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Distribution List 
Copies of the finalized QAPP and subsequent updates to the QAPP will be provided to 
the project staff identified in Table 1.  The sampling consultant project manager and the 
laboratory manager will be responsible for distributing the QAPP to additional personnel 
within their organizations that are involved in this program.  The sampling consultant is 
expected to be identified by January 2009 
 
Table 1 Distribution List 

Name  Title Organization 
John Herrmann Project Manager Snohomish County 
Steve Britsch Project Reviewer Snohomish County  
TBD Field Staff Snohomish County  
TBD Field Staff Snohomish County  
Aaron Young Laboratory Manager Am Test Analytical 
Rachel McCrea Ecology Regional Contact Department of Ecology 
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Introduction 
The Environmental Protection Agency (EPA) developed the National Pollutant Discharge 
Elimination System (NPDES) Phase I stormwater program in response to the 1987 
Amendments to the Clean Water Act (CWA).  The program went into effect in 1990 and 
focused on municipalities with populations greater than 100,000.  The Washington State 
Department of Ecology developed the NPDES Phase I permits in accordance with the 
EPA’s requirements.  These permits were issued to municipalities, including Snohomish 
County, in 1995.   

As required by the permit, Snohomish County (County) submitted a Stormwater 
Management Program to Ecology, which was approved in July 1997.  The program 
required the County to systematically investigate and identify illicit discharges, 
investigate specific sites identified as sources of stormwater pollution and offer technical 
assistance to remediate the discharges. Snohomish County was re-issued a NPDES 
Phase I stormwater permit on January 17, 2007 with an effective date of February 16 
2007. 

Project Specific NPDES Phase I Requirements 
Section 8 of Snohomish County’s NPDES Phase I Permit, effective February 16, 2007 
discusses monitoring requirements of the permit.  This Quality Assurance Project Plan 
(QAPP) focuses on the permit requirements under Section 8, F Stormwater Treatment 
and Hydrologic Management Best Management Practice (BMP) Evaluation Monitoring.   
 
Section 8, F states: 
 

F. Stormwater Treatment and Hydrologic Management Best Management Practice 
(BMP) Evaluation Monitoring  

1. Each Permittee listed in S1.B. and the Ports of Seattle and Tacoma shall 
conduct full scale field monitoring to evaluate the effectiveness and 
operation and maintenance requirements of stormwater treatment and 
hydrologic management BMPs applied in their jurisdiction. A QAPP is 
required for each BMP and flow reduction strategy being monitored.  

2. Each Permittee listed in S1.B. shall monitor at least two treatment BMPs, at 
no less than two sites per BMP. The Port of Seattle and the Port of Tacoma 
shall each monitor at least one treatment BMP, at no less than two sites.  

To ensure a range of BMP types are monitored, Ecology will restrict the total 
number of monitoring sites for a BMP category to no more than four. BMPs 
shall be selected from the following list:  

a. Basic Treatment Category: Biofiltration swale, Filter strip, Basic wetpond, 
Treatment wetland, and Sand filter.  

b. Metals/Phosphorus Treatment Category: Amended sand filter, Two 
facility treatment train, Compost amended filter strips, Bioretention, and 
Large wetpond.  

c. Oil Control Category: Linear sand filter, and Catch basin insert.  
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3. BMPs shall be designed in accordance with the 2005 Stormwater 
Management Manual for Western Washington unless Ecology approves of 
an alternate design in the QAPP review. Permittees may also petition 
Ecology to monitor a BMP that is not on the above list.  

4. Permittees must use appropriate sections of Ecology’s guidance for 
“Evaluation of Emerging Stormwater Treatment Technologies” (available on 
Ecology’s website) for preparing, implementing, and reporting on the results 
of the BMP evaluation program.  

The statistical goal is to determine mean effluent concentrations and mean 
percent removals for each BMP type with 90 - 95 percent confidence and 
75 - 80 percent power.  

Permittees must use USEPA publication number 821-B-02-001, “Urban 
Stormwater BMP Performance Monitoring,” as additional guidance for 
preparing the BMP evaluation monitoring, and must collect information 
pertinent to fulfilling the  
 “National Stormwater BMP Data Base Requirements” in section Section 
3.4.3. of that document.  
 

5. The parameters to be monitored in whole water at each test site include:  

a. For Basic, Enhanced, or Phosphorus treatment BMPs: Total suspended 
solids, Particle size distribution, pH, Total and ortho-phosphorus, 
Hardness, and Total and dissolved copper and zinc.  

b. For Oil Control BMPs: Total suspended solids, Particle size distribution, 
pH, NWTPH-Dx and –Gx, and Oil sheen  

6. Parameters to be monitored in accumulated sediment at each test site for 
Basic, Enhanced, Phosphorus treatment, or Oil Control BMPs include: 
Percent total solids, Grain size, Total volatile solids, NWTPH-Dx, Total 
phosphorous, and Total cadmium, copper, lead, and zinc.  

7. Each Permittee listed in S1.B. shall monitor the effectiveness of one flow 
reduction strategy that is in use or planned for installation in their 
jurisdiction.  

Monitoring of a flow reduction strategy shall include continuous rainfall and 
surface runoff monitoring. Flow reduction strategies shall be monitored 
through either a paired site study or against a predicted outcome.  

Site Selection  
Under the permit requirements specified above three different types of project related 
sites were required to be identified and selected.  The Stormwater Treatment BMP sites 
where chosen to meet the requirements outlined under S8.F.2, 3, and 4.  A hydrologic 
management BMP site was chosen based on permit requirement S8.F.7, and 
subsequently a rain gauge site was selected to support the activities for both the 
hydrologic management BMP and the Stormwater Treatment BMPs.  These sites are 
discussed below.  

Stormwater Treatment BMP 
Snohomish County conducted a review of its stormwater treatment BMPs, to identify 
potential BMPs to monitor as part of permit requirement S8.F.2.  These BMPs have 



 3

been and are built under the guidance of the 1992 State of Washington Stormwater 
Manual.  The sites were identified base on the following criteria: 
 

• Applicability to standard 
• Land use 
• Age 
• Discharge 
• Sampling Safety issues 
• Number of inlets and outlets 
• Amount of basin modifications after construction 
• Applicability to sampling 

 
This review identified four specific and somewhat common BMP types used in the 
County, including 1) modified wetponds, 2) wet vaults with biofiltration swales, 3) wet 
vaults with stormwater treatment systems and, 4) wetland/detention pond systems. 
 
The wet vaults with stormwater treatment systems are not compatible with the 
Department of Ecology’s BMP treatment analysis goals, because they include a 
proprietary system.  The wet vaults with biofiltration swales were examined, but neither 
the wet vault or the biofiltration swale of the identified systems met the standards set 
forth in the 1992 manual.  Modified wetponds, are the most predominant and permit 
applicable BMP in Snohomish County. 
 
The modified wetpond is a pond that is designed to retain a portion of the 2-year, 24-
hour runoff event as dead storage and detain up to the 100-year runoff event with the 
use of a control structure.  In Snohomish County detention or flow control is required for 
major development activities under the Snohomish County Drainage Code 
(30.63A.210.1).  Additional information and design criteria can be found in the 
Department of Ecology’s Stormwater management Manual for Western Washington 
Volume V (Ecology 2005). 
 
The wetland/detention pond system is designed to retain the same percentage of the 2-
year, 24-hour storm as the modified wetpond.  These systems utilize wetland vegetation 
and a two cell system to improve stormwater quality.  Additional information and design 
criteria can be found in the Department of Ecology’s Stormwater management Manual 
for Western Washington Volume V (Ecology 2005). 
 
Snohomish County’s review identified eight modified wet ponds that would meet or 
marginally meet the requirements of the stormwater permit.  Of these sites two have 
incomplete information; two meet the dead storage requirements for the 2-year, 24-hour 
event, and four do not meet the dead storage requirements in varying degrees.  In a 
November 29, 2007 meeting with the Department of Ecology it was determined that 
Snohomish County could monitor four modified wetponds storing various percentages of 
the 2-year, 24-hour event to determine which pond size is most effective.  Two of the 
ponds were determined by Ecology not applicable for this study, as a result Snohomish 
County identified 2 wetland/detention pond systems which meet the permit requirements 
and are applicable to this study. 
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Hydrologic Management BMP 
Snohomish County has traditionally managed water discharges by detaining water with 
control structures in modified wetponds.  The County is installing and has recently 
installed several infiltration style BMPs.  Of this grouping of BMPs one site is appropriate 
for conducting flow monitoring according to permit requirement S8.7.  This site is located 
in the North Creek Park Division 1 subdivision.  The site has an existing storm sewer 
system, with a control structure, that discharges up to the 2-year, 24-hour storm volume 
to an infiltration swale.   
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Study Area 
Figure 1 shows the location of the four study sites that have been chosen to be 
monitored to fulfill permit requirement S8.F.  Snohomish Cascade Sector 3 is located the 
Snohomish River Basin, Emerald Meadows is located in North Creek watershed and the 
Center and Gibson Roads ponds are located in the Swamp Creek Watershed.  The 
hydrologic management site, North Creek Park Division 1, is located in the North Creek 
Watershed.  Additional information and background about these watersheds can be 
found in the Lower Snohomish River Tributaries Fecal Coliform Bacteria Total Maximum 
Daily Load Detailed Implementation Plan (Ecology 2003) and the North Creek Fecal 
Coliform Bacteria Total Maximum Daily Load Detailed Implementation Plan (Ecology 
2003a). 

Snohomish Cascade Sector 3 Phase 1 and 2 
This subdivision is located in the Snohomish River Basin northeast of the City of Mill 
Creek.  The development is part of the larger Snohomish Cascade Master Planned 
Community.  Sector 3 Phase 1 and 2 is approximately 51 acres in size with an 
impervious area of approximately 21 acres.  The land use is characterized as high 
density residential with lot sizes ranging from 0.09 acres to 0.20 acres, and an average 
lot size of approximately 0.15 acres.  The site was developed around 2001, and from 
reviewing the hydraulic design report, the subdivision boundaries, and the parcel 
information, it appears that the site was developed according to plan and the pond was 
sized to treat this site. 
 
The modified wetpond is a three celled pond with a dead storage volume of 87,522 cubic 
feet, which is approximately 66 percent of the required treatment volume.  The pond 
discharges water to Thomas Creek on the east side of the subdivision.  Additional details 
and design information, including a map of the site can be found in Appendix A. 

Emerald Meadows 
The Emerald Meadows subdivision is located southwest of Mill Creek near the 
intersection of 3rd Ave SE and 170th Place SE.  The subdivision is 2.10 acres in size with 
approximately 44 percent of the land area being impervious surface.  There are 10 
parcels which range in size from 0.14 acres to 0.22 acres and have an average plot size 
of approximately 0.16 acres.  The land use of the site is considered high density 
residential, and the drainage is collected via a storm sewer system and discharged to a 
modified wetpond on the southeast side of the subdivision. 
 
The modified wetpond has two cells and a dead storage volume of 1,265 cubic feet, 
which is approximately 19 percent of the 2-year, 24-hour event.  The pond outlets to the 
local storm sewer system in 3rd Ave SE and ultimately discharges to North Creek west of 
the site. 

Center Road Pond 
The Center Road Pond is part of a larger roadway redevelopment project that was 
conducted along 112th Street SW and Beverly Park Road, south of the City of Everett.  
The Center Road Pond drains approximately 5.58 acres with approximately 78 percent 
of that area representing impervious surfaces along Beverly Park Road.  The facility was 
designed and constructed based on the 2001 Stormwater Management Manual for 
Western Washington (Ecology 2001).  The wetland is a two celled structure with a dead 



 6

storage volume of 25,315 cubic feet.  Additional details and design information are 
presented in Appendix A. 

Gibson Road Pond 
The Gibson Road Pond is part of a larger roadway redevelopment project that was 
conducted along 112th Street SW and Beverly Park Road, south of the City of Everett.  
The Gibson Road Pond drains approximately 2.8 acres with approximately 100 percent 
of that area representing impervious surfaces along Beverly Park Road.  The facility was 
designed and constructed based on the 2001 Stormwater Management Manual for 
Western Washington (Ecology 2001).  The wetland is a two celled structure with a dead 
storage volume of 15,903 cubic feet.  Additional details and design information are 
presented in Appendix A. 

North Creek Park Division 1 
This site is the hydrologic treatment BMP for permit requirement S8.7.  North Creek Park 
Division 1 is located just southwest of the City of Mill Creek at the intersection of 167th 
Street SE and 6th Avenue SE.  The subdivision is approximately 38 acres in size with 
128 parcels and an average lot size of 0.18 acres.  At the time of this QAPP 
development Snohomish County is constructing an infiltration swale along 6th Avenue 
SE adjacent to 167th Street SE in the southeast corner of the subdivision.   
 
The drainage discharging to this treatment facility is draining the southern portion of 4th 
Drive SE up to 167th Street SE and from 167th Street SE along 6th Avenue SE, which is 
presented in a figure in Appendix A.  A control structure is located just upstream of the 
treatment facility metering the water so that the facility can only receive the 2-year, 24-
hour runoff volume.  The remaining stormwater surcharges into another system, via an 
overflow.  Details about the design and site conditions are presented in Appendix A. 
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Figure 1  Snohomish County Monitoring Locations 



8 

 

Background 
Snohomish County has conducted limited high intensity stormwater sampling to identify the 
effectiveness of stormwater BMPs, which produced useful to the Department of Ecology to 
make BMP management decisions.  The few studies conducted focused on evaluating new 
manufactured stormwater treatment devices such as catch basin inserts and compost 
stormwater filters. 
 
Currently, the County is conducting a number of projects and studies evaluating public 
education efforts and the implementation of stormwater BMPs to address nutrient loadings from 
pet wastes, septic systems, and general stormwater.  The projects are being monitored primarily 
by collecting grab samples for fecal coliform, but also include flow, benthic macroinvertebrates, 
and public surveys. 
 
Surface Water Management (SWM) conducts three primary monitoring programs; long-term 
ambient water quality monitoring, water quality complaint response, and dry weather outfall 
screening throughout the County to analyze, investigate and determine the source of pollutants 
to the drainage systems. These programs serve SWM’s mission by working in partnership with 
concerned citizens to protect and enhance water quality and aquatic habitats. Furthermore, they 
help fulfill the requirements of the NPDES municipal stormwater discharge permit issued to 
Snohomish County by Ecology under the Federal Clean Water Act, 44 U.S.C 1251. 

Previous Snohomish County Studies 
With the release of the NPDES Phase I permits in 1995 municipalities were looking for options 
to treat stormwater discharges to their MS4.  Manufactures began developing and marketing 
treatment systems, including catch basin inserts.  In 1995 SWM was part of an interagency 
group to evaluate the pollutant removal ability of commercially available catch basin inserts 
(Interagency Catch Basin Insert Committee 1995).  The study showed that the inserts are able 
to remove coarse sediments, debris, and vary in their ability to remove petroleum products.  
Ultimately the study suggested that these devices may be applicable. 
 
Snohomish County conducted a follow-up study in 1998 to evaluate the cost of utilizing catch 
basin inserts and their ability to remove sediment (Leif 1998).  The study concluded that inserts 
could be acceptable BMPs for the removal of sand and larger sediments, petroleum products 
from commercial and industrial sites, and the removal of debris.  The study also stated that 
these BMPs would not be acceptable for removing sediments finer than sands, metals and 
phosphorus dissolved and attached to sediments, and to control large volumes of spilled 
petroleum products (Leif 1998). 
 
A 1999 study conducted by Snohomish County sampled two compost stormwater filters 
installed as part of a bridge reconstruction project.  The results showed reductions in Total 
Suspended Solids (TSS), lead, copper, and zinc and may be as efficient as biofiltration swales 
and wet detention ponds.  The study also recommended that this BMP be accepted by the 
Department of Ecology and local jurisdictions as an alternative to biofiltration swales and wet 
detention ponds (Leif 1999). 

Existing Snohomish County Efforts 
Managing stormwater in Snohomish County is a complex task.  Providing adequate detention 
and drainage to reduce flooding, protect water quality and provide healthy habitat for threatened 
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salmon runs are some of the main challenges.  Those challenges are especially acute in urban 
or urbanizing areas experiencing rapid growth.  Over the past ten years, Snohomish County 
government has made substantial progress dealing with stormwater issues by revising codes to 
improve drainage and detention standards in new developments, responding to citizen drainage 
complaints, replacing undersized culverts, maintaining detention facilities and, in the Snohomish 
County Drainage Needs Report project (2002), inventorying and mapping all of the drainage 
structures in the urban growth areas (UGAs) of unincorporated Snohomish County and 
assessing stream habitat conditions for fish.   
 
Snohomish County SWM is currently conducting several projects and studies to reduce 
stormwater and surface water pollution on a programmatic level. 

Integrated Stormwater Management Grant 
This project addresses Low Impact Development (LID) strategies to benefit stormwater 
management issues in the North Creek watershed by identifying, mapping and assessing Native 
Growth Protection Areas (NGPAs) and working with property owners surrounding selected 
NGPAs.  BMPs will be implemented to improve water quality and water quantity for stormwater 
in the North Creek watershed from runoff source to piped outfalls.  The project will include work 
at two levels:  (1) the individual scale (landowner BMPs), and (2) the neighborhood scale (BMPs 
for community open space such as NGPAs.  Landowner BMPs will be implemented in specific 
neighborhoods selected using established criteria.  BMPs will be implemented in conjunction 
with landowners and will include a range of possible actions, such as re-vegetation, soil 
amendments, pollutant reduction, and impervious surface alternatives, such as porous 
pavement, (lattice concrete or gravel) which, for example, may replace a private residential 
driveway.  At the neighborhood scale, this project will address methods to better use open 
space for passive stormwater dispersion and treatment.   

Evergreen State Fairgrounds 
This project consists of a variety of LID improvements at Snohomish County's Evergreen State 
Fairground site in Monroe. These improvements are intended to begin the process of reducing 
stormwater runoff and improving water quality by retrofitting an older developed site with 
pervious surfaces to promote infiltration. This project is also intended to provide an excellent 
opportunity for public education about stormwater runoff, water quality, and best management 
practices to control the quantity and quality of stormwater.  The fairground is an ideal site since 
it is annually visited by over a million people, from not only Snohomish County but throughout 
the region.     
 
Aside from education, the goal of this project is to reduce the quantity of stormwater runoff and 
improve the quality of the runoff.  There are four general types of LID BMPs proposed for this 
site to address these issues, which include bioretention planter boxes, compost amended soils, 
porous pavement, and rain gardens.   

Pet Waste Grant 
This project was designed to reduce pollution from pet and small farm animal waste in the 
Snohomish Tributaries, North, Swamp, and Little Bear Creeks. The three major components of 
the project were pet waste reduction, technical assistance to kennels and commercial 
operations, and small farm outreach.  

The County conducted research to determine the barriers to proper disposal and analyze how to 
motivate and support behavior changes in our area. Using the results of the research, the 
County developed pilot programs focusing on proper disposal of pet waste.   As part of this 
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program the County identified animal care businesses and contacted owners to provide 
technical assistance in storing and disposing of waste to prevent runoff.   
The County identified several landowners with livestock and the potential for water quality 
pollution.  Streams previously accessed by livestock were fenced to prevent animal access and 
planting native shrubs and trees were planted in riparian areas.  The County is continuing to 
monitor these sites.  

Septic Grant 
The County is currently working with the Snohomish County Health District to do the following: 
 
1) compile and integrate the Health District’s Onsite Sewage System (OSS) information for 
Snohomish County Surface Water Management (SWM) using SWM’s Geographic Information 
System (GIS) to provide analytical capacity, identify issues and hot spots, target improvements, 
and monitor effectiveness, 
 
2) to find and evaluate existing problems by targeting OSS hot spots in total maximum daily load 
(TMDL) watersheds, conducting systematic sanitary surveys to identify failing systems and, 
working with system owners to address repairs, 
 
3) extend system life and function by working with system owners to target best management 
practices (BMPs) through technical assistance, operation and maintenance (O&M) training, and 
incentives (to be determined after marketing research; however, any financial incentive will not 
include pumping, full inspection, or repair or replacement of OSS).  Hot spots are defined as 
locations in the TMDL watershed where primarily high counts of fecal coliform bacteria are found. 

Drainage Re-development 
The jurisdictional protection of aquatic resources in urban areas is primarily achieved through 
engineered stormwater management in combination with regulated critical areas and buffers, 
the “green infrastructure.”  Engineered stormwater detention, retention, and treatment facilities 
combined with collection and conveyance systems constitute the engineered protection of 
aquatic resources.  Over time, our knowledge regarding engineered protection has increased 
and we now know that the earlier management strategies used in many urban areas are 
inadequate for habitat protection and water quantity and quality treatment of runoff .  To address 
drainage and habitat needs in its Urban Growth Areas, Snohomish County completed a $12 
million Drainage Needs Report (DNR) inventory of culvert, catch basin, and detention facilities, 
and identified over 350 projects.  An outreach and education program aimed towards 
homeowner associations who may soon be responsible for maintaining their detention ponds is 
currently underway.  

Green Infrastructure 
Our green infrastructure is made up of scattered privately protected NGPA buffers between the 
resource and adjacent land use, and various public properties.  In addition to other functions, 
these buffers are intended to filter runoff by slowing it down and running it through vegetation 
and organic “duff.”   Currently, these buffer areas are not actively managed, and thus they rarely 
reach their full functional potential.  In some locations, stormwater discharges directly to streams 
or wetlands thereby circumventing the natural value of NGPA buffers.  Management challenges 
exist because NGPAs have also not been mapped or assessed.  
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Snohomish County Surface Water Management Ambient Monitoring 
Snohomish County’s SWM has been collecting long term monthly ambient water quality data in 
creeks throughout the County in 1992.  The goal of this monitoring program is to detect trends in 
fecal coliform bacteria, dissolved oxygen, temperature, nutrients, sediment, and metals.  The 
long term ambient data is maintained in a database that is available for viewing on line at the 
following address: 
 
www.data.surfacewater.info 
 
Snohomish County’s SWM maintains six monitoring sites in the south county area, 11 sites 
within the Snohomish tributaries and eight sites within the Stillaguamish watershed.  Table 2 
identifies the current long-term monthly ambient monitoring sites. 
 
Table 2  Snohomish County Ambient Monitoring Sites  
Watershed Waterbody Site 

Name 
Location Data Range 

Lake Washington  North Creek NCLU McCollum Park 1992-Present 
Lake Washington North Creek NCLD County Line 1992-Present 
Lake Washington Swamp Creek SCLU 148th St SW 1992-Present 
Lake Washington Swamp Creek SCLD County line 1992-Present 
Lake Washington Little Bear Creek LBLU 51st St 1993-Present 
Lake Washington Little Bear Creek LBLD 228th St. 1993-Present 
Snohomish  Quilceda Creek QCLD 88th St. NE 1992-Present 
Snohomish  Allen Creek ACLU 67th Ave NE and 112 St. NE 1998-Present 
Snohomish  Allen Creek ACLD 4th St in Marysville 1992-Present 
Snohomish  Woods Creek WCMF Yeager Road 1993-2007 
Snohomish  Woods Creek 

West Fork 
WCWF Yeager Road 1993-Present 

Snohomish Woods Creek WCFA Florence Acres Road 2008-Present 
Snohomish  French Creek FCLU 167th Ave 1993-Present 
Snohomish  French Creek FCLD Old-Snohomish Monroe Hwy 1995-Present 
Snohomish  Catherine Creek CATH 12th St NE 1998-Present 
Snohomish  Dubuque Creek DUBQ OK Mill Road 1998-Present 
Snohomish  Little Pilchuck 

Creek 
LPIL 12th St NE 1998-Present 

Snohomish  Pilchuck River PILR 6th ST in Snohomish 1998-Present 
Stillaguamish Church Creek CCPK Church Creek Park 1994-Present 
Stillaguamish Fish Creek FISH Near Mouth on 5th Ave 1994-Present 
Stillaguamish Pilchuck Creek PILC Near Mouth on 236th St NE 1994-Present 
Stillaguamish Portage Creek PORU 43rd Ave NE 1994-Present 
Stillaguamish Portage Creek PORL 212th St NE 1994-Present 
Stillaguamish Tributary No. 30 TR30 Silvana Terrace Rd 1994-Present 
Stillaguamish Stillaguamish MSAR Highway 9 Bridge 1994-Present 
Stillaguamish Stillaguamish MSMD Marine Dr. 1994-Present 
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Snohomish County Water Quality Complaint Investigation Program 
SWM investigates water quality complaints and provides technical assistance and referrals for 
any pollution problem identified.  Since the inception of the water quality complaint response 
program in 1995, over 1400 county-wide complaints have been logged into the database. Of the 
533 water quality complaints received within the Lake Washington Drainages, 53 percent fall 
within Swamp Creek, 32 percent within North Creek, and the remaining 14 percent were within 
the Little Bear Creek sub-basin. Of these complaints, 19 percent have originated from 
construction sites, 13 percent are due to petroleum, 11 percent have dealt with sewage, while 
only 2 percent stem from manure.  
 
Three hundred and eighty-six complaints have been received for all sub-basins within the 
Snohomish basin. Ninety three of those complaints are related to construction erosion with 22 of 
those found in the Pilchuck sub-basin. The second and third most received types of complaints 
are petroleum and either septic or sewage. Fifty two percent of the petroleum complaints fall 
within the Quilceda and the Pilchuck sub-basins, while the Pilchuck alone has harbored 25 
percent of the sewage-related complaints. In total, Quilceda creek sub-basin has received the 
most complaints of any sub-basin with 68 complaints of varying types. 

Illicit Discharge Elimination Program (IDDE) 
SWM staff has conducted dry weather outfall screening during the spring and summer months 
since 1998. The goal is to detect and trace illicit discharges of polluted water, entering the 
County drainage system.  Ammonia and dissolved oxygen were outside the range of acceptable 
limits in 50 percent or more of the samples. SWM defined source tracking limits were exceeded 
for conductivity, nitrates, fecal coliforms, and MBAS in at least 7 percent of the samples. 

Department of Ecology Studies 
The primary resource on stormwater BMPs in Western Washington is the 2005 Stormwater 
Management Manual for Western Washington (Department of Ecology 2005), specifically 
Volume V-Runoff Treatment BMPs.  Beyond providing design criteria for the treatment BMPs 
the reference section identifies additional local studies conducted by the Department of Ecology, 
universities, counties, cities, and independent researchers and manufacturers.   

Regulatory Criteria or Standards 
The Washington State Water Quality Standards, set forth in the Washington Administrative 
Code (WAC) 173-201A amended December 21, 2006, include designated uses, water body 
classifications, and numeric and narrative water quality criteria for surface waters of the state. 
Numeric criteria for specific water quality parameters are intended to protect designated uses.  
 
North Creek is not specifically identified in WAC 173-201A-602, but falls under the broader 
classification in Section 600.  Section 600 states that surface waters not identified in Section 
602 are protected for the following uses: 
 

• Salmonid spawning, rearing and migration 
• Primary contact recreation 
• Domestic, industrial, and agricultural water supply 
• Stock watering 
• Wildlife habitat 
• Harvesting 
• Commerce and navigation 
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• Boating 
• Aesthetic values 

 
 
Table 3 identifies the State of Washington’s water quality standards for North Creek under WAC 
173-201A. 

Table 3 State of Washington's Water Quality Standards 

Parameter Value 
Temperature (7-day average of daily max. 
temp 

17.5° C/63.5° F  

Dissolved Oxygen (Lowest 1-day minimum) 6.5 mg/L 
Turbidity  (Should not exceed) 5 NTU over background when background is 50 

NTU or less, or A 10 percent increase in 
turbidity when the background turbidity is more 
than 50 NTUs 

pH pH shall be within the range of 6.5 to 8.5, with a 
human-caused variation within the above range 
of less than 0.2 units 

Fecal Coliform Organism levels cannot exceed a geometric 
mean value of 100 colonies/100mL, with not 
more than 10 percent of all samples obtained for 
calculating the geometric mean exceeding 200 
colonies/100mL 
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Project Description 
Introduction 
There are two parts to this project; the first is monitoring stormwater treatment BMPs in 
accordance with S8.F2, 3, and 4, the second is monitoring a hydrologic management BMP as 
specified in S8.F7.  The stormwater treatment BMP monitoring is based predominantly on 
changes in water quality as stormwater is treated by the BMP and will involve the collection of 
stormwater samples for analysis.  Monitoring the hydrologic management BMP is focused on 
monitoring the flow entering and leaving the BMP to determine how much infiltration occurs.   

Stormwater Treatment BMP Monitoring 
 
The goal of this study is:  
 

To identify what percentage of the 2-year, 24-hour storm retained in a modified 
wetpond is most effective at removing pollutants from typical stormwater. 
 

The objectives are: 
• To monitor the inflow and outflow of four modified wetponds to determine the 

mean effluent concentrations and mean percent removals with a 90-95 
percent confidence and a 75-80 percent power. 

 
• To collect sufficient quality and quantity of samples to obtain a 90-95 percent 

confidence and a 75 percent power for the total suspended solids data. 
 

The modified wetponds identified are long term detention time BMPs because they capture and 
release stormwater at a designed rate.  As a result, it may take the pond several days or longer 
to drain to the dead storage level.  To better characterize the discharge from these modified 
wetponds, Snohomish County will be using the Department of Ecology’s modified Technology 
Assessment Protocol-Ecology (TAPE) to evaluate stormwater treatment technologies with long 
term detention times.  This methodology calls for a stratified-random approach rather than a 
storm based approach to sampling stormwater discharged to and from modified wetponds.   
 
Using this approach Snohomish County will select, prior to the sampling period, random days to 
collect stormwater samples at the pond inlet and outlet.  The sampling strategy is not paired, 
therefore the inflow and outflow samples are not related, so the random days selected for the 
inflow and outflow will be chosen separately using the same calendar to be truly randomized.  
As a result, sampling of the inflow and outflow pipes will occasionally occur on the same date.  
An automated stormwater sampler will be used in conjunction with an area velocity flow meter to 
collect the samples.  More detailed information regarding these two units is provided in 
Appendix B.  The flow meter will continuously collect flow data from the site, but the stormwater 
sampler will not collect samples from the sampling point until it’s previously identified sampling 
day.  Prior to the randomly selected day the sampler will be programmed to collect samples 
during the scheduled 24-hour period.  If stormwater flow is present a sample will be taken, if not, 
the sampler will shut off and wait until its next scheduled sampling day.  Flow-weighted 
composite samples will be collected.  
 
Accumulated sediment will also be sampled at each site annually or until the stormwater 
sampling meets the statistical requirements and/or the BMP sampling program is completed.  A 
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number of analyses will be conducted on the sediments to determine which sediments are being 
trapped by the BMP and which are being discharged and the types of pollutants attached to 
those sediments. 
 
Information pertinent to fulfilling the “National Stormwater BMP Database Requirements” will be 
collected and the data will be submitted to the Department of Ecology for review.  The 
Department of Ecology will utilize this data to update the Stormwater Management Manual for 
Western Washington. 

Hydrologic Management BMP 
Snohomish County currently addresses flow attenuation in County Code Chapter 30.63A, but 
does not address flow reduction through infiltration methods.  The County has been designing 
and implementing flow reduction BMPs as part of its Integrated Stormwater Treatment 
Centennial Grant.  This study will monitor site developed under this grant and located at North 
Creek Park Division 1, discussed previously.  This site provides the best opportunity to monitor 
flow reduction throughout the BMP.   
 
The question asked by this study is: 
 

Is a measurable reduction in stormwater occurring in modified drainage 
structures designed to infiltrate stormwater? 
 

The goal of this study is:  
 

To monitor the inflow and outflow of one modified drainage structure to determine 
if a reduction of stormwater volume is occurring in this type of BMP due to 
designed retrofits that encourage infiltration. 
 

Continuous flow meters will be installed upstream of the project site with the flow meter 
probe set in the BMP’s inlet pipe.  The flow meter will be kept in a steel box anchored to 
the ground next to the pipe.  A second continuous flow meter will be installed 
downstream of the BMP in a catch basin.  The probe of the flow meter will be installed in 
the outlet pipe from the BMP as it discharges to the catch basin.  The monitoring sites 
are represented in the figure in Appendix A.  Both flow meters will be programmed to 
collect 15 minute continuous flow.  Data will be downloaded from the flow meter on a 
monthly basis or as needed. 
 
The data will be used to calculate a mass water balance to identify the effectiveness of 
the BMP in this environment. 

Information and Data Needs 
Snohomish County’s 2009 budget will not be finalized until November 2008.  Therefore, a 
detailed budget for the sampling program is not provided in the QAPP.  Additionally, a 
consultant to assist in setting up and implementing the program will not be selected until the 
summer of 2008. 
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Organization and Schedule 
Project Team 
The project team is composed of several Snohomish County SWM employees who will sample, 
manage the project and oversee the quality control process.  AmTest Inc. is currently under 
contract with Snohomish County SWM to provide laboratory services.  Additional detail is 
provided in Table 4. 

Table 4  Project Tasks, Staff, and Responsibilities 

  
Name Organization Phone Number Responsibility  
John Herrmann Snohomish 

County SWM 
425-388-3464 ext. 
4584 

Project Management 

Steve Britsch Snohomish 
County SWM 

425-388-3464 ext. 
4668 

Project Review  

SWM Water 
Quality Analyst 

Snohomish 
County SWM 

425-388-3464 Field Staff 

SWM Water 
Quality Analyst 

Snohomish 
County SWM 

425-388-3464 Field Staff 

Dennis Higgins King County GIS 
Center 

206-263-4523 Project Manager for database 
development 

Aaron Young AmTest, Inc 425-885-1664 Laboratory Services 
John Coddington Anatek Labs, Inc. 208-883-2839 Subcontractor for AmTest, Inc 
Rachel McCrea Department of 

Ecology 
(425) 649-7223 Regional Permit Coordinator 

Schedule 
Currently Snohomish County dose not have existing data to identify the number of samples 
needed to meet the statistical requirements, as specified by the methods in Appendix J of the 
Long Term Detention TAPE Protocol (Ecology 2007).  As a result the guidance presented in 
Appendix D of the standard TAPE Protocol (Ecology 2008) will be used to identify the number of 
samples for the first year of sampling.  This guidance states: 
 

In all cases, at least 12 sample events are required in order to be 
reasonably certain of the actual coefficient of variation (COV) and to be 
able to calculate good statistical relevance values.” 

 
To provide additional confidence Snohomish County will target collecting 15 storm events at 
each site. 
 
The Lakemont Stormwater Treatment Facility Monitoring Program Final Report (City of Bellevue 
1999) developed a rainfall probability to identify how many targeted sampling days would be 
required to collect the required number of storm events.  Snohomish County used this document 
as a guide to scheduling sampling days.   
 
Rainfall data collected at the Silver Lake rain gauge (Figure 1) from 1996 to 2006 was analyzed 
and found that on average there are approximately 184 days of rainfall annually.  Using the 
minimum rainfall depth criteria of 0.10-inches, identified in S8.D of the stormwater permit, the 
average number of rainfall events annually with 0.10–inches or greater of rainfall is narrowed 
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down to 107 days.  There is approximately a 28 percent chance that on any given day a rainfall 
of 0.10-inches or greater will occur.  The rainfall criteria of 0.10-inches was used for the 2009 
sampling period, but will increase to 0.15-inches for 2010 to meet the requirements outlined in 
the TAPE. 
 
Snohomish County will not be sampling on weekends, holidays or Fridays because of field staff 
and laboratory availability.  This reduces the average number of days with rainfall greater than 
or equal to 0.10-inches to approximately 60 days, which equates to a 16  percent chance on any 
given day of having a rainfall event greater or less than 0.10 inches. 

 
The County has scheduled 93 days of inflow sampling and 93 days of outflow sampling to 
statistically allow for the county to collect 15 samples annually (15 samples/16 percent =93 
days).  The 93 required days for inflow and outflow sampling were entered into Excel and 
randomized against the 2009 calendar to identify a schedule of sampling days.  As a result 139 
days of scheduled sampling have been scheduled with 47 days where both the inflow and the 
outflow are sampled concurrently.  A copy of the sampling schedule for February 2009 to 
February 2010 is presented in Appendix C.  If upon reviewing the data the County determines 
15 samples will not meet the statistical requirements then the number of scheduled sampling 
days will be reviewed and modified as necessary.  Changes to the schedule or the addition of 
additional sampling years will be provided once that decision is made. 
 
To determine the 2010-2011 sampling schedule Snohomish County will utilize the data collected 
during the 2009-2010 season and follow the protocols set out in Appendix J of the Draft 
Technology Assessment Protocol—Ecology (TAPE), Evaluating Stormwater Treatment 
technologies with Long Detention Times (2007).  An updated schedule will be provided as an 
addendum to this QAPP, as necessary. 
 
Flow reductions for the hydrologic treatment BMP identified in permit requirement S8.F.7 will be 
monitored continuously with at least monthly downloads. 
 
An overall project schedule for 2008-2010 is also presented in Appendix C. 

Budget and Funding 
Snohomish County’s 2008 budget will not be finalized until November 2007, and its 2009 budget 
will not be finalized until November 2008.  Therefore, a detailed budget for the sampling 
program will not be provided in the QAPP.  An estimated cost of implementing this program is 
provided in Table 5. 

Table 5  Project Budget 

Task Estimated Budget 
Project Setup $97,000 
Equipment Purchase $128,600 
Sampling (1 year 30 sample sets) $221,000 
Laboratory Costs $18,600 
Total $465,200 
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Data Quality Objectives 
 
The data quality objective for stormwater treatment monitoring identified in the permit under 
section S.8.F.4 states:  
 

The statistical goal is to determine mean effluent concentrations and mean 
percent removals for each BMP type with 90-95 percent confidence and 75-80 
percent power. 

 
The quality of data collected for a project can be affected by a number of factors.  To ensure 
that the project objectives are met, the quality of the data collected will be measured at each 
stage of data collection and analysis.  Data quality will be assessed by determining the precision 
and accuracy of the data (Table 6 and Table 7) 

Bias 
Definition:  The difference between the population mean and the true value.   
 
Example:  The bias and precision associated with data collection can directly affect the level of 
uncertainty in parameter estimates. Bias and precision (collectively known as accuracy) are two 
principal attributes, or characteristics, of data quality in environmental studies. Bias represents 
systematic error (i.e., persistent distortion that causes constant errors in a particular direction), 
while precision represents random error (i.e., error among repeated measures of the same 
property under identical conditions, but not systematically in the same direction. Estimates of 
measurement bias and precision and associated minimum detection limits or quantization limits 
are used to determine how well a measurement method performs for a specific range of 
concentrations.  One method for measuring bias can be done by assessing matrix spikes. This 
will only address the treatment BMP. 
 

Precision 
Precision is a measure of how close the computed value is to the same quantity measured 
several times. Precision will be evaluated using field and laboratory duplicate sample analysis. 
Field duplicate analyses will indicate the degree of imprecision due to the combined effects of 
heterogeneity of the stream, variation in sample collection methods, and imprecision of 
analytical methods.  Laboratory duplicate analyses will indicate the degree of imprecision due to 
the combined effects of sample splitting in the laboratory, and imprecision of analytical methods. 
Measurement precision will be determined by calculating the RPD expressed as a percent. In 
general, a precision of 20 percent (Table 6) for water samples and 35 percent (Table 7) for 
sediment samples is considered acceptable for this study. This will only address the treatment 
BMP. 
 
 

(S – D) %RPD = (S+D)/2 x 100% 

Where: 
 %RPD = relative percent difference 

 S = Analytical result of sample of origin 
 D = Analytical result of the duplicate sample 
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Accuracy 
Accuracy is the degree of agreement of a measurement result and a true value and is 
represented as the percent recovery of a spike. 
 
Accuracy = % recovery of the MS/MSD samples 
 

Xs – Xo %R Cs X 100% 

 
Where: 
 %R = percent recovery 
 Xs = spike sample result 
 Xo = original sample amount 
 
The results of the water quality sampling and laboratory quality assurance and quality control 
samples will be reviewed. Results from the sampling and laboratory quality assurance and 
controls samples will be compared to the criteria in Table 6 and Table 7. Results that do not 
meet the measurement quality objectives will be noted. Appropriate qualifiers will be applied to 
any decision that relies on data that do not meet the measurement quality objectives.  This will 
only address the treatment BMP. 
 

Completeness 
Completeness is the measure of the amount of valid data needed to be obtained from a 
measurement.  The targeted completeness goal will be 90 percent.  This target will be held for 
both the treatment BMP monitoring as well as the hydrologic BMP monitoring. 
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Table 6  Stormwater Measurement Quality Objectives 

 
Parameter Units Accuracy 

 (percent) 
Precision 
(%RPD) 

Required 
Reporting 
Limit 

Analytical Methods

Field Constituents (Water Samples    

pH Units ±0.2 units NA 0.2 N/A 
Lab Constituents (Water Samples) 
 

   

Fecal Coliform 
Bacteria 

Colonies/ 
100mL 

NA NA 2min, 2e6 
max 

SM9221E† 

Total Suspended 
Solids 

mg/L NA NA 1.0 mg/L SM2540B† 

Particle Size 
Distribution 

ml/L NA NA NA Coulter Counter, Laser 
Diffraction†  

Total Phosphorus mg P/L 68-130 29 0.01 mg P/L SM4500PE† 
Ortho-phosphorus mg P/L 75-130 29 0.01 mg P/L SM 4500PE† 
Hardness as 
CaCO3 

mg/L NA See 
Ca&Mg 

NA See 
Ca&Mg 

1.0 mg/L EPA 200.7† 

Total Recoverable 
Copper 

µg/L 70-130 20 0.1 µg/L EPA 200.8‡ 

Dissolved Copper ug/L 70%-130 20 0.1 ug/l EPA 200.8 ‡ 
Total Recoverable 
Zinc 

µg/L 70-130 20 5.0 µg/L EPA 200.8‡ 

Dissolved Zinc ug/L 70%-130 20 1.0 ug/l EPA 200.8 ‡ 
† Amtest Accredited  
‡ Anatek Accredited 

Table 7  Sediment Measurement Quality Objectives 
Parameter Units Accuracy 

 (percent) 
Precision 
(%RPD) 

Required 
Reporting 
Limit 

Analytical Methods

      

Percent Total 
Solids 

Mg/L NA NA NA SM2540B† 

Grain Size Μm NA NA NA ASTM D422 † 

Total Volatile 
Solids 

% 70-130 35 0.1% EPE160.4 † 

NWTPH-Dx mg/kg NA NA 25.0-100.0 
mg/kg 

Ecology 1997 (Pub 
No. 97-602) † 

Total 
Phosphorous 

mg P/L 65-135 35 0.01 mg P/L SM4500PE† 

Total Recoverable 
Copper 

mg/kg 70-130 20 0.1 mg/kg EPA 200.8‡ 

Total Recoverable 
Zinc 

mg/kg 70-130 20 5.0 mg/kg EPA 200.8‡ 

Total Recoverable 
Lead 

mg/kg 70-130 20 0.1 mg/kg EPA 200.8‡ 

Total Recoverable 
Cadmium 

mg/kg 70-130 20 0.1 mg/kg EPA 200.8‡ 
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† Amtest Accredited   ‡ Anatek Accredited 

 

Target Population  
The target population for the stormwater treatment BMPs is the stormwater, sediment, and their 
associated contaminants entering and leaving the stormwater treatment BMP.  This population 
will be targeted using a randomized sampling scheme previously discussed in this QAPP. 
 
The target population for the hydrologic treatment BMP is the stormwater entering and leaving 
the treatment BMP. 

Study Boundaries  
The study boundary is defined by the subdivision and drainage boundaries of the five selected 
sites: 
 

• Snohomish Cascade Sector 3  
• Emerald Meadows  
• Center Road Pond 
• Gibson Road Pond  
• North Creek Park Division 1 
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Sampling Process Design 
Stormwater Treatment BMPs 
The inflow and outflow pipes at four different locations were selected for monitoring and 
approved by the Department of Ecology.  Of the four modified wetpond sites selected three 
basins have land uses that typically represent higher density residential developments and one 
site has a land use consistent with lower density developments in Snohomish County.  These 
sites should have stormwater concentrations consistent with values reported by the National 
Urban Runoff Program (NURP) and the National Stormwater Quality Database (NSQD).  The 
median values for residential land uses reported by these two datasets are presented in Table 
8. 
 
Table 8  Median Residential Stormwater Values  

Parameter NURP Median 
Residential 

NSQD Median 
Residential 

Total Suspended Solids (mg/L) 101 48 
Total Phosphorus (mg P/L) 0.38 0.3 
Copper (ug/L) 33 12 
Zinc (ug/L) 135 73 
(EPA 1983 and Pitt et al 2004) 

 
Research has shown that the residential basins draining to the modified wetponds would have 
higher nutrient loads and TSS and likely lower metals.  Since basic wetponds are reported to be 
more effective at reducing TSS and, our study question should be valid.  The high density 
residential sites may show greater concentrations of metals, but since traditional basic 
wetponds are not typically designed for metals reduction this may not influence the study 
question.  The added detention component to the wetpond, found in Snohomish County’s BMPs 
may also change the function of the wetpond and may influence the answer to the study 
question.   

Location and Frequency 
 
The study sites are located in the following subdivisions located in Snohomish County: 
 

• Snohomish Cascade Sector 3  
• Emerald Meadows  
• Center Road Pond 
• Gibson Road Pond  

 
A description and location of these sites were previously discussed in this QAPP.  Additional 
details about each site are provided in Appendix A. 
 
The frequency of data collection is based on the randomized sampling schedule discussed 
previously in this QAPP.  The sampling schedule for the sampling year 2009-2010 is provided in 
Appendix C. 
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Parameters  
The sample parameters were selected based on the NPDES Phase I permit requirement 
S8.F.5.a for water samples and S8.F.6 for sediment samples.  These requirements state: 
 

S8.F.5--The parameters to be monitored in whole water at each site include: 
  

a.   For basic, enhanced, or phosphorus treatment BMPs: total suspended 
solids, particle size distribution, pH, total and ortho-phosphorus, 
hardness, and total and dissolved copper and zinc. 

 
S8.F.6—Parameters to be monitored in accumulated sediment at each test site for 

basic, enhanced, phosphorus treatment, or oil control BMPs include:  
percent total solids, grain size, total volatile solids, NWTPH-Dx, total 
phosphorus and total cadmium, copper, lead, and zinc. 

 
pH will be measured in the field and the remainder of the parameters including hardness, TSS, 
particle size distribution, total and ortho-phosphorus, and total and dissolved copper and zinc, 
will be analyzed in the laboratory.  Sediment samples will be analyzed in the laboratory. 

Sampling Point Set-Up 
Samplers will be locked inside a steel box, anchored to the ground.  Conduit pipe will protect the 
flow meter cable and the intake hose between the sampler box and the outfall on the above 
ground installation.  One automated sampler will be installed near the inlet pipe and another 
near the outlet pipe of the structure.  Each sampler will collect water dischargeing from the 
respective inlet and outlet pipes. 
 
A scissor ring will be installed inside the outlet pipe at the sampling location as a base to mount 
the flow meter sensor and the intake line.  The flow meter cannot detect flow rates if the water 
depth is less than one-inch.  To compensate for this and capture the beginning of the storm 
event a broad crested weir will be installed in the pipe to provide the needed water depth to 
capture the entire storm or low flow events. 

Baseflow Conditions 
At the time of this QAPP none of the sites appear to have base flow conditions.  Continuous 
flow data will be collected at this site to quantify the volume of the baseflow discharge for both 
the wet and dry season.  Twenty-four hour time weighted samples will be collected twice each 
season during the first year.  Those samples will be analyzed for each of the permit required 
analytes.  This data will be used to characterize the pollutant load of the baseflow. 

Backflow Conditions 
Back flow may occur in the inlet pipes of most of the ponds as the elevation of the water in the 
pond increases.  To restrict contaminating the stormwater sample with backflow a flexible 
rubber check valve will be installed on the end of the outfall pipe downstream of the sampling 
point.   
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Monitoring 

Automatic Flow Weighted Composite Sampling 
A composite sampler with a peristaltic pump will be used in coordination with a flow meter to 
collect flow-weighted composite samples at each of the stormwater treatment BMP monitoring 
sites.  Each of the modified wetpond sites are surrounded by a locked chain link fence.  Four 
concrete footing blocks will be buried next to each sampling point and a steel lock box will be 
bolted to the concrete footing blocks.  The sampler will be kept inside of the steel lock box for 
security purposes.  The intake for the sampler will be mounted approximately one foot inside of 
the respective pipes along the invert of the pipe. 
 
Flow weighted composite samples will be taken based on the randomized schedule located in 
Appendix C.  At each scheduled day the samplers will be programmed to begin collecting flow 
weighted composite samples at 10:00 AM on the selected day and continue collecting samples 
for 24-hours.  If flow is not present the samplers will remain in standby until flow is detected and 
a sample is taken, or until the 24-hour period has ended.  Based on the guidance in the TAPE 
(Ecology 2007) approximately 10 aliquots will be taken, if flow is present.  These aliquots will 
then be combined into one composite sample proportioned to the flow and delivered to the 
laboratory. 

In-Situ Monitoring 
A OAKTON  ®  Waterproof pHTestr TM or similar device will be used to gather pH 
measurements during each sampling event.  This device has an accuracy and resolution of 0.1 
units.   

Continuous Flow Monitoring 
Each monitored site will be equipped with an area velocity flow module.  The flow module 
attaches to the sampler and guides sample collection.  The flow meter sensor will be installed 
approximately one foot inside the pipe invert.  The flow meter will collect flow data at the 
sampling point for the duration of the sampling event at 15-minute intervals.   

Rainfall Monitoring 
An existing Snohomish County automatic rain gauge (Si) will be used to collect 15-minute 
rainfall at 0.01-inch increments.  The flow meter is a High Sierra Electronics Model 2400 tipping 
bucket attached to a data logger.  A map showing the location of the sampling points and the 
rain gauge is provided in Figure 1. 

Sediment Sampling 
Sediment will be collected at each sample site within the first year of the initiation of the 
monitoring program, and again at the end of the monitoring program.  A clean double bagged 
scoop will be utilized for each sample site.  The stainless steel scoop will be used to collect the 
sample and transfer it to clean glass bottles supplied by the laboratory.   
 
The sediment sampling points are located immediately within the stormwater ponds and will be 
a composite sample collected throughout the cells of the pond.  The initial pond may provide a 
significant amount of the sediment collected.  The samples will attempt to be a representative of 
the pond and its sediment collection abilities.  Effort will be given not to collect sediment that 
may represent the bottom of the pond.  
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Hydrologic Treatment BMPs 
One sampling site was selected for monitoring the flow reduction strategy specified under permit 
requirement S8.F.7.  It is expected that the designed BMP will reduce stormwater volume prior 
to reaching the outfall through infiltration.  To predict the expected performance of the system 
the site will be modeled using the Western Washington Hydrologic Model (WWHM).  In order to 
calibrate the model the seasonal high groundwater table will need to be identified in the vicinity 
of the BMP.  The seasonal high groundwater level will be measured using a piezometer that will 
be installed on site.    

Location and Frequency 
The study site is limited to the southwest corner of the North Creek Park Division 1, which 
collects drainage from 4th Drive SE, 167th Street SE, and 4th Ave SE.  A description of this site 
was previously discussed in this QAPP.  Additional details are provided in Appendix A. 
 
The flow will be logged on a 15-minute interval and seasonal high groundwater elevations will 
be checked every two weeks during the 2009 monitoring year and monthly thereafter. 

Parameters  
Stormwater flow will be the only parameter collected. 

Sampling Point Set-Up 
A scissor ring will be installed inside the pipe at the sampling location as a base to mount the 
flow meter sensor.  The flow meter cannot detect flow rates if the water depth is less than one-
inch.  To compensate for this and capture the beginning of the storm event a broad crested weir 
will be installed in the pipe to provide the needed water depth to capture the entire storm or low 
flow events. 
 
The piezometer will be installed in the vicinity of the BMP, but within the County right-of-way on 
the north end of 6th Ave (Appendix A).  A hole will be bored into the soil to the depth of the 
hydrogeologic confining layer immediately below the BMP.  The tip of the well point will be 
placed in this confining layer without breaking the confining layer and creating an artesian effect.  
If a confining layer is not present then the well point will be installed to a depth of no more than 
three feet below the bottom of the BMP.  

Monitoring 

Continuous Flow Monitoring 
An area velocity flow meter will be used to monitor flow.  The flow meter sensor will be installed 
approximately one foot inside the pipe invert in the catch basins immediately upstream and 
downstream of the site.  The flow data will be collected at the sampling point during the entire 
sampling event.  The will flow will be logged on a 15-minute interval.   
 
The area in between the upstream and downstream catch basins contributes stormwater to the 
system, because it is an open drainage system.  Flow will not be monitored because it drains 
via sheet flow.  The flow volume for this reach will be calculated and compared against the 
results of the flow data. 
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Seasonal High Groundwater Monitoring 
A rod with a line of water finding paste will be inserted into the top of the piezometer and 
lowered to the lowest point in the piezometer.  The rod will gently be removed and measured 
from the point where the paste changes color to the bottom of the rod.  This will indicate the 
depth of the seasonal high ground water.   The seasonal high ground water level will be 
measured twice per month for the 2008-2009 water year and then monthly thereafter until the 
end of the program. 

Rainfall Monitoring 
The Silver Lake (Si) rain guage will be used for this site as well.  A map showing the location of 
the sampling points and the rain gauge is provided in Figure 1. 

Representativeness 
The representativeness of the sample will be evaluated by reviewing the storm event and 
sampling event criteria to the requirements set out in this QAPP. 

Completeness 
Completeness is defined as the percentage of valid analytical determinations with respect to the 
total number of determinations.  A reasonable completeness goal is 90 percent.  Typical field 
problems such as sample container contamination or equipment failure may result in 
completeness of less than 100 percent.  Another factor that may reduce completeness is the 
identification of nonstandard field conditions following data or sample collection.  Completeness 
will be evaluated and documented throughout the project, and corrective action taken as 
warranted on a case-by-case basis. 

Comparability 
The methodology outlined in this QAPP is taken from the Department of Ecology’s modified 
TAPE, which is based on the Lakemont Stormwater Treatment Facility Monitoring Program 
(Bellevue 1999).  The Lakemont study states: 
 

The only drawback of the statistical sampling approach is that it is not possible to 
evaluate facility performance during individual storms because pollutant removal 
efficiency is estimated for the entire monitoring period rather than for individual 
storm events.  Similarly, the statistical approach does not permit the calculation 
of event mean pollution concentrations, which have commonly been used to 
evaluate other stormwater treatment systems, thus limiting the comparability to 
previous studies. 
 

This study will have the same issues with comparability as the Lakemont study.  However, the 
data collected will still provide information pertinent to fulfilling the National Stormwater BMP 
Database Requirements, as specified in the permit requirement S8.F.4. 
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Sampling Procedures 
Stormwater Treatment BMPs 
Section S8.F.4 of Snohomish County’s NPDES Phase I permit states: 
 

Permittees must use appropriate sections of Ecology’s guidance for “Evaluation 
of Emerging Stormwater Treatment Technologies” for preparing, implementing, 
and reporting on the results of the BMP evaluation program 
 
Permittees must use USEPA publication number 821-B-02-001, “Urban 
Stormwater BMP Performance Monitoring,” as additional guidance for preparing 
the BMP evaluation monitoring, and must collect information pertinent to fulfilling 
the “National Stormwater BMP Database Requirements” in Section 3.4.3 of that 
document. 

 
Snohomish County’s sampling protocol will follow these guidance documents, as well as the 
Department of Ecology’s modified TAPE for evaluating stormwater treatment technologies for 
sites with long detention times. 

Calibration 

Automated Sampler 
The auto sampler will be calibrated and maintained according to the manufacture’s instructions.   
 
As part of the calibration process the intake tubing and strainer will be inspected, cleaned or 
replaced as necessary. Calibration dates and results will be recorded in a log.  The auto 
sampler battery will be checked when programming the sampler for an upcoming event.     

Flow Meter 
Flow meter calibration and checks for the flow meter will be conducted as specified by the 
manufacturer or when needed.  The desiccant will be checked or replaced as necessary.  
Calibration dates and results will be recorded in a log.   

In-Situ Measuring Device 
The OAKTON  ®  Waterproof pHTestr TM will be calibrated as per the manufacturer’s 
specifications prior to beginning the sampling run.  Calibration dates and results will be recorded 
in a log.   

Sampling Setup and Retrieval  
A composite sampler with a peristaltic pump will be used in coordination with a flow meter to 
collect flow-weighted composite samples at each of the monitoring sites.  The following actions 
will be completed to initiate the sampler prior to the pre-scheduled sampling period: 

• Check the battery, tubing, and functionality of the sampler 
• Check sample line and strainer 
• Remove sample bottle lids and load the bottles in the sampler 
• Program the sampler to conduct a back purge and a intake tube purge prior to the 

collection of each aliquot. 
• Program the sampler to begin sampling at the start time at the appropriate flow volume 
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• Input the flow volume per sampler for flow pacing. 
• Secure sampler in lock box 

 
To collect the flow weighted composite sample, flow pacing must be programmed into the flow 
meter and sampler to identify and collect a flow volume as a sample aliquot and continue 
collecting that volume through out the event.  At least 10 aliquots will be attempted to be 
collected during the 24-hour sampling period.   
 
Snohomish County will begin collecting rainfall and runoff data approximately six months prior to 
stormwater sampling.  This data will be used to create a rainfall-runoff rating curve to predict the 
volume of water needed to collect 10 aliquots for each targeted storm event based on predicted 
rainfall amounts.  On-line internet weather forecasts for rainfall depth will be used to identify the 
appropriate flow pacing for the storm event when programming the flow meter.  If a storm is 
already in progress the percent of the remaining storm and flow volume will be estimated.  This 
data will be plugged into the rainfall-runoff rating curve to identify the predicted runoff volume.  
Additionally, the following formula may be used (Caltrans 2003): 
 

Vr (ac-ft) = QPF(in) * 1(ft) / 12(in) *A(ac) *C 
 
Vr (cf) = Vr (ac-ft) * 43560(cf) / 1(ac-ft) 
 
Vs (cf) = Vr (cf) / CSA 
 
QPF  = quantity of precipitation forecast 
A = drainage area 
C = runoff coefficient 
Vr = total runoff volume for forecast storm (calculated) 
CSA = number of composite sample aliquots required for complete composite 
Vs = flow volume per sample 

 
The samples will be collected in a single bottle at each site; therefore already represent a 
composite sample.  The sample bottles will be capped with a clean lid prior to removing from the 
sampler to reduce contamination and spilling.  Labels will be completed identifying the date, 
time, sample location, and attached to the bottles.  The composite sample in the original glass 
sampling jar will be packed in a cooler with ice, as stated in 40 CFR Part 136, stored out of direct 
sunlight for transport and delivered to the lab, with a completed chain of custody (COC) form, 
for filtering, splitting, preservation and analysis. The laboratory will be required to filter the 
dissolved metals and orthophosphate samples immediately upon receipt.   An example COC 
form is provided in Appendix E. 
 
If the sample collection occurs during the laboratory’s non-business hours or the laboratory is not 
able to receive, filter or process the samples, sampling staff will filter, split and preserve the 
sample as soon as possible.  The dissolved metals and orthophosphate samples will be filtered 
immediately upon returning to the office.  The samples will be placed in a refrigerator and the 
required hold temperature and delivered to the laboratory the morning of the next business day.  
 
 Bottle, preservative and hold time information is presented in Table 9 
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Table 9  Stormwater Sample Collection Requirments 

Flow meter 
Approximately 6 months prior to the sampling period the flow data will be collected to construct 
a rainfall-runoff curve for the site.   A scissor ring will be installed inside the pipe at the sampling 
location as a base to mount the flow meter sensor and the intake line.  The flow meter cannot 
detect flow rates if the water depth is less than on-inch.  To compensate for this and capture the 
beginning of the storm event a broad crested weir will be installed in the pipe to provide the 
needed water depth to capture the entire storm or low flow events.  A product information sheet 
for the flow meter is provided in Appendix B. 
 
The flow data during this period of the project will be downloaded approximately every two 
weeks to one month.  The meter will be calibrated and maintained prior to leaving the site, as 
necessary and as recommended by the manufacturer. 
 
During the sampling period, flow data will be downloaded from the flow meter following the 
collection of stormwater samples.  Meter calibration and maintenance will be done prior to 
leaving the site, as necessary or as recommended by the manufacturer. 

In Situ Monitoring 
The pH of the stormwater will be measured using a OAKTON  ®  Waterproof pHTestr TM   or 
similar device during the first site visit of a qualifying event.  If the depth of water at the sampling 
site is not deep enough for submersion of the instrument or unable to be tested directly, a 
bucket will be rinsed with the sample water 3 times, and the rinse water will be discarded 
downstream. On the fourth grab, the instrument will be submerged into the bucket containing 
the sample water.   

Sediment Sampling 
Sediment will be collected at each sample site within the first year of the initiation of the 
monitoring program, and again at the end of the monitoring program.  A clean double bagged 

Paramter Sample Size Container Preservation Holding Time 
Field 
Constituents 

    

pH NA NA NA NA 
Lab Constituents     
Particle Size 
Distribution 

1000 mL Plastic, Glass NA  

Total Suspended 
Solids 

250 mL Plastic, Glass 40C 7 days 

Total Phosphorus 250 mL Plastic, Glass 40C/ H2SO4 28 days 
Ortho-Phosphate 250 mL Plastic 40C 48 hours 
Hardness as 
CaCO3 

100 mL Plastic, Glass HNO3 180 days 

Dissolved Copper 250 mL Plastic, Glass HNO3 6 months 
Total Recoverable 
Copper 

250 mL Plastic, Glass HNO3 6 months 

Dissolved Zinc 250 mL Plastic, Glass HNO3 6 months 
Total Recoverable 
Zinc 

250 mL Plastic, Glass HNO3 6 months 
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scoop will be utilized for each sample site.  The stainless steel scoop will be used to collect the 
sample and transfer it to clean glass bottles supplied by the laboratory.  Personnel will be 
required to use powder free nitrile gloves during the sampling.  To reduce the risk of 
contamination staff will not open sample bottles until the sample is prepared to be taken, touch 
the inside of the sample bottle or cap, and not store contaminated equipment in the same 
container as clean equipment or bottles.  A clean scoop and gloves will be required for each 
site.   
 
The sediment sampling points are located immediately within the stormwater ponds and will be 
a composite sample collected throughout the cells of the pond.  The initial pond may provide a 
significant amount of the sediment collected.  The samples will attempt to be a representative of 
the pond and its sediment collection abilities.  Samples will not be taken so that sediment from 
the top to the bottom of the deposited layer is collected in any intended fashion.  Effort will be 
given not to collect sediment that may represent the bottom of the pond. Once the sediment is 
placed in the sample bottle the bottle will be sealed; labeled with the date, time, site ID and 
crew; and placed in a cooler with ice and chilled to a temperature of 4°C.  Exposure of the 
sample to sunlight will be kept at a minimum.  The samples will be delivered to the lab.  Bottle, 
preservative and hold time information is presented in Table 10. 
 

Table 10  Sediment Sample Collection Requirements 

Parameter Sample Size Container Preservation Holding Time 
Lab Constituents     
Percent Total 
Solids 

NA Plastic, Glass NA NA 

Grain Size NA Plastic, Glass NA NA 
Total Volatile 
Solids 

NA Plastic, Glass 40C NA 

NWTPH-Dx 250 mL Plastic, Glass 40C 14 days 
Total phosphorus 250 mL Plastic, Glass 40C 28 days 
Total Recoverable 
Copper 

250 mL Plastic, Glass 40C 180 days 

Total Recoverable 
Zinc 

250 mL Plastic, Glass 40C 180 days 

Total Recoverable 
Lead 

250 mL Plastic, Glass 40C 180 days 

Total Recoverable 
Cadmium 

250 mL Plastic, Glass 40C 180 days 

Decontaminating Equipment 
 
The sample bottles and lids, and the sediment scoops will need to be cleaned prior to the next 
use.  The fouled materials will be brought back to the Snohomish County water lab and cleaned 
using the following process (Caltrans 2003): 
 

1. Make up a 2% solution of disinfectant soap in warm tap water. 
2. Rinse tubing three times with the solution, wash lids, strainers, and scoops with a plastic 

brush 
3. Rinse three times with tap water. 
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4. Rinse three times with de-ionized water. 
5. Rinse three times with a 2N nitric acid solution (80mLl conc. HNO3 (16N) per gallon of 

de-ionized) 
6. Rinse three times with de-ionized. 
7. Seal the tubing on both ends with clean latex material 
8. Individually double-bag tubing in new plastic bags properly labeled.  Individually double-

bag lids, strainers, and scoops in zip lock bags. 
 
Sample containers will be supplied by the laboratory contracted to test the samples. The 
laboratory is responsible for generating an acceptable equipment blank or documentation to 
demonstrate that the containers are free from trace contamination before they are shipped to 
SWM.  
 
The calibration, maintenance and decontamination checks and procedures will be conducted 
following a sampling event in preparation for the next event.  All calibration, maintenance and 
decontamination activities performed will be documented and stored in the project field files. 

Field Data Recording 
Data from the flow meter and sampler will be downloaded using a field computer.  Other field 
data will be collected in a database using a field computer.  The database is currently under 
development and a beta version is expected to be completed by October 2009.  Draft 
conceptual tables for the database, which show the data that will be collected in the field and in 
the office, are located in Appendix D.  The data outlined in these tables is based on both 
sampling data and permit requirements. 
 
Any additional information that could affect the sampling results will be recorded in a field 
notebook, as deemed necessary.  Otherwise all data will be recorded in the database accessed 
by the field computer.  
 
Photographs of the sample site will be taken at each site visit to record any visual indicators that 
would suggest the presence or absence of a water quality issue or a change in site conditions. 

Sample Transport and Chain of Custody 
 
While in the field, samples will be stored and transported in a cooler at the analytes specific 
temperature requirements as stated in 40 CFR, Part 136. A COC will be maintained on all 
samples transported to the office or laboratory using a form supplied by the laboratory. Each 
custodian will sign the form when relinquishing or accepting sample custody.  Samples will be 
stored per analyte requirements in coolers under direct observation or in a locked vehicle. The 
project manager will maintain a file of COC forms.  An example copy of a completed COC form 
is presented in Appendix E. 

Hydrologic Treatment BMP 
Section S8.F.7 of Snohomish County’s NPDES Phase I permit states: 
 

Each Permittee listed in S1.B. shall monitor the effectiveness of one flow 
reduction strategy that is in use or planned for installation in their jurisdiction.  

Monitoring of a flow reduction strategy shall include continuous rainfall and 
surface runoff monitoring. Flow reduction strategies shall be monitored through 
either a paired site study or against a predicted outcome.  
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Snohomish County will monitor one flow reduction strategy, as previously discussed, using a 
paired monitoring approach. 

Calibration 

Flow meter 
Flow meter calibration and checks for the flow meter will be conducted as specified by the 
manufacture or as needed.  The desiccant will be checked or replaced as necessary.  
Calibration dates and results will be recorded in a log.   

Installation 
A scissor ring will be installed inside the pipe at the sampling location as a base to mount the 
flow meter sensor.  The flow meter cannot detect flow rates if the water depth is less than on-
inch.  To compensate for this and capture the beginning of the storm event a  broad crested 
weir will be installed in the pipe to provide the needed water depth to capture the entire storm or 
low flow events.  A product information sheet for the flow meter is provided in Appendix B.  The 
installation points are provided in Appendix A. 

Sample Collection 
Flow data will be collected by each of the flow meters, but no water quality samples will be 
taken at this site. 

Field Data Recording 
The flow meter will be downloaded using a field computer.  Other field data will be collected in a 
database using a field computer as discussed previously. 
 
Any additional information will be recorded in a field notebook. 
 
Photographs of the sample site will be taken at each site visit to record any visual indicators that 
would suggest the presence or absence of a water quality issue or a change in site conditions. 

Sample Transport and Chain of Custody 
No water quality samples will be collected at the hydrologic BMP treatment site. 
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Measurement Procedures 
 
The analytical laboratories used in this project to analyze surface water and sediment samples 
are accredited by Ecology for all parameters and analytical methods in the project.  The analytical 
laboratory shall maintain Ecology’s accreditation during the contract period with Snohomish 
County. 

Surface Water Samples 
Table 11 summarizes laboratory procedures for surface water samples for this project.  Table 9 
identifies the parameter, volume of sample required, the bottle type, the holding time and 
preservation for the surface water samples collected.   

Table 11 Lab Procedures for Stormwater Samples  

Water Samples    
Analyte No. of 

Samples 
Required 
Reporting 
Limit 

Analytical Method 

Total Suspended 
Solids 

120 1.0 mg/L SM2540D† 

Particle Size 
Distribution 

120 NA Coulter Counter, Laser 
diffraction, or comparable 
method† 

Total Phosphorus 120 0.01 mg P/L SM4500PE† 

Ortho-Phosphorus 120 0.01 mg P/L SM4500PE† 

Hardness as CaCO3 120 1.0 mg/L EPA 200.7† 
Total Recoverable 
Copper 

120 0.1 µg/L EPA 200.8 ‡ 

Dissolved Copper 120 0.1 µg/L EPA 200.8 ‡ 
Total Recoverable 
Zinc 

120 5.0 µg/L EPA 200.8 ‡ 

Dissolved Zinc 120 0.1 µg/L EPA 200.8 ‡ 
† Amtest Accredited  
‡ Anatek Accredited 

Sediment  Samples 
Table 12 summarizes laboratory procedures for surface water samples for this project.  Table 
10 identifies the parameter, volume of sample required, the bottle type, the holding time and 
preservation for the sediment samples collected. 



34 

 
Table 12  Lab Procedures for Sediment Samples  

Analyte No. of 
Samples 

Expected 
Range of 
Results 

Required 
Reporting 
Limit 

Analytical Method 

Percent Total Solids 8  Unknown NA SM 2540B† 

Grain Size 8  Unknown NA ASTM -D422† 

Total Volatile Solids 8  Unknown 0.1% EPA 160.4 † 

NWTPH-DX 8  Unknown 25.0-100.0 
mg/kg 

Ecology, 1997 (publication 
No. 97-602) † 

Total Phosphorous 8  Unknown 0.01 mg P/L SM4500PE† 

Total Recoverable 
Copper 

8  Unknown 0.1 mg/kg EPA 200.8  † 

Total Recoverable 
Lead 

8  Unknown 5.0 mg/kg EPA 200.8  † 

Total Recoverable 
Zinc 

8  Unknown 0.1 mg/kg EPA 200.8  † 

Total Recoverable 
Cadmium 

8  Unknown 0.1 mg/kg EPA 200.8  † 

† Amtest Accredited  
‡ Anatek Accredited 
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Quality Control 
Field Duplicate Samples 
A minimum of one field duplicate water sample will be collected for every ten storm events 
collected.  The duplicate sample will be analyzed for each permit required analytes.  The samples 
will be split off from the final composite sample collected at a site.  The flow pacing will be 
adjusted when programming the sampler to obtain the appropriate volume.  If a bottle change is 
required it will follow the procedures previously discussed.  The duplicate sample site will rotate 
between the sample sites every tenth storm event.  The samples will be labeled in such a manner 
that the laboratory will not know which sample site the duplicate was taken at.   
 
One field duplicate sediment sample will be collected with each sampling period for one site, if 
enough sediment is available at the outfall the sample will be collected and split for QA/QC. 

Equipment Blank  
Equipment blanks on each of the auto samplers will involve drawing de-ionized water through 
the strainer and tubing into the composite sample bottles.  The bottles will be capped placed on 
ice and delivered to the lab for analysis.  Equipment blanks for the auto samplers will be taken 
immediately after the initial installation of the auto sampler, following the first sampling event, 
and annually there after.   
 
Equipment blanks on the sampling scoop for the sediment analysis will be taken by pouring de-
ionized water over a decontaminated scoop.  The sample is capped, placed on ice and taken to 
the laboratory.  Blanks on the sediment scoop will be taken annually. 

Field Blank Samples  
A minimum of one field blank water sample will be prepared for every ten field samples 
collected for each analytical parameter.  The field blank sample will be prepared by filling an 
auto sampler bottle with de-ionized water, and then transferring that water to a composite 
sample bottle in the water quality lab.  These data shall be used to evaluate the compound 
effects of imprecision plus bias.   
 
Field sediment blanks will be conducted with each sampling period and will involve filling sample 
containers with “clean” sediment obtained from the laboratory.  The blank prepared by 
emulating field sampling techniques. 

Laboratory Duplicate Analyses 
The laboratory shall be directed to randomly select one water sample from each batch of up to 
twenty samples, thoroughly mix and split this sample, and perform all required analyses on both 
samples.  The laboratory shall use these data to determine internal quality control and take any 
corrective action required, and shall report all data to the County. 

Method Blanks 
Method blanks will be conducted by the laboratory for each batch of samples and the results 
reported with the sample results. 
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Performance Evaluation Samples 
The laboratory shall report to the County the results of all external performance evaluation 
analyses for parameters in this project, including all evaluation samples submitted by the US 
Environmental Protection Agency or Ecology.  These data shall be used to evaluate overall 
accuracy. 

Corrective Action 
The data collected above along with QAPP audits will assist in identifying deviations from the 
QAPP and issues with QA/QC during field sampling, laboratory analysis and the 
decontamination process.  Issues with all three sectors of this program will be identified 
predominantly through the data verification process discussed later in this document.  This 
process will identify faulty data and produce a report identifying the nature of the compromised 
data.  The QA/QC process will review these reports and conduct corrective actions accordingly. 

Field Procedures 
Issues with the quality of sample collection or processing my sampling staff will be addressed by 
the project manager.  The project manager may required a review of the QAPP, on-site process 
inspections and reviews, or provide additional training to staff.  If the problem is determined to 
be a programmatic issue the methods outlined in the QAPP will be reviewed by the project 
manager and sampling staff to improve the process. 
 
In the event a field measurement is not recorded or is missed entirely, the project manager will 
evaluate factors such as changing water levels, accessibility of the site, and the length of time 
since the last sampling when deciding the appropriate corrective action. Re-measuring a missed 
field measurement after the sampling round is complete will occur at the project manager’s 
discretion.  

Laboratory Procedures 
The project manager will contact the analytical laboratory if any data or quality control 
information is not included in the laboratory data package.  Laboratory quality issues will be 
documented by the project manager and reviewed with the laboratory manager or if identified by 
the laboratory manager shared with the project manager.  The laboratory manager will be 
required to make corrective actions prior to the next sampling event. 

Decontamination Procedures 
Contamination issues will be addressed by the project manager.  The project manager may 
require additional rinsate or equipment blanks, a review of the QAPP procedures, process 
inspections or reviews, or provide additional training to staff.  If the problem is determined to be 
a programmatic issue the methods outline in the QAPP will be reviewed by the project manager 
and sampling staff to improve the process. 
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Data Management Procedures 
Field Data 
Field data including the date, time, field conditions, staff, and sampling status will be recorded in 
the project database using a field computer.  Draft conceptual database tables are provided in 
Appendix D. 
 
Flow, sample, and rainfall data will be downloaded from each piece of equipment using a field 
computer.  Once this raw data has been manipulated it will be uploaded into the project 
database for data storage.   
 
The database will be a web based database so that data entered in the field will automatically 
be saved on the County’s server.  The project manager, Table 4, will conduct spot checks to 
ensure that the data is being entered in completely and accurately. 

Laboratory Data 
Data packages from a completed set of samples will be sent to SWM by the laboratory within 10 
days of the sampling date. The data packages will be provided electronically via the laboratory’s 
website and hard copies will be mailed to the project manager.   Data reports from the analytical 
laboratory will be reviewed for completeness by the project manager. Potential errors and 
omissions will be reported to the responsible laboratory personnel. The analytical reports will be 
compared to the COC by the project manager or designee to ensure that all requested analyses 
have been performed. Errors or missing data will be reported to the responsible laboratory 
personnel immediately. Amended and corrected analytical reports will be attached to the report 
being corrected to ensure that only the corrected data are reported in the database and used in 
the data analysis. Acceptable laboratory reports will be stored in project notebooks. Laboratory 
results will be entered into a database and verified.  Based on the distributions and statistical 
characteristics of the data, various statistical and probabilistic methods may be used to compare 
and analyze the data. The statistical methodologies and assumptions used in the assessment of 
water quality data will be discussed in the annual and final project reports.   
 
An analytical laboratory data report will be reviewed for completeness by the project manager or 
designee. Each laboratory report will contain the following information: 
 

•  Laboratory ID 
• Laboratory Name 
• Project Name 
• Action ID # 
• Sample Analysis 

Type 
• Date/Time 

Samples 
• Date/Time 

Analyzed 
• Hold Time 

• Hold Time Units 
• Receiving 

Temperature 
• Parameter Name 
• Results 
• Units 
• Method 
• Detection Limit 
• Analyst 
• Qualifier 
• QAQC result Type 

• True Value 
• Measured Value 
• Units 
• Sample + spike 

result 
• RPD 
• Percent 

Recoverable 
• Limits  
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Data will be accepted without qualifiers if the analytical reports meet the quality assurance 
guidelines detailed in this QAPP. Before qualifiers are attached to any data, the project manager 
will make every effort to correct the data by reviewing the sample documentation, meeting with 
Snohomish County SWM staff, and contacting the analytical laboratory. Appropriate qualifiers 
will be attached to any data that do not meet the QAPP standards. All data will be reported, 
regardless of the qualifiers attached; however, the project manager may elect not to include 
qualified data in the water quality data analysis. 
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Audits and Reports 
Audits 
A technical systems audit will be conducted three months following the initiation of the 
monitoring program.  The audit will review the staff conformance to the QAPP procedures.  If 
project implementation is not in conformance to the QAPP, corrective procedures will be taken 
as soon as possible.  If the audit identifies a deficiency or a required change in the QAPP, that 
change will be made and submitted to the Department of Ecology as soon as possible.  The 
audit will be conducted by the project reviewer identified in . 
 

Reports 
Snohomish County will produce project reports according to its NPDES Phase I permit. The 
permit requires under S8.H: 
 

1) The stormwater monitoring report shall be submitted with the annual report 
each year, beginning in 2009 for independent monitoring and 2010 for 
collaborative monitoring.  Each report shall include all monitoring data 
collected during the preceding period from October 1 through September 30.  
Each report shall also integrate data from earlier years into the analysis of 
results, as appropriate.  Permittees that choose to participate in an integrated 
water quality monitoring program shall submit a single integrated monitoring 
report.  Reports shall be submitted in both paper and electronic form and 
shall include: 
c) Stormwater Treatment and Hydrologic Management Best Management 

Practice (BMP) Evaluation Monitoring Reporting 
i) A summary including the BMP type location, land use, drainage area 

size and hydrology for each site. 
ii) The status of implementing the monitoring program, 
iii) A comprehensive data and QA/QC report for each part of the 

monitoring program, with an explanation and discussion of the results 
of each monitoring project, 

iv) Performace data or flow reduction performance.  Performance data 
for treatment BMPs shall be reported consistent with: 
• The guidelines in appropriate sections of Ecology’s guidance for 

“Evaluation of Emerging Stormwater Treatment Technologies,” 
and 

• USEPA publication number 821-B-02-00, “Urban Stormwater BMP 
Performance Monitoring,” including information pertinent to 
fulfilling the “National Stormwater BMP Database Requirments” in 
section 3.4.3 of that document. 
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Data Verification  
Data verification will be conducted by reviewing the field data inputs, the completed COC, and 
laboratory reports.  Additional information including bench sheets, laboratory certifications, and 
laboratory process documentation may be reviewed if poor data quality trends or significant 
problems are identified.  The data verification process will be conducted by the project manager.  
The data verification procedures will use the flow chart modified from Caltrans (2003) presented 
in Appendix F as a guide. 
 
Any changes to the results as originally reported by the laboratory should either be 
accompanied by a note of explanation from the data verifier or the laboratory, or reflected in a 
revised laboratory data report. 
 
Data verification records include certification statements that certify the data have been verified 
and signed by appropriate personnel.  Data verification records can also include a narrative that 
identifies technical non-compliance issues or shortcomings of the data produced during the field 
or laboratory activities.   
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Data Validation (Usability) Assessment 
Data validation and usability assessments will be conducted bi-annually following the conclusion 
of each wet and dry season.  A data validation report will be completed documenting the 
process and results.  This report will be filed in the project files. The data verification process will 
be conducted by the consultant identified in Table 4. 
 
Preliminary Data Review 
Initial data validation or usability assessments will focus on reviewing the data verification 
records, laboratory reports, field reports and COCs.  This review will look at qualified or flagged 
data previously identified and evaluate its impact to the overall data quality objectives.  If the 
data does not meet the statistical data review criteria, then the data point will be removed from 
the overall dataset.  The preliminary review may incorporate statistical review methods 
described later in this section.  Data issues that may threaten the usability of the data may 
include:  apparent anomalies in recorded data, missing values, deviations from standard 
operating procedures, and the use of nonstandard data collection methodologies (EPA 2000).  
 
Statistical Data Review 
A statistical data review will be conducted to identify outliers and other abnormalities in the data.  
Statistical analysis will calculate the mean, median, mode, sample range, sample variance, 
standard deviation and the coefficient of variation.  A list of statistical equation is provided in 
Figure 2.  Outliers or data that is anomalous with the entire data set will be reviewed for the 
origin of the error in data collection, laboratory analysis, data input and recording, QA/QC, and 
data verification.  If the data is unable to conform, does note meet the data quality objectives or 
it is uncertain if the data is able to conform with the project data set and goals then the data will 
be removed.   
 
Figure 2 Statistical Equations 

 
 
Graphical Review 
The data will be plotted using a scatter plot to identify additional outliers or confirm outliers and 
abnormal data.  Outlying data will be compared against the statistical and the preliminary data 
review to confirm that the point is an outlier or anomaly. 
 

EPA 2000 
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Non-Detects 
Non-detected data will not be addressed through deletion or substitution, but will be statistically 
incorporated into the data set by using commercially available software.  The method and 
software have not been identified as of the data of this QAPP. 
 
Data Analysis 
The automated stormwater sampler will collect the sample in a single bottle or multiple 
containers are used the sample will be composited prior to conducting the laboratory analysis.  
The result will therefore represent the Event Mean Concentration (EMC). 

Statistical Goals 
The efficiency calculator presented in the TAPE protocol will be used to calculate the statistical 
goal of this program.  A copy of the TAPE guidance is provided in Appendix E. 



43 

References 
 
California Department of Transportation (Caltrans). 2003.  Caltrans Comprehensive Protocols 
Guidance Manual. Sacramento, CA.  Publication No. CTSW-RT-03-105.51.42 
 
City of Bellevue. 1999. Lakemont Stormwater Treatment Facility Monitoring Program—Final 
Report. Bellevue, WA 
 
Department of Ecology (DOE).  1992.  Stormwater Program Guidance Manual for Puget Sound.  
Lacey, WA. 
 
Department of Ecology (DOE). 2001.  Stormwater Management Manual for Western 
Washington.  
 
Department of Ecology (DOE). 2003.  Lower Snohomish River Tributaries Fecal Coliform 
Bacteria Total Maximum Daily Load Detailed Implementation Plan.  Bellevue, WA.  Publication 
No. 03-10-031. 
 
Department of Ecology (DOE). 2003a.  North Creek Fecal Coliform Bacteria Total Maximum 
Daily Load: Detailed Implementation Plan.  Bellevue, WA.  Publication No. 03-10-047. 
 
Department of Ecology (DOE). 2005.  Stormwater Management Manual for Western 
Washington. Publication Number: 05-10-33 
 
Department of Ecology (DOE). 2007.  Draft Guidance for Evaluating Emerging Stormwater 
Treatment Technologies-Technology Assessment Protocol—Ecology (TAPE)—
Modification:Evaluating Stormwater Treatment Technologies with Long Detention Times.   
 
Department of Ecology (DOE). 2008.  Guidance for Evaluating Emerging Stormwater Treatment 
Technologies-Technology Assessment Protocol—Ecology (TAPE) 
 
Interagency Catch Basin Insert Committee. 1995.  Evaluation of Commercially Available Catch 
Basin Inserts for the Treatment of Stormwater Runoff from Developed Sites. 
 
Leif, William. 1998.  Sediment Removal in Catch Basins and Catch Basin Inserts.  Snohomish 
County, WA. 
 
Leif, William. 1999. Compost Stormwater Filter Evaluation Final Report.  Snohomish County, 
WA. 
 
Lombard, S.M., and Kirchmer, C.J. 2001. Guidelines for preparing quality assurance project 
plans for environmental studies: Washington Department of Ecology Publication No. 01-03-003, 
37 pp. Olympia, WA. 
 
Snohomish County Surface Water Management (SWM). 2002. Drainage Needs Report. Everett, 
Wa. 
 
Snohomish County Surface Water Management (SWM). 2003. Vegetation Monitoring Manual. 
Everett, WA. 
 



 

A-1 

 



 

A-2 

 
 
 
 
 
 

Appendix A  BMP Support Information 



 

A-3 



 

A-4 

 

 

 

Snohomish Cascade Sector 3 Phase 1 and 2 
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Figure A-1 Study Area Drainage Map 
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Figure A-2 Sampling Site Map 

Water Flow through the System 

Inlet Sampling Point 
• 30” HDPE Smooth Pipe 
• Manhole Installation 
• 0.11 ft above 100-year 

water surface elevation 

Outlet Sampling Point 
• 24” HDPE Smooth Pipe 
• Manhole Installation 

Sediment Sampling will 
be conducted throughout 
the three pond cells as a 
composite sample. N 
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Snohomish Cascade 
 
 

1. The percent impervious: 
According to the Targeted Drainage Report, the project total area is 57 Acres.  The 
project area is divided in two basins: Larimer South with 3.54 Acres and Larimer West 
with 53.4 Acres.   
 
The Targeted drainage report shows that the design engineer consider 2.48 acres of 
impervious surface from the Larimer South basin and 21.10 Acres of impervious from 
Larimer West draining to the pond.  Thus, the total is 23.58 Acres of impervious surface; 
which equals to 41.4% of the 57 Acres (project total area).  See Targeted Drainage 
Report: Basin Summary. 
 

2. Depth of pertinent rainfall events: 
2-year, 24-hour rainfall depth:   1.70-inches 
Water Quality event:   1.22-inches 
 

3. Dead storage volume: 
The pond was designed based on the 1992 stormwater manual.  According to the 
manual guidance the volume of the required dead storage should be 124,059 cubic feet.  
The dead storage volume was recalculated using the as-built drawings and is 81,918 
cubic feet.  The constructed volume is approximately 66 percent of the required volume.  
This is a 42,141 cubic foot deficiency.  The dead storage water surface elevation is 
303.34 feet and the surface area is 24,776 square feet.  The flat bottom area of the pond 
is 5,869 square feet. 

 
4. Dead Storage Cell function 

The shape and flow of water through each of the cells is provided in Figure A-2.  The 
total flow length though the cells is 484 feet.  The bottom elevation of each of the three 
cells is 298 feet, which provides 5.34 feet water quality storage depth.  The storage 
volume for each cell is: 
 
Cell 1: 23,434 cubic feet 
Cell 2: 29,388 cubic feet 
Cell 3: 29,096 cubic feet 
 

5. Bypass and overflow 
No bypasses to this system exist upstream.  A pond overflow does exist at the north end 
of cell 3.  The overflow bypasses water from the control structure when the water 
elevation in the pond exceeds 309 feet, the 100-year water surface elevation. 
 

6. Sediment storage volume: 
As-built plans do not show a forebay in the pond and no extra volume is provided in the 
cells for sediment accumulation. 

 
7. Plans and Drainage Calculations 

Site plans and the detail drainage report were provided to the Department of Ecology 
(Ed O’Brien) on November 29, 2007. 
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8. Groundwater  

The as-built drawing shows the presence of a 20-mil HDPE pond liner in each cell to 
preclude groundwater intrusion.  This liner extends throughout the pond and up to the 
100-year water surface elevation.  The retaining wall on the south end of the pond is 
drained by a 4-inch perforated PVC pipe.  Visual observations at the site do not indicate 
substantial discharge of groundwater to the pond from this drainage system.  
Additionally, no other groundwater seeps were identified from adjacent land around the 
pond. 
 

9. Detention Emptying Time: 
These numbers represent the emptying time for the detention component of the system 
and do not represent the dead storage area. 
 
Brim-full emptying time: 96 hours 
Half brim-full emptying time: 70 hours 
 

10. Maintenance 
The site will be inspected and maintained as necessary in spring/summer 2008. 
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Emerald Meadows 
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Figure A-3 Study Area Drainage Map 
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Figure A-4 Sampling Site Map 

Inlet Water  Sampling Point:   
• 12” HDPE Smooth Pipe 
• Surface Installation 

Outlet Water Sampling Point:   
• 12” HDPE Smooth Pipe 
• Surface Installation 
 

N 
Water Flow through the system 

Sediment Sampling will 
be conducted throughout 
the two pond cells as a 
composite sample. 
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Emerald Meadows 
 
 

1. The percent impervious: 
According to the Targeted Drainage Report, the project total area is 2.1 Acres.   
The Targeted drainage report shows that the design engineer consider 0.92 acres of 
impervious surface; which equals to 44% of the total area.   
 

2. Depth of pertinent rainfall events: 
2-year, 24-hour rainfall depth:   1.55-inches 
Water Quality event:   1.12-inches 
 

3. Dead storage volume: 
The pond was designed based on the 1992 stormwater manual.  According to the 
manual guidance the volume of the required dead storage should be 4,269 cubic feet.  
The dead storage volume was recalculated using the as-built drawings and is 1,362 
cubic feet.  The constructed volume is approximately 32 percent of the required volume.  
This is a 2,907 cubic foot deficiency.  The dead storage water surface elevation is 
330.00 feet and the surface area is 1,440 square feet.  The flat bottom area of the pond 
is 1,440 square feet. 

 
4. Dead Storage Cell function 

The shape and flow of water through each of the cells is provided in Figure A-4.  The 
total flow length though the cells is 52 feet.  Specifics of each cell are provided below: 
 
Cell Bottom Elevation  

(Feet) 
Dead Storage 
Elevation (Feet) 

Storage Volume 
(cubic feet) 

West Cell  326.60 330.00 708 
East Cell  329.00 330.00 444 

 
5. Bypass and overflow 

No bypasses to this system exist upstream.  An emergency overflow spillway does exist 
at the east end of the east cell.  The overflow bypasses water from the control structure 
when the water elevation in the pond exceeds 334.6 feet, the 100-year water surface 
elevation. 

 
6. Sediment storage volume: 

Per a rough estimate from as-built plan the forebay volume is 210 cu-ft. 
 

7. Plans and Drainage Calculations 
Site plans and the detail drainage report were provided to the Department of Ecology 
(Ed O’Brien) on November 29, 2007. 
 

8. Groundwater  
The as-built drawing shows the presence of a 20-mil HDPE pond liner in each cell to 
preclude groundwater intrusion.  This liner extends throughout the pond and up to the 
100-year water surface elevation.  No groundwater seeps were identified from adjacent 
land around the pond. 
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9. Detention Emptying Time: 

These numbers represent the emptying time for the detention component of the system 
and do not represent the dead storage area. 
 
Brim-full emptying time: 70 hours 
Half brim-full emptying time: 45 hours 
 

10. Maintenance 
The site will be inspected and maintained as necessary in spring/summer 2008. 
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Center Road Pond 
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Figure A-5 Center Road Drainage Map 
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Figure A-6 Center Road Pond Sampling Site Map 

Inlet Water Sampling Point 
• 18” HDPE Smooth Pipe 
• Surface Installation 
• Backflow Prevention 

Required 

Outlet Water Sampling Point 
• 18” HDPE Smooth Pipe 
• Surface Installation @ 

Manhole 
• Backflow Prevention 

Required 

Water Flow through the System 

Sediment Sampling will 
be conducted throughout 
the two pond cells as a 
composite sample. 
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Center Road Pond 
 
 

1. The percent impervious: 
According to the Targeted Drainage Report, the project total area is 5.58 Acres.   
The Targeted drainage report shows that the design engineer consider 4.38 acres of 
impervious surface; which equals to 78% of the total area.   
 

2. Depth of pertinent rainfall events: 
2-year, 24-hour rainfall depth:   1.50-inches 
Water Quality event:   1.08-inches 
 

3. Dead storage volume: 
The pond was designed based on the 2001 stormwater manual.  According to the 
manual guidance the volume of the required dead storage should be 20,702 cubic feet.  
The dead storage volume was recalculated using the as-built drawings and is 25,315 
cubic feet.  The constructed volume is approximately 4,613 cubic feet greater than 
required volume.  The dead storage water surface elevation is 558.00 feet and the 
surface area is 20,085 square feet.  The flat bottom area of the pond is 10,846 square 
feet. 

 
4. Dead Storage Cell function 

The shape and flow of water through each of the sequential cells is provided in Figure A-
6.  The total flow length though the cells is 465 feet.  Specifics of each cell are provided 
below: 
 
Cell Bottom Elevation  

(Feet) 
Dead Storage 
Elevation (Feet) 

Storage Volume 
(cubic feet) 

Settling Cell  554.00 558.00 6,456.00 
Wetland Cell  556.5 558.00 13,629 

 
5. Bypass and overflow 

This system is an inline system and no bypasses to this system exist upstream.  An 
emergency overflow spillway does exist at the north end of the pond.  The overflow 
bypasses water from the control structure when the water elevation in the pond exceeds 
562.00 feet, 0.50 feet above the 100-year water surface elevation. 

 
6. Sediment storage volume: 

Per a rough estimate from as-built plan the settling cell is 6,456 cu-ft. 
 

7. Plans and Drainage Calculations 
Site plans and the detail drainage report were provided to the Department of Ecology 
(Ed O’Brien) on May 30, 2008. 
 

8. Plants 
The planting list for this project indicates that the following plants were installed: 
Quantity Common Name Species Size 
250 Douglas spirea Spiraea douglasii 1 gallon 
150 Scouler’s willow Salix scouleriana Live Stake 
300 Sitka willow Salix sitchensis Live Stake 
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9. Groundwater  

A pond liner was not part of the design or construction of these structures because till 
material is present approximately 2 feet below the surface, which will exclude 
groundwater infiltration and ex-filtration.  No groundwater seeps were identified from 
adjacent land around the pond.  Flow meters installed at the inlet and outlet will identify if 
groundwater gains or losses are occurring.   
 

10. Traffic Volume: 
Traffic count reports for Beverly Park Road and Gibson Road including count, peak hour, 
and volume can be found below. 
 

11. Detention Emptying Time: 
These numbers represent the emptying time for the detention component of the system 
and do not represent the dead storage area. 
 
Brim-full emptying time: 32 days 
Half brim-full emptying time: 26 days 
 

12. Maintenance 
The site will be inspected and maintained as necessary in spring/summer 2008. 
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Gibson Road Pond 
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Figure A-7 Gibson Road Pond Drainage Map 
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Figure A-8 Gibson Road Pond Sampling Site Map 

Inlet Water Sampling Point 
• 18” HDPE Smooth Pipe 
• Surface Installation 
• Backflow Prevention 

Required 

Outlet Water Sampling Point 
• 18” HDPE Smooth Pipe 
• Surface Installation @ 

Manhole 
• Backflow Prevention 

Required 

Water Flow through the System 

Sediment Sampling will 
be conducted throughout 
the two pond cells as a 
composite sample. 
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Gibson Road Pond 
 
 

1. The percent impervious: 
According to the Targeted Drainage Report, the project total area is 2.81 acres with 
approximately 100 percent impervious cover.   
 

2. Depth of pertinent rainfall events: 
2-year, 24-hour rainfall depth:   1.50-inches 
Water Quality event:   1.08-inches 
 

3. Dead storage volume: 
The pond was designed based on the 2001 stormwater manual.  According to the 
manual guidance the volume of the required dead storage should be 18,257 cubic feet.  
The dead storage volume was recalculated using the as-built drawings and is 15,903 
cubic feet.  The constructed volume is approximately 2,354 cubic feet less than required 
volume.  The dead storage water surface elevation is 540.00 feet and the surface area is 
9,263 square feet.  The flat bottom area of the pond is 6,640 square feet. 

 
4. Dead Storage Cell function 

The shape and flow of water through each of the sequential cells is provided in Figure A-
8.  The total flow length though the cells is 465 feet.  Specifics of each cell are provided 
below: 
 
Cell Bottom Elevation  

(Feet) 
Dead Storage 
Elevation (Feet) 

Storage Volume 
(cubic feet) 

Settling Cell  538.00 540.00 4,929.00 
Wetland Cell  538.00 540.00 10,974.00 

 
5. Bypass and overflow 

This system is an inline system and no bypasses to this system exist upstream.  An 
emergency overflow spillway does exist at the north end of the pond.  The overflow 
bypasses water from the control structure when the water elevation in the pond exceeds 
544.50 feet, 0.50 feet above the 100-year water surface elevation. 

 
6. Sediment storage volume: 

Per a rough estimate from as-built plan the settling cell is 4,929 cu-ft. 
 

7. Plans and Drainage Calculations 
Site plans and the detail drainage report were provided to the Department of Ecology 
(Ed O’Brien) on May 30, 2008. 
 

8. Plants 
The planting list for this project indicates that the following plants were installed: 
Quantity Common Name Species Size 
100 Douglas spirea Spiraea douglasii 1 gallon 
150 Sitka willow Salix sitchensis Live Stake 
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9. Groundwater  

A pond liner was not part of the design or construction of these structures because till 
material is present approximately 2 feet below the surface, which will exclude 
groundwater infiltration and ex-filtration.  No groundwater seeps were identified from 
adjacent land around the pond.  Flow meters installed at the inlet and outlet will identify if 
groundwater gains or losses are occurring.   
 

10. Traffic Volume: 
Traffic count reports for Beverly Park Road and Gibson Road including count, peak hour, 
and volume can be found under the Center Road Pond discussion. 
 

11. Detention Emptying Time: 
These numbers represent the emptying time for the detention component of the system 
and do not represent the dead storage area. 
 
Brim-full emptying time: 13 days 
Half brim-full emptying time: 11 days 
 

12. Maintenance 
The site will be inspected and maintained as necessary in spring/summer 2008. 
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North Creek Park Division 1 
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North Creek Park Division 1 
 

1. The percent impervious: 
The figure provided below shows the drainage area contributing stormwater to the 
treatment facility.  The total drainage area for this site is 2.73 acres with approximately 
53 percent (1.46 acres) representing impervious land cover.  The impervious land cover 
is represented by roofs, driveways, and roadways in the high density residential 
neighborhood.   

 
2. Volumes of the various rainfall runoff events: 

The figure provided below illustrates three distinct sections to the drainage area; Section 
A, black hatching; Section B, red hatching; and Section C, brown hatching.  These three 
sections represent different conditions in the drainage area contributing stormwater to 
the treatment system. 

 
Section A 
Section A is 0.133 acres in size with 64 percent of the land area represented by 
impervious cover, 21 percent pervious land cover, and 15 percent by pervious concrete.  
Since this drainage are is directly adjacent to the treatment area 100 percent of the 
runoff sheet flows into the treatment system downstream of the upper monitoring site 
and upstream of the lower monitoring site.   
 
The flow entering the system will be modeled for each rainfall-runoff event to determine 
the volume entering the system.  This volume will be entered into the water budget for 
the site to determine the overall effectiveness of the project.  A summary of the 
hydrologic calculations with is provided below. 
 
Section B 
Section B is 0.858 acres in size with 48 percent of its area represented by impervious 
cover.  The area is drained via overland flow to a piped storm sewer system which 
ultimately discharges 100 percent of the storm flow to the treatment facility at the 
upstream monitoring point. A summary of the hydrologic calculations with is provided 
below. 
 
 
Section C 
This section is 1.74 acres in size and has an impervious cover of approximately 55 
percent.  The flow collected from this area in the storm sewer system drains to an in-line 
control flow splitter on 167th Street SE.  The control structure allows a maximum of 0.27 
Cubic Feet per Second (cfs) to flow through and ultimately discharge to the treatment 
facility.  The remaining flow is directed to an adjacent drainage system.   
 
The original design calculated 0.27cfs as the water quality treatment volume as defined 
by the Stormwater Program Guidance Manual for Puget Sound (Ecology 1992).  A 
review of the design calculation showed that more recent precipitation data was 
available for the hydrologic calculations.  This data shows that the water quality 
treatment volume released by the control structure should be 0.37 cfs.  At this time, 
increasing the size of the orifice is not being considered due to downstream capacity 
concerns.  A summary of the hydrologic calculations with the updated rainfall amounts is 
provided below. 
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3. Existing soils 

The Soil Survey of Snohomish County was used to identify the soils present on this site.  
The project site contains or is influenced by two soils, the Norma Loam and the 
Alderwood Urban Land Complex.  Physical inspections of the soil, conducted by the 
project engineer suggested that the existing material has characteristics of both soils. 
These types of soils are characteristic of Snohomish County soils along waterway 
cooridors. Information about these soils from the soil survey is provided below: 

 
39-Norma Loam 

Depth (in) Clay <2mm 
(pct) 

Permeability 
(in/hr) 

Available 
Water 

Capacity 
(in/in0 

USDA 
Texture 

0-10 10-15 0.6-2.0 0.19-0.21 Loam 
10-28 5-10 2.0-6.0 0.12-0.15 Sandy loam, 

fine sandy 
loam, silt 
loam 

26-60 5-20 0.6-2.0 0.12-0.15 Stratified 
loamy sand to 
silty clay loam

 
 
6-Alderwood Urban Land Complex 

Depth (in) Clay <2mm 
(pct) 

Permeability 
(in/hr) 

Available 
Water 

Capacity 
(in/in0 

USDA 
Texture 

0-7 5-10 2.0-6.0 0.07-0.11 Gravelly 
sandy loam 

7-35 5-10 2.0-6.0 0.07-0.11 Very gravelly 
loam, very 
gravelly 
sandy loam 

35 NA NA NA cemented 
 

4. Compost Materials 
The compost and sand specifications, provided by Cedar Grove Composing are 
provided below. 
 

5. Plans and Drainage Calculations 
 

The drainage calculations and site plans are provided below. 
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 Project Title: Section A   

 Project 
Number: RR47368             

          
 INPUT PARAMETERS       
Given: EXISTING SITE CONDITIONS*      

Area    = 0.133  acres {total of PERVIOUS + IMPERVIOUS}     
Tc      = 3 min.        

PERVIOUS Parcel  IMPERVIOUS Parcel     
Area    = 0.0274  acres Area    = 0.1056 acres     
CN      = 90  CN      = 98      

          
 * Input data per "2001 Stormwater Managment Manual for Western Washington, III-2.3.2 Runoff Parameters." 

          
Rainfall: FROM ISOPLUVIALS (except WQ, as noted)     

WQ = 1.44 inches {per "2001 Stormwater Mgnt. Man. for Western Washington" = (0.72)(2yr/24hr)} 

2yr/24hr = 2.00 inches        
5yr/24hr = 0.00 inches  CORRECTION FACTOR    

10yr/24hr = 2.63 inches  79% Existing Site Impervious Cover   
25yr/24hr = 2.98 inches  1.1      
50yr/24hr = 3.50 inches  "2001 Stormwater Mgnt. Man. for Western Washington" Fig. 2-1, Pg. 2-5, Vol. III 

100yr/24hr = 3.86 inches        
          
 SUMMARY OF PEAK FLOW AND HYDROGRAPH VOLUME    
          

DESIGN 
STORM  EXISTING    EXISTING  

WQ Qpeak = 0.05 c.f.s.       
 Vol = 531.41 cu.ft.       
          

2yr/24hr Qpeak = 0.07 c.f.s.    0.07   
 Vol = 788.97 cu.ft.       
          

5yr/24hr Qpeak = 0.00 c.f.s.    0.00   
 Vol = 0.00 cu.ft.       
          

10yr/24hr Qpeak = 0.09 c.f.s.    0.10   
 Vol = 1083.86 cu.ft.       
          

25yr/24hr Qpeak = 0.11 c.f.s.    0.12   
 Vol = 1249.04 cu.ft.       
          

50yr/24hr Qpeak = 0.13 c.f.s.    0.14   
 Vol = 1495.61 cu.ft.       
          

100yr/24hr Qpeak = 0.14 c.f.s.    0.16   
 Vol = 1666.90 cu.ft.       
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 Project Title: Section B      

 Project 
Number: 

RR4736
8                

           
 INPUT PARAMETERS        

Given: EXISTING SITE CONDITIONS*       
Area    = 0.858  acres {total of PERVIOUS + IMPERVIOUS}      
Tc      = 16 min.         

PERVIOUS Parcel  IMPERVIOUS Parcel      
Area    = 0.446  acres Area    = 0.412 acres      
CN      = 86  CN      = 98       

           
 * Input data per "2001 Stormwater Managment Manual for Western Washington, III-2.3.2 Runoff Parameters."  
           

Rainfall: FROM ISOPLUVIALS (except WQ, as noted)      
WQ = 1.44 inches {per "2001 Stormwater Mgnt. Man. for Western Washington" = (0.72)(2yr/24hr)}  

2yr/24hr = 2.00 inches         
5yr/24hr = 0.00 inches  CORRECTION FACTOR     
10yr/24hr 

= 2.63 inches  48% Existing Site Impervious Cover    

25yr/24hr 
= 2.98 inches  1.1 "2001 Stormwater Mgnt. Man. for Western Washington" Fig. 2-1, Pg. 2-5, Vol. III 

50yr/24hr 
= 3.50 inches         

100yr/24hr 
= 3.86 inches         

           
 SUMMARY OF PEAK FLOW AND HYDROGRAPH VOLUME     
        w/ CORRECTION FACTOR 

 DESIGN 
STORM EXISTING      EXISTING 

WQ Qpeak = 0.15 c.f.s.           
 Vol = 2559.39 cu.ft.        
           

2yr/24hr Qpeak = 0.25 c.f.s.      0.27  
 Vol = 4028.17 cu.ft.        
           

5yr/24hr Qpeak = 0.00 c.f.s.      0.00  
 Vol = 0.00 cu.ft.        
           

10yr/24hr Qpeak = 0.36 c.f.s.      0.39  
 Vol = 5775.69 cu.ft.        
           

25yr/24hr Qpeak = 0.42 c.f.s.      0.47  
 Vol = 6774.12 cu.ft.        
           

50yr/24hr Qpeak = 0.52 c.f.s.      0.57  
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 Vol = 8282.38 cu.ft.        
           

100yr/24h
r Qpeak = 0.59 c.f.s.      0.65  

 Vol = 9339.79 cu.ft.        
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 Project Title: Section C   

 Project 
Number: RR47368   

            
 INPUT PARAMETERS         

Given: EXISTING SITE CONDITIONS*        
Area    = 1.74  acres {total of PERVIOUS + 

IMPERVIOUS}       
Tc      = 9 min.          

PERVIOUS Parcel  IMPERVIOUS Parcel       

Area    = 0.777  acres Area  
= 0.963 acres       

CN      = 86  CN  
= 98        

            
 * Input data per "2001 Stormwater Managment Manual for Western Washington, III-2.3.2 Runoff Parameters."   
            

Rainfall: FROM ISOPLUVIALS (except WQ, as noted)       
WQ = 1.44 inches {per "2001 Stormwater Mgnt. Man. for Western Washington" = (0.72)(2yr/24hr)}   

2yr/24hr = 2.00 inches          
5yr/24hr = 0.00 inches  CORRECTION FACTOR      
10yr/24hr 

= 2.63 inches  55% Existing Site Impervious 
Cover     

25yr/24hr 
= 2.98 inches  1.1 "2001 Stormwater Mgnt. Man. for Western Washington" Fig. 2-1, Pg. 2-5, Vol. III 

50yr/24hr 
= 3.50 inches          

100yr/24hr 
= 3.86 inches          

            
 SUMMARY OF PEAK FLOW AND HYDROGRAPH VOLUME      
        w/ CORRECTION FACTOR  

 DESIGN 
STORM EXISTING      EXISTING  

WQ Qpeak = 0.37 c.f.s.            
 Vol = 5545.85 cu.ft.         
            

2yr/24hr Qpeak = 0.59 c.f.s.      0.65   
 Vol = 8597.21 cu.ft.         
            

5yr/24hr Qpeak = 0.00 c.f.s.      0.00   
 Vol = 0.00 cu.ft.         
            

10yr/24hr Qpeak = 0.85 c.f.s.      0.93   
 Vol = 12198.61 cu.ft.         
            

25yr/24hr Qpeak = 0.99 c.f.s.      1.09   
 Vol = 14248.12 cu.ft.         
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50yr/24hr Qpeak = 1.21 c.f.s.      1.33   

 Vol = 17336.97 cu.ft.         
            

100yr/24hr Qpeak = 1.37 c.f.s.      1.50   
 Vol = 19498.71 cu.ft.         
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Appendix B Sampler and Meter Information 
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SIGMA 900 MAX Portable Sampler  
  

Sigma Portable Sampler Specification  
  
Model 900 Portable Sampler Specifications 

General Specifications:  

Dimensions:  

• Compact Base - Diameter 17-3/8" (44.1 cm), 
Height 24" (61 cm).  

• Standard Base - Diameter 19-7/8" (50.1 cm), 
Height 27-3/16" (69.4 cm). 

Sample Pump:    

• High speed peristaltic, dual roller, with 3/8" 
(.95 cm) ID by 5/8" (1.6 cm) OD pump tube.  

Pump Body:    

• High impact, corrosion resistant, glass 
reinforced Delrin*.  

Vertical Lift:    

• 27 ft. (8.2 m) maximum (note: Remote Pump 
Option recommended for lifts from 22 ft. (6.7 
m) to 35 ft. (10.7 m).  

Sample Transport Velocity:   

• 2 ft./sec. (.6 m/sec.) minimum at 15 ft. (4.6 
m) vertical lift in a 3/8" (.95 cm) ID intake 
tube.  

Pump Flow Rate:    

• 60 ml/sec at 3 ft. vertical lift in a 3/8" (.95 
cm) ID intake tube.  
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Liquid Sensor:    

• Single sensor, non-contact.  

Sample Volume:   

• Programmed in milliliters, in one ml 
increments from 10 to 9,999 ml.  

Sample Volume Repeatability:    

• ±5% typical.  

Sample Bottle Capacity:  

• Composite: 2.5 gal. glass, 3 gal. 
polyethylene, 4 gal. polyethylene, 5.5 gal. 
polyethylene, and 6 gal. polyethylene.  
Multiple Bottle: (2) 1 gal. glass, (2) 1 gal. 
polyethylene, (4) 1 gal. glass, (4) 1 gal. 
polyethylene, (8) 950 ml glass, (8) 1.9 liter 
glass, (8) 2.3 liter polyethylene, (12) 950 ml 
glass, (24) 350 ml glass, and (24) 575 ml 
polyethylene and (24) 1 liter polyethylene. 

Sampling Modes:  

• Multiple Bottle Time,  
• Multiple Bottle Flow,  
• Composite Time,  
• Composite Flow,  
• Flow with Time Override,  
• Variable Interval,  
• Start/Stop,  
• Level Actuation. 

Interval Between Samples:    

• Selectable in single increments from 1 to 
9,999 flow pulses (momentary contact closure 
25 msec. or 5-12 VDC pulse; 4-20 mA 
interface optional), or 1 to 9,999 minutes in 
one minute increments.  
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Multiplex:    
Multiple Bottle Mode:   

• multiple samples per bottle and/or multiple 
bottles per sample collection.  

Intake Purge:    

• Air purged automatically before and after each
sample; duration automatically compensated 
for varying intake line lengths.  

Pump/Controller Housing:    

• High impact injection molded ABS; 
submersible, watertight, dust tight, corrosion 
& ice resistant; NEMA 4X,6.  

Control Panel:    

• 18 key membrane switch keypad; 24 
character alphanumeric liquid crystal display.  

• Internal Clock:  Indicates real time and 
date; 0.007% time base accuracy.  

• Diagnostics: Tests RAM, ROM, pump, and 
distributor.  

• Program Delay:  Sampler start at time of 
day or delay in minutes.  

• Manual Sample: Initiates a sample collection 
independent of program in progress.  

• Intake Rinse: Intake line automatically 
rinsed with source liquid prior to each sample, 
from 1 to 3 rinses.  

• Intake Fault: Sample collection cycle 
automatically repeated from 1 to 3 times if 
sample not obtained on initial attempt.  

• Multiple Programs: Stores up to five 
sampling programs.  

• Cascade: Allows using two samplers in 
combination where the first sampler at the 
completion of the program initiates the 
second.  

• Data Logging: Records program start time 
and date, stores up to 400 sample collection 
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times/dates, all program entries, operational 
status including number of minutes or pulses 
to next sample, bottle number, number of 
samples collected, number remaining, sample 
volume collected, volume remaining, sample 
identification number.  

Status Output:  

• Low main battery,  
• Low memory power  
• Plugged intake  
• Jammed distributor arm  
• Sample collected  
• Purge failure. 

Automatic Shutdown:  

• Multiple Bottle Mode: After complete 
revolution of distributor arm (unless 
Continuous Mode selected).  

• Composite Mode: After preset number of 
samples have been delivered to composite 
container, from 1-999 samples, or upon full 
container.  

• Program Lock:  Access code protection 
precludes tampering.  

• Intake Tubing: 3/8" ID vinyl.1/4" ID 
vinyl.3/8" ID Teflon and polyethylene.  

• Intake Strainer: Teflon® and 316 stainless 
construction.All 316 stainless steel in standard
size and low profile for shallow depth 
applications.  

• Sampler Case:  High impact ABS, 3 section 
construction; double walled insulated base.  

Power Requirements:    

• 12 VDC (supplied by 12 VDC battery or AC 
adapter).  

• Optional AC Power Backup:  Rechargeable 
6 Amp-hour gel lead acid battery takes over 
automatically with AC line power failure. 
Integral trickle charger maintains battery at 
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full charge.  
• Internal Battery: 5 year lithium battery 

maintains program settings and real time 
clock.  

• Overload Protection: 5 amp DC line fuse 1 
amp DC line fuse (AC power converter). 

Temperature Range:  

• General use:  32° to 120°F (0° to 49°C)  
• Liquid Crystal Display: Operating - 14° to 

158°F (-10° to 70°C)  
• Storage: -40°F to 176°F (-40° to 80°C). 

Note: Specifications are subject to change without 
notice.  
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SIGMA 910 Area Velocity Flow Meter  
  

Specifications  
  
Model 910 Area Velocity Flow Meter 

Specifications General: 

• Dimensions: 4.5" dia. x 17.625" L (11.4 cm dia. x 44.8 cm L).  
• Weight: 7.8 lbs. (3.54 kg) with battery.  
• Enclosure Material: PVC.  
• Enclosure Rating: NEMA 6P (IP67).  
• Operating Temperature Range: 0 to 140°F (-18 to 60°C).  
• Storage Temperature Range: -40 to 140°F (-40 to 60°C).  
• Power Source: One (6V) Alkaline lantern battery.  
• Battery Life: 60 days typical with a 15-minute recording interval, 1 

level and 1 velocity, data download once per week, at 50° F (10°C) 
(also affected by site conditions).  

• User Interface: IBM compatible PC.  
• Monitoring Intervals: 1, 2, 3, 5, 6, 10, 12, 15, 20, 30, 60-minutes.  
• Program Memory: Non-volatile, programmable flash, can be updated

via RS-232 port.  
• Time Based Accuracy: ±1 second per day.  

Units of Measurement:   

• Level: in., m, cm, ft.  
• Flow: GPS, GPM, GPH, LPS, LPM, LPH, MGD, AFD, CFS, CFM, CFH, 

CFD, M3S, M3M, M3H, M3D.  
• Totalized Flow: gal., ft.³, acre-ft., L, m³.  

Data Storage:  

• Capacity: 90 days of 1 level reading and 1 velocity reading at a 15-
minute recording interval.  

• Data Types: Level and velocity.  
• Storage Mode: Wrap or slate.  
• Communications: Serial connection to IBM compatible computer with

Sigma analysis software 

Velocity Measurement Accuracy:  
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• Method: Doppler ultrasonic.  
• Transducer Type: Twin 1 MHz piezoelectric crystals.  
• Typical minimum depth for velocity: .8 in. (2 cm).  
• Range: -5 to 20 fps (-1.52 to 6.10 m/s).  
• Zero Stability: <.05 fps. (.015 m/s).  
• Accuracy: ±2% of reading. 

Integral Submerged Depth/ Velocity Sensor Accuracy:  

• Level Measurement (non-linearity and hysteresis):  
o Standard: .018 to 11.5 ft. ±. 023 ft. (.005 m - 3.5 m ± .007 

m);  
o Extended : .018 to 34.6 ft ± .07 ft. (.005 - 10.5 m ± .021 m). 

  

• Maximum Allowable Level: 3x over pressure.  
• Operating Temperature Range: 32 to 160°F (0-71°C).  
• Compensated Temperature Range: 32 to 86°F (0-30°C).  
• Temperature Error: .018 - 34.6 ft. ±.012 ft./°F (.018-10.5 m ± .006

m/°C). .018 - 34.6 ft. ± .012 ft./°F (.018-10.5 m ± .006 m/°C) 
(maximum error within compensated temperature range - per degree 
of change).  

• Velocity Induced Error on Depth (patent pending): 0 to 10 
ft/sec. (0 to 3.05 m/s) = .085% of reading.  

• Air Intake: Atmospheric pressure reference is desiccant protected.  

General: 

• Material: Polymer body with stainless steel diaphragm.  
• Cable: Urethane sensor cable with air vent.  
• Cable Length: 25' (7.6 m) standard. 250' (76 m) maximum.  
• Dimensions (combination sensor): .8" H x 1.5" W x 5" L (2 cm x 

3.8 cm x 12.7 cm). 
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Appendix D Draft Conceptual Database Tables 
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Action Table Precipitation 

Summary Table 
Precipitation Data 
Table 

Runoff Summary Table Runoff Data Table 

Monitoring Site ID Monitoring Site ID Monitoring Site ID Monitoring Site ID Monitoring Site ID 
Action ID Action ID Action ID Action ID Action ID 
Date Crew Rain Start Date Date Peak Flow Captured Y/N Date 
Action Type Rain Start Time Time Runoff Start Date Time 

• Stormwater sampling Rain End Date Precipitation Runoff Start Time Runoff 
• Sediment sampling Rain End Time Errors Runoff End Date Errors 
• Toxicity Total Rain Fall  Runoff End Time  
• Flow download Max Intensity  Total Flow Volume  
• Precip download Antecedent Dry Days  Peak Flow  
• Replace strainer Antecedent Rain Event  Estimated Peak Capture  
• Replace hose     
• Check/replace battery     
• Replace sampler     
• Replace flow meter     
• Calibrate flow     
• Calibrate sampler     
• Calibrate rain guage     

 
 
Maintenance Actions 
Table 

Decontamination Summary Table 

Monitoring Site ID Monitoring Site ID 
Action ID Action ID 
Replaced Sampler Equipment 

• y/n • Hose 
• Comments • Strainer 

Replaced Flow Meter • Scoop 
Replaced Sampler Battery • Sample Bottles 
Replaced Sampler Hose Equipment ID 
Replaced Flow Meter Desiccant Blank Taken 
Calibrated Flow Meter • y/n 
Calibrated Sampler  
Calibrated Rain Gauge  
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SW Sampling Data 
Table 

Sed. Sampling Data 
Table 

Parameter Info Table 

Monitoring Site ID Monitoring Site ID Parameter 
Action ID Action ID Unit 
Sample Start Time Sample Type Method 
Sample End Time Date Analyzed Detection Limit 
Sample Type Date Sampled Reporting Limit 
Date Analyzed Total Solids Results Collection Method 
Date Sampled Grain Size • Grab 
TSS TOC • Autosampler 
Turbidity Cu Hold Time 
Conductivity Zn Lab 
Chloride Cd  
BOD5 Pb  
Hardness Hg  
MBAS PAH  
Fecal Coliform Phthalates  
Total Phosphorus 2,4-D  
Ortho Phosphorus MCPP  
TKN Triclopyr  
Nitrite Nitrate Diazinon  
Total Cu Malathion  
Dissolved Cu Chlorpyrfos  
Total Pb Dichhlrobenil  
Dissolved Pb Prometon  
Total Zn Pentachlorophenol  
Dissolved Zn Total Volatile Solids  
Total Cd NWTPH-Gx  
Dissolved Cd NWTPH-Dx  
Mercury Total Phosphorus  
PAH   
Phthalates   
2,4-D   
MCPP   
Triclopyr   
Diazinon   
Malathion   
Chlorpyrfos   
Dichhlrobenil   
Prometon   
Pentachlorophenol   
Particle Size Distribution   
pH   
NWTPH-Gx   
NWTPH-Dx   
Toxicology   
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Test Site Location 
Table 

Contacts Table BMP Monitoring 
Status Table 

BMP Basin 
Structural Info 
Table 

Monitoring Site ID Agency/Firm/Homeowner Station ID Station ID 
Jurisdiction Name Upstream BMP Water Quality 

Detention Volume 
State Address • Wetpond WQ Detention Area 
Zip Phone • 2 treatment WQ Detention Basin 

Length 
Country E-mail Relationship to 

Upstream BMP 
Detention Basin Bottom 
Area 

Altitude Role • Inflow Brim Full Volume 
Empty Time 

Lat Site ID • Outflow Half Brim Full Volume 
Empty Time 

Long • Individual • N/A Bottom Stage Volume 
Watershed • All Downstream BMP Bottom Stage Volume 
Total Watershed Area  • Wetpond Micropool?  
 percent Impervious 
Area 

 • Two Treatment Forebay Volume 

Regional Climate 
Station 

 Relationship to 
Downstream BMP 

Forbay Surface Area 

  • Inflow Vegetative Cover 
Description 

  • Outflow Flood Control Volume 
  • N/A Design Flood Return 

Periods 
  Structural BMP name  
  Structural BMP Type  
  Date Facility put into 

service 
 

  # Separate inflows  
  Type of BMP outlet  
  Does BMP have a 

bypass 
 

  Drawing  
 
 
BMP Biofilter Info Table 
Filter Length 
Slope 
Flow Depth During 2-year Storm 
2-yr Peak Flow Velocity 
Grass Species Density 
Irrigated? 
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Appendix E Chain of Custody Form 
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Appendix F Clean Hands Technique for the Automated 
Sampler 
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Clean Hands Technique 
 
The following procedure is taken from Caltrans Comprehensive Protocols Guidance Manual 
(2003).  The procedure describes the method for changing bottles out of the sampler without 
contaminating the bottles or sampler.  This method is referenced as the clean hands technique. 
 

1. The automated sampling equipment is placed in pause mode prior to the initiation of a 
composite bottle change.  This action is accomplished in the field or by remote 
monitoring personnel if the monitoring station is equipped with telemetry. 

2. Composite bottle changing requires two field crew members-“clean hands” and “dirty 
hands.”  Both team members wear clean, powder-free nitrile gloves.  “Clean hands” only 
touches suction tubing and Teflon composite bottle lids.  Keep extra gloves within easy 
reach. 

3. Prior to putting on clean gloves, the clean empty sample bottle is placed near the 
automated sampling unit, and the sampler is opened. 

4. Wearing clean powder-free nitrile gloves, “dirty hands” removes the lid clamps from 
both the full sample bottle and the clean sample bottle. 

5. “Clean hands” removes the end of the pump tubing from the composite bottle and “dirty 
hands” places a clean zip lock bag over the end of the tubing securing it with a rubber 
band.  The inside of the bag should never be touched by sampling personnel. 

6. “Clean hands” switches the bottle lids, putting the solid lid on the full bottle and the 
perorated lid on the clean empty bottle. 

7. “Dirty hands” installs the lid clamps on both bottles, removes the full bottle from the 
sampler, replacing it with the clean empty bottle. 

8. “Clean hands” holds the tubing while “dirty hands” removes the zip lock bag from the 
end of the pump tubing, being careful not to touch the tubing. 

9. “Clean hands” inserts the tubing through the lid of the clean bottle. 
10. The sampler is closed and sampling equipment is placed in sample mode.  Remote 

operation personnel are notified as soon as the bottle change I complete. 
11. The sampling team fills out the appropriate information on the label of the full sample 

bottle. 
12. The full bottle is surrounded with fresh ice or frozen refreezable ice packets, and secured 

inside the vehicle for transport. 
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Appendix G  Data Verification Decision Flow Chart 
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  No 
 
 Yes

Holding Time, Temperature, and 
filtering Compliance 

Are Method blanks 
ND or within 
project specs? 

LCS recoveries 
within project specs? 

Are MSD RPDs 
within project specs? 

Are MS recoveries 
within project specs? 

Are lab duplicate RPDs 
within project specs? 

Qualify results as estimated if 
variance allowed, or reject results.  
Proceed to next step. 

Are sample 
results ND?

Are sample results 
<10x (phthalates & common contaminates) or 
<5x (semi- & non-volatiles & metals) 
Blank concentration?

No qualification.  
Proceed to next step

Are measured differences between 
samples less than the reporting limit?

Qualify associated detected environmental 
sample results as “U.”  Proceed to next step 

No qualification.  
Proceed to next step

Qualify sample results as estimates due 
to analytical variability.  Proceed to next 
step. 

No qualification.  
Proceed to next step IF MS result is > UL, 

Qualify detected associated environmental sample results as 
estimates due to matrix interference. 
If MS result is < LL, 
Qualify associated environmental sample results as estimates due 
to matrix interference and consider rejecting associated 
environmental sample data below detection based on other 

Qualify sample results as estimates due 
to matrix interference.  Proceed to next 
step

If spike recovery result is >UL, 
Qualify associated environmental sample results above detection levels as estimates due 
to high analytical bias. 
IF spike recovery result is <LL or more than half of recoveries are outside acceptability 
limits, qualify associated detected environmental sample results as estimates due to low 
analytical bias and reject associated environmental sample data below detection. 

No qualification. 
Proceed to field-initiated QA/QC data evaluation

Technical Data Evaluation for Lab-Initiated QA/QC Samples 
Caltrans 2003 
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Are field blanks ND? Are sample 
results ND?

Are sample results 
<10x (phthalates & common contaminates) or 
<5x (semi- & non-volatiles & metals) 
Blank concentration?

No qualification.  
Proceed to next step

Qualify associated detected environmental 
sample results as “U.”  Proceed to next step

No qualification.  
Proceed to next step

Are field duplicate RPDs 
within project specs? 

Are measured differences between 
samples less than the reporting limit?

Report patterns in data report narrative.  
Remediate field and lab protocols as 
necessary. Qualify results if deemed 

No qualification.  
Proceed to next step

Do overall QC results 
indicate systematic 
problems? 

Make additional data qualifications as 
necessary matrix, method, etc.  Qualified 
data should be noted and reported 

No limitation on use of 
unqualified data.  Qualified 
data should be noted and 
reported

Technical Data Evaluation for Field-Initiated QA/QC Samples 
Caltrans 2003 
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Appendix H  Efficiency Calculator Guidance (TAPE) 
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Appendix J – TO USE EFFICIENCY CALCULATOR  
 
EFFICIENCY CALCULATOR is an Excel VBA macro developed for this modified guidance.  It 
was developed specifically to compare influent and effluent data to produce the confidence limits 
of the treatment efficiency when two data sets have unequal values for n, sample size.   
 
With the “Efficiency Calculator” software for Excel, simply input the number of inflow and 
outflow points and the means and standard deviations of SMC values in order to arrive at the 
Treatment Efficiency (TE) for concentration.  If the confidence interval is sufficiently narrow, 
you are finished evaluating the BMP.  The confidence interval should be no more broad than +/- 
50% of TE (for example 60% TE +/- 30 %).  If you desire to show, for example, that the BMP 
provides at least 50% removal, your desired confidence interval would be +/- 10% or smaller, 
requiring more data to show. 
 
The Efficiency Calculator should also be used to calculate the TE on a loading basis.  (See 
Methods #1 and #2 in the “DATA EVALUATION METHODOLOGY” section of the long-
detention time BMP guidance.  The calculator will show TE (treatment efficiency) and a 
confidence interval.  If not as narrow as desired, collect more data points. 
 
The efficiency calculator can be applied to results at mid-season to provide an indication of 
whether sufficient data have been collected, or to what extent more data need be collected.   
 
The calculator employs a Monte Carlo approach to generate simulated concentration values for 
the number of influent and effluent data points.  A distribution for actual influent as well as 
effluent concentrations is delineated by mean and standard deviation.  This distribution is then 
used to generate simulated from which removal efficiencies are calculated.  For example if 
concentrations for 12 influent and 15 effluent samples have been determined, the Efficiency 
Calculator will generate large numbers of simulated samples (with 12 influent and 15 effluent 
data points each.)  Then the  mean and standard deviation of the resulting simulated removal 
efficiencies is calculated (for example 2,000 removal efficiency values for 2,000 iterations).  
From this, the confidence limits of the removal efficiencies are calculated.  
 
Its use is simple and intuitive.  Input the mean, standard deviation, and n (sample size) for 
influent data as well as effluent data.  Output is the treatment efficiency and its confidence 
interval. (eg. 56% +/-  6.8%  for 95% confidence). 
 
Inputs should be simple means (averages) and standard deviations (not log means or log standard 
deviations).  This enables EFICIENCY CALCULATOR to calculate confidence intervals for 
treatment efficiency. 
 
EFFICIENCY CALCULATOR is based on the assumption that the mean of all SMCs (Sample 
Mean Concentrations) resulting from a season(s) of sampling are normally distributed.  This 
tends to be the case for data that themselves are not normally distributed.  That is, the values of 
SMCs may tend to be log-normally distributed, but the means of all those values can be expected 
to be normally distributed.  EFFICIENCY CALCULATOR processes at the level of individual 
mean values – one for influent and one for effluent no matter how large the study. 
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Settings for  EFFICIENCY CALCULATOR 
 
Set: 
 
Tools> Add-ins: check boxes for: - Analysis ToolPak 
      - Analysis ToolPak VBA 
      - Solver Add-in 
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Appendix K – Calculating sample size for experimental design 
 
The experimental design prior to sampling requires an estimate of mean and standard deviation 
of influent as well as effluent data.  The user provides an estimate of expected influent and 
effluent mean concentrations as well as standard deviation.  If standard deviations cannot be 
estimated, predicted, the typical COV values shown in Table 1 of TAPE Appendix D gives 
COVs (Coefficients of Variation) for BMPs with different treatment levels. COV can be used to 
estimate standard deviations (since COV = standard deviation / mean). The online calculator 
referenced below can be used to determine desired sample size for studies of long-detention time 
BMPs (in the place of Tables 1-3 and Figure 2).   
 
The calculator gives a single value for sample size, to be used both for influent and effluent 
samples.  It is only upon actual monitoring that a difference in influent and effluent sample sizes 
will be known.   
 
The use of the calculator is unrestricted.  It is stated at the internet site: “Feel free to use these 
and pass the links along to anyone that might be interested.”  
 
Link to calculator: 
http://www.dssresearch.com/toolkit/sscalc/size_a2.asp 
DSS Research homepage: 
http://www.dssresearch.com/home.asp 
 

Two Samples Using Average Values  

 

    

 
Average Value for Sample 1:  4.0 (Value measured from Sample 1 or expected from it) 

 
Average Value for Sample 2:  3.1 (Value measured from Sample 2 or expected from it) 

 
Standard Deviation for Sample 1:  1.0   

 
Standard Deviation for Sample 2:  0.8   

 
Alpha Error Level 
or Confidence Level:  

5% (Probability of incorrectly rejecting the null hypothesis that there is no 
difference in the average values). An Alpha of 5% corresponds to a 95% 
Confidence Interval. 

 
Beta Error Level 
or Statistical Power [1 - Beta]:  

20% (Probability of incorrectly failing to reject the null hypothesis that there is 
NO difference in the average values -- assuming no difference when a 
real difference exists). A Beta of 50% is used in most simple calculations 
of sampling error. 
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Calculate Sample Size
 

Sample Size = 13 for both samples!

 
 
Notes for use of the calculator: 

• The values for alpha and beta recommended by Pitt (Appendix D of TAPE) are 95% and 
80% respectively.  These are entered on the online calculator as alpha (5%) and beta 
(20%). Other values can be used.   

• Both standard deviations can be input as the same value. 
• The COVs for stormwater BMPs listed in Table 1 of Appendix D can be used to derive 

inputs to the online calculator.  COV = (standard deviation) / (mean).  For an expected 
standard deviation, COV values can be used to calculate mean values to enter into the 
online calculator.  Similarly for expected means, COV values can be used to calculate 
standard deviations to enter. 

 


