manure management. 

 Failing or improperly constructed septic systems. 

 Pet waste. 

 Wildlife . 

 Improperly treated sewage or other illicit discharges to the MS4 or the creek itself. 

 

Since the scope of the TMDL was very large, there are many sampling points that collected data 

only at the mouth of tributaries in the Puyallup and White River systems.  One of the key action 

items from each participant is to determine the sources of the pollution to reach the load 

reductions for nonpoint sources. 

 

After pollution sources are determined, Ecology will use adaptive management to add additional 

implementation activities to achieve water quality standards.  Please refer to the summary of 

action tables starting on page 102.  These tables list all the requirements for entities with 

reduction requirements.  Ecology will perform sampling to determine if interim targets of 50 

percent of the needed reduction are achieved by 2017.  Ecology will perform effectiveness 

monitoring when the all needed reductions are achieved by 2022. 
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What is a Total Maximum Daily Load (TMDL) 

Federal Clean Water Act requirements 

The Clean Water Act established a process to identify and clean up polluted waters.  The Clean 

Water Act requires each state to have its own water quality standards designed to protect, restore, 

and preserve water quality.  Water quality standards consist of (1) designated uses for protection, 

such as cold water biota and drinking water supply, and (2) criteria, usually numeric criteria, to 

achieve those uses. 

 

Every two years, states are required to prepare a list of water bodies ï lakes, rivers, streams, or 

marine waters ï that do not meet water quality standards.  This list is called the 303(d) list.  To 

develop the list, Ecology compiles its own water quality data along with data from local, state, 

and federal governments, tribes, industries, and citizen monitoring groups.  This is called a water 

quality assessment.  All data are reviewed to ensure that they were collected using appropriate 

scientific methods before the data are used to develop the 303(d) list.  The 303(d) list is part of 

the larger water quality assessment. 

 

The water quality assessment tells a more complete story about the condition of Washingtonôs 

water.  The assessment divides water bodies into five categories: 
 

Category 1 ï  Meets standards for parameter(s) for which it has been tested. 

Category 2 ï  Waters of concern. 

Category 3 ï  Waters with no data available. 

Category 4 ï  Polluted waters that do not require a TMDL because: 

4a.   Has an approved TMDL and it is being implemented. 

4b.   Has a pollution control program in place that should solve the problem. 

4c.   Is impaired by a non-pollutant such as low water flow, dams, and culverts. 

Category 5 ï  Polluted waters that require a TMDL ï the 303(d) list. 

TMDL process overview 

The Clean Water Act requires that a TMDL be developed for each of the water bodies on the 

303(d) list.  A TMDL study identifies pollution problems in the watershed and then specifies 

how much pollution needs to be reduced or eliminated to achieve clean water.  Ecology then 

works with the local community to develop an overall approach to control the pollution. 
 

This water quality improvement report will be submitted to the U.S. Environmental Protection 

Agency (EPA) for review and approval.  This TMDL is created with both the improvement 

report and the implementation plan all in one report. This report includes implementation 

commitments that describe and prioritize specific actions planned to improve water quality. 
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Elements required in a TMDL 

The goal of a TMDL is to ensure that impaired water will attain water quality standards.  A 

TMDL includes a written, quantitative assessment of the water quality problems and of the 

pollutant sources that cause the problem, if known.  The TMDL determines the amount of a 

given pollutant that can be discharged to the water body and still meet standards (the loading 

capacity), and allocates that load among the various sources. 

 

Identifying the pollutant loading capacity for a water body is an important step in developing a 

TMDL.  EPA defines the loading capacity as ñthe greatest amount of loading that a water body 

can receive without violating water quality standardsò (EPA, 2001).  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, such as a 

municipal or industrial facilityôs discharge pipe, that facilityôs share of the loading capacity is 

called a wasteload allocation.  If the pollutant comes from a set of diffuse (nonpoint) sources 

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 loads from growth pressures is sometimes included as 

well.  By definition, a TMDL is the sum of the allocations, which must not exceed the loading 

capacity.  The sum of the wasteload and load allocations, the margin of safety, and any reserve 

capacity must be equal to or less than the loading capacity. 

 

Loading Capacity Ó TMDL = sum of all wasteload allocations + sum of all load allocations + 

margin of safety + reserve capacity (if any). 
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Why Ecology is Conducting a TMDL Study  
in this Watershed 

Overview 

The Puyallup and White Rivers, as well as Boise, Swan, and Clear Creeks, have been placed on 

Washington Stateôs 303(d) list (1996, 1998, and 2004) of impaired water bodies for not meeting 

contact recreation water quality standards.  The federal Clean Water Act of 1972 requires 

Washington State to (1) develop a water quality improvement report or TMDL and (2) implement 

activities described in the report to bring these water bodies back into compliance with standards. 

 

This report includes the technical analysis and the implementation plan for the water quality 

improvement report, also called a TMDL.  The report establishes the scientific basis for a set of 

instream fecal coliform (FC) bacteria targets to meet contact recreation water quality standards. 

 

Fecal coliform bacteria are used as indicators of fecal contamination and the presence of other 

disease-causing (pathogenic) organisms.  High FC bacteria numbers in waterways may indicate an 

increased risk of infection from pathogens associated with fecal waste.  The technical analysis 

identifies reductions in FC concentrations necessary to meet water quality standards in the Puyallup 

River basin.  The study was conducted by the Washington State Department of Ecology (Ecology) 

Environmental Assessment Program.  This document also provides an overview of the actions that 

may be used to reduce FC in the Puyallup River watershed. 

 

When a TMDL technical study is undertaken, the sampling study design usually includes more water 

bodies or stream reaches than are on the 303(d) list.  A comprehensive sampling design is necessary 

to identify the spatial and temporal extent of the contamination problem, and to identify sources of 

point (discrete) and nonpoint (diffuse) source loads. 

 

Target pollutant reductions may be expressed as loads, concentrations, or other appropriate measures 

[40 CFR 130.2(I)].  Fecal coliform targets are expressed as concentrations in this report.  

Concentrations are the primary targets for future compliance by comparison to Washington State FC 

criteria.   

 

Fecal coliform loads (concentrations multiplied by streamflow) are used as a relative measure of 

pollutant flux between river reaches or from tributary and point source inputs.  Loads are also used to 

compare FC seasonal and hydrologic flux.  Concentrations of FC are useful because they can be 

compared to the water quality standards for all streamflow scenarios. 

 

The FC reduction targets for each site are calculated from data generated during the critical condition 

for the sites.  Although the critical conditions for the sites are identified, the reductions are meant to 

apply year-around. 

 

 

 

  



Puyallup River FC TMDL: WQ Improvement Report 

Page 4  

Study area 

The study area (Figure 1) for this TMDL consists of the White River watershed below RM 23.8 

and the Puyallup River watershed from the confluence of the Puyallup and Carbon Rivers.  The 

study area also includes the lower stretch of the Carbon River watershed from the confluence of 

Voight Creek to its mouth.  Tribal land and waters for the Puyallup Tribe of Indians and 

Muckleshoot Indian Tribe are within the area being studied; however, these waters are not under 

the TMDLôs jurisdiction.  The TMDL covers state waters only.  This study area is in Water 

Resource Inventory Area (WRIA) 10. 

 

 

Figure 1.  Map of Puyallup River watershed (WRIA 10).   

Pollutants addressed by this TMDL 

This TMDL addresses FC bacteria pollution within the study area (Figure 1).  Apart from this 

study, several approved and ongoing TMDLs address additional FC listings within the 

watershed. 
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Pollutants addressed by previous TMDL studies in WRIA 10 

South Prairie Creek Bacteria and Temperature TMDL 

Ecology completed a technical study of South Prairie Creek for FC bacteria and temperature in 

June 2003 and a detailed implementation plan in July 2006.   

 

The TMDL concluded that the following reductions in FC concentration were needed: 

 Mainstem of South Prairie Creek: 

o Growing season ï 14 to 41% reductions 

o Non-growing season ï 23 to 71% reductions 

 South Prairie Creek Tributaries : 

o Spiketon Creek at State Route 165: 

Á Growing season ï 84% reduction 

Á Non-growing season ï 48% reductions 

o Unnamed tributary/ditch:  

Á Growing season ï 61 to 71% reductions 

Á Non-growing season ï 7 to 8% reductions 

 

The project also determined that additional data were needed in two sub-basins of South Prairie 

Creek, Spiketon Creek, and Inglin Creek.  Ecology initiated sampling for this project in 

December 2008 (Kardouni, 2009). 

 

Related Documents: 

 South Prairie Creek Bacteria and Temperature TMDL Study.  

www.ecy.wa.gov/biblio/0303021.html. 

 South Prairie Creek Bacteria and Temperature TMDL (Water Cleanup Plan): Submittal 

Report.  www.ecy.wa.gov/biblio/0310055.html. 

 South Prairie Creek Bacteria and Temperature TMDL (Water Cleanup Plan): Detailed 

Implementation Plan.  www.ecy.wa.gov/biblio/0610018.html. 

 Quality Assurance Project Plan: Addendum to South Prairie Creek Total Maximum Daily 

Load Phase II Evaluation.  www.ecy.wa.gov/biblio/0103064add1.html. 

Clarks Creek Watershed Fecal Coliform Bacteria TMDL 

In December 2007, Ecology completed a water quality assessment of Clarks Creek and its 

tributaries based on data from a water quality study conducted by the city of Puyallup in 2002 

and 2003 (James, 2008).  The study showed that:  
 

 Fecal coliform bacteria exceeded numeric criteria in much of the watershed in the winter.  

Meeker Creek and Rody Creek exceeded the criteria in the summer. 

 High levels of bacteria are not a natural condition but instead appear to be traceable to 

rodents, waterfowl, and pet feces in stormwater, and other sources including human sources. 

http://www.ecy.wa.gov/biblio/0303021.html
http://www.ecy.wa.gov/biblio/0310055.html
http://www.ecy.wa.gov/biblio/0610018.html
http://www.ecy.wa.gov/biblio/0103064add1.html
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Ecology concluded that bacteria reductions of 18 to 57% were necessary on three segments of 

Clarks Creek.  Meeker Creek required a 94% reduction, and Rody Creek a 95% reduction. 

 

Related Documents: 

 Clarks Creek Watershed Fecal Coliform Bacteria TMDL ï Water Quality Improvement 

Report.  www.ecy.wa.gov/biblio/0710110.html.  

 Clarks Creek Watershed Fecal Coliform Bacteria Total Maximum Daily Load: Water Quality 

Implementation Plan.  http://www.ecy.wa.gov/biblio/0910081.html 

White River TMDLs 

There is a pH TMDL on the Lower White River.  It is currently under development. Ecology 

completed a TMDL in the upper White River in 2004. 

Impaired designated uses and water bodies on Ecologyôs 
303(d) list of impaired waters 

The Washington State Water Quality Standards, set forth in Chapter 173-201A of the 

Washington Administrative Code (WAC), include designated beneficial uses, as well as numeric 

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

water quality criteria are set at levels to protect the designated beneficial uses.  In other words, 

the criteria are set to protect the streams for the ways people use them. 

 

All of the streams covered by this TMDL are designated for Primary Contact Recreation use.  

Examples of Primary Contact uses are swimming and other activities where the water and skin 

or body openings (e.g., eyes, ears, mouth, nose, and urogenital) come into direct and extended 

contact. 

 

This TMDL study addresses the 2008 303(d) listings outlined in Table 1.  Table 1 also includes 

additional water body segments that are not on the 2008 303(d) list, but that exceeded water 

quality standards and receive allocations in this TMDL.  Collectively, Table 1 makes up the 

water bodies that should be classified as Category 4a in the 2012 water quality assessment cycle, 

provided that the TMDL has been approved by EPA prior to the 2012 assessment. 

 
  

http://www.ecy.wa.gov/biblio/0710110.html
http://www.ecy.wa.gov/biblio/0910081.html
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Table 1.  Water bodies with fecal coliform exceedences addressed by this TMDL 

Water body  
EIM User 

Location ID 
Approximate River Mile 

extent of segment 
303(d) Listed? 

Listing ID  

White River  n/a 0.3 to 0.6 2008 303(d) list 16708  

Boise Creek  n/a Mouth to 0.2 2008 303(d) list 16706  

Salmon Creek 10-SAL-0.2 0.2 to origin 2008 303(d) list 45601 

Deer Creek 10-DEE-0.1 0.1 to origin 2008 303(d) list 45616 

Unnamed Creek  
(Tributary to the Puyallup 
River) 

10-UNO-0.3 0.3 to origin 2008 303(d) list 45688 

White River 10-WHT-0.1 0.1 to 1.4 Recommended* n/a 

White River 10-WHT-1.4 1.4 to 3.3 Recommended* n/a 

Boise Creek 
10-BOI-0.1  10-

BOI-1.0  10-
BOI-2.2 

0.1 to 3.2 Recommended* n/a 

Swan Creek  10-SWN-3.9 3.9 to origin Recommended* n/a 

Bowman Creek 10-BOW-0.3 0.3 to origin Recommended* n/a 

Jovita Creek 10-JOV-0.4 0.4 to origin Recommended* n/a 

Milwaukee Ditch 10-MIL-2.2 2.2 to origin Recommended* n/a 

Unnamed Creek  
(Tributary to the White River at 
near Muckleshoot Reservation) 

10-UNW-0.1 
10-UNW-0.2 

0.1 to origin Recommended* n/a 

Unnamed Creek  
(Drainage to the White River at 
Rainier School WWTP) 

10-RSSW-0.01 Mouth to origin Recommended* n/a 

Unnamed Creek  
(Drainage to the White River at 
Auburn River High School) 

10-TAS-0.01 Mouth to origin Recommended* n/a 

* These waterbodies exceed the fecal coliform criteria and meet Ecologyôs 303(d) listing policy.  These waterbodies are therefore recommended 

for listing as impaired in the next Washington State Water Quality Assessment. 

  
In 2006, Ecology designed this TMDL study to address the 2004 303(d) listings (Table 2).  The 

2008 303(d) list was approved by EPA in January 2009.  Several changes occurred, between the 

2004 and 2008 lists, within the TMDL study area based on data from this TMDL and Ecologyôs 

ambient monitoring program, including: 

 The White River at R Street (Listing ID 16711) and the Puyallup River at Meridian Street 

(Listing ID 16712) were removed from the 303(d) list after the 2008 water quality 

assessment process.  This process was based on data collected for Ecologyôs freshwater 

ambient monitoring program from 2004 to 2006. 

 Salmon Creek, Deer Creek, and the unnamed tributary to the Puyallup River (referred to as 

Alderton Creek or 10-UNO-0.3 in this report) were added to the 303(d) list based on data 

collected for this TMDL in 2006. 
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Based on the 2006-07 TMDL data, several listings should be removed from the 303(d) list and 

changed from Category 5 to Category 1 in the next water quality assessment cycle, including: 

 Puyallup River (Listing ID 7498) 

 White River (Listing ID 16709) 

 Clear Creek (Listing ID 7501) 

 Swan Creek (Listing ID 7514) 

 

Table 2.  Study area water bodies on the 2004  
303(d) list for fecal coliform. 

Water body  Listing ID  
Township, Range, 

Section  

Puyallup River  
16712  
7498  

20N 04E 22  
20N 04E 18  

White River  
16711  
16708  
16709  

21N 05E 29  
20N 06E 34  
20N 04E 49  

Clear Creek  7501  20N 03E 11  

Swan Creek  7514  20N 03E 11  

Boise Creek  16706  20N 06E 34  

 
This watershed has other water quality issues.  In particular, the following 303(d) listings for 

parameters other than fecal coliform occur in the study area, but are not addressed in this TMDL 

report (Table 3). 
 

Table 3.  Additional 2008 303(d) listings not addressed by this report. 

Water body Parameter Listing ID(s) 

Boise Creek 
Temperature 7496 

pH 35337 

Clarks Creek pH 7499 

Meeker Ditch 

Fecal Coliform* 7507 

Dissolved Oxygen 7510; 47578 

pH 7511 

White River 
pH 7524; 7525; 7526 

Temperature 17513; 17515; 17517; 21301; 21302 

Bowman Creek Dissolved Oxygen 9383 

Puyallup River Mercury 10874; 35421 

*Addressed by existing TMDL. 
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Why are we doing this TMDL now? 

In 2005, Ecology conducted a scoping process, involving local stakeholders, to prioritize 303(d) 

listed waters in the South Puget Sound water resource inventory areas (WRIAs) 10, 11 and 12. 

The Puyallup River watershed listings for fecal coliform were the highest priorities identified 

among the local entities and Ecology. 

What part of the process are we in? 

This WQIR will be submitted to the U.S. Environmental Protection Agency (EPA) for review 

and approval.  This report also includes implementation commitments that describe and prioritize 

specific actions planned to improve water quality.  These commitments are more commonly 

found in the water quality implementation plan; however, this report combines all reports into 

one. 
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Water Quality Standards and Designated Uses 

Bacteria 

Bacteria criteria are set to protect people who work and play in and on the water from 

waterborne illnesses.  In Washington State, the Department of Ecology (Ecology) water quality 

standards use fecal coliform (FC) as an ñindicator bacteriaò for the stateôs freshwaters (e.g., lakes 

and streams).  Fecal coliform in water ñindicatesò the presence of waste from humans and/or 

other warm-blooded animals.  Waste from warm-blooded animals is more likely to contain 

pathogens that will cause illness in humans than waste from cold-blooded animals.  The FC 

criteria are set at levels that are shown to maintain low rates of serious intestinal illness 

(gastroenteritis) in people. 
 

The Washington State Water Quality Standards, set forth in Chapter 173-201A of the 

Washington Administrative Code (WAC), include designated beneficial uses, water body 

classifications, and numeric and narrative water quality criteria for surface waters of the state.   

Summary 

 Tribal Waters 

o The Puyallup Tribe of Indians water quality standards within the TMDL study area are 

the same as Washington Stateôs Primary Contact Recreation standards for bacteria. 

o The Muckleshoot Indian Tribe does not have specific water quality standards. 

o Washington State waters must meet the tribal water quality standards (or Washington 

Stateôs standards when no tribal standards exist) before entering tribal land. 

 Marine Waters  

o Inner Commencement Bay, where the Puyallup River initially discharges into the bay, 

must meet the Secondary Contact Recreation bacteria criteria for marine waters. 

o Outer Commencement Bay must meet Primary Contact Recreation bacteria criteria for 

marine waters. 

o Since there are no available salinity data for the tidal estuary at the mouth of the Puyallup 

River, the freshwater bacteria standards apply. 

 Freshwaters 

o All rivers and tributaries within the TMDL study area are classified as Primary Contact 

Recreation and must meet the applicable criteria, except for: 

Á The Puyallup River from the mouth to river mile (RM) 1, which is classified as 

Secondary Contact Recreation. 

Triba l waters 

Reservations for both the Puyallup Tribe of Indians and the Muckleshoot Indian Tribe exist 

within the TMDL study area (Figure 1).  The tribes have the option to set their own water quality 
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standards within these reservations.  The Puyallup Tribe of Indians had standards approved by 

EPA in 1994 (EPA, 2009).  The Puyallup Tribe standards for bacteria are the same as the 

Washington State water quality standards described below.  The Muckleshoot Tribe has not 

developed specific water quality standards to date.  Washington State surface waters are required 

to meet the Washington water quality standards before entering the tribal lands within the TMDL 

study area.  Since the Puyallup Tribe and Washington State standards are the same, this will 

allow for the Puyallup Tribeôs water quality standards to be met. 

Marine waters 

Inner Commencement Bay is classified as Secondary Contact Recreation and outer 

Commencement Bay is Primary Contact Recreation (Figure 2).  The boundary between the inner 

and outer bay is a line bearing 225 degrees from the Hylebos Waterway light.  Table 4 lists the 

recreational use bacteria criteria for marine waters.  Since there are no available salinity data for 

the tidal estuary at the mouth of the Puyallup River, the freshwater bacteria standards apply. 

 

 

Figure 2.  Marine waters classifications for recreational contact uses in WRIA 10. 
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Table 4.  Water contact recreation bacteria criteria for marine water. 

Category  Bacteria Indicator  

Primary  
Contact  
Recreation  

Fecal coliform organism levels must not exceed a geometric mean value of 14 
colonies/ 100 mL, with not more than 10% of all samples (or any single sample when 
less than ten sample points exist) obtained for calculating the geometric mean value 
exceeding 43 colonies /100 mL. 

Secondary  
Contact  
Recreation  

Enterococci organism levels must not exceed a geometric mean value of 70 colonies/ 
100 mL, with not more than 10% of all samples (or any single sample when less than 
ten sample points exist) obtained for calculating the geometric mean value exceeding 
208 colonies/100 mL. 

 

Fresh waters 

The Puyallup River is classified as Secondary Contact Recreation water (previously Class B) 

from the mouth to RM 1, Primary Contact Recreation water (previously Class A) from RM 1 to 

RM 31.6 (Kings Creek), and Extraordinary Primary Contact Recreation (previously Class AA) 

from Kings Creek to the headwaters (Figure 3). 

 

The White River is classified as Primary Contact Recreation water (Class A) from the mouth to 

Mud Mountain Dam and Extraordinary Primary Contact Recreation (Class AA) from Mud 

Mountain Dam, to the headwaters.  Clear Creek, Swan Creek, and Boise Creek are classified as 

Primary Contact Recreation waters. 

 

All the rivers and tributaries within the TMDL study area are classified as Primary Contact 

Recreation, except for the Puyallup River from the mouth to RM 1, which is Secondary Contact. 

 

Numeric criteria for specific water quality parameters are intended to protect designated uses.  

Under the revised water quality standards, while the waterbody classification system has 

changed, the FC bacteria numeric target for each of the water bodies included in this study has 

not.  Freshwater standards are listed for bacteria in Table 5. 
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Figure 3.  Freshwater classifications for recreational contact uses in WRIA 10. 

 

Table 5.  Water contact recreation bacteria criteria in freshwater [WAC 173-201A-200(2)(b)]. 

Category  Bacteria Indicator  

Extraordinary  
Primary  
Contact  
Recreation  

Fecal coliform organism levels must not exceed a geometric mean value of  
50 colonies/100 mL, with not more than 10% of all samples (or any single 
sample when less than ten sample points exist) obtained for calculating the 
geometric mean value exceeding 100 colonies/100 mL.   

Primary  
Contact  
Recreation  

Fecal coliform organism levels must not exceed a geometric mean value of  
100 colonies/100 mL, with not more than 10% of all samples (or any single 
sample when less than ten sample points exist) obtained for calculating the 
geometric mean value exceeding 200 colonies/100 mL.   

Secondary  
Contact  
Recreation  

Fecal coliform organism levels must not exceed a geometric mean value of  
200 colonies/100 mL, with not more than 10% of all samples (or any single 
sample when less than ten sample points exist) obtained for calculating the 
geometric mean value exceeding 400 colonies/100 mL.   
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The freshwater FC criteria have two statistical components, a geometric mean and an upper limit 

value that 10% of the samples cannot exceed.  Concentrations of FC measured in environmental 

samples follow log-normal distribution.  In Washington State FC TMDL studies, the upper limit 

statistic (i.e., not more than 10% of the samples shall exceed) has been interpreted to be 

comparable to the 90th percentile value of the log normalized values (Cusimano, 1997; Joy, 

2000; Sargeant, 2002).  This is useful for estimating FC percent reductions needed, but is not 

strictly equivalent mathematically, and does not on a regulatory basis substitute for part 2 of the 

FC water quality standard. Colony forming units (cfu) is assumed to be comparable to colonies 

for purpose of comparing to water quality standards. 

 

Compliance with the water quality standards is based on meeting both the geometric mean 

criterion and the 10% of samples (or single sample if less than ten total samples) limit.  These 

two measures used in combination ensure that bacterial pollution in a water body will be 

maintained at levels that will not cause a greater risk to human health than intended.  While some 

discretion exists for selecting sample averaging periods, compliance will be evaluated for both 

monthly (if five or more samples exist) and seasonal (summer-versus-winter) data sets. 

 

The FC criteria are based on allowing no more than the pre-determined risk of illness to humans 

who work or recreate in a water body.  The criteria used in the state standards are designed to 

allow seven or fewer illnesses out of every 1,000 people engaged in primary contact activities.  

Once the concentration of FC in the water reaches the numeric criterion, human activities that 

would increase the concentration above the criteria are not allowed.  If the criterion is exceeded, 

the state requires that human activities be conducted in a manner that will bring FC 

concentrations back into compliance with the standard.   

 

If natural levels of FC (from wildlife) cause criteria to be exceeded, no allowance exists for 

human sources to measurably increase bacterial pollution.  Disease-causing pathogens can 

originate from a number of sources including wildlife  (Graczyk et al., 1998; Heitman et al., 

2002; Kuhn et al., 2002).  While the specific level of illness rates caused by animal-versus-

human sources has not been quantitatively determined, warm-blooded animals (particularly those 

that are managed by humans and thus exposed to human- derived pathogens as well as those of 

animal origin) are a common source of serious waterborne illness for humans. 
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Watershed Description 

Study area 

The Puyallup River basin, Water Resource Inventory Area 10, drains an area of approximately 

1,065 square miles, with over 728 miles of rivers and streams.  The watershed contains more 

than a dozen cities and towns, including the stateôs third largest city, Tacoma.  The major rivers 

of the basin are the Puyallup River and its two largest tributaries, the White (Stuck) and Carbon 

Rivers.  The study area excludes the Clarks Creek and South Prairie Creek watersheds, where 

bacteria TMDLs have recently been done. 

  

Large areas of the reservations for both the Puyallup Tribe of Indians and the Muckleshoot 

Indian Tribe are within the TMDL study area.  The Washington State Department of Ecology 

(Ecology) does not have jurisdiction on the Puyallup and Muckleshoot Reservations. 

  

The Puyallup River originates from the Puyallup glacier of Mount Rainier in the Cascade Range 

and empties into Puget Sound at Commencement Bay in Tacoma.  The lower reach of the 

Puyallup River is a relatively flat floodplain ranging in elevation from sea level at 

Commencement Bay to approximately 50 feet at the confluence of the White and Puyallup 

Rivers.  The mouth of the Puyallup River is a salt-wedge estuary, with deeper marine water 

overlain by a layer of fresh water.   

 

The White River enters the Puyallup River near the city of Puyallup and drains a 494 square-mile 

basin with a total length of 68 miles.  The Mud Mountain Dam, at about river mile (RM) 28 on 

the White River, affects flow in the White River.  Water is removed from the White River at 

about RM 24 and stored in Lake Tapps, then returned to the White River at about RM 4.  Water 

stored in Lake Tapps was previously used for power generation but that is no longer the case. 

Therefore, much more water is now kept in the mainstem of the White River.   

Climate 

The Puyallup River basin has a temperate marine climate with warm, dry summers and cool, wet 

winters.  The mean annual temperature is about 52°F (degrees Fahrenheit).  The warmest month 

is July, with an average temperature of about 64°F.  The coolest month is January, with an 

average temperature of about 39°F.  Annual average rainfall in the basin ranges from 40 inches 

at the city of Puyallup to 70 inches at Electron Dam on the Puyallup River (RM 41).  Mountain 

snowpack has been recorded at up to 150 inches.  Eighty percent of the precipitation occurs 

during October through March.  Snow occasionally falls in the lower watershed, but it soon 

melts.   

Land use 

The Puyallup River basin was one of the first watersheds in Puget Sound to experience the full 

impacts of industrial, urban, and agricultural development.  The Puyallup River basin has been 

substantially altered from its historic condition.  In particular, the lower river bears little 
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resemblance to its historic past.  Extensive urban growth, heavy industry, a large modern marine 

port, an extended revetment and levee system, and agriculture have combined to significantly 

alter the natural landscape.  The area is experiencing rapid residential growth, generally into 

areas that were previously agricultural. 

 

Table 6 and Figure 4 depict land use within the TMDL study area based on the zoning of each 

tax assessed parcel.  Residential was the largest zoning category.  In general: 

 The upper watersheds within the study area were primarily rural residential and agricultural, 

with very low housing densities.  This includes areas of unincorporated King and Pierce 

Counties and the cities of Buckley, Enumclaw, and Orting. 

 Within the lower watersheds, housing densities were typically higher and mixed with more 

commercial and industrial properties.  This includes the cities of Algona, Auburn, Bonney 

Lake, Edgewood, Fife, Pacific, Puyallup, Tacoma, and Sumner. 
 

Table 6.  Zoning of tax-assessed parcels in the Puyallup River  
watershed FC TMDL study area. 

 

 

 

 

 

 

 

Zoning Type Acres Percent 

Residential 38048 39% 

Undeveloped Land and Water 22352 23% 

Agriculture 9281 10% 

Other 6216 6% 

Commercial Businesses 6064 6% 

Commercial Forest 4729 5% 

Industry and Transportation 4172 4% 

Cascadia Planned Community 3874 4% 

Parks, Recreation, and Cultural Facilities 2326 2% 

Total 97062 100% 
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Figure 4 Tribal.  Zoning within the Puyallup watershed FC TMDL study area. 

Tribal jurisdiction 

Large areas of the reservations for both the Puyallup Tribe of Indians and the Muckleshoot 

Indian Tribe are within the TMDL study area.  Ecology does not have jurisdiction on the 

Puyallup and Muckleshoot land.  Surface waters that flow into the tribal boundaries are 

considered waters of the state upstream of the boundary and tribal waters downstream of the 

boundary.  The opposite applies to waters flowing out of tribal land. 

 

The White River flows through Muckleshoot land between RM 16 and 9.  The unnamed tributary 

to the White River (sites 10-UNW-0.1 and 10-UNW-0.2) flows through Muckleshoot land from 

below RM 0.2 (site 10-UNW-0.2) to its confluence with the White River. 

 

The Puyallup River flows through the 1873 Survey Area of the Puyallup reservation from 

approximately RM 7.5 to RM 1.4.  The Puyallup Land Claims Settlement Agreement states that 

the Tribe and EPA have exclusive jurisdiction for administration and implementation of 

environmental laws on trust lands within the 1873 Survey Area of the Puyallup Reservation. 

EPA granted the tribe treatment as a state, under Section 518(e) of the Clean Water Act, to carry 
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out the water quality standards program under Section 303 of the Clean Water Act on trust lands 

within the Reservation, including the Puyallup River.  In October 1994, EPA approved the tribe's 

water quality standards, which apply to the mainstem Puyallup River channel (below the mean 

high water mark) within reservation boundaries. 

 
Multiple sites monitored during the TMDL were located on tribal land.  Ecology monitored these 

locations to help assess the extent of FC contamination in the watershed.  These sites, which are 

not subject to the TMDL, are:  

 10-UNW-0.1  

 10-PUY-5.7  

 10-PUY-3.0 

 10-PY-WWTP (see Wasteload Allocations section) 

 

See Tables 10 and 11 for site descriptions and coordinates. 

 

Potential sources of bacteria 

Point sources/ permit holders 

Fecal coliform bacteria can be present in a wide variety of municipal and industrial wastewater 

and stormwater sources.  No method is 100% effective at removing FC all of the time, so FC 

bacteria can enter the receiving waters from these sources.  Fecal coliform bacteria and other 

potential contaminants from industrial and municipal sources are regulated by various National 

Pollutant Discharge Elimination System (NPDES) and general permits from Ecology (Figure 7). 
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Figure 5.  Jurisdictions and facilities within the Puyallup River watershed FC TMDL study area 
regulated by NPDES or Washington State permits. 

NPDES = National Pollutant Discharge Elimination System. 

IWDP = Individual Wastewater Discharge Permit. 

ISWGP = Industrial Stormwater General Permit. 

Wastewater 

 The Puyallup River watershed within the TMDL study area serves as receiving water for six 

municipal wastewater treatment plants (WWTPs) (Table 7).  This list excludes point sources that 

may be in the Clarks Creek or South Prairie Creek watersheds, which have been addressed in 

other TMDLs. 
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Table 7.  WWTPs in the Puyallup watershed FC TMDL study area. 

Wastewater  
Treatment Plant  

Treatment  
Receiving  

Water  
Sample 

Frequency 
Monthly Geomean 

Limit 
Weekly 

Geomean Limit 

City of Puyallup  UV  Puyallup R.  3/week <100cfu/100mL
1
 n/a 

Town of Orting UV  Carbon R. 2/week <200cfu/100mL <400cfu/100mL 

City of Enumclaw UV  

White R. 

3/week <100cfu/100mL <200cfu/100mL 

City of Sumner  UV  3/week <100cfu/100mL <200cfu/100mL 

City of Buckley  UV  2/week <100cfu/100mL <200cfu/100mL 

Rainier School  Chlorination  1/week <200cfu/100mL <400cfu/100mL 
1 Not more than 10% of the samples used to calculate should exceed 200 cfu/100 mL. 

UV= ultra violet. 

 

Industrial facilities that discharge wastewater are also given individual NPDES permits.  Table 8 

lists NPDES individual wastewater discharge permits (IWDP) within the study area (Figure 7).  

IWDPs require that the discharge meet surface water quality standards.  Effluent limitations may 

be set based on an individual wasteload allocation or on a wasteload allocation developed during 

the TMDL process.  Due to limited resources, these facilities were not sampled during the 

TMDL.  Discussion of wasteload allocations and FC monitoring at these facilities is provided in 

the TMDL Analyses section of this report. 

 

Table 8.  NPDES individual wastewater discharge permits in the Puyallup watershed FC TMDL 
study area. 

Facility NPDES Permit # Receiving Water body 

Fleischman's Vinegar Co. Inc. WA0038598D 
White River (outfall 2: non-contact cooling 
water) 

Manke Lumber Co. Inc. WA0040339B White River 

McFarland Cascade Pole  
and Lumber Co. 

WA0037953D Puyallup River (outfall 2) 

Puyallup Hatchery WA0039748A Clarks Creek (outfall 1 and 2) 

Sonoco Products  WA0000884D White River 

Trout Lodge Trout Springs  
Canyon Falls Hatchery  

WA0039268A Canyon Falls Creek 

Trout Lodge Troutco  
Clear Creek Hatchery 

WA0039021A Clear Creek 

Voights Creek Hatchery WA0039730A Voights Creek 

Western Wood Preserving WA0040738C 
White River (outfall 1 and 2 via City of 
Sumner storm sewer) 

Stormwater  

During precipitation events, rainwater washes the surface of the landscape, pavement, rooftops, 

and other impervious surfaces.  This stormwater runoff can accumulate and transport fecal matter 

via stormwater drains to receiving waters and potentially degrade water quality (Lubliner, 2005).   
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The TMDL study did not directly evaluate stormwater contributions from any of the permitted 

stormwater collection systems in the study area. However, the study did find that stormwater was 

impacting surface water FC concentrations.  General wasteload allocations for stormwater 

permittees are outlined in the TMDL analyses section of this report. 

 

Ecology recently issued a new general NPDES permit for industrial stormwater, effective from 

January 2010 to January 2015.  The permit requires that any stormwater discharged by a facility 

not cause or contribute to a violation of water quality standards in the receiving water.  Within 

the TMDL study area, 44 facilities are covered under the general industrial stormwater permit 

(Appendix D).  Some of these facilities are located within the study area, but may discharge 

stormwater outside of the study area. 

 

The NPDES stormwater regulations establish stormwater permits for municipal entities that own 

or operate municipal separate storm sewer systems (MS4s).  The NPDES Phase I municipal 

stormwater permit regulates discharges from MS4s owned or operated by Clark, King, Pierce, 

and Snohomish Counties, and the cities of Seattle and Tacoma.  Phase I permittees in the 

Puyallup watershed TMDL include: Pierce County, King County, city of Tacoma, Metro Parks 

Tacoma, and Port of Tacoma.  The Washington State Department of Transportation (WSDOT) is 

also a Phase I permittee, although their requirements are distinct from the others and outlined in 

a separate permit. 

 

Ecologyôs Phase II Municipal Stormwater Permit for Western Washington covers the following 

cities within the Puyallup Watershed FC TMDL study area:  Algona, Auburn, Bonney Lake, 

Buckley, Edgewood, Enumclaw, Fife, Orting, Pacific, Puyallup, and Sumner. 

 

WSDOT was issued a separate Municipal Stormwater permit in February 2009.  This stormwater 

permit regulates stormwater discharges from state highways and related facilities contributing to 

discharges from separate storm sewers owned of operated by WSDOT within the Phase I and II 

designated boundaries.   

 

WSDOTôs permit also covers stormwater discharges to any water body in Washington State for 

which there is a U.S. Environmental Protection Agency (EPA) approved TMDL with load 

allocations and associated implementation documents specifying actions for WSDOT stormwater 

discharges (applicable TMDLs listed in Appendix 3 of the WSDOT permit).  Under the new 

permit, WSDOT is also required to reduce the discharge of pollutants to the maximum extent 

practicable (MDP) using all known, available, and reasonable methods of prevention, control, 

and treatment (AKART) to prevent and control pollution of waters of the state. (Ecology, 2009). 

 

During the permit development process, WSDOT agreed to update their Highway Runoff 

Manual (HRM) to equivalency with Ecology's Stormwater Manuals.  This was completed in 

2008.  They also agreed to implement their HRM statewide.  The application of the HRM 

statewide was formalized with an implementing agreement signed by both agencies directors. 

The HRM manual provides project engineers and designers with technically sound stormwater 

management practices, equivalent to guidance provided in Ecologyôs stormwater management 

manuals, to achieve compliance with federal and state water quality regulation.  It is based on 
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best available science and results from existing federal and state laws that require stormwater 

management systems to be properly designed, constructed, maintained, and operated to: 

 Prevent pollution of state waters and protect water quality, including 

compliance with state water quality standards. 

 Satisfy state requirements for all known available and reasonable methods of 

prevention, control, and treatment of wastes prior to discharge to waters of the 

State. 

 Satisfy the federal technology-based treatment requirements under 40 CFR 

Part 125.3. 

 

The guidelines and criteria in the HRM also support WSDOT in its efforts to comply with the 

requirements of the federal Endangered Species Act (ESA). 

 

Nonpoint sources  

Nonpoint sources and practices are dispersed and not readily controlled by discharge permits.  

Several types of nonpoint sources may be present in the study area, including: 

 Range and pastured livestock with direct access to the stream. 

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

 Pet manure from residential areas. 

 Poorly constructed or maintained on-site septic systems. 

 Pulp and wood waste. 

 

Fecal coliform bacteria from nonpoint sources are transported to the creeks by direct and indirect 

means.  Manure that is spread over fields during certain times of the year can enter streams via 

surface runoff or fluctuating water levels.  Often livestock have direct access to water.  Manure is 

deposited in the riparian area of the access points where fluctuating water levels, surface runoff, 

or constant trampling can bring the manure into the water.  Some residences may have 

wastewater piped directly to waterways or may have malfunctioning on-site septic systems 

where effluent seeps to nearby waterways.  Swales, sub-surface drains, and flooding through 

pastures and nearby homes can carry FC bacteria from sources to waterways. 

Wildlife and background sources 

A wide variety of perching birds, upland game birds, raptors, and waterfowl are found within the 

Puyallup watershed.  Birds, elk, deer, beaver, muskrat, and other wildlife in rural areas are 

potential sources of FC bacteria.  Open fields are attractive feeding grounds for some birds 

whose presence can increase FC counts in water runoff.  

  

Usually these sources are dispersed and do not elevate FC counts over state criteria, but 

sometimes animals are locally concentrated and can cause elevated counts.  Any concentrated 

bird or wildlife presence in the watershed will be noted during sampling surveys. 
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Goals and Objectives 

Project goals 

The goal of the Puyallup River watershed bacteria TMDL is to reduce FC concentrations to meet 

the criteria in the Washington State water quality standards, protect human and ecological health, 

and comply with the Federal Clean Water Act. 

Study objectives 

The study objectives are to:  
 

 Determine FC bacteria concentrations and loads from tributaries, point sources, and 

drainages in the Puyallup River study area under various seasonal and hydrological 

conditions, including storms. 

 Recommend FC load allocations (for nonpoint sources) and wasteload allocations (for point 

sources) to protect beneficial uses, including Primary and Secondary Contact Recreation. 

 Identify the sources and relative contributions of FC loadings to the Puyallup River so clean-

up activities can focus on the largest sources. 
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Field Data Collection 

Ecology completed the Quality Assurance (QA) Project Plan for the Puyallup River Watershed 

Fecal Coliform Bacteria Total Maximum Daily Load Study (Sullivan, 2006) to provide 

background information and a detailed data collection and analysis plan.  The QA Project Plan 

was reviewed and approved for sampling prior to the first sample collection on October 9-11, 

2006.  Sampling continued through September 2007.  Table 9 lists the 23 sampling dates; 

approximately bi-monthly, partitioned into either a dry season or wet season group based on 

streamflows (see below). 

Sample dates 

Table 9.  Sampling dates for the Puyallup River  
watershed FC TMDL. 

Dry Season  Wet Season  

Oct.  9-11, 2006 November 14 ï 15, 2006 

Oct.  23-25, 2006 December 4-5, 2006 

July 10-11, 2007 December 18, 2006 

July 24-25, 2007 January 8-9, 2007 

August 7-8, 2007 January 22-23, 2007 

August 21-22, 2007 February 6-7, 2007 

Sept.  4-5, 2007   February 20-21, 2007 

Sept.  18-19, 2007 March 6-7, 2007 

 March 20-21, 2007 

 April 3-4, 2007 

 April 17-18, 2007 

 May 7-8, 2007 

 May 21-22, 2007 

 June 5-6, 2007 

 June 19-20, 2007 

Seasonal source assessment 

Bacteria source assessment (or screening) was analyzed for either a wet (runoff) or dry (non-

runoff) season.  The determination of wet and dry seasons, for the study period, was made by 

observing the monthly average flow for the Puyallup and White Rivers and totals of precipitation 

within the study area (Figure 6).  The dry period was determined to begin in July and continue 

through October.  The wet season extended from November to June when larger amounts of 

precipitation resulted in more runoff events.  Although precipitation amounts dropped off in 

April, f lows remained steady in the White River and increase in the Puyallup River into June due 

to snowmelt from the higher elevations in the basin. 

 



Puyallup River FC TMDL: WQ Improvement Report 

Page 28  

 

Figure 6.  Seasonal flow and precipitation patterns during the 2006-07 TMDL study. 

 

The same seasonal periods were used for tributaries to the White River as for the mainstem 

White and Puyallup Rivers, based on streamflows and bacteria concentrations.  Tributaries to the 

Puyallup River typically dropped to baseflow earlier in the year, and at several sites a trend in 

higher bacteria concentrations was observed at this point.  For these reasons, the dry season for 

the Puyallup River tributaries was set as May to October, and the wet season was set as 

November to April. 

Stormwater 

The White River mainstem (below 10-WHT-23.8), Boise Creek, Salmon Creek, Milwaukee 

Ditch, and Jovita Creek exhibited moderate to strong correlations between increases in both 

precipitation and FC concentrations.  Ecology did not conduct any targeted storm sampling 

events, but rather identified storm events within the routine sampling events.  A stormwater 

analysis concluded that: 

 Four storm events were sampled during the wet season and one during the dry season. 

 Storm event thresholds were identified as: 

o Wet Season: greater than 0.4 inches of rain in the preceding 24 hours. 

o Dry Season: greater than 0.2 inches of rain in the preceding 12 hours. 

 The threshold for Boise Creek was greater than 0.1 inches of rain in the preceding 12 hours 

for both the wet and dry season. 

 The mouth of Boise Creek showed a very strong correlation to the preceding 12 hour rainfall. 
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The Puyallup River and its tributaries showed little or weak relationships between rainfall and 

FC counts. 

Sample locations 

Ecology collected FC bacteria samples and streamflow measurements from 55 sites in the 

watershed.  Figure 7 shows all sampling locations.  Table 10 and Table 11 list the corresponding 

sampling location identification, description, and latitude/longitude of the sampling sites. 

 

 

 

Figure 7.  Map of Puyallup River watershed FC TMDL sampling stations. 
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Table 10.  Station IDs, location descriptions, and coordinates for the Puyallup River, tributaries, 
and WWTPs in the TMDL study area. 

No. Station ID Description 
Latitude  

°N 

Longitude  

°W 

Puyallup River Mainstem  

1 10-PUY-1.4 Puyallup River at Lincoln Avenue Bridge 47.24984 122.41355 

2 10-PUY-3.0 Puyallup River upstream of Swan Creek 47.23633 122.39207 

3 10-PUY-5.7 Puyallup River upstream of Clarks Creek 47.21385 122.34108 

4 10-PUY-8.5 Puyallup River at Meridian St 47.20277 122.29396 

5 10-PUY-10.3 Puyallup River upstream of the White River 47.19921 122.25723 

6 10-PUY-12.0 Puyallup River at Highway 162 near Sumner 47.18503 122.22973 

7 10-PUY-17.7 Puyallup River upstream of the Carbon River 47.12972 122.23668 

Puyallup River Tributaries  

8 10-CAR-0.2 Carbon River near mouth 47.12376 122.22972 

9 10-CLK-0.01 Clark Creek at mouth 47.21326 122.34173 

10 10-CLR-0.4 Clear Creek at mouth 47.23158 122.38623 

11 10-CLR-1.7 Clear Creek at Pioneer Way 47.21870 122.37400 

12 10-CLR-3.6 Clear Creek at 72nd 47.19153 122.37079 

13 10-CNF-0.2 Canyon Falls Creek near mouth 47.14251 122.22253 

14 10-DEE-0.1 Deer Creek near mouth 47.19397 122.27627 

15 10-DEE-1.0 Deer Creek at end of Inter Avenue 47.18898 122.26669 

16 10-DEE-2.0 Deer Creek off Shaw Road near 15th Street 47.17676 122.25559 

17 10-FNL-0.4 Fennel Creek near mouth 47.15093 122.21619 

18 10-FNL-4.1 Fennel Creek at Sumner-Buckley Hwy 47.17627 122.17509 

19 10-FNL-5.8 Fennel Creek upstream of Bonney Lake 47.17739 122.15333 

20 10-SWN-0.01 Swan Creek at mouth 47.23567 122.39310 

21 10-SWN-0.6 Swan Creek at Pioneer Way 47.22884 122.39178 

22 10-SWN-3.9 Swan Creek at 80th 47.18444 122.39387 

23 10-UNO-0.3 Alderton Creek at 80
th
 St 47.18436 122.23065 

24 10-VOI-0.4 Voight Creek downstream of hatchery  47.08266 122.17869 

Wastewater Treatment Plants   

25 10-BK-WWTP City of Buckley WWTP 47.16807 122.03517 

26 10-EC-WWTP City of Enumclaw WWTP 47.18811 122.00521 

27 10-OT-WWTP Town of Orting WWTP 47.10865 122.21477 

28 10-PY-WWTP City of Puyallup WWTP 47.20524 122.32130 

29 10-RS-WWTP Rainer School WWTP 47.16634 121.99449 

30 10-SM-WWTP City of Sumner WWTP 47.19955 122.25583 
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Table 11.  Station IDs, location descriptions, and coordinates for the White River and tributaries. 

No. Station ID Description 
Latitude  

°N 

Longitude  

°W 

White River Mainstem 

31 10-WHT-0.1 White River at mouth 47.20073 122.25393 

32 10-WHT-1.4 White River at 142nd 47.21266 122.24222 

33 10-WHT-3.3 White River at 24th St E 47.23560 122.23618 

34 10-WHT-4.8 White River at 8th St E 47.24987 122.24383 

35 10-WHT-6.2 White River upstream of Auburn Riverside HS 47.26976 122.22379 

36 10-WHT-7.5 White River at R Street 47.27482 122.20858 

37 10-WHT-18.9 White River downstream of Buckley 47.19357 122.08669 

38 10-WHT-23.8 White River upstream of Buckley 47.16644 121.99330 

White River Tributaries & Diversions 

39 10-BOI-0.1 Boise Creek at mouth  47.17605 122.01860 

40 10-BOI-1.0 Boise Creek at 252nd 47.18525 122.00570 

41 10-BOI-1.7 Boise Creek at 268th 47.19034 121.98436 

42 10-BOI-2.2 Boise Creek at 276th 47.18828 121.97394 

43 10-BOI-3.2 Boise Creek at 284th  47.18545 121.96314 

44 10-BOW-0.3 Bowman Creek at Kersey Way 47.27345 122.20822 

45 10-JOV-0.4 Jovita Creek at W. Valley Hwy E 47.25205 122.25917 

46 10-LTD-0.4 Lake Tapps diversion near White River 47.23815 122.22876 

47 10-LTD-23.7 Lake Tapps diversion near Buckley 47.17173 122.02372 

48 10-MIL -0.4 Milwaukee Ditch Ck behind warehouse off W. 

Valley Hwy 
47.21582 122.24763 

49 10-MIL -2.2 Milwaukee Ditch near Hwy 167 47.23376 122.25177 

50 10-RSSW-0.01 Stormwater drainage at Rainer School WWTP 47.16619 121.99389 

51 10-SAL-0.2 Salmon Creek at East Valley Hwy 47.21749 122.22614 

52 10-TAS-0.01 Trib to White River at Auburn Riverside HS 47.26929 122.22250 

53 10-UNK-BOI Unknown trib to Boise Ck at trail & 456th St 47.19184 121.99920 

54 10-UNW-0.1 Unknown trib to White River at Hwy 164 47.23345 122.10554 

55 10-UNW-0.2 Unknown trib to White River at 180th 47.23562 122.10182 
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Study Methods 

Field collection methods 

The project team followed the field collection study methods described in the QA Project Plan 

for the Puyallup River Watershed Fecal Coliform Bacteria TMDL Study (Sullivan, 2006).  

Methods followed include: 

 Field Sampling and Measurement Protocols for the Watershed Assessments Section 

(Ecology, 1993). 

 Determination of Instantaneous Flow Measurements of Rivers and Streams (Ecology, 2000). 

 Methods for the Examination of Water and Wastewater 20
th 

Edition (APHA, 1998). 

 Analytical methods 

Statistical Rollback Method 

Although TMDL studies normally express allocations as pollutant loads (pollutant concentration 

multiplied by streamflow), this approach does not always work well for bacteria TMDL studies.  

An allocation of FC bacteria pollutant loads in terms of ñnumbers of bacteria per dayò is 

awkward and challenging to understand.  Instead of managing FC pollution in terms of total 

load, Ecology has used the Statistical Rollback Method (Ott, 1995) to manage the distribution of 

FC bacteria counts.  The approach relates the analysis to the water quality concentration standard 

better and has proven successful in past FC TMDL assessments (Cusimano, 1997; Joy, 2000; 

Sargeant, 2002). 

 

The Statistical Roll-Back Method was used to establish FC reduction targets at all sampling sites 

that had sufficient sampling size (>5 samplings).  The roll-back method assumes that the 

distribution of the data follows a normal or log-normal distribution. FC concentrations from each 

site are tested for lognormality prior to use of the roll-back method. The cumulative probability 

plot of the observed FC data gives an estimate of the geometric mean and 90th percentile, which 

can then be compared to the FC concentration standards.  The roll-back procedure is described in 

detail in Appendix G. 

 

It is important to remember that the FC bacteria TMDL targets are only in place to assist water 

quality managers in assessing the progress toward compliance with the FC water quality criteria.  

Compliance is measured as meeting water quality criteria.  Any water body with FC TMDL 

targets is expected to meet both the applicable geometric mean and ónot more than 10% of 

samplesô criteria and also to meet beneficial uses for the category. 

Simple loading analysis 

Simple load analyses were performed using a spreadsheet to compare measured loading sources 

relative to each other and, in some cases, evaluate the mass balance of FC bacteria for a reach.  
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Loads were not used to determine the amount of FC bacteria reduction needed at sites; only the 

measured concentration data was used to calculate the target percent reductions needed.   

Loading patterns will help in directing implementation to the highest loading sources.  Cleaning 

up high loading sources will benefit downstream stations where the upstream loads are 

contributing to exceedances  of water quality standards. 

Load duration curves 

Loading capacities for sites with continuous streamflow data were initially developed using the 

load duration curve developed by EPA (EPA, 2007).  Load duration curves are helpful for 

identifying and addressing sources that occur within a particular range of flow conditions.   

 

Data analysis revealed that sites within the TMDL study area were more influenced by seasonal 

sources and stormwater than by streamflow conditions.  For this reason, load allocations were 

not developed based on the load duration curves.  The curves are useful for general loading 

information and illustrating how FC loads from storm events impact the concentration-based 

statistics.  Load duration curves developed for the project are included in Appendix F. 

Statistical tests for significant changes between stations 

Wilcoxon signed rank test 

The Wilcoxon signed rank test is a non-parametric statistical test used to determine whether or 

not the median difference between paired observations is equal to zero.  The Wilcoxon signed 

rank test was used to determine if a significant change in streamflow or FC concentrations 

occurred between two stations. 
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Study Quality Assurance Evaluation 

Ecology reviewed all data collected for the TMDL to determine if the data met quality objectives 

from the QA Project Plan (Sullivan, 2006).  Overall, the data met the quality objectives and are 

of acceptable quality for TMDL analysis. 

 

Some fecal coliform results were qualified due to analysis occurring beyond a 24 hour holding 

time. All analyses were done within 30 hours of sample collection. An Ecology holding time 

study has shown that FC samples analyzed by MEL within 30 hours were comparable to samples 

analyzed within 6-8 hours (Mathieu, 2005). After a data quality review, the qualified results were 

used in the calculated statistics. 

Representativeness and completeness 

The goal of the project was to collect and analyze 100% of the samples outlined in the study 

design of the QA Project Plan.  Of the over 1,000 samples collected for the project, only one was 

not analyzed; this was due to a damaged bottle that leaked in transit.  Some samples were not 

collected due to weather/streamflow conditions, including flooding during the wet season and 

stagnant or no flow during the dry season. 

 

Seasonal geometric means and 90th percentiles were calculated only for sites with a minimum of 

five samples collected per averaging period.  Annual statistics were calculated for sites that had 

less than five sites per season, but greater than 5 sites total. 

Comparability  

Ecologyôs Freshwater Monitoring Unit (FMU) collects monthly measurements and samples, 

including fecal coliform, from the Puyallup River at Meridian Street.  Monthly FC data is 

available from the station, known as 10A070, from 1978 to the present (Ecology, 2009c).  This 

site was referred to as 10-PUY-8.5 for this TMDL and was sampled twice a month, although 

rarely on the same day as the FMU sampling.   

 

Figure 8 compares FC statistics for each data set during the course of the TMDL.  The data sets 

proved to have very similar distributions, demonstrating the comparability of the two data sets 

within the TMDL study period. 
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Figure 8.  Box plot comparison of FC concentrations for the  
Puyallup River at RM 8.5 between Ecologyôs FMU ambient  
monitoring data and data collected for the TMDL. 

Precision 

Analytical precision 

Duplicate laboratory analysis refers to analyzing duplicate aliquots from a single sample 

container.  Each sample is carried through all of the steps of sample preparation and analysis.  
The results for laboratory duplicates provide an estimate of analytical precision, including the 

homogeneity of the sample matrix (MEL, 2008). 

 

Ecologyôs Manchester Environmental Laboratory (MEL) evaluated analytical precision by 

duplicating the analysis of about 10% of the samples.  MEL compared the relative percent 

difference (RPD) of each duplicate pair to their acceptance criteria of less than 40% RPD.  The 

RPD is the difference between the two sample values, divided by their mean, and then multiplied 

by 100.  Samples above 40% RPD were qualified as estimates. 

Total precision 

Field replicate samples are two samples collected from the same location at the same time.  

Collecting field replicates is a method of looking at the precision of the entire process of 

sampling and analysis (MEL, 2008).   

 

The QA Project Plan set the measurement quality objective (MQO) for fecal coliform precision 

as a median relative standard deviation (RSD) of less than or equal to 30%.  The new 

recommended MQOs for bacteria require that the median RSD of the replicate pairs is less than 

or equal to 20% and that at least 90% of the replicate pairs have a RSD of 50% or less.  RSD, or 

the coefficient of variation, is the standard deviation of two values, divided by their mean.  The 
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value is then multiplied by 100 and expressed as percent RSD.  Replicate pairs with a mean of 20 

cfu/100mL or less are excluded from the analysis (Mathieu, 2006). 

 

Field replicates collected for the project met both the original and new precision criteria, with a 

median RSD of 16.0% and 90.0% of the replicate pairs less than 49.9% RSD (Table 12).  Lab 

duplicates were not required to meet the precision criteria, but were compared to field precision 

MQOs for reference.  As expected, the field replicate %RSD values were much higher than those 

for the lab duplicates because the field replicates measure total variability, which includes 

analytical variability. 

 

Table 12.  MQO results for field replicates and laboratory duplicates. 

Field Replicates Laboratory Duplicates 

MQO %RSD Criterion Pass? MQO %RSD 

50% of replicate pairs <= to 16.0 <30%RSD Yes 50% of replicate pairs <= to  7.2 

50% of replicate pairs <= to* 16.0 <20%RSD Yes 90% of replicate pairs <= to 25.7 

90% of replicate pairs <= to* 49.9 <50%RSD Yes 

 
* New MQO for precision in fecal coliform replicates. 

 

Replicate FC samples were collected in the field in a side-by-side manner.  Ecology collected 

replicates for 19.8% of the samples, which met the projectôs replicate frequency goal of 20.0%. 
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Results and Discussion 

Ecology loaded all project data into its online Environmental Information Management (EIM) 

database.  EIM also contains information about the study and sampling stations (including links 

to an online interactive map). 

 

To access the data:  

 Go to: www.ecy.wa.gov/eim/ 

 Click óSearch for dataô link 

 Click óSearch by user study IDô link 

 Enter óLSUL0001ô into the óUser Study IDô field 

 Click óResultsô link to view results online or óDownloadô link to download a spreadsheet.   

Mainstem of the White River 

Table 13 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, as well as for both the wet and dry season.  Figure 11 depicts box plots of FC 

concentrations for the White River mainstem. 

 

Table 13.  FC concentrations for the White River mainstem.   

Station ID 

Annual Wet Season  Dry Season  

n 

Geo-

mean 

90th 

%tile n 

Geo-

mean 

90th 

%tile n 

Geo-

mean 

90th 

%tile 

10-WHT-0.1 23 35 173 15 25 121 8 68 248 

10-WHT-1.4 23 34 219 15 25 186 8 58 251 

10-WHT-3.3 23 19 129 15 13 94 8 41 159 

10-WHT-4.8 23 22 127 15 14 82 8 49 178 

10-WHT-6.2 21 19 145 14 14 115 7 38 188 

10-WHT-7.5 22 20 146 15 14 111 7 43 190 

10-WHT-18.9 21 16 129 13 11 104 8 30 151 

10-WHT-23.8 21 6 32 14 4 17 7 16 55 

Highlighted cells indicate an exceedance of water quality criteria. 

 

 

 

http://www.ecy.wa.gov/eim/
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Figure 9.  Boxplot depicting distribution of annual FC concentrations on the  
White River mainstem. 

Statistical trend analysis 

Wilcoxon signed rank tests for statistical significance were performed between each site and the 

corresponding downstream site.  In summary: 

 Annual and wet season FC concentrations significantly increased between RM 23.8 and RM 

18.9. 

 Concentrations remained relatively constant (no significant increase or decrease) from RM 

18.9 to 3.3. 

 FC concentrations significantly increased during the dry season from RM 3.3 to 1.4. 

Upper White River (RM 23.8 to 18.9) 

The upper White River watershed (Figure 12) drains the city of Buckley and portions of 

Enumclaw, as well as areas of rural King and Pierce Counties.  The White River flows into this 

stretch from the Mud Mountain Reservoir approximately five miles upstream of the Buckley city 

limits.  A portion of the river is diverted about one mile downstream of station 10-WHT-23.8 to 

Lake Tapps via a canal. 

Results and discussion 

Table 14 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, storm events, and for both the wet and dry season.  The White River downstream of 

Buckley (10-WHT-18.9) and the mouth of Boise Creek (10-BOI-0.1) exhibited a relationship 

between rainfall and FC concentrations.  Routine sample events that exceeded storm event 

criteria were excluded from the wet and dry season statistics below (Table 14) at these two sites.  

The storm event FC values were analyzed separately to highlight the impact of stormwater on FC 

concentrations at these sites. 
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Table 14.  FC concentrations for the upper White River watershed. 

  

Station ID 

Annual Storm Events Wet Season Dry Season  

n 

Geo-

mean 

90th 

%tile n 

Geo-

mean 

90th 

%tile n 

Geo-

mean 

90th 

%tile n 

Geo-

mean 

90th 

%tile 

10-WHT -18.9* 21 16 129 5 86 266 9 5 21 6 19 86 

10-BK-WWTP 22 7 94 

  

  14 9 193 8 8 68 

10-EC-WWTP 23 25 207 

  

  15 29 396 8 21 112 

10-BOI-0.1* 23 128 1129 5 927 3339 11 31 71 7 293 1331 

10-LTD-23.7 22 12 92 

  

  14 11 108 8 15 67 

10-RSSW-0.01 22 24 1007 

  

  14 32 1475 8 15 608 

10-RS-WWTP 22 24 1544 

  

  14 292 7828 8 3 43 

10-WHT -23.8 21 6 32       14 4 17 7 16 55 

*Storm events excluded in wet and dry season averages. 

Highlighted cells indicate an exceedance of water quality criteria. 

Mainstem stations are identified by bold text. 

 

 

 

Figure 10.  Map of the upper White River watershed. 
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Several measured point sources and tributaries enter the White River between RM 23.8 and 18.9 

that may contribute to the significant increase in FC concentrations in this stretch.  These 

include: 

 Rainier School WWTP effluent (RS-WWTP) and stormwater outfall (RSSW-0.01). 

 Buckley WWTP effluent (BK-WWTP). 

 Boise Creek (BOI-0.1). 

 Enumclaw WWTP effluent (EC-WWTP). 

 

Three mapped water bodies within this stretch were not measured during the study.  In Figure 12 

they are labeled as: 

 Upper White Trib -1: 

o Drains rural residential, agricultural (with one commercial dairy), and undeveloped 

forest south of Enumclaw and the Boise Creek watershed. 

o Discharges to the White River just upstream of the Lake Tapps diversion. 

 Upper White Trib -2: 

o Drains a small area of primarily undeveloped forest. 

o Discharges to the White River approximately halfway between the Buckley WWTP 

outfall and 10-WHT-18.9. 

 Upper White Trib -3: 

o Drains rural residential, agricultural (with one commercial dairy), and undeveloped 

riparian forest west of Enumclaw. 

o Discharges to the White River just upstream of 10-WHT-18.9. 

 

Boise Creek exhibited high bacteria concentrations intermittently in the wet season and 

consistently in the dry season.  The Boise Creek watershed section of this report contains 

upstream monitoring results and discussion. 

Enumclaw WWTP 

Ecology measured counts above 200 cfu/100 mL at the Enumclaw WWTP on two occasions: 

 1000 cfu/100 mL on 2/20/07. 

 800 cfu/100 mL on 3/20/07. 

 

On both occasions, there had been greater than 0.75 inches of rain in the preceding 24 hours, and 

the effluent flows were greater than 3 million gallons per day (mgd).  After sampling was 

completed, the facility received several upgrades and increased its capacity. 

Rainier School WWTP 

Samples collected from both the Rainier School WWTP effluent and from station RSSW-0.01 

displayed intermittent high FC concentrations.  RSSW-0.01 was located near its confluence with 

the White River and consisted of drainage water from the Rainier School grounds combined with 

effluent from the WWTP. 
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Ecology measured counts of over 1000 cfu/100 mL on six occasions at RS-WWTP.  There were 

also some discrepancies where the WWTP reported low FC counts on samples collected within 

one day of when Ecology measured high counts.  Subsequently the plant made adjustments to 

their sampling schedule and chlorination maintenance routine.  Split samples were taken between 

Ecology and the plant in May of 2007 and all sample results came back low. 

 

When RS-WWTP results were greater than 100 cfu/100 mL, there was a strong correlation 

(r
2
=0.95) with elevated results at RSSW-0.01.  This observed correlation demonstrates that 

bacterial contamination measured at the outfall was present in its receiving waters (RSSW-0.01) 

at the discharge point to the White River. 

 

The Rainier School WWTP was connected to the Buckley WWTP via a gravity-fed sewer line in 

February 2011.  The plant is scheduled to be decommissioned, at which time the permit will be 

cancelled. 

 

Buckley WWTP 

Overall, FC concentrations measured in the effluent at the Buckley WWTP were relatively low.  

On January 8, 2007, Ecology collected a FC sample that measured 650 cfu/100 mL.  The plant 

staff also collected and analyzed a sample on this same day, although at a different time, that 

measured only 30 cfu/100 mL.  The reason for the difference in the results between Ecology and 

the Buckley WWTP samples is unknown. 

 

The Buckley plant has recently upgraded from chlorine to UV disinfection and has expanded 

capacity.  It handles waste from additional residential areas, as well as from Rainier School. 

 Loading Patterns 

The average FC load from all measured sources was over four times larger during storm events 

than it was during non-storm events in both the wet and dry season.  In summary: 

 The combined FC load from RSSW-0.01, BK-WWTP, and EC-WWTP was very small 

ranging from only 1.3% (during dry season non-storm events) to 3.7% (during wet season 

non-storm events) of the total load measured. 

 The largest portion of the storm load, approximately 60%, originated from Boise Creek.  

Boise Creek also had very high FC levels during storm events with a geometric mean of  

927 cfu/100 mL and 90th percentile of 3,339 cfu/100 mL. 

 Thirty-eight % of FC storm load came from WHT 23.8; however, concentrations were low at 

this site with a maximum of only 33 cfu/100 mL during storm events. 

 

Storm events were the most critical period for FC concentrations at WHT-18.9, considering that: 

 During non-storm events, the annual geometric mean was 10 cfu/100 mL and the 90th 

percentile was 60 cfu/100 mL. 

 During storm events, the annual geometric mean was 86 cfu/100 mL and the 90th percentile 

was 266 cfu/100 mL. 
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Boise Creek 

The Boise Creek watershed drains approximately 15.4 square mile area of southeast King 

County.  The upper basin, above CM 3.2, is primarily forestland, while the lower basin drains 

part of the city of Enumclaw and is a mix of rural residential, agriculture, and commercial.  

Ecology sampled four mainstem stations during the TMDL at CMs 0.1, 1.0, 2.2, and 3.2  

(Figure 13). 

 

 

Figure 11.  Map of the Boise Creek watershed. 

Statistical trend analysis 

Wilcoxon signed rank tests for statistical significance (Table 15) were performed between each 

site and the corresponding downstream site.  In summary: 

 FC concentrations significantly increased from CM 3.2 to 2.2. 

 Dry season and annual FC concentrations significantly increased from CM 2.2 to 1.0. 

 Wet season flow increased significantly between both: 

o CM 3.2 and 2.2. 

o CM 2.2 and 0.1 
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Table 15.  Wilcoxon signed rank test results for Boise Creek.   
Bold italicized numbers indicate a significant change. 

Reach 

Change in 

Geomean 

(cfu/100 mL) 

 

2 -tailed 

P value 

Average 

Change in 

Flow (cfs) 

 

2 -tailed 

P value 

Annual 

CM 3.2 - 2.2 +29 0.000 +3.69 0.000 

CM 2.2 - 1.0 +76 0.007   

CM 1.0 - 0.1 +6 0.627   

CM 2.2 ï 0.1   +2.52 0.042 

Wet Season 

CM 3.2 - 2.2 +20 0.000 +5.42 0.002 

CM 2.2 - 1.0 +28 0.081   

CM 1.0 - 0.1 +13 0.470   

CM 2.2 ï 0.1   +3.65 0.047 

Dry Season 

CM 3.2 - 2.2 +50 0.028 +0.66 0.093 

CM 2.2 - 1.0 +619 0.046   

CM 1.0 - 0.1 -323 0.753   

CM 2.2 ï 0.1   +0 0.575 

 Results and discussion 

Table 16 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, storm events, and for both the wet and dry season.  Routine sample events that exceeded 

storm event criteria were excluded from the wet and dry season statistics below (Table 14) at 

these two sites.  The storm event FC values were analyzed separately to highlight the impact of 

stormwater on FC concentrations at these sites. 

 

Table 16.  FC concentrations for Boise Creek. 

 Station ID 

Annual Storm Events 
Wet Season  

(without storms) 
Dry Season  

(without storms) 

n 
Geo-
mean 

90th 
%tile 

n 
Geo-
mean 

90th 
%tile 

n 
Geo-
mean 

90th 
%tile 

n 
Geo-
mean 

90th 
%tile 

10-BOI-0.1 23 128 1129 5 927 3339 11 31 71 7 293 1331 

10-BOI-1.0 20 122 1526 5 696 1870 10 21 76 5 697 1626 

10-BOI-2.2 22 46 291 5 173 580 10 16 64 7 84 318 

10-BOI-3.2 22 17 148 5 73 493 10 4 21 7 42 103 

Highlighted cells indicate an exceedance of water quality criteria. 

 

In order to further segment the source/s of pollution contributing to the significant increase 

between CM 2.2 and 1.0, additional samples were collected on 7/10/07 and 8/7/07 from Boise 

Creek at 268th St. (CM 1.7) (Table 17). 
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Table 17.  Comparison of samples collected at Boise  
Creek at 268th St (10-BOI-1.7) and the routine TMDL  
stations upstream and downstream. 

Date 10-BOI-1.0 10-BOI-1.7 10-BOI-2.2 

7/10/2007 1600 140 17 

8/7/2007 830 120 92 

 

The increase in FC counts from CM 1.7 to 1.0 indicates that the primary source of pollution is 

located within this stretch.  Included within this stretch are several residences, a commercial 

dairy, and two stormwater drainage channels from the city of Enumclaw.  The city of Enumclaw 

WWTP staff sampled these stormwater drains during the TMDL study.  Table 18 lists the 

locations sampled, and Table 19 contains the sampling results. 

Table 18.  Site descriptions and coordinates for city of Enumclaw sites sampled during the TMDL. 

Site ID Description 
Latitude 

°N 
Longitude 

°W 

Site 1 Semanski St drainage at NW corner of Semanski St & SR 410. 47.18718 122.00578 

Site 2 Flume Water Ditch (Drainage District #6) at Warner Ave/456th St. 47.19191 121.99917 

Site 3 Lateral A to Flume Water Ditch at Watson St. 47.19317 121.97908 

Table 19.  Sample results for city of Enumclaw sampling and three samples 
collected by Ecology. 

Date 

Enumclaw WWTP monitoring 
Ecology TMDL 

monitoring 

Site 1 Site 2 Site 3 
Site 2  

(aka 10-UNK-BOI) 

11/14/2006 5 31 116 

 

12/4/2006 1 U 19 90 

12/18/2006 1 84 127 

1/8/2007 35 87 124 

1/22/2007 3 82 TNTC 

2/6/2007 1 U 41 4 

2/20/2007 TNTC TNTC TNTC 

3/6/2007 1 U 54 1 

3/20/2007 TNTC TNTC TNTC 

4/3/2007 2 100 3 

4/17/2007 10 95 3 

5/7/2007 17 137 10 

5/21/2007 TNTC TNTC 73 

6/5/2007 TNTC TNTC TNTC 

6/19/2007 21 115 98 

7/10/2007 58 TNTC 168 

7/24/2007 182 197 155 

8/7/2007 13 120 67 
 

8/21/2007 TNTC 165 40 250 

9/4/2007 TNTC TNTC 122 3700 J 

9/18/2007 TNTC 123 TNTC 330 
TNTC= Too numerous to count. 
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Further investigation of sources within this stretch is warranted. 

 

No additional sampling was done between CM 3.2 and 2.2 where a smaller, yet significant, 

increase in FC counts occurred.  There is a small unnamed tributary (Boise Creek Tribï1 in 

Figure 13) which joins Boise Creek just below CM 3.2 that was not monitored. 

Loading Patterns 

General loading patterns (Figure 14) observed on Boise Creek: 

 In each of the four sets of conditions, loading increased by more than double between RM 

2.2 and 0.1.   

 During storm events, the load at CM 0.1 was approximately 8 times the load at CM 2.2. 

o The storm flow increase in this stretch was similar to the storm flow increase between 

CM 3.2 and 2.2; however, the FC load only increased by 2 times in this stretch.  

 In the dry season, the load increased by 3 times from CM 2.2 to 1.0:  

o However, there was no significant increase in flow.  This suggests a highly concentrated 

FC source such as failing septic systems or deposition of animal (e.g., livestock or 

wildlife)  feces directly in the stream. 
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Figure 12.  Average FC loads and flows for Boise Creek during various conditions. 

Middle White River (RM 18.9 to 3.3) 

Results and discussion 

Table 20 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, storm events, and for both the wet and dry season.  FC concentrations at the White River 

mainstem sites and at Bowman Creek increased during storm events.  At these sites, routine 

sample events that exceeded storm event criteria were excluded from the wet and dry season 

statistics below and analyzed separately to highlight the impact of stormwater on FC 

concentrations at these sites. 
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Table 20.  FC concentrations for the middle White River watershed. 

  

Station ID 

Annual Storm Events Wet Season  Dry Season  

n 
Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 

10-WHT -3.3* 23 19 129 5 96 284 11 7 34 7 31 84 

10-LTD-0.4 22 6 81 
  

  14 5 54 8 8 82 

10-WHT -4.8* 23 22 127 5 98 318 11 8 28 7 38 97 

10-TAS-0.01 7 39 476 
  

  
  

  
  

  

10-WHT -6.2* 21 19 145 5 112 356 10 7 33 7 27 92 

10-BOW-0.3* 22 37 230 5 82 333 10 15 73 7 78 353 

10-WHT -7.5* 22 20 146 6 113 269 11 7 35 6 25 68 

10-UNW-0.2 7 203 1250 
  

  
  

  
  

  

10-UNW-0.1 14 44 247 
  

  
  

  
  

  

10-WHT -18.9* 21 16 129 6 88 240 9 5 21 6 19 86 

*Storm events excluded in wet and dry season averages. 

Highlighted cells indicate an exceedance of water quality criteria. 

Mainstem stations are identified by bold text. 

 
The sampling location at 10-UNW-0.1 was moved slightly upstream during March 2007 to a 

location with safer access and a more accurate flow cross-section at 10-UNW-0.2.  In late June, 

flow became stagnant at UNW-0.2 but continued to flow at UNW-0.1, indicating flow input 

from groundwater or another source.  Comparison samples were taken in duplicate on 6/5/07; the 

results were: 

 UNW-0.1:  12 and 16 cfu/100 mL 

 UNW-0.2: 400 and 1100 cfu/100 mL 

 

The cause of the large decrease in FC counts is unknown, although it may be the result of 

groundwater dilution.  Four of the six samples over 200 cfu/100 mL were collected during the 

four wet season storm events, indicating that stormwater runoff influences high FC counts at 

these sites.  The highest FC concentration (1500 cfu/100 mL) and loading occurred during the 

large storm event on February 20th. 

 

Bowman Creek (BOW-0.3) had FC counts consistently over 100 cfu/100 mL during most of the 

dry season.  The creek originates approximately three miles upstream of the mouth at Bowman 

Lake.  Potential FC sources include leaking sewer lines or on-site septic systems, wildlife, and 

urban runoff. 

 

Station 10-TAS-0.01 is a stormwater drainage that joins the White River just downstream of 

WHT-6.2 at the Auburn Riverside High School.  The channel was often stagnant and backed up 

by water from the White River and was only sampled during the wettest months (November to 

March).  The highest FC count (860 cfu/100 mL) occurred during the February 20th storm event. 

 

Water from Lake Tapps returns to the White River between RM 4.8 and 3.3.  The diversion was 

sampled just below the spillway from the hydroelectric power plant approximately one half mile 

upstream from its confluence with the White River.  Counts at this site (LTD-0.4) were generally 

very low except on 9/4/07 when the FC concentration was 1600 cfu/100 mL.  This elevated result 
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may have been influenced by recreational use of the lake during Labor Day weekend or the 0.4 

inches of rain in the preceding 24 hours. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading for several of the tributaries and WHT-7.5 is discussed further in 

Appendix E. 

Lower White River (RM 3.3 to 0.1) 

The final 3.3 mile stretch of the White River is a mostly urban drainage area with mixed 

industrial, commercial, and residential land use.  The stretch is receiving waters for Milwaukee 

Ditch, Salmon, and Jovita Creeks, as well as the city of Sumner WWTP (Figure 15). 

 

 

Figure 13.  Map of the lower White River. 
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Results and discussion 

Table 21 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, storm events, and for both the wet and dry season.  FC concentrations at the White River 

mainstem sites, as well as at Jovita and Salmon Creeks, increased during storm events.  At these 

sites, routine sample events that exceeded storm event criteria were excluded from the wet and 

dry season statistics below and analyzed separately to highlight the impact of stormwater on FC 

concentrations at these sites. 

 

Table 21.  FC concentrations for the lower White River watershed. 

 Station ID 

Annual Storm Events Wet Season  Dry Season  

n 
Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 

10-WHT -0.1* 23 35 173 5 119 503 11 16 51 7 54 152 

10-SM-WWTP 22 6 30 
  

  14 3 9 8 11 53 

10-MIL -0.4 6 51 77 
  

  
  

  
  

  

10-MIL -2.2 14 46 316 
  

  
  

  
  

  

10-JOV-0.4* 16 71 553 5 124 570  6 15 76 5 257 465 

10-WHT -1.4* 23 34 219 5 131 639 11 15 88 7 45 147 

10-SAL-0.2* 23 114 443 5 338 1175  11 57 100 7 156 627 

10-WHT -3.3* 23 19 129 5 96 284 11 7 34 7 31 84 

*Storm events excluded in wet and dry season averages. 

Highlighted cells indicate an exceedance of water quality criteria. 

Mainstem stations are identified by bold text. 

 

 

Salmon Creek exhibited high FC counts during three of the four storm events (all but June 5th) 

and during the dry season, particularly August and September. 

 

Jovita Creek is approximately 1.5 miles long.  It drains Trout Lake and a mix of residential and 

commercial land before flowing into Milwaukee Ditch at its RM 3.0. 

 

Milwaukee Ditch parallels Highway 167 for most of its length and drains a mix of heavily 

vegetated hillside and commercial land predominated by large warehouses.  Originally, samples 

were collected at RM 2.2 due to ease of access; however, flow was difficult to measure at this 

site due to the muddy substrate and water depth.  During the dry season of 2007, the site on 

Milwaukee Ditch at RM 2.2 was moved to RM 0.4 where it was possible to collect samples and 

measure flows. 

 

On average during the dry season, Jovita Creek contributed 13% of the flow and 83% of the FC 

load to MIL-0.4.  Milwaukee Ditch effectively diluted high FC counts from Jovita Creek during 

this period with relatively low FC counts at RM 0.4.  In contrast, during the wet season, 

concentrations at MIL-2.2 were greater than 100 cfu/100 mL during each of the four storm 

events.  At JOV-0.4, concentrations were only greater than 100 cfu/100 mL during the February 

20th storm event. 
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In general, Ecology measured very low FC counts at the city of Sumner WWTP.  All sample 

results were below 100 cfu/100 mL and well below water quality standards. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading from the tributaries is discussed in Appendix E. 

Mainstem of the Puyallup River 

Table 22 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, as well as for both the wet and dry season.  Storm event statistics were not calculated for 

the Puyallup River or its tributaries due to the weak observed relationship between rainfall and 

high FC counts.  Figure 14 depicts box plots of FC concentrations on the Puyallup River 

mainstem. 
 

Table 22.  FC concentrations for the Puyallup River mainstem. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 

10-PUY-1.4 23 37 115 15 22 49 8 96 155 

10-PUY-3.0 22  31 72 14 22 40 8 64 93 

10-PUY-5.7 23 30 80 15 20 43 8 61 123 

10-PUY-8.5 23 32 86 15 23 49 8 83 129 

10-PUY-10.3 23 15 68 15 7 24 8 51 74 

10-PUY-12.0 23 15 58 15 10 40 8 32 53 

10-PUY-17.7 23 9 35 15 6 19 8 23 36 
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Figure 14.  Box plot depicting distribution of annual FC concentrations on the Puyallup River 
mainstem. 

Statistical trend analysis 

Wilcoxon signed rank tests for statistical significance (Table 23) were performed between each 

site and the corresponding downstream site.  In summary: 

 Annually, FC concentrations significantly increased in three stretches: 

o RM 17.7 to 12.0 

o RM 10.3 to 8.5 

o RM 3.0 to 1.4. This increase was particularly pronounced in the dry season. 

 Concentrations remained relatively constant (no significant increase or decrease) from RM 

12.0 to 10.3 and from RM 8.5 to 3.0.  With the exception of: 

o During the dry season only, FC concentrations increased significantly from RM 12.0 to 

10.3.   
 

  



Puyallup River FC TMDL: WQ Improvement Report 

Page 54  

Table 23.  Wilcoxon signed rank test results for the Puyallup River mainstem.   

Reach 

Annual Wet Season Dry Season 

Change in 

Geomean 

(cfu/100 mL) 

P(T<=t)  

two-tail 

Change in 

Geomean 

(cfu/100 

mL) 

P(T<=t)  

two-tail 

Change in 

Geomean 

(cfu/100 

mL) 

P(T<=t)  

two-tail 

RM 17.7 ï RM 12.0 +6 0.000 +4 0.006 +9 0.027 

RM 12.0 ï RM 10.3 0 0.493 -3 0.082 +19 0.017 

RM 10.3 ï RM 8.5 +17 0.001 +16 0.001 +32 0.046* 

RM 8.5 ï RM 5.7 -2 0.167 -3 0.125 -22 0.672 

RM 5.7 ï RM 3.0 1 0.626 +2 0.842 +3 0.398 

RM 3.0 ï RM 1.4 +6 0.015 0 0.300 +32 0.028 
*excludes October 2006. 

Bold italicized numbers indicate a significant change. 

Upper Puyallup River (RM 17.7 to 10.3) 

The Puyallup River at RM 17.7, just upstream of the confluence with the Carbon River, was the 

uppermost sampling station for the river and marked a boundary condition for the study (similar 

to WHT-23.8). 

Results and discussion 

Table 24 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, the wet season, and the dry season. 

 

Table 24.  FC concentrations for the upper Puyallup River watershed. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 
n 

Geo-

mean 

90th 

%tile 

10-PUY-10.3 23 15 68 15 7 24 8 51 74 

10-UNO-0.3 12 83 734 
  

  
  

  

10-PUY-12.0 23 15 58 15 10 40 8 32 53 

10-FNL-0.4 23 14 84 11 6 29 12 29 135 

10-CNF-0.2 23 5 23 15 2 10 8 22 54 

10-PUY-17.7 23 9 35 15 6 19 8 23 36 

10-CAR-0.2 23 16 47 15 13 38 8 25 59 

Highlighted cells indicate an exceedance of water quality criteria. 

Mainstem stations are identified by bold text. 

 

 

Samples from PUY-17.7 and CAR-0.2 resulted in relatively low FC concentrations throughout 

the study period.  Large volumes of flow from glacial snowmelt and undeveloped watersheds 

upstream likely diluted FC sources upstream of the confluence of the two rivers. 
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The slight, but significant, increase in FC counts from PUY 17.7 and 12.0 is likely due to large 

FC load and slightly higher FC concentrations from CAR-0.2.  The two measured tributaries 

within this stretch, Fennel and Canyon Falls Creeks, met the water quality standards at their 

farthest downstream station.  Of the two, Fennel Creek had higher FC counts and contributed 

more FC load. 

 

The significant dry season increase in FC counts between RM 12.0 and 10.3 was unexplained by 

monitoring results.  A small tributary known as Alderton Creek (10-UNO-0.3) sampled within 

this stretch was dry or stagnant from late May through September, the majority of the dry season. 

 

When flowing, FC counts at 10-UNO-0.3 were intermittently high; however, the flow was 

minimal and FC loading was relatively small compared to other measured inputs. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading from the tributaries is discussed in Appendix E. 

Fennel Creek 

Fennel Creek is approximately eight miles long.  It flows west from Buckley through Bonney 

Lake and then south, dropping over Victor Falls before joining the Puyallup River.  The creek 

has one main tributary that drains both Bonney Lake and Sara Jane Lake. 

Statistical trend analysis 

Wilcoxon signed rank tests for statistical significance (Table 25) was performed between each 

site and the corresponding downstream site.  In summary: 

 FC concentrations significantly decreased from CM 4.1 to 0.4. 

 Flow increased significantly between both: 

o CM 5.8 and 4.1 

o CM 4.1 and 0.4 
 

Table 25.  Wilcoxon signed rank test results for Fennel Creek.   

Reach 
Change in 
Geomean 

(cfu/100 mL) 

P(T<=t)  
two-tail 

Average  
Change  

in Flow (cfs) 

P(T<=t)  
two-tail 

CM 5.8 ï 4.1 +3 0.820 +1.77 0.001 

CM 4.1 ï 0.4 -21 0.002 +11.42 0.000 

Bold italicized numbers indicate a significant change. 
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Results and discussion 

Table 26 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, the wet season, and the dry season. 
 

Table 26.  FC concentrations for Fennel Creek. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-
mean 

90th 
%tile 

n 
Geo-
mean 

90th 
%tile 

n 
Geo-
mean 

90th 
%tile 

10-FNL-0.4 23 14 84 11 6 29 12 29 135 

10-FNL-4.1 22 35 175 10 22 103 12 59 255 

10-FNL-5.8 22 32 213 10 13 82 12 67 271 

Loading Patterns 

Figure 15 depicts the FC loads at each of the three Fennel Creek stations.  The large FC loading 

increase between RM 4.1 and 0.4, driven by an increase in flow, resulted in a significant 

decrease in FC concentrations.  There was surface water and groundwater recharge within this 

stretch, evident by the significant increase in flow, which effectively diluted high FC counts 

originating upstream of RM 4.1. 

 

 

Figure 15.  Average FC loads and flows for Fennel Creek during various conditions. 
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Carbon River  

Results and discussion 

Table 27 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, the wet season, and the dry season. 

Table 27.  FC concentrations for the Carbon River watershed. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile 

10-CAR-0.2 23 16 47 15 13 38 8 25 59 

10-OT-WWTP 22 11 125 10 19 234 12 8 72 

10-VOI-0.4 22 22 109 10 7 24 12 54 102 
Highlighted cells indicate an exceedance of water quality criteria. 

In general, FC counts were low in the Orting WWTP effluent, with a geometric mean of only  

19 cfu/ 100 mL.  Five out of 22 samples had FC counts between 100 and 300 cfu/100 mL. 

 

Voight Creek below the fish hatchery (10-VOI-0.4) had low FC concentrations below water 

quality criteria.  However, the geometric mean during the dry season was approximately 7 times 

larger than during the wet season. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading from the tributaries is discussed in Appendix E. 

Middle Puyallup River (RM 10.3 to 3.0) 

Results and discussion 

Table 28 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, the wet season, and the dry season. 

Table 28.  FC concentrations for the middle Puyallup River watershed. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile 

10-PUY-3.0 22 31 72 14 22 40 8 64 93 

10-CLK-0.01 23 87 253 
  

  
  

  

10-PUY-5.7 23 30 80 15 20 43 8 61 123 

10-PY-WWTP 22 11 47 
  

  
  

  

10-PUY-8.5 23 32 86 15 23 49 8 83 129 

10-DEE-0.1 23 254 878 11 119 219 12 509 1336 

10-WHT-0.1 23 35 173 15 25 121 8 68 248 

10-PUY-10.3 23 15 68 15 7 24 8 51 74 

Highlighted cells indicate an exceedance of water quality criteria. 

Mainstem stations are identified by bold text. 
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The mouth of the White River (10-WHT-0.1) had higher FC concentrations than the Puyallup 

River at RM 10.3 upstream of the confluence.  The White River was the largest FC loading 

source to the Puyallup at RM 8.5 and was likely the main factor in the significant increase in FC 

from Puyallup RM 10.3 to 8.5. 

 

High FC concentrations at the mouth of Deer Creek (10-DEE-0.1) exceeded water quality 

criteria year-round.  Deer Creek also may have contributed to the increase at PUY-8.5, although 

FC loading from DEE-0.1 was significantly less than from the White River. 

 

Several additional samples were taken upstream to help identify the stream segment where the 

source of greatest FC contamination originates.  The results were: 

 3/21/07: FC count at DEE-0.1 = 200 cfu/100 mL.  An additional sample collected upstream at 

CM 2.0 off Shaw Road = 57 cfu/100 mL. 

 4/18/07: FC count at DEE-0.1 = 110 cfu/100 mL.  An additional sample from CM 2.0 =  

28 cfu/100 mL. 

 5/22/07: FC count at DEE-0.1 = 440 cfu/100 mL.  An additional sample collected upstream at 

CM 0.8 at the west end of Inter Avenue = 85 cfu/100 mL. 

 

The main source of FC contamination appears to originate between CM 0.8 and 0.1.  Further 

investigation of FC sources within this stretch is warranted. 

 

In general, Ecology measured very low FC counts at the city of Puyallup WWTP.  All sample 

results were below 100 cfu/100 mL, with the exception of one high result of 310 cfu/100 mL 

measured on 8/8/07. 

 

FC counts for Clarks Creek generally ranged from 31 to 160 cfu/100 mL with the exception of 

two samples above 200 cfu/100 mL: 

 3/7/07: 830 cfu/100 mL 

 6/6/07: 620 cfu/100 mL 

 

There was no clear relationship to precipitation, streamflow, or time of year to explain these 

spikes in FC concentration.  The Clarks Creek FC TMDL is currently addressing FC sources 

within the watershed. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading from the tributaries is discussed in Appendix E. 
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Lower Puyallup River (RM 3.0 to 1.4) 

Results and discussion 

Table 29 contains geometric mean and 90th percentile statistics for the entire 2006-07 study 

period, the wet season, and the dry season. 

Table 29.  FC concentrations for the lower Puyallup River watershed. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile 

10-PUY-1.4 23 37 115 15 22 49 8 96 155 

10-SWN-0.01 20 41 123 9 23 78 12 64 117 

10-PUY-3.0 22 31 72 14 22 40 8 64 93 

Mainstem stations are identified by bold text. 

Fecal coliform results met water quality standards at 10-SWN-0.01. 

 

First Creek, formerly known as T-Street Gulch or Lister Gulch was the only larger drainage 

between Puyallup RM 3.0 and 1.4 that was not sampled during the study.  In the summer of 

2008, several hundred cubic yards of garbage and debris were removed from the First Creek 

drainage (City of Tacoma, 2009).   

 

Flow and FC data are not available.  However, given the amount of refuse removed, First Creek 

may have been a source of FC during the study period. 

Clear/Swan Creek  

The Clear/Swan Creek basin drains approximately 5.8 miles of primarily rural residential land 

(Pierce County, 2005).  Swan Creek is technically a tributary to Clear Creek.  However at the 

beginning of the project, Ecology labeled the mouth of these two creeks as Swan Creek, so  

10-SWN-0.01 represents the combined drainage of these two creeks before entering the  

Puyallup River. 

Results and discussion 

Table 30 and Table 31 contain geometric mean and 90th percentile statistics for the entire  

2006-07 study period, the wet season, and the dry season. 

Table 30.  FC concentrations for Clear Creek. 

Station ID 

Annual Wet Season  Dry Season  

n 
Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile 

10-CLR-0.4 23 30 79 11 27 70 12 33 90 

10-CLR-1.7 22 22 103 10 22 113  12 22 102  

10-CLR-3.6 10 16 138 - -  - - -  - 
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Table 31.  FC concentrations for Swan Creek and the mouth of Clear Creek  
(10-SWN-0.01). 

Station ID 

Annual Wet Season Dry Season  

n 
Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile n 

Geo-
mean 

90th 
%tile 

10-SWN-0.01 20 41 123 9 23 78 11 64 117 

10-SWN-0.6 22 14 62 11 11 65 12 17 56 

10-SWN-3.9 14 59 437 - - -  - -  - 
Highlighted cells indicate an exceedance of water quality criteria. 

Fecal coliform results were below water quality standards throughout both watersheds, with the 

exception of Swan Creek at CM 3.9 where intermittently high FC counts were measured. 

Loading Patterns 

Not enough data were available within this stretch to develop accurate FC loading patterns or a 

loading balance.  Loading from the tributaries is discussed in Appendix E. 

Fecal Coliform load sources that violate water quality 
standards 

Additional FC loading patterns and analysis can be found in Appendix E. 

 

Figure 16 shows the average dry season FC loading sources for sites that violated Washington 

State water quality standards within the TMDL study area.  Boise Creek was the largest FC load 

source, followed by Clarks Creek, Salmon Creek, and Deer Creek. Figure 18 illustrates the 

relative impact each tributary has on the White or Puyallup River during the dry season.  For 

example, Boise Creek has approximately 10 times the impact of Deer Creek and Deer Creek has 

about 10 times the impact of Bowman Creek. 
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Figure 16.  Average dry season FC loads for TMDL sites that exceeded water  
quality criteria. 
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TMDL Analyses 

Loading capacity 

Definition and determination  

EPA regulations define loading capacity as the greatest amount of pollutant loading that a water 

body can receive without violating water quality standards [40CFR§130.2(f)].  The loading must 

be expressed as mass-per-time or other appropriate measure.  In addition, the critical conditions 

that cause water quality standard violations must be considered when determining the loading 

capacity. 

 

Washington State FC bacteria TMDLs use a combination of mass-per-time units and FC 

concentration targets to define loading capacities.  This is necessary since mass-per-time units 

(loads) do not adequately define periods of FC criteria violations.  FC sources are quite variable, 

and different sources can cause water quality violations at different times (e.g., poor dilution of 

contaminated sources during low-streamflow conditions or increased source loading during run-

off events).  Loads are instructive for identifying changes in FC source intensity between sites 

along a river, or between seasons at a site. 

 

The concentration targets are derived from the Washington State FC criteria and provide a better 

(than FC loads) measure of the loading capacity during the most critical period.  The Puyallup 

River watershed FC loading capacities are expressed not as loads.  Instead, they are expressed as 

the applicable two concentration-based statistics in the state FC criteria (e.g., the geometric mean 

and the value not to be exceeded by more than 10% of the samples). 

 

As discussed earlier in the Data Analysis Methods section, the 90th
 
percentile value of samples is 

used in TMDL evaluations as an estimate of the latter criterion.  Tables 32 and 33 indicate target 

FC concentration levels and estimates of the reductions necessary to meet water quality criteria. 

 

The percent reduction values in Tables 32 and 33 indicate the relative degree the water body is 

out of compliance with criteria (i.e., how far it is over its capacity to receive FC source loads and 

still provide the designated beneficial uses).  Sites representing reaches or tributaries that are 

currently meeting water quality criteria do not have a FC reduction value.  Sites that require 

aggressive reductions in FC sources will have a high FC percentage reduction value, while sites 

with minor problems will have a low FC percentage reduction value. 

 

Tables 32 and 33 include FC target reductions for sites that did not meet (exceeded) criteria 

during either the wet or dry season, or both, to provide water quality managers with a sense of 

when FC sources are creating criteria violations.  If no seasonal changes were observed, or there 

were too few samples to calculate results by season, then data from the entire year were used and 

target reductions were labeled as non-seasonal.  While potential stormwater events were 

identified for certain sites, numerical stormwater reductions were not separated out from overall 

reductions, due to the small amount of data available to calculate these statistics.  Instead, 

numerical stormwater load allocations are included as part of the overall reduction needed. 
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Commencement Bay 

Ecology did not collect FC samples between the mouth of the Puyallup River and RM 1.0 to 

assess whether this stretch is meeting the freshwater standard for Secondary Contact Recreation.  

Likewise, enterococci bacteria samples were not collected within Inner Commencement Bay to 

determine if it was meeting the marine standard for Secondary Contact Recreation.  However 

more stringent standards were met in the freshwater upstream of RM 1.0 and the marine water in 

Outer Commencement Bay: 

 The Puyallup River at RM 1.4 met the freshwater Primary Contact Recreation criteria. 

 Ecologyôs long-term marine monitoring program collected FC samples in Outer 

Commencement Bay near Brownôs Point during the TMDL.  The preliminary results were 

below the marine standards for Primary Contact Recreation with: 

o A geometric mean of 2 cfu/100 mL. 

o A 90th percentile of 8 cfu/100 mL. 

Puyallup River and tributaries 

Table 32 contains target FC capacity and percent reductions necessary to meet water quality 

standards.  The FC capacity on the mainstem of the Puyallup River was adequate to handle 

current FC loads.  The Primary Contact Recreation criteria were met at all measured stations 

over the entire 2006-07 study, as well as during the wet and dry seasons individually.   

 

The mainstem stations at RM 1.4 and 8.5 did come close to exceeding the criteria for the dry 

season averaging period, particularly at PUY-1.4.  Targeted FC reductions on the White River 

and tributaries throughout the TMDL study area should reduce FC concentrations at these 

stations and leave a greater margin of safety. 

 

The FC capacity was exceeded on five of the Puyallup tributaries: 

 Deer Creek (10-DEE-0.1) requires a reduction of 85% in the dry season and 16% in the wet 

season.   

 Alderton Creek (10-UNO-0.3) requires a large reduction of 73% year-round.   

 A 54% reduction is needed in the upper watershed of Swan Creek (upstream of 10-SWN-

3.9), while the downstream stations are currently below criteria. 

 Clarks Creek: 

o The recently completed Clarks Creek FC TMDL (James, 2008) called for a 57% 

reduction based on combined data from stations located at CM 1.4, 4.0 and 4.9.   

o Based on FC data collected during this TMDL, the mouth of Clarks Creek needs a 31% 

reduction, which includes a 13% reserve for growth identified in the Clarks Creek 

TMDL. 

 

No FC reductions were needed on the Carbon River, Clear Creek, Canyon Falls Creek, and 

Voight Creek.  While Fennel Creek did not exceed the water quality standards, the predicted 

90th percentile values were above 200 cfu/100 mL at two stations (10-FNL-4.1 and 10-FNL-

5.8).  Concentrations just below 200 cfu/100 mL were observed at both stations on multiple 
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occasions.  The calculated 90th percentile values suggest these sites are near (and possibly 

above) their loading capacity for FC.  Any additional FC loading, or conditions of reduced flow, 

might be expected to cause a violation of standards.  

 

Table 32.  Target FC reductions necessary to meet FC load allocations for Nonpoint sources in 
the Puyallup River tributaries. 

FC load allocations are presented as a target geomean and 90th percentile FC concentrations. 

Station ID Site Description 

Observed  
FC 

Nonpoint 
Source FC 
Reduction 
Needed 

 

FC Target 
Capacity 

 (cfu /100mL) (cfu /100mL) 

Geo-
mean 

90th 
%tile 

Geo-
mean

1 
90th 
%tile 

Dry Season (May ï October) 

10-DEE-0.1 Deer Creek near mouth 509 1336 85% 76 200 

Wet Season (November to April) 

10-DEE-0.1 Deer Creek near mouth 119 219 16% 100 184 

10-CLK-0.01 Clark Creek at mouth 87 253 31%
2
 60

2
 174

2
 

Clarks Ck.  1-
3 

Pooled data for Clarks Creek at 3 
sites 

132* 402* 57%
3
 57

3
 174

3
 

Non-Seasonal 

10-SWN-3.9 Swan Creek at 80th St E 59 437 54% 27 200 

10-UNO-0.3 Alderton Creek at 80th St E 83 734 73% 83 734 

1 This represents the average daily limit and is expressed as a seasonal or non-seasonal (annual) geometric mean. 

2 Not the official FC target capacity and percent reductions, official targets were set a by a separate TMDL for Clarks Creek. 

3 Official FC target capacity and percent reductions based on 2002-03 data set in separate Clarks Creek Watershed FC TMDL 

report (James, 2008). 

Yellow (light shading) = 0-33% FC reduction; Orange (medium) = 33-67%; Red (dark) = 67-100%. 

White River and tributaries 

Boise Creek was the largest FC loading source measured during the TMDL study that violated 

water quality standards.  If the 92% dry-season rollback reduction was achieved at the mouth of 

Boise Creek (10-BOI-0.1), the FC load to the White River at R St. (10-WHT-7.5) would be 

reduced by 12.6%, and the dry season 90th percentile would drop from 190 to 166 cfu/ 100 mL.  

Table 33 contains target FC capacity, based on numeric criteria, and percent reductions 

necessary to meet water quality standards.  FC capacity for the White River was adequate for 

current conditions from RM 3.3 to the upstream study boundary at RM 23.8.  However, during 

the dry season, 90th percentile values at all stations within this stretch (except at RM 23.8) were 

near the Primary Contact Recreation criterion of 200 cfu/100 mL, ranging from 151 to 190 

cfu/100 mL. 

 

FC reductions of 20% are needed during the dry season on the lower White River at: 

 The mouth (10-WHT-0.1).  

 142nd Street (10-WHT-1.4). 

 

The FC capacity was exceeded at multiple White River tributaries: 
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 Wet Season FC reductions are necessary on: 

o Boise Creek at the mouth (10-BOI-0.1) and at 252nd Street (10-BOI-1.0). 

o Milwaukee Ditch near State Route 167 (10-MIL -2.2). 

o Salmon Creek at East Valley Highway (10-SAL-0.2). 

o The unnamed tributary to the White River at 180th Street (10-UNW-0.2). 

o The tributary at Auburn River High School (10-TAS-0.01).   

 Dry-season reductions are needed at: 

o Boise Creek at the mouth (10-BOI-0.1), at 252nd Street (10-BOI-1.0), and at 276th Street 

(10-BOI-2.2). 

o Bowman Creek at Kersey Way (10-BOW-0.3). 

o Jovita Creek at West Valley Highway (10-JOV-0.4). 

o Salmon Creek at East Valley Highway (10-SAL-0.2). 

 A large year-round reduction of 86% is needed at RSSW-0.01, which should be met when 

the Rainier School WWTP effluent is connected to the Buckley WWTP. 

 
No FC reductions were necessary on the Lake Tapps diversion at the point where the water is 

diverted (LTD-23.7) or close to its confluence with the White River (LTD-0.4). 
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Table 33.  Target FC reductions necessary to meet FC load allocations for the Nonpoint Sources 
to the White River and its tributaries. 

FC load allocations are presented as a target geomean and 90th percentile FC concentrations. 

Station ID Site Description 

Observed  
FC FC 

Reduction 
Needed 

 

FC Target 
Capacity 

 (cfu /100mL) (cfu /100mL) 

Geo-
mean 

90th 
%tile 

Geo-
mean

1 
90th 
%tile 

Dry Season (July ï October) 

10-WHT-0.1 White River at mouth 68 248 20% 55 200 

10-WHT-1.4 White River at 142nd  58 251 20% 47 200 

10-BOI-0.1 Boise Creek at mouth  401 2435 92% 33 200 

10-BOI-1.0 Boise Creek at 252nd 724 1556 87% 93 200 

10-BOI-2.2 Boise Creek at 276th 105 462 57% 45 200 

10-BOW-0.3 Bowman Creek at Kersey Way 99 507 61% 39 200 

10-JOV-0.4 Jovita Creek at West Valley Hwy E 295 586 66% 100 199 

10-SAL-0.2 Salmon Creek at East Valley Hwy 194 876 77% 44 200 

Wet Season (November to June) 

10-BOI-0.1 Boise Creek at mouth  70 507 61% 27 200 

10-BOI-1.0 Boise Creek at 252nd 57 614 67% 18 200 

10-MIL-2.2 Milwaukee Ditch near Hwy 167 52 351 43% 30 200 

10-SAL-0.2 Salmon Creek at East Valley Hwy 86 274 27% 63 200 

10-TAS-0.01 
Trib to White R at Auburn Riverside 
HS 

39 476 58% 17 200 

Non-Seasonal 

10-RSSW-
0.01 

Rainer School stormwater drainage 32 1475 86% 4 200 

10-UNW-0.2 
Unknown trib to White River at 
180th 

203 2057 90% 20 200 

1 This represents the average daily limit and is expressed as a seasonal or non-seasonal (annual) geometric mean. 

Yellow (light shading) = 0-33% FC reduction; Orange (medium) = 33-67%; Red (dark) = 67-100%. 

Maps of FC reductions 

Figures 19-22 map the stream segments within the TMDL study area where FC reductions are 

needed to meet water quality standards. 
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Figure 17.  Target dry season FC reductions in the White River watershed.  Dry season = July to October. 
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Figure 18.  Target wet season FC reductions in the White River watershed.  Wet season = November to June. 
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Figure 19.  Target dry season FC reductions in the Puyallup River watershed.  Dry season = July to October (mainstem); May to October 
(tributaries). 
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Figure 20.  Target wet season FC reductions in the Puyallup River watershed.  Wet season = November to June (mainstem); November to April 
(tributaries).
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Load and wasteload allocations 

This TMDL study demonstrated that Primary Contact Recreation in the Puyallup River basin is 

impaired in many areas by FC.  In order to meet the water quality standards for primary contact 

recreation, reductions in FC are needed. 

Load allocations  

Load allocations represent the reduction needed in non-point sources in the watershed. Potential 

non-point sources within the watershed include, but are not limited to: 

 Livestock with direct access to stream or with poor manure management. 

 Failing or improperly constructed septic systems. 

 Urban stormwater. 

 Pet waste. 

 

The federal Clean Water Act states that FC wasteload and load allocations may be expressed as 

loads, concentrations, or other appropriate measures [40 CFR 130.2(I)].  This TMDL expresses 

the load allocations in terms of percent reductions needed to achieve concentration levels that are 

in accordance with the water quality standards.  Washington State uses FC concentrations as the 

most appropriate measure of meeting load allocations because the FC concentrations can be 

directly compared to the water quality concentration-based standards. 

 

For non-point sources, load allocations are equivalent to loading capacity values, as described in 

the previous loading capacity section (Tables 32-33).  Load allocations are expressed in terms of 

target FC concentrations, at the stations downstream of non-point sources.  The target reduction 

values must be met in order for nonpoint sources to meet their load allocations. 

Wasteload allocations 

Point sources, such as municipal wastewater treatment plants (WWTPs) in the basin, are 

assigned wasteload allocations based on their NPDES permit limits.  Municipal stormwater and 

stormwater outfalls are assigned wasteload allocations based on their Phase I or Phase II Western 

Washington Stormwater General Permit requirements.  This TMDL expresses the wasteload 

allocation for the municipal WWTPs as a permit-based concentration limit.  These are described 

below in Tables 34-36. 

Municipal Wastewater Treatment Plants 

All WWTPs within the study area do not require any modifications to their NPDES permit limits 

for their FC wasteload allocations.  The current NPDES permit FC limits for the WWTPs appear 

to be adequate, and no seasonal wasteload allocation is needed.   
 

The wasteload allocation is set as either the current surface water quality-based concentration 

limits or the current technology-based NPDES permit concentration limits for each WWTP 

(Table 34). 
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Table 34.  Wasteload allocations for WWTPs based on NPDES permit FC concentration limits. 

Wastewater  
Treatment Plant  

NPDES  
Permit No. 

Receiving  
Water  

Sample 
Frequency 

Monthly 
Geomean Limit 

Weekly 
Geomean Limit 

Town of Orting WA0020303 Carbon R. 2/week <200cfu/100mL <400cfu/100mL 

City of Enumclaw WA0020575 

White R. 

3/week <100cfu/100mL <200cfu/100mL 

City of Sumner  WA0023353 3/week <100cfu/100mL <200cfu/100mL 

City of Buckley  WA0023361 2/week <100cfu/100mL <200cfu/100mL 

 

The city of Puyallup WWTP is located within 1873 survey area of the Puyallup Tribe of Indians 

reservation and discharges to the Puyallup River within this area.  The Puyallup Tribe is the 

beneficial owner of the bed and banks (to the mean high water mark) of the Puyallup River 

within the 1873 reservation (which the United States holds in trust).  This WWTP is therefore 

not subject to wasteload allocations set by the state of Washington. The WWTPôs current 

NPDES permit is administered by the Puyallup Tribe and EPA.  The effluent limitations are set 

equal to the Puyallup Tribeôs water quality standards (equivalent to Primary Contact Recreation 

for FC). 
 

The Rainier School WWTP was connected to the Buckley WWTP via a sanitary sewer line in 

February 2011.  Now that the connection is complete, the Rainier School plant is offline, the 

NPDES permit will be cancelled, and wasteload allocations for Rainier School are not necessary. 

 

The Orting WWTP is the only facility in the study area with the less stringent technology-based 

permit limits of 200 cfu/100 mL (monthly geomean) and 400 cfu/100 mL (weekly geomean).  

However, the mouth of the Carbon River (receiving waters for Orting) is well below water 

quality standards for FC, and the Orting WWTP currently accounts for only about 1% of the load 

to the Carbon River at the mouth.  These technology-based limits were placed in the permit 

based on a simple mixing analysis under critical conditions that showed water quality standards 

would not be violated at these limits (Ecology, 2009d). 

 

While Ecology measured some inconsistent high FC counts, self-monitoring results from each of 

the WWTPs continue to meet their NPDES permit limits. 

 

Measured FC loads from the WWTPs were relatively small compared to other measured inputs.  

Therefore, Ecology believes more stringent FC permit limits would not greatly affect FC loads in 

the Puyallup and White Rivers. 

Individual Waste Discharge Permit Holders 

Within the study area, Sonoco Products is the only industrial facility that discharges treated 

industrial process water to surface waters.  In a 2010 study, the facility found high concentrations 

of fecal indicator bacteria (fecal coliform and Escherichia coli) in their treated effluent, which 

discharges to the White River (Sonoco, 2011).  Although the facility discharges a very small 

amount of effluent (approximately 0.15 MGD) and a relatively small FC load, the concentrations 

of FC were above water quality standards.  Given that the White River does not currently meet 

FC standards in the receiving water segment, there is no additional loading capacity, and the 

Sonoco effluent must meet the surface water quality standards at the point of discharge. 
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A wasteload allocation for the Sonoco effluent discharge to the White River is set as the current 

surface water quality-based concentration limits of the receiving waters (Table 35).   

Table 35.  Wasteload allocation for Sonoco Productsô effluent discharge to the White River.  

Wastewater  
Treatment Plant  

NPDES  
Permit No. 

Receiving  
Water  

Geomean Limit 
Less than 10% 
of the samples 
greater than 

Sonoco Products  WA0000884D White River 100cfu/100mL 200cfu/100mL 

 

Several other facilities in the TMDL study area, including four fish hatcheries, three wood-

preservation treatment facilities, and one vinegar production facility (Table 8) hold individual 

wastewater discharge permits.  

 

Each of the hatchery operations diverts water from a nearby creek or river into raceways and 

rearing ponds, then discharges the water back to the water body from which it was removed. FC 

is not currently a parameter of concern for this type of water use. 

 

Of the remaining facilities, all but one (Manke Lumber) discharge treated stormwater only under 

their individual permit.  Manke Lumber discharges non-contact process cooling water to the 

White River, in addition to stormwater, under their permit. FC is not currently a parameter of 

concern in non-contact cooling water. 

Urban Stormwater 

Fecal coliform stormwater loads in urban areas are considered capable of occurring at any time.  

Therefore, stormwater FC wasteload allocations were not specifically reserved for a óstormô 

season.  The stormwater wasteloads are based on the FC reductions needed to achieve water 

quality standards in the nearest receiving waters. 

 

Stormwater runoff was a significant FC loading source during both the July ï October critical 

period and the November ï June period on the White River mainstem and in the Boise Creek 

watershed.  There was also some evidence that runoff increased FC loads and concentrations on 

several other tributaries throughout the watershed. 

 

Numeric municipal stormwater wasteload allocations are established in this TMDL as the water 

quality standards (Table 35), rather than as FC loads, for several reasons including:  

 The study area encompasses a large geographic area. 

 Stormwater is discharged within 14 separate Phase I or II jurisdictions. 

 Municipal stormwater is regulated by either a Phase I or Phase II permit within the entire 

study area.   

 Limited stormwater data were available. 
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Table 36.  Numeric stormwater wasteload allocations (cfu/mL). 

Permittee 
NPDES 

Permit No. 
Receiving Water/s  
(large rivers only) 

Stormwater Wasteload 
Allocation 

Geo-
mean 

Less than 
10% of 

samples 
greater than 

Phase I 

King County  WAR044501A White River 100 200 

Pierce County WAR044002A Puyallup, White, & Carbon Rivers 100 200 

City of Tacoma WAR044003A Puyallup River 100 200 

Port of Tacoma WAR044200A Puyallup River 100 200 

Metro Parks Tacoma* WAR044202A Puyallup River 100 200 

Phase II 

Algona WAR045500A White River 100 200 

Auburn WAR045502A White River 100 200 

Bonney Lake WAR045002A Puyallup River 100 200 

Buckley WAR045003A White River 100 200 

Edgewood WAR045006A White River 100 200 

Enumclaw WAR045514A White River 100 200 

Fife WAR045007A Puyallup River 100 200 

Orting WAR045016A Puyallup River & Carbon River 100 200 

Pacific WAR045535A White River 100 200 

Puyallup  WAR045017A Puyallup River 100 200 

Sumner WAR045019A White River & Puyallup River 100 200 

WSDOT Municipal Stormwater General Permit 

WSDOT WA043000A Puyallup, White, & Carbon Rivers 100 200 

*Secondary permittee ï Parks within the study area boundaries include: the Eastside Pool and Portland Ave., 

Roosevelt, Rogers, Cloverdale, and Swan Creek Parks. 

 
Ecology recognizes the difficulty of characterizing the highly variable frequency and duration of 

FC loads in stormwater.  Numeric effluent limits for municipal stormwater discharges that are 

consistent with TMDLs are not often feasible or appropriate when expressing wasteload 

allocations in municipal stormwater permits.  At this time, Ecology intends to express the 

numeric municipal stormwater wasteload allocations, from this TMDL, as best management 

practices (BMPs) that will be considered for inclusion in the municipal stormwater permits. 

Specific BMPs in the permits should be source control BMPs and BMPs that reduce the volume 

of discharging stormwater, or other activities to reduce fecal coliform bacteria concentrations. 

BMPs are considered an appropriate form of effluent limits in permits for control of pollutants in 

municipal stormwater (Wayland and Hanlon, 2002).  

 

While implementing BMPs, jurisdictions should pay particular attention to reducing stormwater 

FC inputs to the White River mainstem and within the Boise Creek watershed (see 

Recommendations section). 
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Margin of safety 

The federal Clean Water Act requires that TMDLs be established with a margin of safety (MOS). 

The MOS accounts for uncertainty in the available data, or the unknown effectiveness of the 

water quality controls that are put in place.  The MOS can be stated explicitly (e.g., a portion of 

the load capacity is set aside specifically for the MOS).  However, implicit expressions of the 

MOS are also allowed, such as conservative assumptions in the use of data, application of 

models, and the effectiveness of proposed management practices. 

 

Implicit MOS elements were applied to analyses to provide a large MOS for the Puyallup River 

FC TMDL evaluation.  The recommended FC reductions and allocations are conservatively set 

to protect human health and the beneficial uses to the fullest extent possible.  The following are 

conservative assumptions that contribute to the MOS. 

 

 The Statistical Rollback Method was applied to FC data from the most critical season.  The 

resultant TMDL target annual FC load reductions are more stringent than would be required 

under the listed Washington State Primary Contact and Secondary Contact Recreation FC 

criteria.  Namely, the geometric mean or concentration not to be exceeded in more than 10% 

of the samples is more stringent than 100/200 or 200/400 cfu/100 mL.   

 

 Since the variability in FC concentrations during low-flow conditions is usually quite high, 

the TMDL targets and percent reduction estimated by the Statistical Rollback Method are 

conservative, especially if a 90th percentile is the critical criterion.  In these cases, the high 

coefficient of variation of the log-normalized data can produce a 90th percentile value for the 

FC counts greater than any of the sample results used to calculate the value.  This is 

especially true at sites with fewer than 20 data.   

 

 Load allocations were set at several sites downstream from suspected nonpoint sources 

located above the most upstream site in the set, but likely influencing the downstream sites.  

The reduction or elimination of the FC at the upstream site will likely bring all downstream 

sites of the set into compliance with water quality standards.   

Reasonable assurances 

When establishing a TMDL, reductions of a particular pollutant are allocated among the 

pollutant sources (both point and nonpoint sources) in the water body.  For the Puyallup River 

Watershed Fecal Coliform TMDL, both point and nonpoint sources exist.  TMDLs (and related 

action plans) must show ñreasonable assuranceò that these sources will be reduced to their 

allocated amount.  Education, outreach, technical and financial assistance, permit administration, 

and enforcement will all be used to ensure that the goals of this water cleanup plan are met.   

 

Ecology believes that the activities listed under the prospective creek listings (see Summary of 

Actions) section already support this TMDL and add to the assurance that fecal coliform in the 

Puyallup River watershed will meet conditions provided by Washington State water quality 

standards.  This assumes that the activities described are continued and maintained. 
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The goal of the Puyallup River Watershed Water Quality Improvement Plan for fecal coliform is 

to help the waters of the basin meet the stateôs water quality standards.  There is considerable 

interest and local involvement toward resolving the water quality problems in the Puyallup River 

Watershed.  Numerous organizations and agencies are already engaged in stream restoration and 

source correction actions that will help resolve the fecal coliform problem.  The following 

rationale helps provide reasonable assurance that the Puyallup River nonpoint source TMDL 

goals will be met by 2022. 

City of Algona, city of Auburn, city of Bonney Lake, city of Buckley, city of Edgewood, city 

of Enumclaw, city of Fife, city of Orting, city of Puyallup and city of Sumner 

The above-mentioned cities are defined as Phase II communities by the Washington State 

Department of Ecology, and therefore, are required to comply with the requirements of the Phase 

II National Pollution Discharge Eliminination System Stormwater (NPDES) Permit.  Phase II 

communities are those that own and operate a storm drain system, discharge to surface waters, 

are located in urbanized areas, and have a population of more than 1000. 

City of Auburn  

The city operates the Water, Sewer and Stormwater Utilities under Auburn City Code (ACC) 

Title 13.  Stormwater is regulated under Chapter 13.48, including Water Quality (13.48.210).   

 

The city has the responsibility for land use actions within its jurisdiction and operates under 

ACC Title 14, Title 16, and Title 18.  ACC Title 14 covers project review.  ACC Title 16 

contains the regulations for Shoreline Management, Chapter 16.08 and Critical Areas, Chapter 

16.10.  ACC Title 18 contains the zoning code. 

 

In 2007, the city was issued a National Pollutant Discharge Elimination System (NPDES) permit 

by the Washington State Department of Ecology.  This permit requires the city to prepare and 

implement a stormwater management program to improve the quality of the water discharged 

from the cityôs storm drainage system into the Green and White Rivers, and into the ground 

water below the city.  The Storm Drainage Utility coordinates the cityôs NPDES response as well 

as works on regional efforts to manage flooding and improve water quality. 

City of Buckley 

The city of Buckley is included in the group of western Washington communities falling under 

Phase II NPDES stormwater jurisdiction by Ecology.  The city developed and adopted a 

Comprehensive Stormwater Management Plan and Stormwater Management Program to meet 

the stormwater provisions recommended by Ecology and the Puget Sound Water Quality 

Management Plan, which directs municipalities in the Puget Sound Basin to develop and 

implement a comprehensive stormwater management program. 

 

The city of Buckley adopted provisions under BMC 14.30 and 14.40 to meet the intent of 

managing stormwater to minimize contact with contaminants, mitigate the impacts of increased 

runoff due to major buildout and development within the cityôs drainage areas, provide 

management of runoff from large and small construction sites, and to preserve wildlife habitat.  
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These efforts are designed to meet city goals to protect the health, safety, and welfare of the local 

citizenry and to preserve surface water resources within the city of Buckley. 

City of Edgewood 

The cityôs current stormwater program is governed by the requirements of Chapter 13 of the 

Edgewood Municipal Code (EMC).  EMC 13.05 covers site development regulations and 

requires new development and redevelopment projects within city jurisdiction to meet 

stormwater management design criteria in the Stormwater Management Manual for Western 

Washington (Ecology, 2005).  EMC 13.25 covers illicit stormwater discharges and states it is 

unlawful to discharge pollutants into the public storm drainage system directly or indirectly. 

EMC 13.25 also prohibits any cross-connection between the storm drainage system and any 

sanitary sewer system and includes enforcement actions and penalties for non-compliance. 

 

The city of Edgewood Community Development has responsibility for evaluating land use 

proposals and making land use decisions within the city.  Proposals are reviewed with respect to 

the cityôs Critical Areas Ordinance (EMC 14) which was developed in accordance with the state 

of Washingtonôs Growth Management Act and EMC 18, outlining development standards and 

zoning.  The Community Development has enforcement authority for improper land use actions. 

Planning decisions can have a large impact upon future loadings. 

 

The city of Edgewood contracts with Pierce County to perform maintenance activities on the 

cityôs stormwater infrastructure.  This includes inspections of collection and conveyance 

structures, cleaning, and repairs.  Maintenance actions help to remove pollutants from the 

stormwater system before they are washed downstream and also to reduce nuisance flooding.  

City of Enumclaw 

The Public Works Department of the city of Enumclaw is authorized to enforce the following 

ordinances:  Ordinance 2343 that adopts the use of the Ecology stormwater manual, Ordinance 

2461 that deals with stormwater management, and Ordinance 2455 that regulates domestic 

animals, urban livestock and poultry. 

Fennel Creek Preservation Group 

Formed in March 2004, the FCPG is comprised of Bonney Lake citizens attentive to the impacts 

upon Fennel Creek from increased pressures created by urban growth. 

City of Fife 

The Cityôs Public Works Department is responsible for stormwater infrastructure, drainage and 

flood protection, improving surface water quality, incorporating current development standards, 

and stormwater management.  

 

The Cityôs current stormwater program is governed by the requirements of Chapter 15.34 City of 

Fife Municipal Code.  New development within city jurisdiction must meet criteria in the 

specified 2005 Department of Ecology Manual and current City Standards.  FMC 15.32.055 

Illicit discharges states it is unlawful to discharge pollutants into the public storm drainage 
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system directly or indirectly and prohibits any cross-connection between the storm drainage 

system and any sanitary sewer system. 

 

The city of Fife Community Development Department has responsibility for decision making 

regarding land use actions within the city.  This is accomplished through evaluating land use 

proposals for compliance with existing city regulations and through compliance with the Critical 

Areas Ordinance contained in Chapter 2.58 of the Fife Municipal Code.  The Planning Division 

has enforcement authority for improper land use actions.    

Friends of Swan Creek  

Friends of Swan Creek Watershed is a diverse group of adults & youth who work together to 

provide educational and volunteer opportunities in Swan Creek Park & Watershed.  Their 

mission is to educate the public about the Swan Creek Watershed and engage people of all ages 

in activities that cultivate environmental stewardship and preserve this natural resource in the 

heart of an urban landscape. 

City of Orting  

City Engineers and the Orting Stormwater Department are responsible for stormwater 

infrastructure, drainage and flood protection, improving surface water quality, incorporating 

current development standards, and stormwater management. 

 

As of March 31, 2011, the city is current with permit requirements.  The city adopted Ecologyôs 

2005 Stormwater Manual. 

 

The cityôs stormwater program contains a permitting process that includes plan review, 

inspection, and enforcement capability.  Plan review is performed by the cityôs engineers. 

Notices of Intent (NOIs) are submitted by the applicant to Ecology, and copies of these NOIs are 

maintained by the city.  The city inspects all development and construction sites for compliance 

with BMPs, Stormwater Pollution Prevention Plans (SWPPPs), and stormwater rules. 

Additionally, permitted sites are inspected upon completion of construction to ensure that 

stormwater facilities and BMPs are in place.  Any noncompliance discovered during inspections 

is addressed through enforcement activities as needed. 

 

The city meets requirements for public education and outreach by attending five city events 

annually and is committed to community stormwater education at the student level through local 

classrooms.  Measuring program effectiveness is assessed by surveys through mailers, city 

website, and local events. 

 

The city adopted ordinances that include maintenance responsibility, maintenance schedules, and 

enforcement procedures related to post-construction stormwater facilities as specified in Chapter 

4 of Volume V of the Stormwater Management Manual for Western Washington (revised 2005). 

 

Public involvement, volunteer programs, future stormwater development/programs, IDDE are all 

included in the recordkeeping process.  Recordkeeping also includes outfall maintenance and 



Puyallup River FC TMDL: WQ Improvement Report 

Page 80  

inspections; street cleaning maintenance and costs allocated with street cleaning; catch basin 

inspections/cleaning and allocated costs; retention pond maintenance. 

City of Pacific 

The city of Pacific has developed municipal code 20.48 to handle their responsibilities for 

stormwater. 

City of Puyallup 

The Stormwater Engineering Division and Collections Division of the cityôs Public Works 

Department is responsible for stormwater infrastructure, drainage and flood protection, 

improving surface water quality, incorporating current development standards, and stormwater 

management. 

 

The cityôs current stormwater program is governed by the requirements of Chapter 21.10 of the 

Puyallup Municipals Code (PMC).  New development within city jurisdiction over 1 acre in size 

must meet the requirements of the 2005 Department of Ecology Stormwater Manual for Western 

Washington, all other developments still fall under the King County Stormwater Manual. 

 

The city of Puyallup Planning Division has responsibility for decision making regarding land use 

actions within the city.  This is accomplished through evaluating land use proposals for 

compliance with existing city regulations and through compliance with the Critical Areas 

Ordinance contained in Chapter 21.06 of the PMC and developed in accordance with the state of 

Washingtonôs Growth Management Act.  The Planning Division has enforcement authority for 

improper land use actions.   Planning decisions will have a large impact upon future loadings. 

 

The Sewer and Stormwater Collections unit maintains and repairs all wastewater and stormwater 

piping, structures and related facilities. Division employees provide an important public health 

service with the regular cleaning and video inspection of sanitary sewer lines.  The division also 

investigates and monitors water quality in the watershed and regulates industrial discharges. 

Their work is equally important in stormwater, reducing nuisance flooding by regular 

maintenance.  They are prepared and offer critical emergency assistance during larger flood 

events. In addition to routine cleaning of wastewater and stormwater collection systems, 

significant repair and replacement of sewer and stormwater utilities are accomplished annually. 

City of Sumner 

The Public Works Department serves as the entity responsible for regulating and managing the 

development of water quality and stormwater facilities.  The city approves design and 

implementation of stormwater infrastructure based on criteria and thresholds set forth in the 

adopted 2005 Stormwater Management Manual for Western Washington, Development 

Specifications and Standard Details Chapter 5, and Sumner Municipal Code Chapter 13.  These 

ordinances are the regulatory mechanisms applied and enforced to maintain compliance with 

water quality standards and requirements of the Phase II NPDES Permit. 
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Sumner Municipal Code Chapter 13.48 specifically identifies types of illicit connections and 

discharges to the municipal separate storm sewer system not permissible without a permit.  In the 

event an illicit discharge or connection is ascertained, the Sumner Public Works Department and 

Shops Department work collaboratively to identify the source(s), and work with the property 

owner to reduce concentrations and eliminate pollution generators.  Subsequently, if 

environmental remediation is not acquired and/or abatement of the violation is not attained 

within an established timeframe, the city may again invoke Municipal Code to provide the 

process for exercising enforcement actions.  

King Conservation District (KCD)  

As a separate municipal state corporation created under Chapter 89.08 RCW, the KCD 

administers programs to conserve the natural resources of King County.  KCD efforts focus on 

individual contact with farm owners and residents within the entire King County.  The goals of 

the district are to promote practices that maximize productive land use, while conserving natural 

resources and protecting water quality through education, funding assistance, and cooperation. 

KCD advises landowners on the implementation of BMPs to protect water quality and fish and 

wildlife habitat, and designs and installs stream enhancement projects.  KCD holds classes, 

conducts farm tours and provides grants and cost-share funding for water quality-related farm 

improvements. 

King County 

The Water and Land Resources Division (WLRD) in King County Department of Natural 

Resources and Parks has programs in watershed and natural resource stewardship, stormwater 

compliance, and water quality monitoring.  Following are the program descriptions. 

The Stormwater Services Section provides education and technical assistance to prevent the 

contamination of stormwater through implementation of King County Code 9.12:  Water 

Quality.  Programs include source control inspections and technical assistance to businesses in 

the basin.  The section also responds to drainage and water quality complaints that frequently 

include poor pet waste management and other bacterial pollution.  Additionally, the section 

identifies and facilitates the removal of any illicit discharges to the storm drainage system, 

including such bacteria sources as illicit sanitary sewer connections. 

The NPDES and State Waste Discharge General Permits cover discharges from municipal 

separate storm sewers.  Phase I of the municipal stormwater program went into effect in 1990 

and applies to municipalities with populations of more than 100,000. 

Ecology issued the original Phase I permits in July 1995.  These permits regulated the 

discharges from municipal separate storm sewers owned or operated by Clark, King, Pierce 

and Snohomish Counties, and the cities of Seattle and Tacoma.  Municipal separate storm 

sewer systems owned or operated by the Washington State Department of Transportation 

(WSDOT) located in those counties and cities were also permitted under the 1995 permits. 

WSDOT now has a separate municipal stormwater permit.  

http://www.ecy.wa.gov/programs/wq/stormwater/municipal/wsdot.html
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On January 17, 2007, Ecology re-issued the Phase I municipal stormwater permit with an 

effective date of February 16, 2007.  Ecology modified the permit on June 17, 2009 and 

September 1, 2010 to implement the outcomes of appeals.  October 1, 2010 is the effective 

date of the latest permit modification.  The permit expires on February 15, 2012. 

The Development and Environmental Services (DDES) reviews development proposals to 

ensure that they are designed to be consistent with the Surface Water Design Manual.  DDES 

also inspects developments during construction to ensure that stormwater runoff is controlled 

and that required stormwater facilities are installed according to required standards.  Code 

Enforcement officers within the section investigate complaints of irresponsible or hazardous 

development in unincorporated King County that are also violations of King County Code, 

including zoning, housing/building, shorelines and critical areas. 

 

The Livestock Program promotes proper livestock management practices and financially 

assists agricultural landowners with BMP implementation.  Some of these BMPs include, but 

are not limited to, stream and wetland buffer fencing; native roof runoff management; etc.  

The program implements the Countyôs 1993 Livestock Management Ordinance  (KCC 

21A.30)(LMO) which requires land owners under King County jurisdiction to implement best 

management practices to minimize the transport of non-point pollution from livestock to 

water bodies, and supports the raising and keeping of livestock while minimizing the adverse 

impacts of livestock on water quality and salmonid fisheries habitat.  Proper management of 

manure will help reduce the potential for bacterial pollution in nearby streams.  The LMO 

recommends implementing Farm Plans for farms with livestock. 

Muckleshoot Indian Tribe 

The Muckleshoot Indian Tribesô Usual and Accustomed Area (U & A) was determined in the 

U.S. Supreme County case U.S. v. Washington for fisheries resources that are culturally and 

economically important to the Tribe.  The Muckleshoot Indian Tribe Fisheries Division 

(MITFD) has an active resource protection staff and may assist in stream restoration and water 

quality improvement efforts.  MITFD staff review permits for all of the jurisdictions in the 

TMDL area and continue to monitor these permits and restoration projects to evaluate whether 

the TMDL is implemented and not adversely affected by future land actions. 

Pierce County Public Works and Utilities, Surface Water Management Division 

In addition to other responsibilities, the Surface Water Management Division of Pierce Countyôs 

Public Works and Utilities Department is responsible for managing water quality and flooding 

through basin-specific basin planning efforts, for ensuring compliance with the stormwater 

quality management requirements of the Clean Water Act, and for gathering existing water 

quality data performing physical surveys, water quality monitoring, and coordinating public 

input for initiatives of the Surface Water Management Division. 

 

Under federal regulations CFR Title 40 122.26, Pierce County manages a stormwater system. 

The unincorporated areas of the county are covered under a Phase I municipal stormwater 

NPDES permit.  The county has oversight of the permit requirements and has developed both a 

http://www.ecy.wa.gov/programs/wq/stormwater/municipal/permitMOD.html
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stormwater manual and a best management practices manual for potential dischargers to this 

system. 
 
Chapter 11.05 of the Pierce County Code, Illicit Stormwater Discharges (Ordinance No. 96-47), 

makes it unlawful for any person to discharge any pollutants into municipal drainage facilities.  

The county usually uses education and technical assistance to address nonpoint source pollution 

entering drainage ditches, but can require immediate cessation of discharges and implementation 

of best management practices. 

 

There are six streams listed in this TMDL for Pierce County to focus on.  The following table 

organizes those streams by priority based on loading, amount of creek that is within Pierce 

Countyôs jurisdiction and actions needed: 

 

 

 

 

 

 

 

 

Pierce Conservation District (PCD) 

PCD, under authority of Chapter 89.08 RCW, Conservation Districts, provides education and 

technical assistance to residents, develops conservation plans for farms, and assists with design 

and installation of best management practices.  When developing conservation plans, PCD uses 

guidance and specifications from the U.S. Natural Resources Conservation Service.  Farmers 

who receive a Notice of Correction from Ecology are normally referred to PCD for assistance. 

 

In 2002, PCD requested and was granted fee funding from the Pierce County Council, in 

accordance with Chapter 80.08.400 RCW.  This provided a stable source of funding and allowed 

an increase in services. 

Pierce Stream Team 

Pierce Stream Team is a coalition of volunteers whose goal is to improve the quality of streams 

in Pierce County for the benefits of fish, wildlife, and people through public education and action 

projects.  Stream Team offers opportunities for volunteers to participate in water quality 

monitoring, streamside restoration with native plants, storm drain stenciling, and stream cleanup 

projects.  Stream Team educates the public through educational displays about streams and 

related issues at a variety of events, including the Puyallup Fair.  Stream Team is a program of 

the Pierce Conservation District and is available to work with partner entities and organizations 

to collect water quality data, restore riparian areas, and help implement other components of the 

NPDES permit.   

Priority Stream/Creek 
1 Swan Creek 

2 Alderton Creek 

3 Salmon Creek 

4 Deer Creek 

5 Bowman Creek 

6 Milwaukee Ditch 






















































































































































