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1.0 INTRODUCTION 

 Project Description 
Under Appendix 2 of the 2013 – 2018 Phase I National Pollution Discharge Elimination 
System (NPDES) Municipal Stormwater Permit, the jurisdiction of King County is required 
to perform certain tasks to attempt to reduce bacterial loadings to Issaquah Creek and its 
tributaries. One requirement is to perform bacteria source screening in at least 50 percent 
of the Issaquah Creek municipal separate storm sewer system (MS4) subbasins. The 
following document describes King County’s plan to fulfill this requirement.  
 
Staff from King County’s Stormwater Services (SWS) will lead this effort, with assistance 
from King County’s Science and Technical Support Section (Science). Both SWS and Science 
are in the County’s Department of Natural Resources and Parks, Water and Land Resources 
Division (WLRD). WLRD will conduct both dry- and wet-season screening activities during 
the project period. Dry-season activities include visual and olfactory observations of the 
County’s MS4, field analyses of dry-weather flows, and more detailed source tracing of 
suspect flows. Wet-season activities, which are the primary focus of this document, will 
include synoptic sampling of storm flows at select locations in the MS4, in-house analysis 
for Escherichia coli (E. coli), laboratory analysis for human Bacteroidales (Hu-2-
Bacteroidales) or other genetic markers at sites testing high in E. coli, and more detailed 
source tracing of suspect flows. 

 The Issaquah Creek Basin 
The Issaquah Creek basin is located in the Cedar/Sammamish basin in Water Resources 
Inventory Area 8 (WRIA 8) in western Washington State. The headwaters of Issaquah 
Creek begin in the steep, forested slopes of Cougar, Squawk, Tiger, and Taylor mountains. 
The creek continues through the lower-gradient Issaquah Valley, eventually discharging 
into Lake Sammamish at Lake Sammamish State Park (see Figure 1). Issaquah Creek is the 
largest tributary to the lake, contributing approximately 70 percent of the surface water 
flow (Moon 1973).  
 
Major tributaries to Issaquah Creek include Carey Creek, Holder Creek, McDonald Creek, 
Fifteenmile Creek, and the East and North forks of Issaquah Creek (see Figure 2). 1 Carey 
and Holder creeks flow from the forested Taylor Mountain in the Upper Issaquah subbasin 
and merge to form the mainstem of Issaquah Creek. McDonald and Fifteenmile creeks drain 
from Squak and West Tiger mountains respectively and join the Issaquah mainstem in the 
middle Issaquah Valley. The East Fork and North Fork of Issaquah Creek flow into the 

                                                        
1 Tibbets Creek, which flows into Lake Sammamish adjacent to Issaquah Creek, is often included in the 
watershed area of Issaquah Creek because the two creeks share a common floodplain during flood events. It 
was not included in the Issaquah Creek basin in this investigation, as its drainage basin is completely outside 
the County’s jurisdiction. 
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Lower Issaquah subbasin in the City of Issaquah and are more heavily urbanized due to the 
cities of Issaquah and Sammamish and Interstate Highway 90.   
 
The Issaquah basin covers an area of approximately 57.2 square miles. Elevations in the 
basin range from over 3,000 feet at the summit of Tiger Mountain to approximately 25 feet 
at outlet at Lake Sammamish. In 1995, approximately 75 percent of the basin was forested; 
much of that was concentrated in State- and County-owned lands in the headwaters (King 
County 1995) and the vast majority of non-protected forests is zoned as low density (<1 
dwelling unit per 5 acres), single-family residential housing (King County 2014, Figure 1.3). 
However, the character of the basin is rapidly changing; for example, the population of the 
City of Issaquah grew by 363 percent from 1990 to 2015 (US Census Bureau 2016).  
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Figure 1. The Issaquah Creek basin. 
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The streams, wetlands, and forests of the Issaquah Creek basin provide habitat for a variety 
of species. Eight species (six anadromous) of salmonids utilize the basin, including 
kokanee, the threatened Puget Sound steelhead, and Chinook salmon. Additionally, the 
Issaquah Salmon Hatchery nurtures five to six million Chinook and Coho salmon eggs each 
year (Ecology 2004). The middle and upper Issaquah Creek subbasins are considered 
Regionally Significant Resource Areas because of their exceptional fisheries habitat and 
forested land cover (Kerwin 2001). However, there are several factors contributing to the 
decline of fish habitat within the basin, including the exceedance of nutrient loadings and 
State water quality standards during storm events (Kerwin 2001). 
 

 
Figure 2. Issaquah Creek subbasins and target area. 
 
The Washington State Department of Ecology (Ecology) has set water quality standards in 
the Issaquah Creek basin at “primary contact” levels. Under this designation, fecal coliform 
bacteria levels must not exceed a geometric mean value of 100 colonies/100 mL, with not 
more than 10 percent of all samples (or any single sample when less than ten sample 
points exist) obtained for calculating the geometric mean value exceeding 200 colonies 
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/100 mL. Segments of Issaquah Creek and its tributaries regularly exceeded these 
standards and were placed on Ecology’s 303(d) list of impaired streams in 1998. In 2004, 
Ecology implemented a Total Maximum Daily Load (TMDL) plan to reduce fecal coliform 
concentrations in impaired segments and maintain the health of unimpaired reaches 
(Ecology 2004). The plan identified likely sources of contamination to include fecal 
material from failing septic systems, domestic animals, and wildlife, with transport 
mechanisms including urban and rural stormwater conveyance systems (Ecology 2004).  

 Selection of Subbasins 
Appendix 2 of the Phase I NPDES permit requires King County to perform bacteria source 
screening in at least 50 percent of the Issaquah Creek municipal separate storm sewer 
system (MS4) subbasins. King County used a multifaceted approach to select the subbasins 
in which to conduct bacteria source screening. Considerations included: 

• Seven subbasins were identified in the Issaquah Creek basin; therefore, four of the 
seven were chosen to meet the 50 percent requirement. 

• Examination of historical water quality data, with emphasis placed on data in the 
previous five years indicating subbasins with consistently higher fecal coliform 
bacteria concentrations or “hot spots.” 

• The geographic distribution of King County’s MS4 system; it was considered 
advantageous to select four subbasins that accounted for at least 50 percent, but no 
more than 60 percent, of the King County MS4 system. 

• The distribution of urban and high-density rural subbasins within the overall basin, 
as another requirement of King County’s municipal NPDES permit is to perform 
Illicit Discharge Detection and Elimination (IDDE) in all urban and high-density 
rural subbasins of unincorporated King County by 2018.  

 
The highest density of King County MS4 assets were located in the Middle Issaquah, 
McDonald, and Upper Issaquah subbasins; while only the Middle and Lower Issaquah Creek 
subbasins contained urban and high-density rural areas. While no previous sampling 
locations were identified as “hot spots,” some sites had consistently higher fecal coliform 
concentrations than others, particularly in the Middle and Lower Issaquah subbasins.  
 
Based on the above considerations, the Lower Issaquah, Middle Issaquah, Fifteenmile, 
and Upper Issaquah subbasins were selected for bacteria source screening for the present 
permit cycle bacteria screening requirement, which ends on August 1, 2018. (See Figure 2 
for the four target subbasins.) The North Fork, East Fork, and McDonald Creek subbasins 
are anticipated to be visited during a subsequent permit cycle. For a more detailed 
documentation of the subbasin selection process, please see Appendix B of this document.  
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2.0 ORGANIZATION & SCHEDULE 

 Project Staff 

2.1.1 Project Management 
Andrew J. Miller  |  206-477-4634   andrew.miller@kingcounty.gov 

- Responsible for writing SAP and final report, sample site selection, training, 
scheduling and coordinating field reconnaissance and sampling efforts, data 
collection and analysis. 

 
Jeanne Dorn  |  206-477-4679   jeanne.dorn@kingcounty.gov   

- Responsible for overall project design and implementation, ensuring completion of 
project SAP, assistance as needed for task scheduling and implementation, project 
budgeting, and assistance on final report. 

 
Fritz Grothkopp  |  206-477-7114   fritz.grothkopp@kingcounty.gov 

- Laboratory project manager -- responsible for coordinating sample collection 
equipment and field sheets, login of bacteria samples, and assistance in results 
interpretation. 

 
Doug Navetski  |  206-477-4783   doug.navetski@kingcounty.gov  

- Responsible for project guidance, advice and supervisory oversight. 

2.1.2 Project Implementation 
Eric Bosserman  |  206-477-4649  eric.bosserman@kingcounty.gov  

- Responsible for basin and subbasin identification and mapping, and support in 
water sampling location selection. 

 
Cynthia Hickey  |  206-477-4710  cynthia.hickey@kingcounty.gov  

- Responsible for contributing business audit and water quality complaint historical 
and current information as relevant to project goals. 

 
Lori Cronin  |  206-477-4676  lori.cronin@kingcounty.gov  

- Responsible for project implementation support, including providing business 
inspection information and assisting in field tasks. 

 
Alexander Jones  |  206-477-4719  alexander.jones@kingcounty.gov  

- Responsible for animal waste station inventory and implementation. 
 

mailto:andrew.miller@kingcounty.gov
mailto:jeanne.dorn@kingcounty.gov
mailto:fritz.grothkopp@kingcounty.gov
mailto:doug.navetski@kingcounty.gov
mailto:eric.bosserman@kingcounty.gov
mailto:cynthia.hickey@kingcounty.gov
mailto:lori.cronin@kingcounty.gov
mailto:alexander.jones@kingcounty.gov
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 Project Schedule 
Target dates for completion: 

• Selection of subbasins ...................................... March 2016 (completed) 
• SAP completion ................................................... September 2016 
• SAP implementation ......................................... October 2016 – June 2017 
• Source tracking (as needed ........................... October 2016 – August 2017 
• Interim reports ................................................... January 2017 & 2018 
• Final project report ........................................... September 2018 

For a graphic representation of this project schedule, please see Figure 3.  
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Figure 3. Scope of work and project timeline. Activites related to this SAP are highlighted in green. 
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3.0 SAMPLING DESIGN 

 Overall Approach and Rationale 
The overall goal of this investigation is to identify portions of the King County MS4 that 
may contribute to exceedances of Washington State’s water quality standard for fecal 
coliform in Issaquah Creek and its tributaries. In order to identify portions of the MS4 
contributing relatively high loads of fecal coliform bacteria, flowing water in the MS4 
(during or immediately after storms) will be sampled and analyzed for E. coli. The 
preliminary analytical screening technique will be the Coliscan Easygel© technique 
(“Coliscan”), a rapid and simple E. coli culturing method. This technique will be carried out 
in house by WLRD staff. 
 
Coliscan is a proprietary pectin-gel method consisting of a small plastic bottle of liquid 
medium, which is mixed with a known aliquot of sample water and then incubated in a 
specially-pretreated Petri dish. This analytical method has been chosen for its low unit cost 
and is considered a field screening approach. Coliscan has been shown to be comparable to 
standard laboratory methods for analysis of E. coli when proper QA/QC procedures are 
followed (AWW 1995). Furthermore, E. coli has been shown to be a more reliable indicator 
of human (and other warm-blooded animal) gut bacteria than fecal coliform (US EPA 
1992). In this project the Coliscan method will be used per the manufacturer’s instructions. 
 
After an initial Coliscan screening, sites will be eligible for further laboratory analysis 
through the King County Environmental Lab (KCEL) on the next sampling event.  
The two primary analytical techniques that will be used by the KCEL are a laboratory 
culture technique for E. coli bacteria and a genetic-based quantitative polymerase chain 
reaction (qPCR) laboratory technique for identifying the presence of human gut bacteria 
(Hu-2-Bacteroidales). Other genetic markers used in qPCR analysis that are unique to 
animals such as geese, horse, and dog may be utilized if field observations indicate that 
fecal material from those animals may be contributing to the fecal load in the King County 
MS4. An outside laboratory, Source Molecular, is anticipated to conduct this analysis, as the 
KCEL only possesses qPCR markers for humans and cows.2  
 
Source tracking will be initiated if multiple Coliscan samples (and preferably at least one 
laboratory sample) indicate consistently elevated E. coli concentrations relative to other 
sites. Source tracking will not be initiated based on the data from a single sample unless 
field observations indicate an obvious problem.  
 
The objective of source tracking is to determine if there is a specific source that can be 
eliminated or managed in order to reduce its fecal bacteria contributions to Issaquah Creek 
and its tributaries. Source tracking will likely involve utilizing laboratory qPCR markers. 
Additional sampling sites up-pipe or up-ditch from the original site will be strategically 
chosen to attempt to identify specific sources. Source tracking also will likely include 
                                                        
2 See http://www.sourcemolecular.com/  

http://www.sourcemolecular.com/
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examination of other information, including that obtained from field reconnaissance and 
office analysis of the MS4 maps, topographic maps, and aerial photography. Other source 
tracking tools may be implemented if deemed appropriate.  
 
The focus of this sampling plan is on wet weather sampling during or immediately after 
storm events. However, all sample sites will be visited at least once during the dry season. 
Flow is seldom encountered in the MS4 during the dry season, so in most cases this will be 
solely a visual inspection. However, if flow is present, Coliscan screening can and likely will 
be performed.  

 Sites 
Sampling sites were selected after office analysis of the MS4 relative to previous sampling 
locations, proximity to the stream network of Issaquah Creek, and land uses in areas served 
by the King County MS4. Additionally, extensive field reconnaissance was completed to 
during the dry weather period in 2016 to verify or correct the MS4 map and note on-the-
ground conditions within the contributing areas of the MS4. See Figure 4 for a map of the 
sample sites. A table, with coordinates, is included in the appendix.  
 
Sampling sites were selected for one or a combination of the following reasons: 

• Direct contribution to Issaquah Creek or one of its tributaries 
• Large contributing area – able to characterize a large area of the MS4 with a single 

location 
• Potential for contamination – high residential density or adjacent agriculture 

operations 
• Previous in-stream water quality sampling detected high  bacterial levels 

downstream 
• Special interest – reference sites or continuously flowing sites 

 
The sampling sites were then categorized into three tiers based on the number of criteria 
met. The three tiers are described below: 

• Tier I: optimal sites for immediate sampling; 
• Tier II: Backup sites in case T-I sites aren’t flowing or have already been eliminated; 

and 
• Tier III: Some interest, but will only be sampled if T-I and T-II sites have been 

adequately sampled. 
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Figure 4. Water quality sampling sites, King County MS4 
 
A vast majority of the preliminary sample sites are within the ditches, culverts, catch 
basins, and outfalls of the King County MS4. However, a small number of sites are in 
intermittent or small perennial streams receiving water from multiple outfalls of the King 
County MS4. Sampling in these streams, both upstream and downstream of MS4 outfalls, 
allows for a more cost-effective initial screening which still focuses on the MS4’s 
contribution to natural waters. 
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 Identification of Storm Events 
Wet weather samples will be taken during and/or immediately after rain events in the 
Issaquah basin. An effort will be made to collect sampling during the “first flush” at the 
start of a rain event. However, sampling windows will be limited by business hours, field 
staff availability, and laboratory hours, so this goal may not always be met. Reaching a 
simple precipitation threshold will not be required to initiate wet weather sampling. The 
volume of runoff in the MS4 at a certain location will likely depend on multiple factors 
including the size of the contributing area, predominant land cover within the contributing 
area, antecedent precipitation and soil moisture content, and precipitation duration and 
intensity. Therefore, an optimal precipitation amount for a given sampling event may not 
be determined by a rainfall total at a single rain gage. Some amount of trial and error may 
be necessary to acquire samples at all locations; sites where there is no flow during a 
sample event will be noted and prioritized for sampling during larger or subsequent 
events. The time of acquisition of samples will be compared to rainfall hyetographs and 
stream hydrographs to better understand if (and how) hydrologic conditions impact 
bacteria levels and to better plan for subsequent sampling events. 
 
A robust network of meteorological and hydrologic monitoring stations exists within the 
Issaquah basin that will aid in sampling planning; it also will provide the hydrologic context 
for data analysis and interpretation (see Figure 5). King County currently operates two 
real-time, telemetered rain gauges within the Issaquah Creek basin: one in the lowlands 
near the East Fork of Issaquah Creek (site14u) and one on the Hobart Plateau near Carey 
Creek in the Upper Issaquah subbasin (site 31z).3  
 
The US Geological Survey (USGS) operates a real-time stream flow gauge at the mouth of 
Issaquah Creek (site 12121600) and one on the mainstem of Issaquah Creek below the 
confluence of Carey and Holder creeks (site 12120600). King County operates stream 
gauges on Carey Creek (site 25i), the North Fork of Issaquah Creek (site 46a), the East Fork 
of Issaquah Creek (site 14b) and several stream and rain gauges in adjacent basins. 
Additional data sources will include National Weather Service radar, hydrology forecasts, 
and quantitative precipitation forecasts (QPF).4 
 

                                                        
3 See the King County Hydrologic Information Center (http://green2.kingcounty.gov/hydrology/) for 
information about the precipitation and stream gauges mentioned above.  
 
4 See http://www.wpc.ncep.noaa.gov/qpf/qpf2.shtml and 
http://www.wrh.noaa.gov/sew/get.php?wfo=sew&pil=QPS&sid=sew 

http://green2.kingcounty.gov/hydrology/
http://www.wpc.ncep.noaa.gov/qpf/qpf2.shtml
http://www.wrh.noaa.gov/sew/get.php?wfo=sew&pil=QPS&sid=sew
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Figure 5. The hydrologic monitoring network in the Issaquah Creek area 
 

 Lab Sampling 
If a sampling location has a high E. coli concentration relative to other locations sampled on 
the same day, a sample for laboratory analysis may be collected during the next sampling 
event. Additionally, if field crews observe suspicious conditions while sampling, such as 
strong odors, visible wastewater debris (such as fecal material or toilet paper), or possible 
contributors immediately upstream of the sampling location, they should obtain a 500 mL 
sample for laboratory analysis. Field crews will always carry adequate numbers of 
sterilized 500 mL sample bottles in case such conditions are encountered.  
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 Changes to SAP 
The techniques utilized by microbial source tracing staff often vary depending upon the 
potential source and context of the watershed. Consequently, as more information is 
acquired through field reconnaissance and water quality sampling, techniques used in this 
investigation may change. Major changes to this sampling plan will be documented through 
an update to this plan. Minor variances will be noted in interim and final project reports.  
 
Adding/dropping sites 
Sampling sites may be added to this plan that are not currently on the site list if source 
tracking is initiated in a certain area or if field observations warrant sampling in a new 
location. New sample sites will be flagged, photographed, mapped, and added to site lists in 
an updated SAP and reports. 
 
Sampling locations with consistently low E. coli levels relative to other sites as determined 
by Coliscan sampling will be dropped from future sampling after at least three sample 
events. Additionally, sites that prove too difficult or dangerous to access may be replaced 
by other locations in order to ensure the safety of field crews.  
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4.0 SAMPLING PROCEDURES 

 Overview 
At each sampling site, two five-mL aliquots will be pipetted from stormwater flowing in the 
County’s MS4. If pipetting directly from the flow cannot be achieved safely, a 500 mL 
polypropylene bottle will be filled with stormwater by means of an extendable sampling 
pole, and the water pipetted from the bottle. Each five mL aliquot will be dispensed into a 
separate Coliscan gel bottle, which will be incubated later that day at King Street Center for 
E. coli analysis. The following provides a detailed description of the procedures to be 
followed at each sampling site. 

 Arrival at Sampling Location 
A field sheet has been created for each sampling location. This sheet includes a map and 
photo of the site and a text description of the location, including the asset ID of the feature 
to be sampled, tools that will be needed to acquire the sample, and driving directions to the 
site. Sampling personnel will use this field sheet along with SWS’s Collector App for iPhone 
(and GPS) to positively identify the sampling location. Most or all sites will also be tagged 
with pink flagging and/or yellow crayon. An example the field sheet is given in the 
Appendix. 
 
With the sampling site located and the necessary tools in hand, the sample may be 
acquired. First, however, at least one photo of the site should be taken. The photo should be 
taken of the exact location sampled. The quantity of water flowing at the point should be 
evident in the photo. For samples taken from catch basins or manholes, two photos should 
be taken – one at street level and one looking down into the structure (preferably with a 
flash). 
 
Sampling personnel will wear appropriate safety gear at each site, including steel-toed 
boots, high-visibility vests or jackets and gloves. Hard hats may be worn if site conditions 
warrant this. 

 Sample Acquisition 
In general, only flowing water will be sampled, in order to accurately characterize water 
leaving the MS4 and entering the streams. Standing water in ditches, ponds, and catch 
basins will not be sampled unless there is evidence that water has been flowing past the 
point in the last two hours. Lack of flow will be noted on the field sheets. 
 
For screening, sampling personnel will pipette two five mL aliquots of stormwater from the 
MS4 at each sampling location. Each aliquot will be dispensed into a separate Coliscan gel 
bottle, each of which will be thawed and pre-marked with the sample site ID prior to 
dispensing. The same disposable pipette tip may be used for each aliquot from the same 
sample, but must be discarded after sampling at each site. 
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For locations to be sampled for submittal to KCEL, sampling personnel will fill one 500 mL, 
sterile, polypropylene bottle with water flowing in the MS4. One inch of headspace should 
be left in the bottle. The 500 mL container must not be pre-rinsed with sample prior to 
collection. Each 500 mL bottle will be labeled with the lab sample number, the site ID, the 
date and time of sample acquisition, and the requested analyses to be performed. 
 
Both pipette and 500 mL bottle samples will be collected by the manual direct fill method. 
If this method is not possible due to safety considerations, personnel will use a telescoping 
sampling pole fitted with a swivel-head polypropylene or stainless-steel bailer. The 500 mL 
bottle will be situated inside the bailer to allow for direct fill. If the sample is to be 
submitted to KCEL, a sterile bottle will be used. If the water is to be collected only for 
pipetting and Coliscan analysis, the bottle need not be sterile, but must be first triple-rinsed 
with reverse osmosis (RO) or distilled water and then rinsed with sample water thrice 
prior to sample acquisition, taking care to dispose of rinse water downstream of the 
sampling point in order to prevent cross contamination. 
 
If this method is not possible, sample water will be acquired in the bailer itself and 
decanted into the 500 mL bottle. The bailer will be triple-rinsed with RO or distilled water 
after each use, and will also be rinsed with sample water thrice prior to sample acquisition. 

 Sample Handling and Processing 
All samples will be immediately placed in coolers with chilled blue ice. Coliscan samples 
will be transported as soon as possible to the King Street Center, 201 South Jackson Street, 
Seattle, WA 98104, Lab Room PA09, near the garage entrance/exit. At King Street Center, 
Coliscan samples will be transferred to Petri dishes and incubated overnight. Incubation 
will take place at 95° F (± 2 °F) for at least 24 hours. After at least 24 hours, but not more 
than 48 hours, final E. coli colony plate counts will be obtained and recorded. A photograph 
of each Petri dish will be taken with notation indicating the sample number, collection time, 
incubation time, and colony count normalized to 100 mL. 
 
Samples in the 500 mL containers will be refrigerated or kept chilled with fresh blue ice at 
King Street Center overnight and transported to KCEL for lab analyses as soon as possible.  

 Field Replicates and Blanks 
Ten percent of all samples to be submitted to KCEL (averaged over all sampling events) will 
be accompanied by a field replicate. Ease of access and likelihood of encountering flow will 
be prioritized when selected sites for replicates. 
 
Field replicates will be acquired in the following manner: a single, one-liter polypropylene 
bottle will be filled with stormwater. This bottle will be capped and then inverted ten 
times, rapidly, in order to ensure a well-mixed sample. The bottle will then be uncapped 
and its water will be decanted immediately into two separate 500 mL polypropylene 
bottles. Field replicates for Coliscan are taken as a matter of course, wherever water must 
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first be collected in a bottle and then pipetted – the bottle’s contents must be well-mixed 
before pipetting. 
 
A field blank will be acquired each sampling day to check techniques for preventing 
sampling cross-contamination. A field blank will consist of a separate 500 mL 
polypropylene bottle filled with RO or distilled water. From this additional 500 mL 
polypropylene bottle, a single 5 mL aliquot will be pipetted and dispensed into its own 
labeled Coliscan medium bottle. This Coliscan sample will be cultured and analyzed in the 
same manner as described above. 

 Other Measurements 
In-situ parameters (temperature, pH, specific conductivity, ammonium ion, and nitrate ion) 
will not be measured in the initial synoptic event due to limited available time at each 
location. These parameters may be measured in subsequent events at selected sites of 
interest. Field crews will provide an estimate of volumetric discharge at the site based on 
the measured width (if possible), measured depth (if possible), and estimated velocity (or 
measured if a velocimeter is available and is time-appropriate) at the sample location.  

 Documentation and Chain-of-Custody 
Procedures 

Unique site IDs will be assigned to each sampling location. All Coliscan gel bottles will be 
labelled with the site ID and the time of sample acquisition. All 500 mL bottles will be 
labeled with the site ID, date and time of sample acquisition, sampling personnel, and 
parameters requested. Replicate samples will be identified as such on their respective 
bottles. 
 
Relevant information, including the sampling personnel, date and time of collection, 
number of samples collected, and a description of water flowing at the site, including 
clarity, color and floatables, will be noted on the field sheet or in field notebooks. 
Photographs will be taken at each site as described in section 5.2. 
 
During sample collection, all sample bottles will be in the custody of sampling personnel. 
Field sheets or notebooks will be used to document all steps of the transfer of custody from 
the sampler to King Street Center or KCEL if needed. Field forms and a completed chain-of-
custody will be marked with the same information as marked on the sample bottle, for 
submittal to KCEL. 
 
Sampling personnel who do not directly transport samples to King Street Center will 
transfer custody to the courier by signing and dating the “relinquished by” section of each 
field sheet. Couriers will then transfer custody to the lab via a separate custody stamp on 
each field sheet. 
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5.0 MEASUREMENT PROCEDURES 
Measurement procedures for Coliscan samples are described in section 4.4. Laboratory 
analysis of 500 mL samples will be done at the KCEL, which is accredited by the 
Department of Ecology to perform these analyses. The table below summarizes the 
methods to be used by KCEL. 
 

 E. coli and Hu-2-Bacteroides methods 

Parameter Method Units 

Lower 
Reporting 

Limit 
Holding 

Time Preservation 
Escherichia coli Standard methods 

9213D 
cfu/100 mL 1 cfu/ 

100 mL 
24 hours Cool to 10ºC 

Human-2- 
Bacteroidales 

King County SOP  
570VD 

copies/mL 0.01 copy/ 
mL 

24 hours Cool to 10ºC 
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6.0 QUALITY ASSURANCE/QUALITY 
CONTROL OBJECTIVES 

 Data Quality Objectives 
Data quality objectives (DQOs) reflect the overall degree of data quality or uncertainty 
considered acceptable during decision making. DQOs typically describe the quality of the 
data in terms of precision, accuracy (bias), representativeness, comparability, and 
completeness. 
 
Precision is a measure of data scatter due to random error, and reflects the reproducibility 
of measurements under a given set of conditions. Precision is evaluated through duplicate 
field and laboratory samples. 
 
Accuracy is a measure of differences between a parameter value and the true value due to 
systematic errors. Sources of error include the sampling process, field contamination, 
sample preservation, sample handling, sample matrix, laboratory preparation, and analysis 
techniques. The most common methods to assess for accuracy are spiked samples and 
various types of blanks. 
 
Representativeness expresses the degree to which sample data accurately and precisely 
represent population characteristics– in this case, E. coli levels in the water leaving the 
County’s MS4. At a given site, representativeness is achieved by collecting a sufficient 
number of samples to be able to characterize E. coli levels at that site with some degree of 
confidence. In the basin as a whole, representativeness is achieved by sampling at locations 
that drain relatively large areas, so the sample data can be said to represent the MS4’s 
bacterial contribution to Bear Creek. 
 
Comparability is a qualitative parameter expressing the confidence with which one data set 
can be compared to another. This goal will be achieved through use of standardized 
techniques to collect and analyze representative samples, along with standardized data 
validation and reporting procedures. All samples will be collected according to the 
sampling, handling, and analytic protocols established in this document. 
 
Completeness is defined as the total number of samples for which acceptable analytical data 
are generated, compared to the total number of samples submitted for analysis. The goal 
for this project is 100 percent completeness. If 100 percent completeness is not achieved, 
the Project Manager and Assistant Project Manager will evaluate whether Study Objectives 
can still be met or if additional samples may need to be collected and analyzed. 
 
Details regarding the procedures used to evaluate the precision and bias of lab sample 
collection, field measurements, and lab analyses are documented in the KCEL Standard 
Operating Procedures (SOPs) and Quality Assurance (QA) Manuals. Measurement quality 
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objectives specific to the parameters to be reported for this project are summarized in the 
Quality Control (QC) sections of the applicable SOPs in section 7.2. It is expected that the 
quality objectives for this project will be achieved if the procedures in this document are 
followed and the frequency and acceptance limits in the Quality Control sections of the 
applicable quality assurance documents are met. 

 Laboratory QA/QC: KCEL 

6.2.1 QA/QC for E. coli 
Routine QC analyses for E. coli include both those procedures used to ensure the quality of 
each batch of media and containers and those procedures used to monitor method 
performance of each sample analysis batch or analysis session. A sample analysis batch 
should not exceed 20 samples of the same matrix that are all prepared and analyzed 
together, using the same reagents, media, and equipment. An analysis session consists of 
one or more batches done within a working day. 
 
Each batch of media must be tested to confirm pH, sterility, and positive and negative 
performance characteristics. After washing and sterilization, each batch of containers used 
for the collection of samples must be evaluated for appropriate pH and sterility. Details on 
these procedures are available from KCEL. 

• Lab duplicates. Lab duplicates are prepared at a frequency of 5 percent per project. 
For MF, the acceptance limits are based on the precision criterion calculated from 
the duplicates of the previous 15 duplicate pairs (see Standard Methods, 22nd 
Edition. p. 9-18). These acceptance limits are updated automatically by the County’s 
Laboratory Information Management System (LIMS) whenever duplicate sample 
results are entered. If the 15 previous duplicate pairs are unavailable, a senior 
analyst and/or supervisor must evaluate the duplicate value. 

• Positive control. A positive control is prepared at a frequency of one per session. The 
positive control is a suspension of E. coli and analyzed through the complete 
procedure. The positive control should show an appropriate qualitative response 
for the test organism and should be identified as containing fecal coliforms or E. coli, 
as appropriate. 

• Negative control. A negative control is prepared at a frequency of one per session or 
5 percent, whichever is more frequent. The negative control is a media streaked 
with a suspension of Proteus sp. or Enterobacter sp. and analyzed through the 
complete procedure. The negative control should show an appropriate qualitative 
response for the test organism and should not be identified as containing E. coli. 

• System controls. For the MF procedure, both a “pre” and a “post” filtration blank are 
prepared on the least specific media being used that day at a frequency of one set 
per session. The filtration blanks challenge the same batch of American Public 
Health Association (APHA) water (100 mL) used to dilute and analyze the samples. 
These system controls are considered acceptable if the target organism for the 
media is not detected. If the “pre” and “post” filtration blanks show positive results 
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by the least-specific method, the controls must be evaluated by each of the more-
specific methods. 

• Verification – Escherichia coli. Colonies identified as Escherichia coli are periodically 
confirmed by biochemical reactions in accordance with standard taxonomy. To 
ensure analysts’ accuracy, monthly verification tests are performed on 20 colonies 
picked from various samples being processed that month. Colonies should be picked 
within one hour of being placed on the urea soaked pad. The colonies are streaked 
for purity and then confirmed as E. coli with a standard biochemical screen; lactose 
positive on MacConkey agar, indole positive, and citrate negative. Results are 
archived in the QC data book. 

• Corrective actions. Corrective actions must be taken whenever a QC failure occurs. 
Unacceptable QC results within a batch or session of analyses require that all 
samples associated with those batches and/or session must be reviewed. A decision 
should be made as to if and how the samples should be qualified. A Data Anomaly 
form should be prepared to document the failure and describe how it was resolved, 
if possible, and how it could be avoided in the future. 

6.2.2 QA/QC for Bacteroidales 
Routine QC analyses for microbial source tracing (MST) qPCR testing include procedures 
used to monitor each sample filtration batch and each amplification run. A sample filtration 
batch should not exceed 20 samples of the same matrix that are all filtered together, using 
the same analysts, supplies, and equipment. Current acceptance limits are listed in the Data 
Review form shown in Appendix B of KCEL’s SOP for Bacteroidales. These limits may 
change when each near-annual calibration curve is completed. 

• Duplicates. Lab duplicates are run on a minimum of 5 percent of samples per project. 
• Positive control. Three calibrator samples will be run with each amplification run. 

The positive control used is Bacteroides thetaiotaomicron ATTC # 29471. 
• Negative control. Two Non-Template Control (NTC) samples (nuclease-free water) 

are run with every amplification. Both the primer and probe sets for the target 
organism and the salmon DNA will be tested. 

• Endogenous control. Salmon Testes DNA (Skeeta) that codes for ribosomal RNA from 
chum salmon Oncorhyncus keta is run with every sample. 

• Method blanks. Method blanks will be run at a frequency of one per sample filtration 
batch. Results of the method blanks should be less than the LIMS MDL. If method 
blank fails, data will be re-evaluated. 

• Other QC procedures. DNA standards and standard curves will be run on a nearly 
annual basis. 

• Corrective Actions. An experienced analyst must review all QC failures. Corrective 
actions must be taken whenever a QC failure occurs. Unacceptable QC results within 
a filtration batch or amplification require that all samples associated with those 
batches and/or run must be reviewed. A failure of a positive control, NTC, or 
endogenous control (skeeta) result for an individual sample should be reanalyzed 
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on a separate run, following appropriate corrective action such as sample dilution. If 
a true QC failure occurs, a Data Anomaly form (DAF) should be prepared to 
document the failure, corrective actions taken, and the potential impact on data 
quality. The DAF should also describe how the anomaly could be avoided in the 
future. 

 Laboratory QA/QC: King Street Center Staff 
King Street Center (WLRD) staff will use the Coliscan Easygel© method as an in-house field 
screening tool to assess levels of E. coli in stormwater conveyance system samples. There is 
no regulatory limit for E. coli in Washington State receiving waters or stormwater. WLRD’s 
in-house Coliscan work is not implied to be certified or warranted. As such, there is no 
formal QA/QC for Coliscan included in this SAP. 
 
Alabama Water Watch (AWW) has created a quality assurance plan for the Coliscan 
Easygel© method that has been adopted by U.S. EPA Region 4 (AWW 1995). AWW’s QA 
methods will be incorporated into SWS’s practices to provide confidence that this 
screening tool is being well-utilized and results are representative of the true population of 
E. coli in aliquots obtained. 
Key elements of SWS’s quality assurance protocols will be the following: 

• Use of positive and negative controls. WLRD will be provided by KCEL with 
suspensions of E.coli (as a positive control) and of Pseudomonas sp. (as a negative 
control) and will use these in consultation with KCEL to ensure that WLRD’s 
incubators are working as intended. 

• Verification of E. coli colonies. At the outset of the study, at a frequency of once every 
one or two synoptic sampling events, WLRD will coordinate with KCEL for 
verification of E. coli colonies. WLRD will submit Coliscan petri dishes to KCEL and 
indicate between 10 and 20 colonies that WLRD counted as E. coli, and KCEL will 
use the methods listed in section 7.2 of this SAP to verify that these colonies are 
indeed E. coli. 

• Side-by-side analyses with KCEL. Aliquots for Coliscan analysis will be pipetted 
directly from the same bottle to be submitted to KCEL. This is equivalent to splitting 
the sample. WLRD’s Coliscan results will be compared to KCEL’s E. coli results to 
assess the Coliscan’s performance relative to standard methods. 

• Replicates. The pipetting of two separate aliquots for Coliscan analysis will provide 
some measure of the variability associated with subsampling or splitting samples. 

• Counting of colonies. At least 20 percent of E. coli plates will be counted by a second 
analyst. The second analyst will not know the name of the sampling site or the 
previous analyst’s count. Any plates for which there is a greater than 10 percent 
RPD between counts will be revisited and the discrepancies evaluated. 

• Consistent incubation temperature. All plates will be incubated at 95° Fahrenheit 
(± 2 °F) using temperature-controlled Little Giant Styrofoam chicken egg incubators 
manufactured by Hobovator and available from Incubators.com. 
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• Proper sample handling. All laboratory procedures related to the Coliscan method 
will be undertaken with utmost care to avoid sample cross-contamination. 

 Field QA/QC: King Street Center Staff 
Field QA/QC on the part of King Street Center (WLRD) staff consists of the following: 

• Positive identification of sampling sites. Sampling locations are described in detail in 
the sampling site guides prepared for each site (see Appendix). Sampling at the 
proper site will be ensured by the project manager by review of photos taken of the 
sampling site. Samples taken at the wrong location will be flagged or thrown out. 

• Field replicates and field blanks. These will be taken at 15 percent and 5 percent of 
all sites, respectively. Details are provided in section 5.5. 

• Proper sample collection and handling. All field procedures will be undertaken with 
utmost care to avoid sample cross-contamination. All samples will be kept on blue 
ice while they are in WLRD field staff’s custody, until their ultimate submittal to 
KCEL or incubation for in-house E. coli analysis at KSC. 
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7.0 DATA MANAGEMENT PROCEDURES 

 Data review, Reporting, Verification, and 
Validation Requirements 

7.1.1 King County Environmental Laboratory 
Data reported by KCEL, including field measurements, must pass a review process before 
final results are available to the client. A peer review process is used in which a second 
analyst or individual proficient at the method reviews the data set. The reviewer will 
complete a data review checklist that will document the completeness of the data package 
and assess whether any QC failures exist. 
 
Once data review is complete and all data quality issues have been resolved or corrected, 
the status of the data in LIMS will be changed to “approved.” Once a data set has been 
approved, it is transferred to the Environmental Data System (EDS) where all historical 
LIMS data are maintained. Signatures or initials of the lab lead and reviewer(s) indicate 
formal approval of hardcopy data or reports (non-LIMS), typically on the review checklist. 
A copy of this approved checklist should be stored with the final hardcopy data package. 
 

 Detection limits for E. coli and Hu-2-Bacteroidales  analyses 

Parameter Units 
Method Detection Limit 

(MDL) 
Reporting Detection 

Limit (RDL) 
Escherichia coli cfu/100 mL 1 not applicable 
Hu-2-
Bacteroidales 

copies/mL 0.01 not applicable 

 
E. coli results for samples with no detectable colonies are reported in LIMS as <MDL. Non-
detects for Hu-2-Bacteroidales also will be reported as <MDL. 
 
If it is determined in the review process that the quality objectives were not met or an 
analysis anomaly has occurred, the affected data will be flagged and the project manager 
notified. Common data qualification flags found in LIMS are presented in the following 
table: 
 

 KCEL qualifier codes 
Qualifier Description 

H Indicates that a sample handling criterion was not met in some manner prior to analysis. 
The sample may have been compromised during the sampling procedure or may not 
comply with holding times, storage conditions, or preservation requirements. The 
qualifier will be applied to applicable analyses for a sample. 

JU Indicates there are unknown variables in the qPCR test for that sample. 
R Indicates that the data are judged unusable by the data reviewer. The qualifier is applied 

based on the professional judgment of the data reviewer rather than any specific set of 
QC parameters and is applied when the reviewer feels that the data may not or will not 
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Qualifier Description 
provide any useful information to the data user (other than as an approximate maximum 
or minimum value). This qualifier may or may not be analyte-specific. 

TA Applied to a sample result when additional narrative information is available in the text 
field. The additional information may help to qualify the sample result but is not 
necessarily covered by any of the standard qualifiers. 

C Applied to bacteria data when the sample analysis exhibits confluent growth of 
organisms. The value reported can be reliably used as an indicator of relative 
abundance, however, it cannot be used as an accurate count of the associated 
organism. 

>##### Applied to bacteria data when the population count exceeds the procedural capacity to 
measure quantitatively. The number in the qualifier is the highest procedural count or 
concentration possible for the sample dilutions analyzed. A value is not entered into the 
numvalue field. The actual population count is at least as great as or greater than the 
value reported in the qualifier. 

<MDL Applied when a target analyte is not detected or detected at a concentration less than the 
associated method detection limit (MDL). MDL is defined as the lowest concentration at 
which an analyte can be detected. The MDL is the lowest concentration at which a 
sample result will be reported. 

J Applied to a parameter result when the reported value is an estimated value. 
 

7.1.2 King Street Center Staff 
Written field observations and photos taken during sampling events will be checked by 
project management staff for accuracy and completeness. 
 
Coliscan plate counts and photos will be peer-reviewed for accuracy, consistency, and 
completeness. Colors seen in photos of Coliscan plates will be normalized by using the 
same camera for taking photos and the same computer monitor for reviewing photos, as 
well as by taking a photo of a hue known to accurately represent an actual E. coli colony 
and viewing this on the designated computer monitor. 
 
Field observations and in-house Coliscan plate count information will be included within or 
attached to program reports provided to relevant parties within and outside King County. 

 Data storage 

7.2.1 King County Environmental Laboratory 
Once raw data has been generated by an analytical procedure or from field measurements, 
the data must be transformed into a format appropriate for the client. For microbiological 
parameters, numerical results are entered into LIMS where additional calculations may 
take place, such as conversion of instrumental concentrations to final sample results. 
 
Data will not be distributed outside each lab unit or to clients until it has met the full 
definition of final data. “Final Data” is defined as approved data posted to the historical 
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database (EDS) or is otherwise in its final reportable and stored format (if not a LIMS 
parameter). This implies the data has been appropriately peer reviewed, properly 
qualified, and is in its final format in terms of units and significant figures. Not only is final 
data assured of a higher level of quality through peer reviewing and qualification, but it will 
also match any future reports since it has come from the final storage location. 
 
The standard method for clients to access final data is either through direct electronic 
access to LIMS (EDS database) or through hardcopy reports and/or electronic files 
provided by the Laboratory Project Manager or their equivalent. Direct client access to the 
EDS database is controlled by access privileges provided by the Information Systems and 
Data Analysis unit for individual clients. Data reporting via hardcopy through Laboratory 
Project Managers must follow the guidelines in King County Environmental Lab’s SOP# 11-
03-001-001 (Project Report Review Guidelines) before being delivered to the client. 
Electronic files delivered to clients must also follow the King County Environmental Lab’s 
SOP # 08-01-001-000 (Guidelines for Delivering Electronic Lab Data to Customers). 
 
All field and sampling records, custody documents, raw lab data, and summaries and 
narratives will be archived according to KCEL policy. 

7.2.2 King Street Center Staff 
Written field observations and Coliscan plate counts will be transcribed into an Excel 
document or other software format. Relevant data for this project from KCEL will be 
imported from LIMS and included in King Street Center (WLRD) staff’s data tables. This 
information, along with field and Coliscan plate photos, will be stored on the SWS hard 
drive. Once compiled, all bacteria data (including both Coliscan data and data from KCEL) 
will be imported into SWS’s stormwater geodatabase, specifically the 
“StormEdit.STORMWATERMOBILEDBO.WQ_Sample” database table. 
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Appendix A: Issaquah Creek FC TMDL Project 
Charter, King County 

 
Project Charter 

FC TMDL Issaquah Creek 2016-2018, Stormwater Services Pollution Detection Team 
 
Project Identification: 
 Project Name: Issaquah Creek FC TMDL, NPDES Permit-driven 

Project Manager: Jeanne Dorn 
 Project Number: 1121950 
 Project Sponsor: King County DNRP/WLRD/Stormwater Services/Water Quality 

Compliance Unit 
 
Project Objective: 
Fulfill the requirements in Appendix 2 of the Washington State NPDES Municipal 
Stormwater Permit regarding Issaquah Creek’s high bacteria levels. The requirements are: 
“Install and maintain animal waste education/and/or collection stations at municipal parks 
and other Permittee owned and operated lands reasonably expected to have substantial 
domestic animal (dog and horse) use and the potential for pollution of stormwater.” AND 
“Designate areas discharging via the MS4 to the TMDL area as high priority areas for illicit 
discharge detection and elimination. Complete IDDE field screening for bacteria sources in 
50 percent of the MS4 subbasins, including rural MS4 subbasins, by August 1, 2018 and 
implement the schedules and activities identified in S5.C.8 of the Phase I permit for 
response to any illicit discharges found.” 
 
Project Location: 
The project is located within the unincorporated County within the Issaquah Creek 
drainage basin. Specific subbasins to be screened will be determined within project scoping 
and implementing. 
 
Project Justification: 
King County must comply with the Permit requirements under the weight of law. Further, 
improving water quality by identifying and working to decrease all stormwater pollutants, 
including high bacteria levels, is within the mission of the County to protect human health 
and the environment. 
 
Project Description: 
To comply with the relevant Permit requirement, Stormwater Services (SWS) staff will 
inventory all County owned and operated lands within the project area, prioritize them for 
field visiting, visit them, produce a deliverable document showing lands that need animal 
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dog or horse waste education or collection stations, and will work with appropriate 
property managers to have such stations installed as identified. In compliance with the 
second Permit requirement, SWS staff will plan and implement sampling and analysis in 
the stormwater system, to screen for high bacteria discharges. If portions of the 
conveyance system are identified as high bacterial dischargers, SWS staff will perform 
further investigations to attempt to identify specific high bacteria-producing parcels. SWS 
staff will plan, implement, document, and report on the work performed. Planning includes 
scoping, scheduling of work, and costs. Sub-project deliverables will include a sampling and 
analysis plan, a final report documenting and interpreting field observations and lab 
results, and an inventory of County owned and operated properties that need dog or horse 
waste education/collection stations. As actions related to the intent of the Permit, business 
inspection staff will inventory known businesses in the entire basin to identify all with the 
potential to contribute high levels of bacteria to surface water runoff. Any businesses found 
out of full compliance with the County’s Stormwater Pollution Prevention Manual will be 
identified. SWS staff will work with such business owners to improve their site 
management practices in order to reduce or eliminate high bacteria runoff levels.  
 
Scope of Work: 
1.0 General Project Administration: This task is Jeanne Dorn’s as WQCU’s FC TMDL 

project manager. Jeanne will coordinate with Andrew Miller of Science Section, 
bacteria screening lead; Alex Jones, animal waste station inventory lead; Cynthia 
Hickey, lead for inventorying businesses within the basin; and as needed with Mark 
Preszler and staff, who are responsible for updating the stormwater system map in 
Issaquah Creek basin; and as needed with Doug Navetski, WQCU supervisor. 

1.1 Project Management. This task includes management and direction of the 
project team, scheduling meetings, tracking progress of the project, overall 
project scheduling, updating project plan, tracking milestones achieved or 
not, and financial management. 

Deliverables by Milestone: Quarterly updates to Navetski on work progress, 
schedule, and budget, including Excel spreadsheet. 

1.2 Scope/Schedule/Budget Preparation: Includes creating the initial scope, 
schedule, and budget. The budget will be in an Excel spreadsheet. 

Deliverables: Printed and electronic (MS Word, Excel) copy of scope, 
schedule and budget documents. 

1.3 Team Meetings: Meetings every two months for team members, or as 
appropriate. Meeting attendees may vary according to specific agenda items. 
The project manager will send an agenda for each meeting; all team members 
will be notified, with attendees not crucial to the agenda invited as “optional 
attendees.” 

Deliverables: Agenda and meeting notes to be kept on file. 
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1.4 Coordination with and Support for the Client: This ongoing task provides 
time for the team to respond to any requests from the Client (Doug Navetski) 
that are not already covered elsewhere. 

Deliverables: input at Client meetings; variable as needed. 

1.5 Client review and Buy in: Review the overall Project Plan and key issues. 

Deliverables: Buy-in from the Client on the Project Plan and strategies. 

1.6 Monthly Tracking: Review project progress and store information for this 
project using Stormwater Service’s SharePoint site. 

Deliverables: Monthly electronic updating of the schedule. 

2.0 Roles and Responsibilities:  

2.1 Project sponsor is identified as the Water Quality Compliance Unit.  Approval 
from WQCU supervisor (Client) to proceed with implementation of Plan. 

2.2 Designated client is identified as Doug Navetski; needs his approval of Plan to 
proceed. 

2.3 Manager identified as Jeanne Dorn. 

2.4 Team members identified as Andrew Miller, Cynthia Hickey, Alex Jones, and 
others who may be added/identified as project progresses. 

2.5 End users are identified as Doug Navetski, Washington State Department of 
Ecology, and other individuals or agencies who may find project findings 
relevant or useful. 

2.6 Others may be identified as project develops. 

3.0 Kick Off Meeting: Held January 8, 2016 in Room 8-J, King Street Center 

3.1 Preliminary Kick Off Meeting was held on January 8, 2016 by project 
manager to introduce team members to each other, to give heads-up of 
general work tasks and objectives, general timeframes, including Permit end-
date (August 1, 2018). Attendees were Colleen Diessner (Mapping), Eric 
Bosserman and Cynthia Hickey (Business Inspections), Rick Reinlasoder 
(Rural and Regional Services), and Cameron Chapman and Jeanne Dorn 
(Pollution Detection). (Note: on April 18, 2016, the source screening lead, task 
4.3, was reassigned to Andrew Miller.) 

4.0 Scope Statement—Deliverables, Timeframes, and Milestones listed. Note: staff 
responsible for these are Jones & Vaicunas unless otherwise noted. 
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4.1 Inventory all County owned and operated lands for animal waste station 
Permit goal.  
Milestone: July 15, 2018. 

4.1.1 Sub-inventory of above prioritized for field visits. 
Milestone: September 30, 2016. 

4.1.2 Field visit parcels in 4.1.1. Identify parcels that need waste 
education/collection stations. 
All visits completed by July 15, 2017. 

4.1.3 List of County properties found to need dog or horse waste 
education/collection stations.  
Milestone: September 29, 2017. 

4.1.4. Using 4.1.3 list, supervisory staff (to be determined; Navetski or 
Crawford possibly) contact managers of properties and request 
stations/signs as appropriate. 
Milestone: October 15, 2017. 

4.1.5 Word Document created, listing all properties needing stations, 
property managers contacted, dates of requests, and requests for call-
back when stations are installed. Dorn/Jones/Vaicunas collaborate 
on this report as appropriate. 
Milestone: November 1, 2017 

4.1.6. Word Doc of all education/waste stations requested, and any 
documented as installed. Dorn, with assistance as needed. 
Milestone: July 15, 2018 

4.2 Excel or other file due: Inventory of all businesses known in 50% subbasins 
that could potentially produce high levels of bacteria in stormwater runoff by 
virtue of the practices performed and materials stored, by drainage 
particulars, or other factors. 
Milestone: July 29, 2016 

4.2.1.  Excel or other file: Sub-inventory of the businesses identified in 4.2 
that currently need or will need business audits by Aug 1, 2018. 
Milestone: September 30, 2016 

4.2.2 Visit businesses and perform audits on properties identified in 4.2.1. 
Milestone: June 15, 2018 

4.2.3. Document in Word or other document all inspections done per 4.2.2, 
providing brief summaries of observations and any recommendations. 
Milestone: September 29, 2018 
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4.3 Bacteria screening plan due, 50% MS4 subbasins, including detailed 
sampling and analysis work plan. 

4.3.1  Go over lessons learned from existing King County FC TMDL work in 
progress. Select appropriate steps for Issaquah FC TMDL, including 
analysis of existing water quality data, catchment drainages, 
stormwater system infrastructure distribution, air photo analysis, and 
other information found to be potentially useful. Build the rationale 
behind the selection of 50% MS4 subbasins. 

Timeframe: February 1, 2016 to April 1, 2016  

Mainly completed, early April. 

Provide map of selected 50% Issaquah MS4 subbasins to  screen; 
provide Word doc rationale of selections; and provide Word doc of 
other spatial analyses to be conducted, including but not limited to air 
photo analysis of potential areas discharging high bacteria to MS4.  
Milestone: June 24, 2016. 
Completed: April 2016 

4.3.2 Perform office analysis and field visits similar to Bear FC TMDL; per 
lessons learned, apply adaptive management. 
Milestone: July 29, 2016. 

Provide map and list of sampling sites from known outfalls/links from 
work performed and findings of previous steps. 
Milestone: July 29, 2016. 

4.3.3 Work plan/sampling and analysis plan completed, based on 
information in the deliverables developed in 4.3.1 through 4.3.4. To be 
based on successes (and informed by any unsatisfactory outcomes) of 
King County’s Puyallup-White FC TMDL work in Boise and Jovita 
Creeks, and Bear-Evans FC TMDL. Include rough estimate lab costs. 
Milestone: September 15, 2016. 

4.3.6. Implement sampling and analysis plan; iterative sampling rounds are 
foreseen to identify any sections or individual features of the 
stormwater conveyance system with high bacterial levels. 
Timeframe: October 15, 2016 through June 30, 2017. 

4.3.7. Perform source tracking upon identifying bacterial hotspots. Work 
with property owners and other agencies toward eliminating or 
reducing bacterial issues such as those caused by poor animal waste 
management or illicit discharges, including failing septic systems, or 
other causes under human control.  
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Timeframe: January 5, 2017 to end of project (Aug 1, 2018) or 
beyond if needed. 

4.3.8. Word doc produced describing sampling and analysis work 
performed, findings, any high bacterial discharges identified (such as 
failing septic systems or poor animal waste management) and steps 
taken to reduce or eliminate them.  
Milestone: Aug 1, 2018 

4.4 Word document created by PM with documents from animal waste station, 
business inspection and sampling and analysis teams (4.1.6, 4.2.3 and 4.3.6, 
respectively). 
Milestone: September 30, 2018 

5.0 Scope of Work: Please refer to attached Adobe document 

6.0 Schedule and Cost Breakdowns 

6.1 Activities per 5.0, Scope of Work, and 8.0, Staffing Spreadsheet. 

6.2 Resources by staff for each task identified on 8.0 Staffing Spreadsheet. 

6.3 Estimated time for each task shown on Spreadsheet 8.0 

6.4 Estimate cost for each task not shown. Lab costs in development Jan 26, 
2016; as of April 18, 2016 still being figured out. 

6.5 Resource restraints are not made explicit. 

6.6 Dependencies are shown as arrow relationships, 5.0 Scope of work. 

6.7 Schedule shown in 5.0 Scope of Work and 8.0 Staffing Spreadsheet. 

7.0 Baseline management plan in development. 

8.0 Staffing plan (by resources, with tasks briefly noted) 8.0 Staffing Spreadsheet. 

9.0 Project quality analysis: how will errors be prevented? In development. 

10.0 Project Communications Plan: in development. 
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Appendix B: Selection of Subbasins 
 

CHOICE OF SUBBASINS FOR ISSAQUAH CREEK FC TMDL: DRAFT 
 
The choice of subbasins for SWS’ Issaquah Creek fecal coliform TMDL work during the 2013-2018 permit 
cycle was based on a consideration of the following factors: 
 

- The need to perform TMDL work in at least 50% of “MS4 subbasins” in the Issaquah Creek basin, 
per King County’s municipal NPDES permit. Seven total subbasins were identified, thus four of 
the seven were chosen to meet the 50% requirement. 

- Historic water quality data. King County has measured bacteria levels in Issaquah Creek for 
years, at some locations dating back to the late 1970s. These data were analyzed to assess the 
bacteria problem in general, and identify (if possible) portions of the basin where bacteria levels 
were high relative to other parts of Issaquah Creek. It was considered desirable to choose four 
subbasins where bacteria levels appear relatively high, as these are the areas where the 
reductions need to be the largest, and where there would hypothetically be a greater chance of 
finding problems. Recent data (last five years) were given greater weight in this analysis. 

- Geographic distribution of King County’s stormwater drainage infrastructure. King County’s 
stormwater assets are not distributed evenly throughout the Issaquah Creek basin. For instance, 
in the Middle Issaquah subbasin, there are over 33 miles of King-County-owned pipe and ditch, 
whereas in North and East Fork subbasins combined there are less than nine. It was desired that 
the four chosen subbasins account for at least 50%, but not much more than 60%, of the total 
stormwater assets in the overall Issaquah Creek basin. In this way, program efforts are 
apportioned somewhat evenly between this and the next permit cycle. 

- Location of urban and high-density rural subbasins. Another requirement of King County’s 
municipal NPDES permit is to perform IC/IDDE screening of its conveyance system throughout 
urban and high-density rural areas by year 2018. If all other factors were equal in choosing the 
four subbasins for the TMDL program, subbasins were chosen to include urban and high density 
rural areas so that TMDL work could be more easily coordinated with the County’s other permit-
required work. 

 
The seven subbasins that make up the larger Issaquah Creek basin are the following: 

• Lower Issaquah Creek 
• North Fork Issaquah Creek 
• East Fork Issaquah Creek 
• Fifteenmile Creek 
• McDonald Creek 
• Middle Issaquah Creek 
• Upper Issaquah Creek 

 
Subbasins with many King County stormwater assets are the Middle Issaquah, McDonald and Upper 
Issaquah Creek subbasins. There are nearly 300 locations where stormwater leaves King County’s MS4 
in these three “asset-dense” subbasins combined; there are just less than 400 such locations in the entire 
Issaquah Creek basin (see Table 1). Basins with few stormwater assets (“asset scarce”) include the North 
Fork, East Fork, and Fifteenmile Creek subbasins. It was decided to select not more than two of the 
“asset-dense” subbasins and at least one of the “asset-scarce” subbasins, in order to apportion program 
efforts somewhat evenly between this and the next permit cycle, as mentioned above. 
 
In terms of historic water quality data, there were no sampling locations indicating bacteria “hot spots,” but 
there were certain locations that had higher bacteria levels more often than other sites. In the analysis 
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briefly summarized here, an emphasis was given to water quality data acquired during synoptic stream 
sampling by WLRD (2010-2015) in the mainstem and tributaries of Issaquah Creek. Dates, sampling sites 
and analytes are summarized in Table 2. Long-term data, available at three sites, were also consulted to 
assess historic trends. Findings are summarized here: 

- Mainstem sites below H631 (i.e. in the Lower Issaquah Creek subbasin) tended to violate the FC 
water quality standard more frequently and with greater magnitude than sites above H631. 

- There appeared to be a slight decrease in paired observations from M631 to L631. 
- Only two of 20 total observations in the McDonald Creek had FC > 100 cfu/100 mL. 
- Site Y631D1, in the Lower Issaquah Creek subbasin, had the highest ranking observations of all 

sampling sites. There are only 1 or 2 locations in the catchment pertaining to this creek where 
water leaves KC MS4. 

- Fecal coliform levels in the North Fork subbasin are high at the mouth (A632) relative to the upper 
basin (C632), based on limited data; KC MS4 asset are confined to the upper basin. 

 
A more detailed analysis of water quality data can be made available at a later time. 
 
The only subbasins identified with urban or high-density rural areas were the Middle and Lower Issaquah 
Creek subbasins. 
 
Given the above, the following subbasins were selected for FC TMDL work during the present (2013-
2018) permit cycle: 
 

• Lower Issaquah Creek 
• Middle Issaquah Creek 
• Upper Issaquah Creek 
• Fifteenmile Creek 

 
The following subbasins were NOT selected for FC TMDL work during the present (2013-2018) permit 
cycle, and will be visited during a subsequent permit cycle: 
 

• North Fork Issaquah Creek 
• East Fork Issaquah Creek 
• McDonald Creek 
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Appendix C: Sampling Sites 
Table A-1. Sampling sites 

Locator Tier Feature Asset Number Feature Type X Y 

Issaquah_4575 2 4575 Link 1350696 169134 
Issaquah_88740 3 88740 Closed Conveyance 1347358 170857 
Issaquah_18790 1 18790 Ditch 1348046 171006 
Issaquah_35585 3 33585 Closed Conveyance 1343484 177468 
Issaquah_576 2 576 Pond/Vault 1343444 175943 
Issaquah_87386 3 87386 Closed Conveyance 1343238 177069 
Issaquah_35617 1 35617 Closed Conveyance 1343388 176303 
Issaquah_4546 1 4546 Link 1345482 175842 
Issaquah_578 3 578 Pond/Vault 1345149 176089 
Issaquah_88028 2 88028 Closed Conveyance 1348284 178462 
Issaquah_5399 2 5399 Link 1348225 178020 
Issaquah_4539 3 4539 Link 1350394 178750 
Issaquah_88589 1 88589 Closed Conveyance 1343261 168755 
Issaquah_76952 2 76952 Sump 1346705 178787 
Issaquah_88444 3 88444 Closed Conveyance 1349531 177959 
Issaquah_20043 2 20043 Ditch 1347483 178691 
Issaquah_32363 1 32363 Closed Conveyance 1345493 179689 
Issaquah_20711 3 20711 Open Conveyance 1357275 163195 
Issaquah_35824 2 35824 Closed Conveyance 1357740 166574 
Issaquah_20332 2 20332 Ditch 1357322 167766 
Issaquah_88082 2 88082 Closed Conveyance 1356596 162394 
Issaquah_87582 2 87582 Closed Conveyance 1357201 165966 
Issaquah_35814 2 35814 Closed Conveyance 1358034 165992 
Issaquah_4601 2 4601 Link 1351171 174861 
Issaquah_21273 2 21273 Ditch 1346210 189945 
Issaquah_101553 2 101553 Closed Conveyance 1346399 188217 
Issaquah_35576 1 35576 Closed Conveyance 1356129 171164 
Issaquah_1927 1 1927 Sump 1356192 171007 
Issaquah_34660 1 34660 Closed Conveyance 1356409 170445 
Issaquah_35770 1 35770 Closed Conveyance 1357269 167649 
Issaquah_87644 2 87644 Closed Conveyance 1350627 173472 
Issaquah_88101 1 88101 Closed Conveyance 1350790 173402 
Issaquah_21786 2 21786 Closed Conveyance 1350394 172376 
Issaquah_20232 3 20232 Closed Conveyance 1348969 173565 
Issaquah_4627 1 4627 Link 1349867 174409 
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Issaquah_21803 2 21803 Sump 1348419 173140 
Issaquah_4634 2 4634 Link 1349121 172746 
Issaquah_4646 1 4646 Link 1352993 169389 
Issaquah_35416 1 35416 Closed Conveyance 1352037 169651 
Issaquah_88338 3 88338 Closed Conveyance 1351350 169694 
Issaquah_5417 2 5417 Link 1351914 172938 
Issaquah_4637 1 4637 Link 1350379 170952 
Issaquah_88441 2 88441 Closed Conveyance 1347102 173295 
Issaquah_88674 2 88674 Closed Conveyance 1349622 171069 
Issaquah_124740 1 124740 Ditch 1347918 171947 
Issaquah_88694 1 88694 Closed Conveyance 1346454 173370 
Issaquah_1023 2 1023   1361052 153722 
Issaquah_35259 1 35259   1358208 155022 
Issaquah_85113 1 85113   1358326 153771 
Issaquah_1017 1 1017   1358173 153857 
Issaquah_88615 3 88615   1358277 155388 
Issaquah_14649 1 14649   1355627 156111 
Issaquah_87544 1 87544 Closed Conveyance 1356788 156062 
Issaquah_87503 1 87503 Link 1354713 156139 
Issaquah_18523 1 18523 

 
1354684 156193 

Issaquah_88329 1 88329 Link 1354688 169291 
Issaquah_88767 3 88767 Closed Conveyance 1343580 165842 
Issaquah_18547 1 18547 

 
1348123 171014 

Issaquah_35640 3 35640 Closed Conveyance 1347855 165537 
Issaquah_88850 2 88850 Closed Conveyance 1346376 166296 
Issaquah_230th_ave 1 0 Ditch 1343337 169652 
Issaquah_35359 2 35359 Closed Conveyance 1358268 154984 
Issaquah_14650 1 14650 Ditch 1355618 156160 
Issaquah_88691 2 88691 Closed Conveyance 1345069 170916 
Issaquah_88248 1 88248 Closed Conveyance 1356763 164348 
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Appendix D: Example Field Form 

 
 

Figure A-1. Sample field sheet. 
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