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EXECUTIVE SUMMARY
Main-stem rivers of the Snohomish River basin provide drinking water, irrigation, recreational
opportunities and critical habitat for endangered salmonid populations. Nutrients, point source
pollution, stream temperatures, and degraded aquatic habitat are conditions of known
impairment. Given the logistical challenges associated with surveying non-wadable streams,
the state of knowledge regarding these areas was limited relative to other portions of
Snohomish County.
Recognizing the importance of filling data gaps along main-stem rivers and the interrelation of
actions to improve water quality, restore aquatic habitat and foster community support for these
activities, Snohomish County Surface Water Management (SWM) developed an integrated
approach to data collection, restoration and community engagement along large rivers. Sharing
this vision the Washington Department of Ecology awarded funding for the Snohomish
Pollutant Diagnosis/Implementation project through the Centennial Clean Water Fund.
The project goal was to promote habitat and water quality improvements along the Snohomish
River and its major tributaries through a holistic approach. The project was laid out in two
phases, a diagnostic phase focused on filling data gaps and identifying the main problems in
river reaches within the study area and a response phase to address major problems identified.
The diagnostic phase included water quality sampling, temperature monitoring, bank conditions
and physical habitat inventory, and a riparian restoration opportunities analysis. The response
phase included technical assistance to landowners, referrals to the Snohomish County
Conservation District, and the implementation of restoration projects.
During the diagnostic phase, the project team surveyed water quality conditions including
pesticides at 20 sites, deployed 39 temperature loggers, surveyed bank along 260 kilometers of
bank, surveyed habitat conditions along 40 kilometers of river, and identified sites with high
potential for riparian restoration.
Key findings from the diagnostic phase include:
x Six sites had fecal coliform results that exceeded the 90th percentile standard for
primary contact designated use of 100 colonies per 100 milliliters.
x Three types of pesticides were found in samples collected from seven sites within the
study area.
x Main-stem temperatures exceeded Washington State water temperature standards
throughout the study area.
x Temperatures generally increased from upstream to downstream along the river
continuum.
x Side channels and tributary streams generally had cooler water temperatures than the
main stems and pockets of cool water temperature refugia.
x Water temperatures in the floodplain had high heterogeneity over short distances.
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x
x

Estimates of wood frequency and pool area fell below regional functional habitat
criteria for all reaches surveyed. Only two reaches received a “Properly Functional”
rating for bank stability.
68 sites were identified as high priority riparian restoration opportunities within the
study area.

Response phase accomplishments included:
x Contacting 30 landowners to address problems identified;
x Providing a list of the 43 sites within agricultural areas with the highest riparian
restoration potential to the Snohomish Conservation District;
x Replacing an iron tide-gate on Swan Trail Slough with a “fish friendlier” tide-gate to
improve fish access and water quality;
x Planting 11,758 of native plants on 10 acres along 1,650 m of stream.
x Removing 760 cubic meters of road fill and reconnecting 2.4 acres of riverine tidal
forested wetland with the Snohomish River.
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1.0

INTRODUCTION

1.1
Overview
Nutrients, point source pollution, stream temperatures, sediment and degraded aquatic
habitat are conditions of known impairment along the main-stem rivers of the
Snohomish River basin. Where these factors fail to meet State and Federal standards,
they pose a threat to public and ecological health. Furthermore, main-stem rivers and
large tributaries provide critical habitat for Chinook salmon and bull trout char
populations listed as threatened under the Federal Endangered Species Act (ESA). The
extent and sources of these problems were data gaps in the Snohomish River basin.
Recognizing that improving water quality, restoring habitat, and fostering community
support for these activities are interrelated, Snohomish County Surface Water
Management (SWM) developed an integrated approach to improving water quality and
habitat conditions. This approach increased efficiency and supported multiple County
watershed planning objectives.
The project included four components: 1.) Inventory of water quality at sites draining to
main-stem rivers; 2.) Inventory of physical conditions including in-stream habitat and
banks; 3.) Follow-up with streamside landowners to provide assistance and referrals to
the Snohomish Conservation District; and 4.) Implementation of capital projects to
address problems identified (i.e. tide-gate improvements, tree planting, invasive plant
species removal). Projects were implemented on public land and in cooperation with
private landowners.
1.2
Goal and Objectives
The goal of the Snohomish River Pollutant Diagnosis/Implementation Project is to
improve habitat and water quality conditions along major waterways of the Snohomish
River basin.
The objectives are:
1. Systematically document the extent of habitat and water quality problems
within the study area.
2. Provide technical assistance and referrals to address problems identified.
3. Develop and implement on-the-ground projects to address factors contributing
to documented problems.
1.3
Study Area
The study area for data collection, analysis, and project implementation encompasses the
Snohomish River, Snohomish River Estuary, Skykomish River, Snoqualmie River and
the lower reach of the Wallace, Sultan and Pilchuck rivers (Figure 1.1).
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Figure 1.1 Project study area.
The Snohomish River basin (WRIA 7) encompasses 4,800 km2 and is the second largest
basin draining to Puget Sound. The Snoqualmie and Skykomish rivers originate in the
Cascade Mountains and merge near the city of Monroe to form the Snohomish River
(Figure 1.1). These main-stem rivers and tributary streams provide significant habitat for

Figure 1.2 Snohomish River basin (WRIA 7) land ownership.
five native salmon species, two trout species and one char species. The stewards of these
rivers include a mix of public and private landowners, dominated in the headwaters by
the U.S. Federal government, and in the lowlands by private owners (Figure 1.2).
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Continental glaciers, which advanced and retreated over the lowlands at least four times
during the last two million years, shaped the basin (Wills, 1898; Bretz, 1913; Mullineaux
et al., 1965; Easterbrook, 1969; Easterbrook, 1994). The last episode, known as the
Vashon glaciation, was responsible for carving the valleys and depositing significant
lacustrine and outwash sediments. The topography created by glaciation is a driving
influence on river morphology.
The lowlands in the Snohomish River basin typically receive 30 to 40 inches of
precipitation annually compared to over 150 inches in the Cascades Range (The
Snohomish Basin Salmonid Recovery Technical Committee 1999). The resulting stream
flows vary widely throughout the year. Forty years of daily mean stream flow data
gathered by the United States Geologic Survey (USGS) on the Snohomish River at
Monroe, indicate a maximum daily mean value reached on January 9, 1996 of 2,590
cubic meters per second (cms), while the lowest recorded daily mean value was 22 cfs
recorded for the day of September 30, 1987 (United States Department of the Interior
2004). High water events occurring in the spring and winter carry loads of suspended
sediments, which can result in elevated levels of environmental contaminants.

Figure 1.3 Snohomish River basin (WRIA 7) land use.
Land uses in the basin include forestry, urban, residential, light industrial, infrastructure
(roads and railroads; gas, water and power lines), recreation, agriculture and mining
(Figure 1.3). The Snohomish River basin is a major source of municipal water supply for
the cities of Everett, Seattle and other regional population centers. The cities of Everett,
Marysville, Snohomish, Lake Stevens, Monroe, Sultan, Gold Bar, and part of Granite
Falls lie within the basin.
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Population is projected to increase by 53% from 206,000 in 1995 to 315,000 in 2020
(Snohomish Basin Salmonid Recovery Technical Committee 1999).
1.4
Conceptual Framework
The project was laid out in two phases, a diagnostic phase focused on filling data gaps
and identifying the main problems in river reaches within the study area, and a response
phase to address major problems identified. Central elements of each phase are outlined
in Figure 1.4. Results of the Diagnostic and Response phases are summarized in chapters
3 and 4, respectively.
Phase I: Diagnosis Problems

Aquatic Habitat Survey

Water Quality Survey

RESTORATION
OPPORTUNITIES
ANALYSIS
Bank Condition Survey

Temperature Survey

Prioritize

Phase 2: Implementation

ACTION

Technical Assistance
& Referrals

Restoration

Salmon Plan
Monitoring & Adaptive
Management

Figure 1.4 Project conceptual framework.
1.4.1 Diagnostic Phase
Water Quality at Outfalls: Outfalls and potential sources of non-point source pollution
were identified with GPS from a boat throughout the study area. Twenty outfalls were
selected and sampled for the parameters found in tables 2.1 and 2.2.
Stream Temperature: Thirty-nine temperature loggers were placed at sites throughout the
study area to evaluate actual and relative temperatures. Loggers were clustered to identify
potential problem areas and cool water refugia.

4

Bank Conditions and Aquatic Habitat: Bank conditions and aquatic habitat conditions
were sampled along main-stem river reaches and the lower reaches of large tributaries.
The bank condition survey documented areas of instability and modification. Habitat
parameters measured included frequency and characteristics of large woody debris, large
woody debris jams, pools and riffles.
Opportunities Analysis: Field and GIS data were used to generate a list of priority sites
for riparian restoration. Some of these sites were restored through this project, and others
were referred to the Snohomish Conservation District. Snohomish County will use this
analysis to focus riparian restoration efforts in the Snohomish River basin in coming
years.
1.4.2 Response Phase
Landowner Referrals and Technical Assistance: Based on the findings from the
diagnostic phase, we followed-up with businesses, landowners and farms to offer
technical assistance toward achievement of State water quality standards and provide
referrals where needed. A list of sites with high potential and benefit from riparian
restoration was generated through the opportunities analysis and provided to the
Snohomish Conservation District.
Riparian and Stream Bank Restoration: Three sites from the opportunities analysis list
were selected for enhancement through this project: Field’s Riffle, Snoqualmie at Lake
Crescent, and Swan Trail Slough. Field’s Riffle and Snoqualmie at Lake Crescent are
publicly owned properties, while Swan trail slough is privately owned. Restoration
activities included invasive species removal, riparian planting, wetland reconnection, and
the replacement of a tide-gate to improve water quality and fish access.
Salmon Plan Monitoring and Adaptive Management: Data gathered through this project
were used in the development of the Snohomish Basin Salmon Conservation Plan (2005).
They were used as inputs in Ecosystem Diagnosis and Treatment (EDT), a model used to
evaluate Chinook salmon population performance, and to establish a baseline for status
and trend monitoring. Restoration opportunities identified will also be used to meet the
Plan’s riparian restoration milestones.
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2.0

METHODOLOGY

2.1

Outfall Water Quality Survey

2.1.1 Outfall Identification
Outfalls were identified by navigating the main-stem rivers in the study area using
inflatable rafts fitted with Trimble Geo XHTM units to record outfall attributes. The
screening effort located 101 outfalls to prioritize for sampling (Figure 2.1). Outfall
locations were downloaded from the GPS units using Pathfinder Office TM software and
uploaded into ESRI ArcMapTM 9.0 for spatial analysis and prioritization efforts.
Outfalls were prioritized for sampling based upon upstream land use, temporal discharge,
jurisdiction and physical ability to reach the site. Of the original 101 outfalls identified,
twenty outfalls were chosen for sampling (Figure 2.1). Seventeen were immediately
downstream of agricultural land uses, and three were downstream of urban land uses. All
outfalls sampled were within Snohomish County and considered “waters of the state” as
defined in Washington State Administrative Code (WAC 173-201A).

Figure 2.1 Locations of identified and sampled outfalls.
2.1.2 Sampling Methods
Prior to field work, sample containers were cleaned in a laboratory or in house using
detergent, mineral acids, and reagent water. With the exception of salinity and turbidity, a
Hydrolab Minisonde4aTM multi-parameter water quality instrument was calibrated daily
and used to grab sample insitu for physical and chemical data. The methods used to
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measure field parameters are shown in Table 2.1. Salinity was gathered using a handheld
temperature compensated refractometer, and turbidity was measured with a Hach 2100P
handheld turbidimeter.
Table 2.1 Field parameters and methods.
Parameter
Temperature (°C)
Dissolved Oxygen
(mg/l)
Conductivity
(us/cm)
pH (units)
Turbidity (NTU)
Salinity (%)

Sample Volume
NA

Collection Method
Grab

Field/Instrument Method
SM2550B

NA

Grab

SM4500OG

NA

Grab

EPA120.1M

NA
15ml

Grab
Grab

NA

Grab

EPA150.1
EPA180.1
Temperature compensated
refractometer

A sampling equipment checklist was used prior to loading the boats used for navigating
waterways.
Sample bottles were prearranged by sample site in plastic carriers and held on ice. This
assured completeness and limited bottle contact with the ground. Samples were collected
from well-mixed portions of the waterbody 12 inches below the water’s surface where
feasible, while facing upstream. Sample bottles for pesticide analysis were double bagged
and handled according to the Quality Assurance Project Plan (QAPP) (Appendix A).
Grab sampling procedures included using a two person sampling team. One person was
designated as the “clean hands” sampler and the other as “dirty hands”. Both individuals
wore a new set of clean non-talc gloves for each sample collected. Samples were
gathered in a predetermined order to minimize cross contamination and the influence of
acid preservatives on other samples. These methods ensured samples free of cross
contamination during collection and transport.
2.1.3 Laboratory Methods
North Creek Analytical and Pacific Agricultural Lab, both accredited by the Washington
State Department of Ecology (DOE), were used for analysis of parameters found in Table
2.2.
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Table 2.2 Lab parameter, sample container, preservation.
Analyte

Sample Container
Volume
Fecal Coliform
Sterile
250ml
Bacteria
Plastic
Plastic,
Nitrate-nitrite
200ml
Glass
Plastic,
Total Phosphorus
100ml
Glass
Total Suspended
Plastic,
200ml
Solids
Glass
Plastic,
Total Copper
1000ml
Glass
Plastic,
Total Lead
1000ml
Glass
Plastic,
Total Zinc
1000ml
Glass
Plastic,
Total Mercury
1000ml
Glass
1000ml
Plastic,
Hardness
Glass
Organophosphorus 1000ml
Amber
Pesticides
Glass
Organochlorine
1000ml
Amber
Pesticides
Glass
Organonitrogen
1000ml
Amber
Pesticides
Glass
Phenylurea
1000ml
Amber
Herbicides
Glass
1000ml
Amber
Carbamate Pesticides
Glass
1000ml
Amber
Acid Herbicides
Glass
1000ml
Amber
Total Petroleum
Glass w/
Hydrocarbons
PTFE seal

Preservation

Hold Time

40C

8 hours

40C/ H2SO4

28 days

40C/ H2SO4

28 days

40C

7 days

HNO3

6 months

HNO3

6 months

HNO3

6 months

HNO3

6 months

HNO3

6 months

0

4C

7 days

0

4C

7 days

0

4C

7 days

40C

7 days

40C

7 days

40C

7 days

40C

7 days

Analytical Method
SM 9222D Membrane
Filter
EPA 353.2
cadmium reduction
EPA 365.3
ascorbic acid
EPA 160.2
gravimetric
ICP-MS 200.8
ICP-MS 200.8
ICP-MS 200.8
ICP-MS 200.8
SM2340B
EPA 614
EPA 608
Modified EPA 625
EPA 632
EPA 632
EPA 608 or 615
NWTPH HCID

The timing of sampling was based largely upon results gained by Voss and Embry
(1998), who detected pesticides at a high percentage of sample sites during spring runoff
events in south Snohomish and north King County urban areas. In addition, local
knowledge of agricultural practices and river stage in the Snohomish basin also played a
role in timing of sample events.
2.1.4 Data Management
Outfall attributes such as pipe size, material, location, and indications of odor or color
were recorded digitally during sample events at each sample location in a Trimble Geo
XH® GPS. Insitu physical and chemical data were stored digitally in a Hydrolab
Surveyor®. Insitu data were also recorded in hardcopy for reference when cross checking
digital data downloads. Digital photographs of each outfall location were taken and are
stored on the County network.
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Digital data were downloaded from the Hydrolab Surveyor® and GPS units, checked for
completeness and accuracy, and then auto-loaded into Snohomish County’s Microsoft
Access driven outfall database using an in-house Perl-script.
Laboratory analytical data were obtained in hardcopy, reviewed for adherence to
laboratory quality control requirements and completeness, and hand entered into the
outfall database. Missing or anomalous data, analysis of data quality objectives and
potential cross contamination issues were flagged and documented in the data quality
section of the report. In addition, laboratory method blanks and matrix spike recoveries
were evaluated to ensure they met laboratory standards. The complete digital dataset was
subject to a third party 20% quality assurance check against original field and laboratory
datasets.
As required by grant contract, data were exported from the Snohomish County database
and imported to the Washington State Department of Ecology Environmental Information
Management (EIM) database under the study name of Snohomish River Pollutant
Diagnosis and Implementation Project. The dataset can be viewed or downloaded at
http://www.ecy.wa.gov/eim/.
2.2

Stream Temperature Survey

2.2.1 Data Collection
Project team members deployed 39 temperature loggers in the Snohomish, Skykomish,
Snoqualmie, and Wallace rivers, and associated side channels, sloughs and tributaries
(Figure 2.2.). This reconnaissance level effort was designed to identify areas of cold
water refuge for salmonids. Loggers were placed throughout the river system to evaluate
changes in temperature along the river continuum and in clusters to evaluate temperature
gradients across the floodplain and within side-channels.
Snohomish County used two types of temperature loggers manufactured by Onset®:
Optic StowAway® Temp and HOBO® Water Temp Pro V1. The latter were placed inside
a protective rubber boot manufactured by Onset®. Both have an accuracy of +/- 0.2o C
and resolution of 0.2o C. Prior to deployment, a calibration test was completed and
temperature probes were programmed to record at 60-minute intervals.
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Figure 2.2 Locations of temperature loggers.
Field crews secured loggers using methods appropriate for the unique conditions of each
site. Considerations included water depth, velocity and public accessibility. Loggers
placed in publicly accessible locations were hidden for protection from tampering. Crews
documented the location with GPS, photos and a site description. Date of placement,
time, temperature and crew member initials were also recorded. Loggers set with rebar
were attached with wire and zip ties. If loggers was placed using a fishing weight or
concrete anchor, it was encased in an open-ended PVC plastic tube for additional
protection.
2.2.2 Data Management
Following retrieval probes were downloaded using software provided by the manufacture
and summarized for each site. Data were reviewed and compared to air temperature
loggers. Unless otherwise noted, temperatures were calculated for each day as the 7-day
moving maximum. Temperature results were compared to Water Quality Standards for
Surface Waters of the State of Washington chapter 173-201A WAC (Washington State
Department of Ecology 2006).
2.3

Bank Condition and Aquatic Habitat Survey

2.3.1 Data Collection
Following methods described in the habitat quality assurance plan (Appendix B), surveys
were conducted in each of 15 reaches within the study area. The reach layer was
generated prior to initiation of this project for salmon recovery planning purposes.
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Reaches were delineated based on channel gradient, confinement, tributary junctions and
other geomorphic characteristics.
The bank condition survey classified, characterized and mapped bank modifications and
instability along the outer riverbanks in one continuous survey. Data on outfall locations
and aquatic habitat were also gathered to facilitate implementation of the outfall water
quality and aquatic habitat surveys, which were completed subsequently. Definitions of
and criteria for bank type, toe material classes and instability are provided in Appendix B.
Trimble® GeoExplorer® GPS units were used in the field to record location and bank
condition attributes for each bank. We collected bank data as two feature types: stream
channel modifications and instream/floodplain modifications. Completed reach files were
transferred from GPS units to an office computer daily. The data manager post-processed
the data using Trimble Pathfinder® Office to improve spatial precision and check for
invalid or missing data.
The aquatic habitat survey characterized physical habitat conditions in the river and
secondary channels. It was conducted to characterize fish habitat conditions, focusing on
pools, riffles, large woody debris (LWD) pieces and LWD jams. The survey involved
both aerial photo interpretation and field sampling. Field sampling effort varied by reach
and habitat parameter (Table 3.11). The goal was to intensively survey at least 50% of
each reach’s main channel thalweg length for pool and riffle area and single pieces of
wood. Pool locations with a limited set of attributes as well as wood in jams were
collected over the entire length in most reaches.
A GPS point was collected at each measured feature, and data were entered for feature
attributes in the field computer. Pools were classified as primary or backwater based on
their connection to the thalweg. The primary pool forming factor was identified as wood,
bedrock, rip rap (bank armor) or free-formed (non-forced). Riffles were identified based
on flow characteristics and classified based on visually-estimated dominant substrate size
(boulder, large or small cobble and large or small gravel). Attributes collected for single
pieces of wood were length and diameter, type (conifer or deciduous), decay class and
rootwad presence. Jams were classified as to type (bar apex, bar top or meander jam) and
dimensions measured. All LWD pieces in sampled jams were tallied based on
length/diameter classes, rootwad presence/absence and decay class. To save time, wood
type was not recorded for pieces in jams because analysis of data gathered in a previous
survey in the Sauk River indicated no difference in wood type existed between jams and
individual pieces.
2.3.2 Data Management
All data were exported from Trimble® GPS units, converted to ESRI ArcGIS
shapefiles and reviewed. Initial quality control measures included checking point
locations and attributes for spatial accuracy using recent color orthophotos and fieldrecorded comments. The data manager evaluated point attributes to ensure completeness
and format consistency.
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Following initial processing and quality control review, bank condition survey points
were “snapped” to a digitized riverbank layer with ESRI ArcInfoTM software. Using
dynamic segmentation functions the left and right riverbanks were routed and assigned
kilometer measure lengths. The County’s waterbody GIS coverage was updated through
this process. Surveyed bank condition points were converted to linear GIS data themes.
Bank condition and reach lines were overlaid in order to build a spatial relationship. Bank
condition and reach segment datasets were converted to ArcGIS feature class, making it
possible to summarize bank condition data by river reach.
We stored habitat point data as feature classes within a geodatabase to ease the import of
tabular data into Microsoft® Access for data queries. The complex process to summarize
data described and illustrated with an example below was necessary because data were
not gathered continuously for all habitat variables due to time and logistical constraints.
Adjustments will be made in future surveys to standardize and simplify the methodology,
thereby simplifying post-processing.
For the purpose of habitat point organization and analysis, GIS staff created polygons by
buffering river centerlines sufficiently so that all points fell within the polygon
boundaries. These polygons were divided at reach breaks and between areas within
reaches where habitat variables were sampled at differing levels of completeness. River
centerlines and wetted area polygons were overlaid with the organizational polygons
enabling the extraction of wetted length and area surveyed within each reach for each of
the habitat variables. Sub-basin, reach and survey effort values were populated for each
of the habitat point types by joining tabular data with those of spatially-coincident,
organizational polygons. This allowed for data query and calculation of summary values
using lengths and areas specific to the survey effort of each habitat variable within a
given reach. For example, pool type and locations may have been identified over an
entire reach length while pool areas were measured only over part of a reach. To calculate
pool frequency (pools/km) the entire reach length was used, while for percent pool area
(pool wet area/wet area surveyed * 100), only the wetted area covered by that component
of the survey was used in the calculation. Similarly, jams were usually identified, GPS
located and measured throughout the reach while data on single wood pieces were
collected over a shorter length. Because single pieces of wood and wood in jams were
surveyed in overlapping but unequal lengths of reach, wood frequencies were calculated
for the length of reach where the overlap occurred.
Elements of this study related to data gathered in the Skykomish River between Goldbar
and Sultan are reported in the draft document, Skykomish River Braided Reach
Assessment (Snohomish County Public Works SWM 2006). Due to refinement of spatial
datasets used in summary data calculations for this report, some reported values differ
slightly. Discrepancies between reported values will be remedied and/or documented in
the final version of the Skykomish River Braided Reach Assessment.
2.4
Restoration Opportunities Analysis
We identified parcels with the highest potential riparian restoration value through a twotiered screening process based on results of the survey and an evaluation of parcel-scale
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characteristics (Figure 2.3). This assessment was conducted in GIS over the
georeferenced and routed bank conditions layer showing stream bank modification and
instability. The analysis of GIS data layers and aerial photos (2003-4) was completed
within 50 m of the channel and in the contributing drainage area above sampled outfalls.
Screen 1 Priority Outfalls and Reaches

Outfall Water
Quality

Habitat
Survey

Temperature
Survey

EDT Riparian
Benefit

Prioritized Areas

Screen 2 Site Scale Riparian Restoration Priorities

Land Ownership
Scale

Infrastructure
Configuration

Feasibility

Vegetation

Bank Instability

Off-channel

Riparian Restoration Site List
Figure 2.3 Restoration opportunities analysis.

In screen 1 we selected priority reaches and outfalls based on water quality problems and
habitat deficits identified through data collection efforts and the potential restoration
benefit. Relative benefit to Chinook salmon from restoration actions implemented in
various reaches was evaluated with the Ecosystem Diagnosis and Treatment (EDT)
model (Snohomish Basin Salmonid Recovery Technical Committee 2004). Although
large woody debris and pools were not surveyed in the intertidal zone do to logistical
constraints, estuary reaches were scored for a high restoration need based on historical
data (Haas and Collins 2001, Collins et. al. 2002). Screen one scoring criteria are
described below:

13

Screen 1 – Priority reaches and outfalls
x Outfall Water quality
o 2 = substantial water quality problem for one or more parameters = higher
restoration need
o 1 = minor water quality problem detected = lower restoration need
o 0 = no water quality problem detected
x LWD loading in reach (pieces/km relative to other reaches)
o 1 = half with lowest frequency = higher restoration need
o 0 = half with highest frequency = lower restoration need
x Bank instability in reach (% bank instability relative to other reaches)
o 1 = half with highest instability = higher restoration need
o 0 = half with lowest instability = lower restoration need
x Pool area in reach (percent pool area relative to other reaches)
o 1 = half with lowest percent pool area = higher restoration need
o 0 = half with highest percent pool area = lower restoration need
x Temperature (above state standards for core summer salmonid period)
o 1 = high temperature documented in survey or on 303d listing = higher
restoration need
o 0 = no 303d listing and no documented temperature problem = lower
restoration need
x Restoration benefit (from EDT)
o 1 = higher riparian restoration potential predicted by EDT model
o 0 = lower riparian restoration potential predicted by EDT model
In screen 2, we evaluate potential on a parcel scale within the area identified in screen 1
to generate a list of priority planting sites. Each parcel within 50 m of the channel that is
greater than or equal to 5 acres or less than 5 acres but adjacent to a 5+ acre site owned
by the same landowner was scored based on ownership, the level of existing
infrastructure, feasibility, existing vegetation cover, scale, configuration, bank instability
and off-channel habitat. We calculated scoring values through aerial photo interpretation
and GIS analysis.
Screen 2 – Site scale riparian restoration priorities
x Ownership
o 1 = public ownership or conservation group ownership = higher
opportunity
o 0 = private ownership = lower opportunity
x Infrastructure
o 1 = little or no development = higher restoration potential
o 0 = some existing development = lower restoration potential
x Feasibility
o 1 = accessible and arable.
o 0 = inaccessible and/or bedrock
x Vegetation
o 1 = little or no riparian vegetation = higher restoration benefit
o 0 = substantial riparian vegetation = lower restoration benefit
14

x
x

x
x

Scale
o 1 = large planting area = higher restoration benefit
o 0 = small planting area = lower restoration benefit
Configuration
o 1 = substantial area along water’s edge = higher restoration benefit
o 0 = configured with less area along water’s edge = lower restoration
benefit
Bank Instability
o 1 = river bank instability adjacent to site = higher restoration benefit
o 0 = stable bank adjacent to site = lower restoration benefit
Off Channel Habitat
o 1 = parcel contains off-channel habitat = higher restoration benefit
o 0 = parcel does not contain off-channel habitat = lower restoration benefit
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3.0

DIAGNOSTIC PHASE

3.1

Water Quality Survey

Water quality sampling sites and results are shown in figures 3.1, 3.2, 3.3, 3.4 and 3.5
(p28-32) and described below.
3.1.1

Results

Data Quality
Holding Times
All laboratory sample extraction, preparation and analysis met specified holding times.
Field Blanks
Field blanks were gathered at location 438 in accordance with the QAPP, and analyzed to
detect contamination arising from sample containers, preservation or collection methods.
Blanks were prepared by having the contract laboratory fill a certified clean amber glass
carboy with ultra clean (0.2micron) de-ionized water. The carboy was transported to the
field along with other sample bottles. After collection of samples, blank bottles were
filled in the field with the ultra clean de-ionized water and transported to the lab with
other samples.
Analysis detected the presence of total recoverable lead in the field blank at location 438,
but at levels below the method reporting limit. This result is not considered valid, so does
not bring into question original sample results for lead at this station. In addition, analysis
indicated the presence of total phosphorus at 0.7ug/l above the method reporting limit.
This result has been attributed to lab instrument carry over, and is insignificant when
compared to the original sample result of 91.5ug/l.
Field Duplicates
The variability of field and laboratory data can be assessed by determining the accuracy,
precision (expressed as the relative percent difference) and bias between field samples
and duplicates. Duplicate field samples were gathered in accordance with the QAPP at
stations 438 and 481. Agreement between samples and duplicates was generally found
within acceptable limits. Of the 373 duplicate pairs for which data quality objectives were
analyzed, 2 percent were found unacceptable. Results of the data quality analysis which
exceed the objectives are noted in Table 3.1. For sample locations by site ID, refer to
figures 3.1-3.5.
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Table 3.1 Field duplicate results.

Location
438
438
438
481
481

Parameter
Fecal Coliform
Total Recoverable
Zinc
Total Suspended
Solids
Fecal Coliform
Total Phosphorus

Sample
Result

Duplicate
Result

Bias

Accuracy

Precision as
Relative
Percent
Difference

100

230

56

214

78

ug/l

6.6

9

26

88

30

mg/l

2.5

3

16

53

18

colony/
100ml

290

370

21

70

24

mg/l

35.5

43.9

19

61

21

mg/l

4

4.5

11

34

11

ug/l

0.61

0.86

29

97

34

Units
colony/
100ml

481

Total Suspended
Solids
Total Recoverable
Lead
Fluazifop_p_butyl

ug/l

0

1.6

100

500

200

481

Oxyflorfen

ug/l

0.3

0

299

300

200

481

PCNB

ug/l

0

1.2

100

500

200

481
481

Results for fecal coliform and total recoverable zinc were found outside acceptable data
quality objective limits as defined in the QAPP at station 438. The high volumes of water
discharging from the water body at this site may have contributed to the variability in
results.
Results for fecal coliform, total phosphorus, total suspended solids, total recoverable
lead, fluazifop-p-butyl, oxyfluorfen, and pentachloronitrobenzene fell outside acceptable
limits as defined in the QAPP at station 481. Variable duplicate results at station 481 may
be explained by low flow conditions resulting in samples that were not homogeneous.
Completeness
Completeness is defined as the percentage of valid analytical determinations with respect
to the total number of determinations. The only sample result not obtained was turbidity
at station 440. The completeness goal of 90% was met for this project.
Method Blanks
Field method blanks were not required in the QAPP, but were submitted as a quality
control measure using ultra clean de-ionized water for 10% of all pesticides samples to
assess contamination during transport, sample preparation and analysis. Field method
blank samples were submitted with samples at locations 418-440 gathered on 4/11/05 and
431-461 gathered on 4/26/05. Field method blank results were all found below method
reporting limits, suggesting that collection technique and transport produced pesticide
results free of cross contamination.
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Laboratory Control Samples
Laboratory control samples are method blanks carried through sample preparation and
analysis. The control samples are spiked with a known amount of the constituent of
interest and recovery to 100% is attempted. Allowable ranges of recoveries differ by
constituent and are found in Table 3.2. Recoveries outside the acceptable range generally
indicate poor technical work in the lab. Laboratory control samples were analyzed with
each set of samples sent to both North Creek Analytical and Pacific Agricultural Lab.
Recoveries were found within acceptable ranges for all sample sets (Table 3.2).
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19
97
116
109
70
92
82
97.9
103
98.9
90
85.1

104

107

107

103

13-April-05

25-Apr-05

26-Apr-05

4-May-05

98.3

101
116
109
70
97
82
102
98
103
90.2
88.5

101
116
109
70
97
82
93.7
97.4
103

116
87
78
97
92
89

102

Nitrate-nitrite
Rec. Limits 90-100 %

11-April-05

95.5

Total Phosphorus
Rec. Limits 90-110 %

102

93.1

Total Copper
Rec. Limits 85-115 %

90.2

92.9

Total Lead
Rec. Limits 85-115 %

88.5

100
103

Total Zinc
Rec. Limits 85-115 %

Sample Set

Table 3.2 Laboratory control sample percent recoveries.

Total Mercury
Rec. Limits 85-115 %

101

Hardness
Rec. Limits 85-115 %

104

104

89

Organophosphate Pesticides
Rec. Limits 46-130%

97.4

92

Organochlorine
Pesticides
Rec. Limits 40-120%

96

97

Organonitrogen
Pesticides
Rec. Limits 51-135%

88.5

78

Phenylurea Herbicides
Rec. Limits 51-135%

86.4

87

Carbamate Pesticides
Rec. Limits 40-120%

105

116

Acid Herbicides
Rec. Limits 22-123%

99.5

Total Petroleum Hydrocarbons
Rec. Limits 50-150%

Analytical Results and Discussion
Grab and in-situ samples were collected between April and May of 2005. Table 3.3
presents the in-situ field sample results including temperature, dissolved oxygen
conductivity, pH, turbidity, and salinity. Table 3.4 presents the grab samples results
analyzed and reported by the laboratory. A discussion of each of the primary parameters
is provided in this section. For sample locations by site ID and graphical displays of
water quality results, refer to figures 3.1-3.5.
Table 3.3 In-situ water quality results.

10.98

10.84

119.5

7.97

3.77

1

418

11-Apr-05

9.78

7.33

83.6

6.97

6.44

1

419

11-Apr-05

10.57

9.81

80

7.5

7.36

1

420

11-Apr-05

11.47

10.26

94.3

8.05

1.91

1

421

4-May-05

14.16

4.07

181.7

6.75

15.3

0

422

4-May-05

11.62

3.54

241.3

6.62

21.6

1

430

4-May-05

11.96

9.96

72.6

7.95

4.62

0

431

26-Apr-05

13.78

7.61

300.4

6.33

8.28

0

432

25-Apr-05

14.97

8.29

487.8

6.81

24.4

0

433

25-Apr-05

15.46

11.99

182.6

7.39

2.87

0

437

4-May-05

11.42

10.2

79.5

7.71

2.53

0

438

13-Apr-05

8.74

7.1

98.3

7.39

3.31

2

439

11-Apr-05

10.18

8.55

77.3

7.15

4.93

0

440

11-Apr-05

9.42

9.89

68.5

7.41

NA

0

447

25-Apr-05

16.82

8.27

2456

4.27

2.53

2

461

26-Apr-05

12.12

8.69

299.4

7.28

2.62

0

463

25-Apr-05

15.12

2.63

192.2

6.23

10.9

0

468

25-Apr-05

14

9.83

459.1

5.85

10.7

0

480

25-Apr-05

15.6

8.54

196.2

6.81

5.19

0

481

26-Apr-05

17.25

5.96

74.2

6.72

8.23

0
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Salinity (%)

4-May-05

Turbidity
(NTU)

Specific
Conductivity
(us/cm)

334

pH (units)

Date

Temperature
(°C)

Dissolved
Oxygen
(mg/l)

Sample Site ID

Date

4-May-05

11-Apr-05

11-Apr-05

11-Apr-05

4-May-05

4-May-05

4-May-05

26-Apr-05

25-Apr-05

25-Apr-05

4-May-05

13-Apr-05

11-Apr-05

11-Apr-05

25-Apr-05

26-Apr-05

25-Apr-05

25-Apr-05

25-Apr-05

26-Apr-05

Sample
Site ID

334

418

419

420

421

422

430

431

432

433

437

438

439

440

447

461

463

468

480

481

Table 3.4 Water quality grab sample laboratory results.

Chlorinated
Herbicides (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
0.087
Dicamba
ND

ND

ND

ND

ND

Organochlorine
Pesticides (ug/l)

ND

ND
0.3
Oxyflorfen

ND

0.86 PCNB

ND

ND

ND

ND

1.2 PCNB

ND

ND

ND

ND

ND

1.5 PCNB

0.86 PCNB

ND

Organophosphorus
and Organosulfur
Pesticides (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Organonitrogen
Pesticides (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND
9.9
Fluazifop
_p_butyl
ND

ND

ND

ND

ND

ND

ND

ND
1.5
Fluazifop
_p_butyl
ND

ND

Phenylurea
Herbicides (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Carbamate
Pesticides (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Fecal Coliform
(CFU/100ml)
290

41

1

54

1600

18

430

45

100

52

32

180

110

25

290

2400

140

81

1000

133

1150

377

311

852

936

465

1390

223

448

1050

378

468

338

165

4120

813

225

1350

2400

Nitrate Nitrite
(ug/l)

69

35.5

80.3

17.8

166

32.8

28

81

38

91.5

141

93

117

61.6

53.6

173

152

34

93

73

21.3

Total Phosphorus
(ug/l)

ND

4

6.5

18

8

-999

5.5

2.5

2.5

2.5

3

3

54

6.5

5.5

9

22

3

9

7

7

Total Suspended
Solids (mg/l)

ND

4.04

2.48

2.97

5.22

1.8

12.6

3.68

1.42

2.42

0.89

1.47

4.53

3.37

1.22

12

9.59

0.46

1.78

1.98

0.66

Total Copper (ug/l)

ND

0.61

0.22

0.35

0.22

0.19

0.49

0.62

0.43

0.47

0.24

0.14

1.19

0.36

0.23

0.36

0.35

0.28

0.48

0.41

0.39

Total Lead (ug/l)

ND

3.44

18.6

26.5

9.73

8.21

102

29.5

5.87

6.65

-999

6.93

12.3

29

5.65

5.07

12.9

4.84

6.82

6.32

5.33

Total Zinc (ug/l)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Total Mercury
(ug/l)

ND

21

31.4

49.1

74.4

47.5

162

383

35.3

30.1

45.8

32.3

41.2

63

80.8

32.7

95.3

70.4

48.3

69.5

32.6

55

Hardness (mg/l)

Temperature
Temperature grab measurements (Table 3.3) taken at sampling sites are not comparable
to the 7-day average of the daily maximum temperature discussed later in this section but,
rather are most appropriately compared to Washington State Department of Ecology
(Ecology) guidelines found in WAC 173-201A on preventing acute lethality and barriers
to migration of salmonids. As stated, moderately acclimated adult and juvenile salmonids
will generally be protected from acute lethality by discrete human actions maintaining the
1-day maximum temperature at or below 23°C. Barriers to adult salmonid migration are
assumed to exist any time the 1-day maximum temperature is greater than 22°C. Lastly,
lethality to developing fish embryos can be expected to occur at a 1-day maximum
temperature greater than 17.5°C. Although no temperature result gained while sampling
outfalls exceeded these guidelines, results from temperature logger placement throughout
the core summer salmon period (section 3.2) showed many locations where temperatures
exceeded the 7-day average of the daily maximum.
Dissolved Oxygen
In-situ dissolved oxygen measurements obtained at each site are comparable to the state
aquatic life criteria. Measurements indicated that 45% of the sites sampled exhibited
oxygen levels below the designated standard for that location. Table 3.5 presents the sites
where state use based water quality standards for dissolved oxygen were not met.
Table 3.5 Sites exceeding state water quality standards for dissolved oxygen.
Sample Site ID

Sample Date

Dissolved Oxygen (mg/L)

Dissolved Oxygen (mg/l)
State Standard

418
421
422
431
438
439
461
463
481

11-Apr-05
4-May-05
4-May-05
26-Apr-05
13-Apr-05
11-Apr-05
26-Apr-05
25-Apr-05
26-Apr-05

7.33
4.07
3.54
7.61
7.10
8.55
8.69
2.63
290

9.5
8.0
8.0
8.0
8.0
9.5
9.5
8.0
9.5

Sites exhibiting the lowest dissolved oxygen levels were 421, 422 and 463. Discharge at
sampling sites 421 and 422 originated from springs amid low density housing and passed
through agricultural ditch systems to the main stem of the Snoqualmie River. Sample site
421 was sampled prior to discharge entering the Snoqualmie River, while samples at
location 422 were obtained in the mixing zone. Research indicated that Ecology issued a
dairy waste nutrient management permit to the dairy upstream of both outfalls. The dairy
plan was certified by the Snohomish Conservation District in January of 2006.
All data obtained for these locations were forwarded to the Snohomish Conservation
District (SCD). The SCD met with the dairy owner and determined that all best
management practices were being implemented according to the plan. A follow up
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sample event at site 422 in June 2006 found that oxygen levels remained well below
standards. These data were forwarded to the SCD for consideration. The SCD indicated
that they were working with the dairy owner to implement a Conservation Reserve
Enhancement Program (CREP) on the property. The CREP program is a voluntary land
retirement program that helps agricultural producers protect environmentally sensitive
land, decrease erosion, restore wildlife habitat, and safeguard ground and surface water.
Enhancements implemented included removing invasive vegetation, planting native
plants along stream corridors and removing blockages to fish passage. It is hoped that
increased buffer widths will help to reduce surface water temperatures and increase levels
of dissolved oxygen entering the Snoqualmie River at sites 421 and 422.
pH
Twenty percent of sites sampled exhibited results below the lower pH threshold standard
of 6.5. No sample exceeded the upper threshold of 8.5. Table 3.6 presents the sites
exceeding the state water quality standards.
Table 3.6 Sites exceeding State water quality standards for pH.
Sample Site ID

Sample Date

pH units

pH units
State Standard

431
447
463
468

26-Apr-05
25-Apr-05
25-Apr-05
25-Apr-05

6.33
4.27
6.23
5.85

6.5 – 8.5
6.5 – 8.5
6.5 – 8.5
6.5 – 8.5

Site 447 (Smith Island) exhibited the lowest pH at 4.27. Samples obtained at this location
were likely tidally influenced, as evidenced by the high conductivity measurements.
Carbonates and bicarbonates found in salt water environments normally buffer the pH to
around 8.2. However, the pH buffering effect of saltwater was likely offset by the acidic,
peat soils in the vicinity of sampling site.
Turbidity
No sample result for turbidity exceeded 30 nepholometer turbidity units (NTU), the
lowest level of interest.
Fecal Coliform
Fecal coliform results gained from the twenty sites sampled ranged from 1 to 2,400
colonies per 100 milliliters of sample. The recreational use water quality standard for all
sampled locations is primary contact. The primary contact use designation requires the
geometric mean of fecal coliform bacteria to be less than 100 colonies per 100 milliliters
of sample and meet the 90th percentile standard, requiring no single sample to exceed 200
colonies. Data collection methods did not lend themselves to determining the geometric
mean at any one sample location. Rather data are compared to the 90th percentile water
quality standard. Thirty percent of the fecal coliform sample results exceeded the 90th
percentile; these sites are presented in Table 3.7.
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Table 3.7 Fecal coliform results exceeding the 90th percentile.
Sample Site ID

Sample Date

Fecal Coliform
(CFU/100 ml)

Fecal Coliform (CFU/100ml)
90th Percentile State Standard

418
421
422
440
461
481

11-Apr-05
4-May-05
4-May-05
11-Apr-05
26-Apr-05
26-Apr-05

1000
2400
290
430
1600
290

200
200
200
200
200
200

Sample sites 421, 461 and 418 each downstream of commercial agricultural land uses
exhibited the highest fecal coliform counts. Of these sites, 421 was of most concern given
its high reading and proximity to a dairy farm. In keeping with source control
investigation methods, SWM provided the data to the Snohomish Conservation District
(SCD). The SCD obtained recent inspection reports from the Washington State
Department of Agriculture and met with the dairy farmer to evaluate best management
practices (BMPs) per the established dairy waste nutrient management plan. The SCD
reported the farmer to be implementing BMPs per plan. Additionally, the SCD had
worked with the farmer to implement a CREP plan. The work included establishing
stream buffers, and removing fish barriers.
Water quality staff collected a follow-up sample in June of 2006 at site 421. This
sampling event found fecal coliform counts at 141 colonies, which is below the previous
sample result and below the 90th percentile standard. The initial sample was taken in early
May, and the follow-up sample was taken in late June of the following year. The
agricultural management practices upstream of this site may differ between early May
and late June, which could affect the results.
Nutrients
Samples were collected for nitrate-nitrite (ug/L) and total phosphorus (ug/L) from each
site during this study. Nitrate-nitrite results ranged from 133 ug/L to 4120 ug/L with an
average concentration of approximately 880 ug/L. Total Phosphorus results ranged
between 17.8 ug/L and 173 ug/L with an average concentration of approximately 79
ug/L. Currently, the State of Washington does not have water quality standards for
nitrate-nitrite or total phosphorus.
Although most of the sites sampled in this study were in the tributaries and not in the
main stem, these data are valuable as a potential benchmark of the degree of nutrient
loading. Ecology has two long-term, monthly water quality monitoring sites located in
the vicinity of the project area. Site 07D050 (Figure 3.5), located on the Snoqualmie
River near Monroe has water quality data from 1976 to 1998 and again from 2003 to the
present. Site 07A090 (Figure 3.2) is located on the Snohomish River near the City of
Snohomish. Data have been collected at this site from 1970 to 1999 and from 2003 to the
present.
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Table 3.8 presents the maximum, minimum and average values for nitrite-nitrate and total
phosphorus at each Ecology site and for Snohomish County’s data collected during this
project. Snohomish County’s nitrite and nitrate values are two to four times greater than
those values collected by Ecology. These data indicate potential sources of nitrite and
nitrate that could influence the concentrations at Ecology sampling sites along the main
stem. Total phosphorous levels measured by Snohomish County are slightly greater than
concentrations reported by Ecology. Likewise, this could suggest potential sources of
total phosphorus to the main stem of the Snohomish and Snoqualmie rivers.
Table 3.8 Nutrient results.
Maximum Nitrite-Nitrate (ug/L)
Minimum Nitrite-Nitrate (ug/L)
Average Nitrite-Nitrate (ug/L)
Maximum Total Phosphorus
(ug/L)
Minimum Total Phosphorus
(ug/L)
Average Total Phosphorus (ug/L)

Ecology Site
07D050

Ecology Site
07A090

Snohomish
County’s Results

1010
10
250

830
60
280

4120
133
880

136

160

173

6

5

17.8

22

22

79

Heavy Metals
The Washington Water Quality Standards metals criteria are expressed as total dissolved
metals, while samples in this study were collected for total recoverable metals. To
compare results we multiplied total metals by the conversion factor recommended by
Ecology’s Water Quality Program Permit Writer’s Manual (Ecology 2006) (Table 3.9).
Table 3.9 Conversion from total metals to dissolved metals.
Metal

Cd
Cu
Pb
Zn

95th Percentile Conversion Multiply by:

0.943
If annual TSS < 11.4 mg/L:1
If annual TSS > 11.4 mg/L: 2.29*TSS-0.341
If no TSS data: 0.996
0.446
If annual TSS < 12.5 mg/L:1
If annual TSS > 12.5 mg/L: 1.79*TSS-0.231
If no TSS data: 0.996

The raw data in Table 3.4 were converted to represent the dissolved fraction and
compared against the acute and chronic toxicity derived from Ecology’s spreadsheets for
water quality-based NPDES permit calculations (Nunnallee and Shervey 1992). This
spreadsheet identifies the acute and chronic toxicity levels based on hardness data
collected with the metals sample. Snohomish County’s analysis using the Department of
Ecology’s tools found that no sites exceeded acute or chronic toxicity levels.
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Pesticides
Snohomish County sampled for 160 pesticides and herbicides within the following
groups:
x Organophosphorus pesticides
x Organochlorine pesticides
x Organonitrogen pesticides
x Phenylurea herbicides
x Carbamate pesticides
Pentachloronitrobenzene (PCNB), an organochlorine pesticide, is used in the Pacific
Northwest as a treatment for fungus on potatoes, flower bulbs, turf (especially golf
courses), onions, garlic, and ornamentals grown in nurseries. The fungicide is used as a
seed dressing, bulb dip, spray in planting furrows, component in chemigation (mixing
with other insecticides and sprayed), and soil drench in nurseries (Extoxnet 2007).
Sampling identified PCNB at sites 421, 422, 438, and 463. The concentration ranged
from 0.86 ug/L to 1.5 ug/L. Currently, no surface water standards have been set for this
herbicide. PCNB is highly toxic to fish, with reported LC-50 values of 0.55 mg/L in
rainbow trout. The LC-50 toxicity value is the calculated concentration of effluent that is
lethal to 50% of the test fish during a 96 hour exposure (Extoxnet 2007). Therefore, the
levels identified in this study may accumulate in fish tissues, but are not expected to
cause acute mortality.
Oxyfluorfen, also an organochlorine pesticide, is a selective pre- and post-emergent
herbicide used to control certain annual broadleaf and grassy weeds in vegetables crops,
among ornamentals and on non-crop areas (e.g. rail- and highway right-of-ways). It is a
contact herbicide that is available in a concentrate that can be emulsified into a liquid and
as a granular formulation that would be placed directly on the soil. Oxyflurofen can affect
water bodies through spray drift and runoff of dissolved compound in the soil (Extoxnet
2007).
Oxyfluorfen was found in water samples at site 481 at a concentration of 0.3 ug/L. This
pesticide is persistent in the environment with aerobic soil metabolism half-lives that
range between 291 and 603 days depending on the conditions. The pesticide typically
binds to soils, which are the primary route of dispersion (USEPA 2002). Trout mortality
is documented to occur at approximately 550 ug/L (Extoxnet 2007). Currently, no water
quality standards have been set. At site 481 the concentration of the sample was 0.3 ug/L
and the quality control blank concentration was recorded at 0.0 ug/L. The RPD for this
site was in excess of 200 percent, so technically the data quality objectives were not met
for this site. Snohomish County does not consider this a significant issue because the
concentration of Oxyfluorfen was so low that a RPD of 200 percent is not representative.
Fluazifop_p_butyl, an organonitrogen pesticide, is a post-emergent herbicide used to kill
grasses. It is commonly used for control of most annual and perennial grass weeds in a
variety of row crops and in landscaping. It is generally used as a spray. The LC-50
toxicity value for rainbow trout was 1.37 (Extoxnet 2007). The pesticide may survive in
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anaerobic soils for up to three years or 78 days in water. Sampling identified
Fluazifop_p_butyl at sites 421 and 440 at a concentration of 1.5 ug/L and 9.9 ug/L,
respectively. Currently no surface water quality standards exist.
3.1.2 Discussion
The water quality results presented here are not statistically significant to identify trends
since only one sample was taken at each location. However, the results identify several
sites that are potential problems, which are contributing to degraded water quality in
main-stem rivers of the Snohomish River basin. Snohomish County staff followed up on
identified problems by contacting landowners, offering technical assistance, providing
referrals, and implementing restoration actions. Additional sampling in future years may
be conducted to further identify potential sources of pollutants.
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Figure 3.1
Figure 3.1 Outfall Water Quality Results Snohomish Estuary
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Figure 3.2
Figure 3.2 Outfall Water Quality Results Snohomish 2
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Figure 3.3
Figure 3.3 Outfall Water Quality Results for Skykomish 1 and 2
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Figure 3.4 Outfall Water Quality Results Skykomish 3

Figure 3.4
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Figure 3.5 Outfall Water Quality Results Snoqualmie River
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Figure 3.5

3.2

Stream Temperature Survey

3.2.1 Results
Logger locations are shown in Figures 3.6, 3.7 and 3.8 (p38-40). Unless otherwise noted,
temperatures have been calculated as a 7-day maximum daily temperature (7-DADM).
Data are summarized by geographic location.
Of the 39 loggers deployed, 8 were not recovered, one was disabled, and one was found
dry (see Figures 3.6-3.8). Results from the later matched air temperature data for an
extended period. Two of the lost loggers were placed to record temperatures in the
Snohomish River, one at the confluence of the Snoqualmie and Skykomish rivers and the
other in a deep pool at approximately RM 1. One logger placed in the Snoqualmie River
and two loggers placed in the Skykomish River were also lost. Temperature data were not
recovered from four side channel loggers and one small tributary in the Skykomish
watershed.
Data were recovered and analyzed from 29 temperature loggers, including two loggers
placed to record air temperature for comparison. A total of 3,576 stream-days of water
temperature were recorded in 2005 from mid-May to mid-September.
Ocean type Chinook salmon migrate to sea during the time period of temperature
monitoring, and Chinook salmon that exhibit a river rearing life history strategy reside
within the study area throughout the sampling period. Adult Chinook salmon also move
into the watershed and hold during the sampling period. The Washington State
temperature standard for spawning, rearing and migration (non-core) is 17.5°C for the 7
day maximum daily temperature, 3 days before and 3 days after (7-DADM)(WA Dept. of
Ecology 2003). The Core Summer Salmonid Habitat standard is 16°C for the 7-DADM
(WA Dept. of Ecology 2003). Optimal temperatures for juvenile salmonid rearing are
between 10 and 17°C (U.S.EPA 2003). Temperatures above 18°C increase stresses (i.e.
disease threat and distribution levels) to rearing salmonids, and temperatures above 23 26°C (one week exposure) can be lethal (U.S.EPA 2003).
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Table 3.10 Temperature summary.

Logger #
Skykomish Watershed
Skykomish main stem
2

Days the Running 7-DADM was above designated use criteria
Days
Days
Days
Days
Days
Days
> 13
> 16
> 17.5
> 18
> 20
Logged

Location

7-DADM

Upstream of Gold Bar
Large side channel at Gold
Bar
Downstream of Gold Bar
Intake from main stem,
Mann Rd. side channel
complex
Downstream of Sultan R.

20.67

108

62

46

46

14

108

21.37
21.65

106
108

67
71

48
53

48
53

28
32

108
108

21.51
19.75

113
108

71
64

54
45

54
45

31
0

141
108

Wallace upper
Wallace lower
Wallace side channel
RR Slough near Start-Up

16.64
20.09
12.78
13.12

80
114
0
15

19
58
0
0

0
44
0
0

0
44
0
0

0
1
0
0

141
141
141
141

Wagley Cr upper
Wagley Cr lower
Mann Rd. unnamed trib

18.56
18.57
15.84

130
132
82

71
81
0

33
34
0

33
34
0

0
0
0

141
141
141

Backwater
Small side channel
Main side channel
Beaver pool
Logjam pool
Mann Road
Mann Road

20.97
14.12
19.57
19.74
19.24
19.31
18.51

91
45
109
113
122
104
131

51
0
60
62
55
54
71

39
0
42
44
24
38
22

39
0
42
44
24
38
22

11
0
0
0
0
0
0

141
141
141
141
141
141
141

Groenweld middle
Groenweld lower

20.85
25.11

116
100

72
73

50
65

50
65

20
34

141
141

Snoqualmie Watershed
Snoqualmie main stem
291

Snoqualmie River

21.47

121

82

58

58

26

141

Snohomish Watershed
Estuary
301
296
289
12
8

Field's Riffle
Swan Trail Slough
Ebey Slough
Ebey Slough (Ship Wreck)
Union Slough

32.15
23.13
22.27
23.23
22.85

141
141
121
108
108

138
113
93
98
100

131
98
67
83
86

131
98
67
83
86

101
50
38
39
41

141
141
141
108
108

38
44

297
32
Wallace River complex
25
298
286
24
Small tributaries
33
20
36
Mann Rd side-channel
complex
23
292
299
305
294
287
22
Groenweld Slough
302
46

Skykomish Watershed
Skykomish River Main stem
The main-stem site upstream of the City of Goldbar (logger 2) had a 7-DADM
temperature in the core rearing range (13°C - 16°C) through mid-July and after the
second week of September. The temperature increased above 17.5°C through the end of
August with the average daily maximum temperature rising slightly above 20°C the last
week of July and first week of August. Logger 38 showed a similar pattern. Loggers 44
and 297 downstream of Gold Bar had an increase in maximum average temperature of
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~1°C (above logger 2) from late June through the summer. Cooler water from the Sultan
River likely contributed to the lower temperature recordings at logger 32. Temperatures
observed are approximately 1°C lower than logger 2 and 2°C lower than loggers 44 and
297 during the peak temperature period (July 25 – August 21). It was the only main-stem
logger with a 7-DADM remaining below 20°C through the period of deployment.
Wallace River Complex
The upstream Wallace River logger (25) remained in the spawning and incubation range
(<13°C) until July and returned to the range in mid-September. The lower logger (298)
rose above 17.5°C in late July through August. The side channel temperature (logger
286) remained below 13°C throughout the summer. Temperature in the side channel
remained fairly constant with an approximate rise of only 2.5°C throughout the summer.
The Wallace River side channel logger (286) and the RR side channel logger (24), which
is approximately 600 m away, both had cool temperatures. This appears to be an area of
substantial groundwater influence. Logger 24 had a broader temperature range than
logger 286. Possible explanations include less dense canopy cover, greater influence from
main-stem flow, and/or less groundwater influence.
Small Tributaries
Temperature loggers were placed in two small tributaries, one with substantial
development and the other with a forested drainage area. The two loggers (20 and 33)
placed in Wagley Creek, the developed tributary, recorded similar temperatures. Data
showed that the average maximum temperature was 1°C higher than temperature in the
main stem at the beginning of deployment in mid-June. During the peak temperature
period (7/25-8/21), however, the maximum average was ~2°C lower in the small
tributary than in the main stem with a 7-DADM of 18.5°C.
The logger placed in the small tributary draining a forested watershed (36) recorded a 7DADM of 15.8°C. The wooded tributary remained approximately 2.5°C cooler than the
developed tributary throughout the summer period.
Mann Road Side-Channel Complex
Several loggers were placed in a network of side-channels along the left bank of the main
stem between the river and Mann Road. Logger 297, placed at the head of the sidechannel complex, recorded water input from the main stem. It had the highest 7-DADM
within the side channel complex. It recorded substantially higher temperatures than were
measured by logger 36 in the small, forested tributary (described above), the other
surface water input to the complex. Logger 292, located in a small channel, recorded the
coolest temperatures among the cluster of loggers. Logger 23 had high variability after
July 25th. This coincided with a decrease in flow throughout the side-channel network.
A surprise finding was the high temperature variability over short distances within sidechannels. Logger 299, located only 100m downstream of logger 292 at relatively the
same depth (>0.5m), had a 7-DADM of 19.6°C, a temperature 5°C greater than recorded
by logger 292. Logger 294, placed toward the downstream end of a side-channel in a
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logjam, followed a similar temperature pattern, but showed a lower 7-DADM and a
decrease in average maximum temperatures throughout the month of August. Lower
temperatures at logger 294 may be attributable to greater shade and groundwater
influence during the summer low period. Logger 287, located in a small side channel with
adjacent agricultural land uses had similar temperatures to the large side channel nearby
(logger 305). Logger 22 located further downstream had a lower 7-DADM and dropped
back below 16°C two weeks earlier than its upstream counterpart, logger 287. The
temperature difference reflects the cooling effect from a small tributary and potentially
groundwater intrusion from the adjacent hillside.
Groenveld Slough
Two loggers were placed in Groenveld slough, a right bank side-channel directly
downstream of the Sultan River. The mid-slough logger, 302, showed elevated
temperatures compared to logger 32, located nearby in the main stem. The downstream
logger (46) recorded a 7-DADM that exceeded the upstream logger by nearly 5°C.
Snoqualmie Watershed
Logger 291 was placed at approximately RM 5.8 near the right bank at an approximate
depth of 2 m. The temperature range was relatively constant with a daily fluctuation of
~2°C. The low temperature average remained above 18°C from late July through the end
of August.
Snohomish River and Estuary
Temperature values were similar among all estuary slough loggers. They all exceeded
16°C around the middle of June and all returned below 16°C by approximately the last
week of September. They surpassed 20°C in the third week of July and dropped below
20°C in the first week of September, with Swan Trail Slough remaining elevated an
additional week.
The Field’s Riffle logger (301), located within a tidal lagoon, showed a similar average
and low temperature to the other estuary loggers. The lagoon dewaters at low tide, and
thus the elevated high temperature averages reflect air temperatures.
3.2.2 Discussion
The reconnaissance level assessment of temperature conditions within the study area was
designed to identify areas of cold water refuge for salmonids. Loggers were placed
throughout the river system to evaluate changes in temperature along the river continuum
and in clusters to evaluate temperature gradients across the floodplain and within sidechannels.
Our ability to evaluate changes in temperature longitudinally was diminished by the loss
of several main-stem temperature loggers. Loggers in main-stem rivers were more
exposed and more accessible to the public, and thus more likely to be vandalized or
stolen. Temperature data from the loggers retrieved indicated temperatures exceeding
20°C for the 7-DADM in the Skykomish, Snoqualmie and Snohomish rivers.
Temperatures recorded in the Snoqualmie River were comparable to Skykomish River
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temperatures. Temperatures generally increased in a downstream direction, with the
highest temperatures recorded in the Snohomish River estuary. The Sultan and Wallace
rivers draining to the Skykomish River appear to have a large enough volume of cooler
water to lower main stem temperatures in the vicinity of the discharge.
We were more successful at documenting temperature variations across the floodplain.
Loggers placed throughout the floodplain of the Skykomish River in large and small
tributaries and side-channels indicated a high degree of temperature heterogeneity among
channels in close proximity and even within side-channels. We identify several areas of
cool water temperatures associated with tributary inputs and well-shaded side-channel
networks. Side channels, tributaries, and wall-based channels were cooler than the main
stem with the exception of Groenveld Slough, a wide, shallow side-channel with limited
riparian cover (Groenveld Slough was replanted to address the problem under a separate
grant).
We suspect that groundwater intrusion in side-channels toward the margins of the
floodplain has a strong influence on localized stream and side-channel temperatures.
Areas of cool water refugia for salmonids were identified in the Wallace River, Wallace
River side-channel, RR side-channel, Mann Rd tributary, and sections of the Mann Rd
side-channel complex. These areas may provide critical habitat for rearing salmonids
during the temperature peak in late July and August, particularly during warmer
summers. Climate change could increase the reliance of salmon populations on these
areas of thermal refugia.
Another interesting finding was the temperature difference between small tributaries and
side-channels with intact riparian forests verses those without. Wagley Creek, the
developed tributary, had a higher temperature than the tributary with an intact riparian
zone. Groenveld Slough, the side-channel with the least riparian forest cover, also had
higher temperatures than more forested side-channels. While we do not have adequate
data to make a strong inference, the lower temperatures observed in forested drainages
and shaded channels may reflect the cooling effect of tree canopy cover on stream
temperatures.
Based on the results of initial temperature screening, we recommend continued
temperature monitoring over multiple years to better document thermal patchiness along
the river continuum and across the floodplain. This could be coupled with an analysis of
landform and groundwater to identify sources of groundwater intrusion. A larger sample
size is needed to better document the cooling effect of riparian canopy cover. Additional
loggers could also be used to evaluate thermal stratification in deep pools. Deep pools
associated with areas of groundwater intrusion may provide temperature refugia for
holding adult salmonids upon their return to the river system. These results will be used
to inform conservation and restoration strategies within the study area.
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Figure 3.6 Temperature Monitoring Snohomish Estuary
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Figure 3.6

Figure 3.7 Temperature Monitoring Skykomish 3, 4, 5 and 6 and Tributaries

Figure 3.7
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Figure 3.8 Temperature Monitoring Snoqualmie 1
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Figure 3.8

3.3

Bank Conditions and Aquatic Habitat Survey

3.3.1 Results
Bank conditions results are displayed graphically in Figures 3.13-3.19 (p.48-52).
Table 3.11 summarizes reach characteristics. In general, for each habitat parameter,
results are presented in summary tables showing calculated habitat metrics by
geomorphic reach. Reach data are also aggregated by watershed or into main stem and
tributary groups. For this analysis, main-stem reaches are those in the Snohomish,
Skykomish and Snoqualmie and the remaining reaches are classified as tributaries.
Table 3.11 Survey effort for habitat and bank condition components.
Watershed

Subbasin

Reach

(m)

Skykomish
Snoqualmie

Single
Piece
LWD
Survey

Jam
Survey

Bank
Condition
Survey (m)

% of
Length

% of
Length

% of
Length

% of
Length

% of
Length

Skykomish_1

6,908

87

100

86

100

100

Skykomish_2

10,941

51

100

53

100

100

Skykomish_3

4,214

47

100

47

100

100

Skykomish_4

1,691

100

100

100

100

100

Skykomish_5

7,531

100

100

83

83

100

Skykomish_6

6,412

100

100

100

100

86

Lower Sultan

Sultan_1

4,500

0

0

0

0

94

May Creek

Wallace_1

6,693

0

98

98

98

98

Snoqualmie
Mouth

Snoqualmie_1

9,761

51

89

51

89

89

Snohomish
Estuary

SnoEst_1

61,089

0

0

0

0

100

Snohomish_1

2,089

0

0

0

0

100

Snohomish_2

7,225

100

100

84

100

100

Pilchuck_1

2,570

45

100

45

100

100

Pilchuck_2

2,831

100

100

100

100

100

Pilchuck_3

1,228

0

0

0

0

79

Quilceda_1

9,196

0

0

0

0

19

Lower
Mainstem
Skykomish

Snohomish

Pool Freq
Survey

Total Reach
Pool/Riffle
Main
Area
Channel
Survey
Length (km)

Upper
Mainstem
Skykomish

Cathcart
Drainages

Lower
Pilchuck River
Quilceda

41

Bank Conditions
Bank conditions were inventoried continuously for the Snohomish and its major
tributaries. In all nearly 290 km of bank were assessed for modifications, stability, and
toe material (Figures 3.13-3.18). The values reported here were generated using fieldcollected points in a GIS. Lengths of bank features are the distance between fieldrecorded points along a remotely digitized bank layer. The following bar graphs (Figures
3.9-3.11) display bank condition results by reach.
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80%
70%

Modified/Stable

60%

Modified/Unstable

50%

Natural/Stable

40%

Natural/Unstable

30%
20%
10%
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Sno-2

Sno-1

Sno Est

Sky-6

Sky-5

Sky-4

Sky-3
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Sky-1

Quil-1

Pil-3

Pil-2

Pil-1

Reach

Figure 3.9 Percent bank condition by reach.
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42

Sno Est

Figure 3.10 Percent bank modification by reach.
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Figure 3.11 Percent bank toe material by reach.

Aquatic Habitat
Aquatic habitat data are presented graphically in Figures 3.21 through 3.27 (p56-62).
The goal of intensively surveying approximately 50 percent of reaches for pools and
riffle area was realized in all reaches where the habitat portion of the survey was
performed except one. In Wallace 1 pool and riffle areas were not recorded, but pools
were located and classified as to pool type and forming factor. Only pool frequencies and
distribution of pool classes are reported for this reach. No information was collected on
pools and riffles in the Snohomish downstream of Snohomish 2, in Quilceda, Sultan or
upstream of Pilchuck 2. Reaches with no data for all metrics listed in tables are omitted.
Incomplete values in some reaches for some parameters resulted from logistical
challenges (i.e. limited access, equipment failure) and site conditions (i.e. water depth,
water clarity).
Tables 3.12 and 3.13 contain selected values for habitat units. Reach total wetted area and
lengths used in calculating habitat unit percent area and frequencies were generated using
a GIS.
Pools
Individual pool characteristics - wetted area, maximum depth, residual depth, and poolforming factor - are summarized by reach in Table 3.12. The field displaying percent
glides and margin water area is the remainder of GIS-derived total wetted area after fieldderived pool and riffle areas were subtracted. Recorded pool and riffle locations and
types are displayed in Figures 3.19-3.22.
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Table 3.12 Selected habitat values by reach.
Reach

Surveyed
Wet Area
(m2)

Percent
Pool
Area

Percent
Riffle
Area

Pilchuck_1
Pilchuck_2
Skykomish_1
Skykomish_2
Skykomish_3
Skykomish_4
Skykomish_5
Skykomish_6
Snohomish_2
Snoqualmie_1

21,896
54,113
684,755
573,044
200,065
132,336
635,921
591,486
1,211,638
358,580

25.9
6.0
17.7
13.4
15.1
15.5
25.1
10.9
15.8
10.4

22.5
42.1
6.6
16.2
9.1
16.3
14.9
20.3
14.4
0.6

Percent
Glides
and
Margin
Area
51.6
51.9
75.7
70.4
75.8
68.3
59.9
68.8
69.8
89.0

Total Pool Maximum Residual Pool Area
Freq.
Pool
Pool
Avg. (m2)
(pools/km)
Depth
Depth
Avg. (m) Avg. (m)
8.2
2.5
3.9
2.5
4.0
3.6
4.5
2.5
3.1
0.8

1.54
1.51
3.04
2.59
1.63
2.23
2.67
2.69
3.89
6.81

1.0
1.0
2.2
2.1
1.3
1.7
2.2
2.1
3.0
5.3

516
462
4,859
3,659
1,719
3,408
4,779
4,021
7,933
11,616

Wood
Single pieces of wood were inventoried over 49.7 km of the Snohomish and its tributaries
while jams, and pieces of wood within, were located and evaluated over 64.3 km. Wood
was not inventoried in Sultan River, Quilceda Creek, Pilchuck 3, or in the Snohomish,
downstream of Snohomish 2. There were no jams found in the surveyed lengths of
Pilchuck 1 or 2, Wallace 1 or Skykomish 4. Wood summary statistics from these reaches
are entirely from single pieces. Reaches with no data for all metrics reported in tables are
omitted. LWD jam locations by type and locations of single pieces of wood are displayed
in Figures 3.23-3.27.
The relationship between jam volume and individual LWD piece number was determined
to estimate total LWD piece abundance contained in jams within reaches where only jam
dimensions were measured. This relationship was formulated using jam values from
Skykomish reaches. For jams with 6 or fewer pieces or less than 350 m3 in volume, the
relationship between jam size and piece number was evident, but weak (r2=0.12, p<0.05).
However for jams with more than 6 pieces or volume greater than 350m3, the
relationship was positive and significant. For larger jams the best relationship obtained
was between LWD piece number and jam volume (Figure 3.12), where piece number =
0.0138(volume) + 9.4, n=33, r2=0.83, p<0.001). This equation was applied to jams larger
than 350 m3 that were not inventoried for wood. As wood number and volume data for
Snohomish and Snoqualmie jams were added to this analysis, the equation for this
relationship changed slightly (y = 0.0139x + 9.00, n = 39, r2 = 0.78) but not enough to
warrant the recalculation of already generated wood estimates. Jams 350 m3 and smaller
were assigned a wood estimate of 6 pieces.
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Table 3.13 Summary of pool values by reach and pool-forming factor.
Reach

Pilchuck_1
Pilchuck_2
Skykomish_1

Skykomish_2

Skykomish_3

Skykomish_4

Skykomish_5

Skykomish_6

Snohomish_2

Snoqualmie_1

Wallace_1*

Forming
factor
Rip rap
Wood
Free form
Rip rap
Free form
Rip rap
Wood
Bed rock
Free form
Rip rap
Wood
Beaver
Bed rock
Free form
Rip rap
Wood
Free form
Rip rap
Beaver
Bed rock
Free form
Rip rap
Wood
Bed rock
Free form
Rip rap
Wood
Beaver
Bed rock
Free form
Rip rap
Wood
Beaver
Bed rock
Rip rap
Free form
Rip rap
Wood

Count
17
4
2
5
8
12
7
4
6
15
2
8
1
13
10
5
2
4
2
4
17
17
24
5
8
2
1
1
4
7
8
2
1
2
4
13
7
6

Frequency Percent in Avg. Max
(#/km)
reach
Depth (m)
6.6
1.6
0.7
1.8
1.2
1.7
1.0
0.4
0.5
1.4
0.2
1.9
0.2
3.1
2.4
1.2
1.2
2.4
0.3
0.5
2.3
2.3
3.2
0.8
1.2
0.3
0.2
0.1
0.6
1.0
1.1
0.3
0.1
0.2
0.5
2.0
1.1
0.9

81.0
19.0
28.6
71.4
29.6
44.4
25.9
14.8
22.2
55.6
7.4
21.6
2.7
35.1
27.0
13.5
33.3
66.7
3.1
6.3
26.6
26.6
37.5
31.3
50.0
12.5
6.3
4.5
18.2
31.8
36.4
9.1
14.3
28.6
57.1
50.0
26.9
23.1

1.3
1.1
1.4
1.6
1.9
4.0
2.2
3.5
1.8
2.2
1.5
1.1
3.0
1.2
1.5
1.2
1.8
2.5
1.3
3.3
1.3
3.1
1.4
5.0
1.5
2.4
1.7
2.5
5.7
1.7
5.6
1.9
2.1
5.7
2.7

Avg.
Residual
Depth (m)
1.0
0.9
0.8
1.1
1.5
2.9
1.6
2.7
1.2
1.9
1.4
0.8
3.0
1.1
1.1
1.1
1.5
1.9
1.0
2.1
1.0
2.6
1.3
4.2
0.9
1.8
1.3
1.8
4.2
1.4
4.3
1.2
0.1
5.2
2.4

Avg Area
2

(m )
323
47
231
555
2,055
7,895
1,470
4,455
3,977
2,253
678
1,101
18,400
787
1,029
312
3,585
3,320
2,098
3,670
4,354
4,257
279
5,704
3,314
4,489
326
17,000
17,084
1,386
9,825
438
2,576
8,856
3,640

*

*Pool locations were recorded, but dimensional attributes were not collected.
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Figure 3.12 Relationship between LWD piece number and jam volume.
A total of 132 LWD jams were observed in the study area. All jams were classed to type
and spatially located (GPS). One hundred, sixteen jams were physically measured to
estimate area and volume. For 60 of these jams, individual LWD piece composition was
determined based on diameter, length, decay class, and presence/absence of a rootwad.
These jams were sampled roughly in proportion to their frequency by type in the study
area. For an additional 24 jams, qualifying LWD pieces were tallied.
Table 3.14 Summary of LWD values by reach.

Pilchuck_1
Pilchuck_2
Skykomish_1
Skykomish_2
Skykomish_3
Skykomish_4
Skykomish_5
Skykomish_6
Snohomish_2
Snoqualmie_1
Wallace_1

Single piece
survey length
(m)
1,160
2,831
5,956
5,745
1,996
1,691
6,288
6,412
6,090
4,963
6,567

Total single
pieces
14
7
107
77
47
26
276
146
330
162
42

Percent
single
pieces in
reach
100
100
45
46
37
100
28
48
89
95
100

Estimate of
total all size
wood freq
(pcs/km)
12
2
40
29
64
15
158
48
61
34
6

Estimate of
total small
wood freq
(pcs/km)
6
1
13
8
17
5
58
19
20
8
1

Estimate of
total wood
>60cm freq
(pcs/km)
2
0
5
2
7
1
20
6
6
3
1

Estimate of
total wood
>60cm >15m
freq (pcs/km)
1
0
2
1
2
0
9
2
3
3
1

Table 3.14 summarizes wood totals for all reaches in which wood was collected. Wood
frequencies are expressed as number of pieces in different size classes per length of main
channel centerline that was surveyed concurrently for single pieces of wood in jams.
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Similarly, the length of centerline surveyed for jams was used to calculate reported jam
frequencies in Table 3.15. Table 3.16 reports frequencies for wood in various wood
diameter and length classes. “Small wood” reported in this table is made up of pieces of
wood smaller then 30 cm in diameter and 7.6 m in length with a rootwad attached.
Table 3.15 Summary of LWD jam values.

Pilchuck_1
Pilchuck_2
Skykomish_1
Skykomish_2
Skykomish_3
Skykomish_4
Skykomish_5
Skykomish_6
Snohomish_2
Snoqualmie_1
Wallace_1

Jam survey
length (m)
2,570
2,831
6,908
10,941
4,214
1,691
6,288
6,487
7,225
8,663
6,567

Total jam
count
0
0
13
5
19
0
56
15
8
2
0

Jam
Percent of
frequency Jam volume Total pieces
wood in
(jams/km) Avg (m3) wood in jams
jams
0
0
0
0
0
0
0
0
2
397
130
55
0
1250
91
54
4
347
80
63
0
0
0
0
9
460
719
72
2
245
159
52
1
136
42
11
0
236
9
5
0
0
0
0

Table 3.16 LWD jam abundance and average piece count per jam by reach and jam type.

Pilchuck_1
Pilchuck_2
Skykomish_1
Skykomish_2
Skykomish_3
Skykomish_4
Skykomish_5
Skykomish_6
Snohomish_2
Snoqualmie_1

BAJ
0
0
4
2
8
0
11
7
4
1

BTJ
0
0
4
3
7
0
35
6
3
0

Jam count
MJ
0
0
5
0
4
0
10
2
1
1

Total
0
0
13
5
19
0
56
15
8
2

BAJ
0
0
8
42
23
0
14
17
33
5

Average piece count
BTJ
MJ
Total
0
0
0
0
0
0
4
7
6
4
0
23
5
5
9
0
0
0
10
10
11
6
4
10
8
3
12
0
4
5

In addition to classifying single pieces and pieces in jams by diameter and length, wood
was characterized by state of decay. Single pieces were classed by type (conifer
evergreen and deciduous) as well. These classes along with diameter are reported for
each reach in Table 3.17 for single and jam pieces.
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Table 3.17 Summary of wood composition by reach.
Wood
Type %

Old

Conifer

Deciduous

30-60 cm

60-90 cm

> 90 cm

New

Int

Old

Pilchuck_1

71.4

28.6

0

21.4

14.3

64.3

33.3

66.7

0

0

0

0

0

0

Pilchuck_2

100

0.0

0

33.3

0

66.7

0

100

0

0

0

0

0

0

Skykomish_1

82.9

17.1

0

46.9

26.5

26.5

18.3

81.7

79.5

18.2

2.3

37.8

45.9

16.2

Skykomish_2

87.2

12.8

0

61.4

21.4

17.1

13.0

87.0

91.0

7.6

1.4

16.7

53.6

29.8

Skykomish_3

97.1

2.9

0

34.4

53.1

12.5

11.1

88.9

78.4

21.0

0.7

15.4

55.8

28.8

Skykomish_4

94.1

5.9

0

73.9

17.4

8.7

26.9

73.1

0

0

0

0

0

0

Skykomish_5

87.8

10.3

1.9

49.2

24.6

26.2

33.6

66.4

77.1

21.1

1.8

33.2

29.0

37.8

Skykomish_6

79.2

16.7

4.2

40.2

27.6

32.3

57.7

42.3

80.8

17.7

1.6

10.0

50.0

40.0

Snohomish_2

84.8

14.3

0.9

16.6

35.9

47.5

23.9

76.1

84.9

11.8

3.3

32.2

42.4

25.4

Snoqualmie_1

87.2

12.8

0

31.5

45.0

23.5

5.5

94.5

87.5

12.5

0

22.2

33.3

44.4

Wallace_1

81.6

15.8

2.6

38.5

51.3

10.3

10.5

89.5

0

0

0

0

0

0
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Figure 3.13 Bank Conditions Snohomish Estuary

Figure 3.13
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Figure 3.14 Bank Conditions Snohomish 1 and 2
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Figure 3.14

Figure 3.15
Figure 3.15 Bank Conditions Skykomish 1 and 2
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Figure 3.16 Bank Conditions Skykomish 3, 4, 5 and 6
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Figure 3.16

Figure 3.17 Bank Conditions Snoqualmie 1

Figure 3.17
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Figure 3.18 Bank Conditions Pilchuck 1, 2 and 3, Wallace 1, Sultan 1 and Quilceda 1
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Figure 3.18

Figure 3.19 Pool and Riffle Locations Snohomish 2

Figure 3.19
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Figure 3.20 Pool and Riffle Locations Skykomish 1 and 2
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Figure 3.20

Figure 3.20 Pool and Riffle Location Skykomish 3, 4, 5 and 6

Figure 3.21
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Figure 3.21 Pool and Riffle Locations Snoqualmie 1
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Figure 3.22

Figure 3.22 Pool and Riffle Locations Pilchuck 1 and 2 and Wallace 1

Figure 3.23
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Figure 3.23 Large Woody Debris and Jam Locations Snohomish 1 and 2
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Figure 3.24

Figure 3.24 Large Woody Debris and Jam Location Skykomish 1 and 2

Figure 3.25
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Figure 3.25 Large Woody Debris and Jam Locations Skykomish 3, 4, 5, and 6
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Figure 3.26

Figure 3.26 Large Woody Debris and Jam Locations Snoqualmie 1

Figure 3.27
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Figure 3.27 Large Woody Debris and Jam Locations Pilchuck 1 and 2 and Wallace 1
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Figure 3.28

3.3.2 Discussion
Table 3.18 lists regional performance criteria for healthy, functioning habitat conditions.
References are made to these criteria throughout the discussion.
Table 3.18 Large river habitat evaluation criteria.
Measured
Characteristic

“Properly Functioning”
(Suitable)

“At Risk”
(Degraded)

Pool Frequency
(NMFS 1996)

Meets pool frequency
standards (23 pools/mile
@ Wbf = 75’; 18 pools per
mile @ Wbf = 100’) and
meets large woody debris
(LWD) recruitment
narrative criteria (see
below)
Pool habitat is > 55% of
the low flow surface area 1

Meets pool frequency
standards (23 pools/mile
@ Wbf = 75’; 18 pools
per mile @ Wbf = 100’)
and does not meet large
woody debris (LWD)
recruitment narrative
criteria (see below)
Pool habitat is 40-55% of
the low flow surface
area1
>80 pieces/mile (50
pieces/km), >24” (60 cm)
in diameter, >50 feet
(15.2 m) in length, and
does not have potential
sources of woody debris
for recruitment
“Fair” = 10-40 pieces/
km key pieces >24” (60
cm) in diameter, >50 feet
(15.2 m) in length
On average, 10-20% of
banks are actively
eroding
Shoreline hardening or
overwater structures
affect 10-20% of
shorelines

Percent Pool Area
(WFPB 1997)
LWD Frequency
(NMFS 1996)

LWD Frequency
(bankfull width
class 10-100m)
(Fox 2001)
Bank Stability
(NMFS 1996)

>80 pieces/mile (50
pieces/km), >24” (60 cm)
in diameter, >50 feet (15.2
m) in length, and has
potential sources of
woody debris for
recruitment
“Good” = >40 pieces/ km
key pieces >24” (60 cm)
in diameter, >50 feet (15.2
m) in length
On average, < 10% of
banks are actively eroding

Bank
Modifications
(NMFS 1996)

Shoreline hardening or
overwater structures affect
<10% of shorelines

“Not Properly
Functioning”
(Unsuitable)
Does not meet pool
frequency standards (23
pools/mile @ Wbf = 75’; 18
pools per mile @ Wbf =
100’) and does not meet
large woody debris (LWD)
recruitment narrative criteria
(see below)
Pool habitat is < 40% of the
low flow surface area1
<80 pieces/mile (50
pieces/km), >24” (60 cm) in
diameter, >50 feet (15.2 m)
in length, and does not have
potential sources of woody
debris for recruitment
“Poor” < 10 pieces/ km key
pieces >24” (60 cm) in
diameter, >50 feet (15.2 m)
in length
On average, > 20% of banks
are actively eroding
Shoreline hardening or
overwater structures affect
>20% of shorelines

Bank Conditions
Bank modifications affect the quality and quantity of habitat available to salmonids.
Juvenile salmonids use the slow-water margin of large rivers and side-channels for
rearing and migration (Beamer and Henderson 1998, Spence et al. 1996, Ward and Wiens
2001, and Ward et al. 1999). Bank hardening reduces the length of channel edge and area
of slow-water rearing habitat by confining the main channel and isolating off-channel
habitats such as side-channels and oxbow ponds. Bank armoring also diminishes the
quality of edge habitat by reducing cover and complexity in the channel margin provided
by LWD and overhanging vegetation. A survey of edge habitat cover types in the
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Snohomish River found woody debris (rootwads, debris piles and single pieces) as a
percentage of channel edge habitat along natural banks is twice as abundant as along
modified banks (Haas and Collins 2001). The disconnection of the river from floodplain
and riparian processes confounds these effects by decreasing LWD recruitment and the
formation of new side-channels.
When compared to regional performance criteria for healthy, functioning habitat
conditions (Table 3.18) (NMFS 1996), only Skykomish 6, among main stem reaches, and
Quilceda 1 among tributary reaches would be classified as “Properly Functioning” for
bank conditions, because less than 10 percent of banks are modified. Skykomish 5, Sultan
1 and Wallace 1 would be classified as “Functioning at Risk” with values under 20
percent. The remaining reaches were “Not Properly Functioning” with levels well in
excess of the threshold for “Properly Functioning”.
Bank instability as a percentage of total bank length varies by reach between 5 and 30
percent among main stem reaches (Snohomish, Snoqualmie and Skykomish) and between
2 and 15 percent in the smaller tributaries. Skykomish 4, Snohomish 1, Pilchuck 3,
Quilceda 1, Sultan 1, Wallace 1 and the Estuary Reach had stable enough banks to be
classified as “Properly Functioning” when compared to regional performance criteria.
Skykomish 5 and 6, Snohomish 2 and Snoqualmie 1 have greater than 20 percent
instability and are “Not Properly Functioning” The remaining reaches are “Functioning at
Risk” with instability between 10 and 20 percent.
Bank instability occurs naturally, but can be aggravated by land use activities such as
riparian clearing, armoring and elevated levels of impervious surface in the contributing
drainage area. High bank instability can increase fine sediment levels. Elevated fine
sediment levels fill pools, reducing rearing and holding capacity, and the interstitial
spaces in spawning gravels, reducing egg-to-fry survival. In Skykomish 4, for instance,
bank instability is likely low because the outside banks of most bends are armored with
riprap. While this may reduce fine sediment levels, it also reduces channel migration, a
critical watershed process for the creation of side-channels and recruitment of LWD.
While some reaches (Skykomish 4, as mentioned above, Pilchuck 3 and Snohomish 1)
hint to the possibility that high percentages of bank modification lead to lower amounts
of instability in a reach, overall, there was only a week positive correlation between the
percentage of bank modification and bank stability. Reaches with both high percentages
of modified banks and high instability suggest that while modifications protect banks
from erosion locally, they may contribute to upstream and downstream erosion. Results
from future surveys can be compared to these results to document whether or not bank
modifications stabilize banks overall or simply redistribute erosional forces elsewhere in
the reach.
Aquatic Habitat
Pools
When reach data for main-stem reaches were aggregated, riprap-formed pools were the
most numerous, followed by free-formed, wood-formed, and bedrock-formed pools. The
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same pattern was evident in tributary reaches. We hypothesize that in the absence of
riprap, which is often placed on the outside of meander bends, free-form or wood-formed
pools would likely exist at the location of riprap-formed pools. Pools impounded by
beaver dams were classed separately, because they were found only on three occasions
and only in side channels.
Because the Skykomish River (reaches 1 through 6) was surveyed for pools over a
continuous and highly comparable 37 km, it is the focus of the following discussion on
pool characteristics by forming factor. Future analyses will incorporate reaches from the
Snohomish and Snoqualmie as well as pool data from other rivers in Snohomish County.
Many of the differences in percent pool area, pool frequency and other pool
characteristics observed among Skykomish reaches can be explained by examining the
primary features driving pool formation. A scour pool formed by a bar apex jam, for
instance, would be expected to have different characteristics than a pool formed by a
bedrock outcrop or a long stretch of armored bank. Although wood-formed pools were
smallest in area, they were comparable in deep to free-formed pools, indicating the flow
resistance contributing to depth of scour was accomplished over much shorter distances.
Pool area by pool forming factor for all pools varied significantly within the Skykomish
reaches due to the smaller size of wood formed pools (Figure 3.29 Kruskal-Wallis
ANOVA by ranks: H (3, N=110) =23.8 p = 0.00). However, pool area did not differ
among riprap, bedrock, or free-formed pools (Kruskal-Wallis ANOVA by ranks; H (2,
N= 90) =0.54 p=0.76).
In total 53 riprap-formed pools were observed associated with 61 modified bank
segments. Although there is not unique correspondence between riprap bank segments
and individual pools for each segment, there is much overlap. Where this occurs the
average length of riprap segment is 256 meters and pool length is 126 meters. By contrast
the average length of 12 wood formed pools was 52 meters where average LWD jam
length was 26 m for 16 jams that formed these pools. One interpretation of these data is
LWD jams are 4 times more efficient based on channel length at converting stream length
to pool habitat than are riprap bank structures.
Although riprap-formed pools accounted for the greatest number and area of pools
overall, the length of riprap establishing the hydraulic disruption is long and
uninterrupted, precluding other quality habitat formation along its length. In the case of
wood-formed pools, the disruption to bedform is short lived and results in pronounced
scour (similar to free-formed pools). The smaller area of wood-formed pools also
suggests rapid flow divergence to a steeper pool tailout and stronger hydraulic gradient
across the streambed. These hydraulic conditions and the presence of LWD may result in
more favorable salmon spawning, incubation and rearing environments. Riprap-formed
pools, however, have greater depth and thus may provide good habitat for adult salmon
holding. The implication is that bank armoring may increase pool depth, a benefit to
holding, at the expense of pool quality and quantity for spawning, incubation and rearing.
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Figure 3.29 Mean pool area (m2) Skykomish River reaches 1-6.

Bedrock-formed pools also exhibit unique characteristics. They are the most persistent
through time. Bedrock hard points within the floodplain have great depth below adjacent
upstream thalweg elevations and so create self-sustaining, fixed nick- or nodal- points
along the meandering path of the river. The more of these fixed nodal points that exist,
the more likely a river will be constrained to a limited meander path across only a portion
of the floodplain.
Furthermore, the lack of woody debris cover, complex vegetated edge, and riparian
vegetation generally associated with bedrock or riprap-formed pools greatly reduces the
value for juvenile salmonid rearing (Beamer and Henderson 1998, Hayman et al. 1996,
Beechie et al. 1994). For example, in the North Fork Stillaguamish River, Pess et al.
(2003) observed higher abundance and density of salmonids, and species richness in
pools with LWD compared to pools without LWD. Differences were attributable to slow
water habitat (hydraulic complexity), habitat complexity (surface and sub-surface LWD),
increased depth and greater frequency of these conditions in association with LWD
throughout the stream reach, providing benefits in addition to size and frequency, as
reported here.
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Figure 3.30 Mean pool maximum depth (with 95% CI bands) by pool-forming factors
among reaches.
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Figure 3.31 Mean pool residual depth (with 95% CI bands) by pool-forming factors
among reaches.
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Wood
As with pools, the following discussion on wood and jam characteristics focuses on
Skykomish River reaches 1 through 6 as they were surveyed for wood over a continuous
and highly comparable 37 km.
Estimates of total wood frequency fell below the regional healthy, functioning habitat
criteria listed in Table 3.18 (NMFS, 1996 and Fox, 2001) and thus all reaches within this
analysis receive a rating of “Not Properly Functioning”. Skykomish Reach 5 was the
reach closest to meeting the criteria for “Functioning at Risk” with an estimated nine key
pieces (>60 cm diameter and 15 m length) per kilometer.
Most of the wood (>50%) in Skykomish reaches 1 through 6 was contained in LWD jams
(Table 3.14). This was particularly true in Skykomish 5, which for woody debris and
jams is unique in many respects. Skykomish 5, which amounts to 22% of surveyed length
in the Skykomish River, contained 52% of all jams and exhibited the highest jam
frequency. Based on a partial count and estimated remainder of all woody debris pieces,
54% of all wood resided in Skykomish 5.
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Figure 3.32 Jam height by jam type.
LWD jam volume ranged from 13.6 - 4,970.8 m3. Volume calculations were governed by
individual jam height and area. Among jam types only jam height significantly varied
(Figure 3.32, K-W ANOVA by ranks, H (2, N=101) =10.0 p =.0067). Bar apex jams
(BAJ) were tallest presumably because jam initiation by a key member occurred low in
elevation on the bar apex and they tend to accumulate large amounts of woody debris.
Bar top jams (BTJ) are flood recessional features that form random associations of
generally unstable wood higher in elevation on gravel bars. Meander jams (MJ) had
moderate height and volume relative to other jam features.
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Figure 3.33 Jam volume by jam type.
Based on observations made during the survey, meander jams tended to form at the
lowest elevation relative to the channel thalweg and in some cases contact the low flow
wetted channel. Based on GPS position of individual jams and post-survey aerial photo
interpretation, it is estimated 13 of 21 (62%) meander jams made contact with the low
flow wetted channel. It is estimated only 1 of 52 (1.9%) bar top jams and 7 of 28 (25%)
bar apex jams contacted the low flow channel. Although meander jams were not as large
as bar apex jams in height or volume (Figures 3.32 and 3.33), their position closer to the
channel thalweg means they influence different functions related to habitat and flow than
other jams. For example, they have a large role in contributing to habitat complexity
during the summer months. Notably, almost half of all meander jams were located in
Skykomish 5.
Reaches were aggregated, and the frequency distribution across LWD size classes was
compared between wood in jams and single pieces. No difference in the individual size
distribution across LWD diameter classes (30-60, 60-90, >90 cm) was detected among
Skykomish River reaches for either pieces in jams or single pieces within a reach. Woody
debris in jams was significantly larger than single pieces, with the significance being
accounted for in the 60-90 cm diameter range (Chi-Square = 15.75, df = 5, p <0.008). No
difference in diameter size class frequencies were detected among jam types (Figure 3.34.
Chi-Square = 8.6 df = 8 p < 0.38).
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Figure 3.34 Skykomish River LWD size class composition of jams and a comparison of
wood in jams and single pieces.

LWD decay status (new, intermediate, or old wood) of single pieces and of pieces in jams
was summarized and compared (Table 3.17). A marginally significant difference in decay
class composition among reaches was evident for single pieces. All the significance was
attributable to a higher than expected presence of intermediate wood in Skykomish 3.
Although differences among reaches were evident, reaches were pooled to test for decay
class differences between jams and single pieces. Jams contained a significantly greater
proportion of older wood (Figure 3.35. Chi-Square = 46.9, df = 5, p  0.0). In a large
river such as the Skykomish, single pieces are likely to be more transient than jams.
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Figure 3.35 A comparison of decay class composition between single pieces of LWD and
LWD in jams.
A significant difference in decay class composition among reaches for wood contained in
jams was observed (Chi-Square = 38.7 df = 14 p < .0004). In general, the fraction of
older wood decreased in a downstream direction (Figure 3.36). Since wood size among
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reaches did not differ, the age of the wood in Skykomish 5 and 6 is likely a function of
jam stability. Stable aggregations of wood persist longer; hence a larger fraction of LWD
can reaches a more advanced stage of decay. We hypothesize that jam stability in reaches
5 and 6 may be greater than downstream reaches because floodplain width and
depositional area are greater.
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Figure 3.36 Percent decay class composition for LWD in jams by Skykomish River
reaches.
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Figure 3.37 Decay class by jam type.

Decay class among LWD jam types was also significantly different (shown as
percentages in Figure 3.37. Chi-Square = 58.4 df = 8 p  0.0). Meander jams had the
largest new wood component, and bar apex jams had the oldest wood component. This is
likely attributable to the difference in persistence of various jam types as previously
discussed.
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Finally, the composition of woody debris in single pieces was evaluated for differences in
wood type. Deciduous species were most prevalent overall. The percent composition by
coniferous species was greatest in upstream reaches (Figure 3.38.). This may be related to
the greater abundance of old wood in these reaches, since conifer species generally decay
more slowly, and thus are longer lived within the stream network. Deciduous species in
persistent jam features may already have broken down.

Figure 3.38 LWD wood type by reaches. Percent conifer (%C) is followed by percent
deciduous (%D).

3.4

Restoration Opportunities Analysis

3.4.1 Results
The restoration opportunity analysis followed from the data analysis in previous sections
of chapter 3. Screen 1 narrowed the focus of the analysis to the contributing drainage area
above outfalls where water quality problems of potential significance were detected and
main-stem river reaches with the greatest restoration need and potential benefits.
Sampling at 11 of 20 outfalls indicated potential water quality problems for one or more
of the following parameters: temperature, dissolved oxygen, fecal coliform and
pesticides. Five were identified to have the greatest need and potential gains from riparian
restoration based on the severity of problems identified. Outfall 463, located at the mouth
of Swan Trail Slough, a tidal channel draining to Ebey Slough, was selected because
sampling recorded the lowest dissolved oxygen level among the sites and the presence of
PCNB. Outfall 418, which drains to the Skykomish River, was selected because it had
among the highest fecal coliform levels. Outfall 461, draining into the Skykomish River
below the Monroe Correctional Facility, also had a high level of fecal coliform. Outfalls
421 and 422 along the Snoqualmie River had multiple water quality violations.
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On a 5 point scale, reach restoration priority scores ranged from 0 to 5. Reaches scoring
three or higher were identified as the focus reaches for riparian restoration. Out of the 15
reaches included in the survey, 9 were selected as the most important areas to focus
restoration based on the scoring criteria (Table 3.9).
Table 3.19 Screen 1 reach scoring.
Reach
Pilchuck 1
Pilchuck 2
Skykomish 1
Skykomish 2
Skykomish 3
Skykomish 4
Skykomish 5
Skykomish 6
SnoEst 1
Snohomish 1
Snohomish 2
Snoqualmie 1
Wallace 1
Quilceda 1

Pool Area
Score
0
1
1
1
1
0
0
0
1³
1³
0
1
05
04

LWD
Restoration
Score
1
1
0
1
0
1
0
0
1³
1
0
0
1
04

Bank
Condition
Score
1
1
1
1
0
0
0
0
0
1
1
1
0
0

EDT
Temperature Restoration
Score
Score
0²
0
0²
0
1¹
1
1¹
1
1
1
1
1
1
1
1
1
1¹
1
0²
1
1
1
1
1
0
0
0²
0

Total
Score
2
3
4
5
3
3
2
2
4
4
3
4
1
0

Reaches shaded green scored 3 or higher
1
Washington State Department of Ecology, WQ monitoring data exceedence
2
No data for the reach
3
Collins et al., 2002
4
Snohomish County Public Works, SWM, 2000
5
Snohomish County Public Works, SWM, unpublished data, 2007
6
Qualitative assessment

Screen 2, the parcel scale analysis, was applied within the contributing drainage area
above the 5 outfalls and along the 9 reaches identified as having the highest restoration
need and benefit in Screen 1. The analysis generated an initial list of 196 parcels within
the selected area. We assigned each parcel a score of 0 to 8 based on eight criteria.
Adjacent parcels owned by the same landowner were combined for scoring purposes.
Parcels scoring 4 or less were dropped to focus response phase actions on sites with the
greatest opportunity and potential benefit. This narrowed the list to 141 sites owned by 68
landowners. Sixty-three percent of sites on the list are zoned for agricultural uses.
Twenty-five percent have a designated use code of undeveloped (vacant) land.
3.4.2 Discussion
While riparian restoration needs exist throughout the study area, given scarce resources
prioritization is essential. Screens 1 and 2 provided focus for the response phase.
Snohomish County followed up with landowners to address problems, provided a list of
residents that own good candidates for the CREP program to the Snohomish
Conservation District and selected sites to implement restoration actions through this
grant: 1) Field’s Riffle; 2) Snoqualmie Lake Crescent; and 3) Swan Trail Slough.
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The Field’s Riffle site was selected because it is one of the only undiked areas along the
Snohomish River downstream of the city of Snohomish. It is also one of the most
degraded reaches in the study area and one of the most critical for restoring salmon runs.
Restoration of this property, which is owned by Snohomish County, will set an example
and hopefully serve as a catalyst for restoration of adjacent properties.
The Snoqualmie Lake Crescent site, owned by the Washington Department of Fish and
Wildlife, was selected because it contains ~1 km of degraded riparian forest along a
critical rearing reach in the Snoqualmie Mouth sub-basin with degraded water quality and
high temperatures. The EDT model identified a very high benefit to Chinook salmon
populations from restoration actions within this reach. Substantial restoration is underway
within the reach, creating a nearly continuous riparian corridor.
The Swan Trail Slough site is located above an outfall with the lowest dissolved oxygen
out of all the outfalls sampled in this study. Pesticides were also detected. The
landowners and diking district commissioners expressed an interest in addressing the
problems. Fish passage and riparian conditions were improved in the district creating
good will with the agricultural community and serving as a model for restoration in
agricultural areas in the Snohomish River estuary.
Restoration at these sites and other response phase actions are described in the following
chapter.
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Figure 3.39 Restoration Parcel Screen Results

Figure 3.27
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4.0

RESPONSE PHASE

4.1
Landowner Assistance and Referrals
Landowner technical assistance and referral priorities followed from the potential
problem areas and opportunities identified through the riparian restoration opportunities
analysis and water quality survey. As described above the restoration opportunities
analysis generated a list of 68 landowners of sites with high restoration potential.
Snohomish County implemented restoration actions at three sites. The remainder were
referred to the SCD (if they were in agricultural areas) and used to prioritize Snohomish
County’s riparian restoration efforts in the Snohomish River basin in the coming years.
At ten water quality sampling sites where water quality standards were not met for one or
more sampling parameters, the Snohomish Basin Watershed Steward responded to
address problems by assessing potential sources and contacting landowners to offer
information and technical assistance based on the results.
Land uses were characterized within the contributing drainage area of each outfall. Since
certain pollutants are associated with a specific land use, this analysis was a useful tool
for identifying potential sources and priorities for landowner follow-up. Additionally,
further water quality sampling was completed at sites with several water quality problems
to help identify the source. Other factors such as severity of water quality problem,
cooperative landowners and impact on salmon populations were also used to prioritize
sites for additional action. Based on the land use analysis and water quality sampling,
potential sources were identified, and visits were made to provide information and offer
technical assistance. When farms were identified as potential sources, referrals were
made to the SCD.
Skykomish Watershed
Site 418
Sampling site 418 drains a partially-ditched stream that discharges into the lower
Skykomish River at river mile 31. The drainage area of approximately 1,300 acres is
located within the Lower Main stem Skykomish sub-basin. The upper drainage area
above a steep bluff includes low density development and livestock grazing. The lower
drainage is primarily in agricultural production. The stream flows into the floodplain
through a dairy farm, hayfields and cow pasture with little riparian vegetation. Fecal
coliform bacteria measured 1,000 colonies/100 ml, which is well above 90th percentile
standard of 200 colonies/100 ml. Dissolved oxygen measured 7.33 mg/l; the standard at
this site is 8 mg/l.
The most likely contribution to the pollution problems in this watershed is livestock
waste. To address the problem, Snohomish County provided a map of the outfall location
and water quality to the SCD. The SCD dairy planner looked into the dairy waste nutrient
management permit for the dairy farm to evaluate whether or not appropriate BMPs were
in place. A farm plan has been prepared for the cattle operation, and a nose pump is being
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used for off stream watering. A CREP planting project is planned for a 1,000 ft corridor
of stream in the floodplain to improve water quality.
Site 438
Sampling site 438 is located along the right bank of the Skykomish River near the eastern
end of city of Monroe at river mile 27. The drainage area is approximately 1,100 acres
and is located within the Lower Main stem Skykomish sub-basin. Land cover include a
new subdivision of single family homes around a golf course, rural residential
development, pasture, hayfields and two nurseries.
PCNB was measured at 1.2 ug/l, an order of magnitude greater than the reporting limit
and the highest among the sites. Dissolved oxygen (7.1 mg/l) was also slightly lower than
the standard.
The Snohomish Watershed Steward visited sites in the watershed to track down the
source of PCNB and provide information on its toxicity. Bamboo Gardens and Pine
Creek Nursery both indicated that they do not use chemicals on their plants. The Pine
Creek Nursery manager also stated that they purchased plants only from organic growers.
Upstream on the bluff a new housing development was recently constructed around an
existing 9-hole golf course. The manager of the golf course also indicated that they did
not use PCNB.
Site 440
Sampling site 440 is located at the confluence of the Sultan River and the Skykomish
River (river mile 34.4) within the Lower Sultan River sub-basin. A pipe discharges into a
bioswale along the left bank of the Sultan River adjacent to the city of Sultan. The
drainage begins at a wetland at the northeast corner of the city of Sultan and encompasses
mostly urban and suburban land uses including commercial businesses, single family
neighborhoods, schools and parks.
The sampling event detected elevated levels of one pesticide and fecal coliform bacteria.
Fluazifop-p-butyl was detected at 9.9 ug/l (reporting limit 0.06 ug/l). Fecal coliform was
detected at 430 colonies/100 ml.
Unfortunately, the level of pesticide detection may have resulted from contamination at
the lab, and thus conclusion can’t be drawn from the one-time sampling effort.
Nevertheless, results (and their potentially erroneous nature) were shared with City staff.
The City Manager indicated that the City does not use pesticides at their facilities. A
potential source of elevated fecal coliform bacteria is pet waste from the adjacent park.
Site 461
Sampling site 461 is a stormwater discharge pipe located along the right bank of the
Skykomish River at river mile 24 in the Lower Main stem Skykomish sub-basin. The
drainage area for the outfall is approximately 60 acres and includes the Monroe
Correctional Facility.
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Fecal coliform bacteria measured 1,600 colonies/100 ml; the 90th percentile standard is
200 colonies/100 ml. No other water quality issues were detected. Results were shared
with the facility manager at the prison. The Snohomish Basin Watershed Steward toured
the site, and no potential sources of fecal coliform bacteria were detected on the prison
grounds. Cow grazing occurs over the pipe between the prison and the river and is a
possible source of contamination. The facility manager volunteered to take water samples
from the edge of the prison yard and at the outfall to determine if the pipe is leaking. If a
leak is detected, he will follow-up to fix the leak. The livestock owner was also contacted
and made aware of the potential problem.
Snoqualmie Watershed
Site 421
Sampling site 421 drains an unnamed, unnumbered tributary of the Snoqualmie River
within the Snoqualmie Mouth sub-basin at river mile 3. The drainage area is
approximately 650 acres. The stream network has been extensively ditched through the
floodplain. The floodplain portion and a dairy farm encompasses 365 acres. State Route
(SR) 203 crosses the drainage at the floodplain margin. A majority of the upper
watershed is forested and subdivided into 5-acre residential lots.
Water quality sampling detected levels of several parameters above reporting limits.
Fluazifop-p-butyl measured 1.5 ug/l (reporting limit = 0.6 ug/l) and PCNB measured 0.86
ug/l (reporting limit is 0.12 ug/l). Fecal coliform measured 2,400 colonies/100 ml
(standard is 200 colonies/100 ml). Dissolved oxygen was measured at 4.07 mg/l; the
standard is 8.0 mg/l. A second sample was collected to test for PCNB. None was
detected.
The Snohomish Basin Watershed Steward evaluated potential sources of pollutants in the
basin and made several inquiries. WSDOT staff indicated that PCNB and Fluazifop-pbutyl are not used in the road right-of-way for SR 203. The dairy farm downstream of SR
203 was referred to the Snohomish Conservation District for technical assistance.
Earlier in the year, a CREP riparian planting was completed on the property along the
Snohomish River. The planting, however, does not extend into the drainage area of the
outfall. SCD staff indicated that they met with the farm owner, reviewed BMPs under the
landowner’s dairy waste nutrient management plan and found adequate implementation.
Site 422
Sampling site 422 is located at river mile 4.25 along the right bank of the Snoqualmie
River adjacent to site 421. It appears to drain a ditch network in the floodplain that is
entirely within agricultural production.
Elevated levels of three parameters were detected in the sample. PCNB measured at 1.5
ug/l (reporting limit = 0.06 ug/l) and fecal coliform measured slightly above the 90th
percentile standard at 290 colonies/100 ml. Dissolved oxygen was also low (3.54 mg/l).
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The SCD indicated that the creek was recently planted along the south side and fenced on
both sides. The site is included under the same dairy waste management plan as site 421
and was addressed as part of the site 421 action.
Snohomish River and Estuary
Site 431
Sampling site 431 is located along the right bank of Ebey Slough across from the
southeast side of Otter Island. It drains a series of ditches through agriculture land used
for hay production. The entire drainage area of approximately 27 acres is included within
the floodplain.
Dissolved oxygen was measured at 7.5 mg/l, which is a fraction below the standard. No
other pollution problems were identified, and no follow-up action was taken.
Site 432
Sampling site 432 is located at a tide-gate at the mouth of Hulbert Creek, a right bank
tributary to Ebey Slough at river mile 6. It is located directly east of Otter Island. The
drainage area above the tide-gate is approximately 780 acres and is within the Sunnyside
sub-basin. Land uses include new residential subdivisions, an organic farm, a garlic farm
and hayfields. Several utilities corridors also pass through the drainage including a
Bonneville Power Authority (BPA) line, Olympic Pipeline and Seattle City Light line.
PCNB was measured at 0.95 ug/l, well above the reporting limit of 0.06 ug/l. No other
water quality problems were detected.
The Snohomish Basin Watershed Steward conducted a land use survey throughout the
drainage area to identify potential sources of PCNB. PCNB is commonly used at
nurseries and golf courses, but none was found. Since PCNB is also used in commercial
bulb production, the garlic grower within the drainage was also contacted. She does not
use pesticides, and she checked with her supplier to make sure it is not applied prior to
delivery of the garlic bulbs. Utilities and residential developers within the drainage were
also contacted, but no source was identified.
Site 447
Sampling site 447 is located at a tide-gate on the north side of Smith Island along the left
bank of Union Slough in the Snohomish Estuary. The drainage area above the tide-gate is
approximately 250 acres. All of the land within the drainage area was purchased in 2002
by Snohomish County for the future restoration of tidal marsh. Approximately 45 acres of
the property is leased to the Harnden Tree Nursery. The rest of the drainage area is
fallow.
County staff spoke with the landowner who indicated an interest in selling his property
adjacent to the County’s ownership and moving the nursery to Monroe. The County is in
negotiations to acquire the property. Designs were prepared for constructing a new dike
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to protect Interstate 5, removing the existing dike along Union Slough and restoring tidal
hydrology on up to 450 acres. Construction is forecasted to begin in 2010.
Site 463
Sampling site 463 is located at the mouth of Swan Trail Slough in the Fobes Hill subbasin. Swan Trail Slough is a large blind tidal slough entering the right-bank of Ebey
Slough at river mile 11.9. Water in the drainage area was controlled by a pump station
and tide gate that did not allow river water to enter the slough, but pumps excess water
out of the slough into the river. The drainage area is approximately 750 acres.
Approximately 520 acres of the drainage area is located in the floodplain and is actively
farmed. Current agricultural activities include hay, corn and pumpkin production, nursery
plant cultivation and grazing. Upland of the floodplain the area is zoned for 5-acre lots
and is mostly built out.
Water quality sampling detected several potential problems. Dissolved oxygen was
measured at 2.63 mg/l, well below the standard of 8 mg/l. Dissolved oxygen was also
previously identified as a problem in Swan Trail Slough in 1993 (Cusimano,1995). In
1993 dissolved oxygen levels of <2.5 mg/l were recorded and high levels of nutrients,
turbidity, and fecal coliform bacteria were also found. In our sample turbidity and fecal
coliform bacteria met state standards and nutrients were not excessive. Potential
contributing factors for the low dissolved oxygen level include stagnation of water behind
the tide-gate, lack of riparian vegetation for shade and decomposition of reed canary
grass in the slough. The detection of the fungicide PCNB at 0.65 ug/l is another potential
problem; the reporting limit is 0.12 ug/l.
Water quality results were reported to Diking District 13 commissioners along with
information on PCNB. Direct visits were made to several landowners including a
landscaping business. No direct source of the PCNB was identified, but the
commissioners and landowners were interested in addressing the water quality problems.
A diking district commissioner agreed to provide information to landowners through the
newsletter and at a future district meeting.
Contact with the District commissioners started a dialogue regarding improving drainage,
water quality and salmon habitat. We loaned one of the commissioners a DO meter to
track changes in DO and bring them to our attention. We also supported the District in
their effort to improve dissolved oxygen and fish access in Swan Trail Slough and
implemented a riparian restoration project on a farm adjacent to the slough. The planting
was used as match to replace a collapsed culvert with a bridge. Snohomish County will
continue to monitor water quality conditions in the slough on an annual basis.
Site 481
Sampling site 481 is located at approximately river mile 20 along the right bank of the
Snohomish River. It is located about one half mile downstream of the confluence of the
Skykomish and Snoqualmie rivers. The site, known as Twin Rivers, is located in the
Cathcart Drainages sub-basin and is managed by the Snohomish County Parks
Department. The headwaters of the drainage are located in Lord Hill Regional Park. The
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floodplain component flows through a side-channel that is isolated from the river at its
upstream end by a flood control structure associated with the SR 529 bridge. Washington
State Department of Transportation (WSDOT) and Williams’ Northwest Pipeline, Inc.
have facilities in the area.
Several problems were identified including the detection of the herbicide Oxyflurofen
measured at 0.3 ug/l; 0.12 ug/l is the reporting limit. Temperature at this site was highest
of all sites at 17.25o C. Dissolved oxygen was low at 5.96 mg/l, and fecal coliform
bacteria were measured at 290 colonies/100 ml.
The Snohomish Watershed Steward contacted the Snohomish County Parks Department,
WSDOT, and Williams’ Northwest Pipeline to identify the source of the Oxyfluorefen
and provide information on the environmental impacts for the herbicide and potential
alternatives. The Parks Department and WSDOT indicated that they do not use this
herbicide. Williams Pipeline indicated their spraying was done after April (the month the
water quality sampling was conducted). They were provided information on alternatives
to Oxyfluorefen. No other source was identified.
Snohomish County acquired an IAC Salmon Recovery Funding Board grant to improve
salmon habitat and water quality in the reach. Through this grant the side-channel was
reconnected at the upstream end, and several acres of riparian forest were replanted along
the slough. Greater summer flows and shade should help address the low dissolved
oxygen and high temperature that were detected in the outfall sampling.
The source of the fecal coliform bacteria is likely wildlife or pet waste. A series of small
beaver ponds are located in the headwaters of the creek.
4.2
Snoqualmie Lake Crescent Restoration
The Snoqualmie Lake Crescent site, located in the Snoqualmie Mouth sub-basin, is one
of three project sites selected for riparian restoration through this project (Figure 4.2). It
is a large property with a substantial restoration opportunity located along a degraded
reach that is critical for salmon recovery in the Snohomish River basin. Survey results in
the reach during the diagnostic phase indicate low levels of LWD relative to regional
performance criteria and elevated temperatures. The Snohomish Basin Salmon
Conservation Plan (2005) identifies this reach as one of the most critical areas for
improving habitat for the Snoqualmie Chinook population.
Located downstream of core spawning populations, the reach provides important rearing
habitat for sub-yearling Chinook salmon and year-round rearing for river-type Chinook
salmon. Lack of rearing habitat has been identified as the primary habitat factor limiting
salmon recovery in the Snohomish River basin. Modeling with the Ecosystem Diagnosis
and Treatment (EDT) model completed for the Plan rated this sub-basin in the top 5
percent in terms of restoration benefit for the Snoqualmie Chinook population. EDT
diagnostic restoration scenarios identified riparian restoration along the Snoqualmie
River as one of the highest benefit restoration actions.
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The Snoqualmie River Lake Crescent site is on property owned and managed by the
Washington Department of Fish and Wildlife. Public ownership was an important factor
in the selection process. The Snohomish River basin Salmon Conservation Plan
(Snohomish Forum 2005) identifies this site as an important area to restore along the
reach and prioritizes restoration on public lands first where possible to set a positive
example. Adjacent privately-owned properties were recently planted through the CREP
program.
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Figure 4.2: Snoqualmie Lake Crescent restoration.
Project goal and objectives
The project goal is to restore functions and values of the riparian forest ecosystem and its
interface with the Snoqualmie River for the benefit of fish, wildlife and water quality.
The objectives are:
x Use historic site characterization as a guide to restore natural riparian forest
composition appropriate for the site.
x Augment the existing strip of riparian vegetation through invasive species
removal and conifer planting.
x Establish additional mixed forest riparian area of approximately 75 ft in width
along the periphery of the field.
x Restore a public property as a model for restoration on privately owned properties
in the reach.
Enhancement Actions
Snohomish County staff and Washington Conservation Corps staff enhanced the riparian
forest along the entire shoreline of the WDFW property. Restoration actions included
invasive species removal and conifer augmentation in the narrow band of vegetation
along the river and expansion of the riparian area through planting of mixed conifer and
deciduous stock. Enhancement actions are summarized below:
x Removed and controlled invasive understory plant species: Himalayan Blackberry
(Rubus armenicus), evergreen blackberry (Rubus lacinatus), English ivy (Hedera
helix), knotweeds (Polygonum cuspidatum, P. sachalinses, P. bohemica) and
others as needed.
x Harrowed corn and barley stumble prior to planting in the portion of the site that
was previously farmed.
x Planted the ~1.5 acre riparian enhancement area among existing vegetation on
~10 ft centers with 6-ft ball-and-burlap and container Sitka spruce (Picea
sitchensis), Douglas fir (Pseudotsuga menziesii), western redcedar (Thuja plicata)
and grand fir (Abies grandis).
x Planted ~3 acres with 2 to 6-ft container stock in the riparian expansion area on
~8ft centers including the following species: Sitka spruce (Picea sitchensis),
Douglas fir (Pseudotsuga menziesii), western redcedar (Thuja plicata), grand fir
(Abies grandis), red alder (Alnus rubra) and big-leaf maple (Acer macrophyllum).
x Planted ~3 acres with shrubs of the following species on ~3 ft centers to the
outermost three rows of the expansion area: Scouler willow (Salix scouleriana),
red-osier dogwood (Cornus sericea), thimbleberry (Rubus parviflorus), Pacific
ninebark (Physocarpus capitatus), twinberry (Lonicera involucrata) and
snowberry (Symphoricarpus albus).
x Staked, mulched and added beaver guards as needed.
x Maintained plantings as needed.
x Monitored plant vigor, mortality and % cover.
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Results
In total 4.5 acres of riparian forest along 2,400 ft of the Snoqualmie River was enhanced.
Washington Conservation Corps (WCC) crews planted 4,118 trees and 4,950 shrubs at
the site in 2006 and 2007.
Snohomish County botanists established transects to evaluate plant vigor, mortality and
percent cover in the summer of 2007. Plant vigor is estimated at 1.97 on a scale from
1(thrive) to 4(dead), and survival is estimated at 100%. Ten percent of the surface area of
the site is covered with new plantings. Barley reseeded at a high density around the
planting in the area that was previously farmed. While it looked unusual, it may have had
a positive effect on the planting because it filtered the intense summer sun. Monitoring
and maintenance will continue until trees become fully established.
Restoration site photos are provided below:

Aerial view of the Snoqualmie Lake Crescent restoration site prior to planting.

Site preparation, fall 2006.
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Planting, winter 2007.

Planting in the snow, winter 2007.

Large stock conifer near the river’s edge.
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Mix of large and small stock trees.

Snoqualmie Lake Crescent plantings interspersed with barley, July 2007.

4.3
Field’s Riffle Restoration
Field’s Riffle is a Snohomish County Parks & Recreation property along the left bank of
the Snohomish River 2.4 km downstream of the City of Snohomish (Figure 4.3). The
property was acquired by Parks in 1999 to protect a unique wetland feature and provide
public fishing access. It contains a circular-shaped embayment located in an old channel
meander that fills and drains with the tides.
The Field’s Riffle site is one of the few areas along the Snohomish River downstream of
the city of Snohomish where the dike is set back from the channel edge. It is located near
the upstream extent of tidal influence. The Snohomish River estuary provides critical
habitat for threatened Chinook salmon populations and other salmon species for rearing,
migration and transitioning between fresh and salt water.
Over the last 150 years, substantial losses of salmon rearing habitat have occurred in the
Snohomish River estuary. Only 1/6 of estuarine marsh habitat remains intact and
accessible. Furthermore, the quantity of large woody debris (LWD), which creates safe
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havens for young salmon to rest, feed and seek cover from predators, is at a small fraction
of its historic abundance. Only one-tenth of the riparian forests are intact within the subbasin.
The Snohomish Basin Salmon Conservation Plan identifies the lack of rearing habitat as
a primary factor limiting recovery of Chinook salmon populations and the estuary as a
priority area for restoration over the next 10 years. Modeling for the Plan with the
Ecosystem Diagnosis and Treatment (EDT) model and the Shiraz model identifies the
Snohomish estuary as the most important area for restoration (SBSRTC, 2004).
Based on the large extent of habitat loss and potential benefits of restoration in this
location, Field’s Riffle was selected as a priority area for restoration through this grant. It
is the largest riverfront property in pubic ownership in the reach and it contains one of the
only remaining off-channel aquatic habitats. A survey of bank conditions in the reach
indicated that ~80% of the banks are armored, and LWD is at a small fraction of its
historic abundance.
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Figure 4.3 Field’s Riffle restoration.

Goal and Objectives
The project goal is to enhance riparian and aquatic edge habitat quality at Field’s Riffle
for the purpose of increasing rearing capacity and survival for juvenile Chinook and other
salmonids that migrate through and rear along the margins of the Snohomish River main
stem in the Snohomish River estuary.
The objectives are:
x Use historic site characterization as a guide to restore natural riparian forest
composition appropriate for the site.
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x
x
x
x
x

Augment existing willow stands through invasive species removal and conifer
planting around the embayment and along the Snohomish River.
Control invasive species and establish additional mixed forest riparian area along
the Snohomish River main stem.
Remove sections of an old farm road to reconnect wetlands, provide fish access
and restore tidal hydrology.
Acquire LWD with rootwads for placement in the channel margins to
enhancement salmonid rearing habitat.
Restore a public property as a model for restoration on privately-owned properties
in the reach.

Enhancement Actions
Restoration at Field’s Riffle involves three components: riparian restoration, wetland
reconnection and large woody debris placement. Riparian restoration was the first
component of the site restoration plan. It involved conifer understory planting along the
river and expansion of the riparian area through removal of invasive species and planting
of mixed conifer and deciduous bare-root and ball-and-burlap stock. The second
restoration component involved removing a section of old farm road to reconnect a
forested wetland with the Snohomish River, restoring tidal hydrology and providing fish
access for juvenile salmon rearing. The third restoration component, to be completed next
summer, involves anchoring large woody debris with boulder ballast in the margins of the
channel and within the embayment to increase the quantity and quality of low-velocity
rearing habitat available to juvenile salmonids. The grant was used to acquire LWD for
the project. The LWD will be placed next summer with funding from Snohomish County
and an IAC Salmon Recovery Funding Board grant. Designs have been completed, and
permitting is underway.
Enhancement activities are summarized below by component:
Riparian restoration
x Controlled, and where possible removed, invasive plant species. Species targeted
included Himalayan Blackberry (Rubus armenicus), evergreen blackberry (Rubus
lacinatus), English ivy (Hedera helix), and knotweeds (Polygonum cuspidatum,
P. sachalinses, P. bohemica).
x Thinned existing willow stand and planted 2 acres in small clearing within a 3
acre area along the Snohomish River main stem and bay with 6-ft ball and burlap
or container Sitka spruce (Picea sitchensis), Douglas fir (Pseudotsuga menziesii),
western redcedar (Thuja plicata), and grand fir (Abies grandis).
x Planted 2 acres with a mix of ball and burlap and contain stock within a field
along the Snohomish River on ~8 ft centers in curvilinear rows including the
following species: Sitka spruce (Picea sitchensis), Douglas fir (Pseudotsuga
menziesii), western redcedar (Thuja plicata), grand fir (Abies grandis), red alder
(Alnus rubra), and big-leaf maple (Acer macrophyllum).
x Staked and installed beaver protectors around all plants.
x Installed an irrigation system to improve summer survival of large stock trees.
x Maintained plantings as needed.
x Monitored plant vigor, mortality and % cover.
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Forested wetland reconnection
x Surveyed the site to evaluate drainage patterns and the best location for road
removal.
x Developed design drawing for road fill removal.
x Obtained necessary permits.
x Removed ~750 m3 of road fill material.
x Added wood debris to provide habitat complexity.
x Planted willow stakes along side-slopes of the new channel.
Large woody debris placement along the Snohomish River bank and embayment
x Acquired 60, 25-ft-long pieces of large woody debris with rootwads for use in the
project.
Results
Project goals were achieved at the Field’s Riffle site. In total 1965 plants were planted.
Over 3.5 acres of riparian restoration was completed along 2,200 ft of shoreline. Invasive
plant species were controlled over a 10-acre area. Removal of road fill restored tidal
hydrology and fish access to a 2.4 acres forested wetland. Large woody debris with
rootwads (60 pieces) was acquired for placement in the channel margins next summer
(funded through the IAC Salmon Recovery Funding Board).
Aided by an irrigation system that provided 138 hours of water to the site, most new
plantings have established nicely. Snohomish County botanists established transects to
evaluate plant vigor, mortality and percent cover. Average plant vigor on a scale of 1
(thriving) to 4 (dead) was estimated at 1.91. The surface area covered by new plants was
10% of the total area. Survival was estimated at 100%; however, monitoring occurred
after approximately 50-100 dead plants had already been removed by maintenance crews.
Western red cedar thrived in the understory planting around the embayment, while Sitka
Spruce had some mortality. The cause of the mortality is unknown. Plantings in the field
adjacent to the Snohomish River thrived with the exception of large stock Western red
cedar. Mortality was likely related to over-pruning of the root balls by the supplier.
Because the site was over-planted in anticipation of a certain level of mortality, no further
plantings are necessary. Monitoring and maintenance and weed control will continue
until plants become fully established.
Invasive species control efforts substantially knocked back stands of reed canary grass,
Japanese knotweed, Himalayan blackberry and other invasive plants. It has allowed
native plants to become established. Snohomish County will continue to manage invasive
species on site.
Road fill removal went as planned. The wetland that was formerly isolated by the road
receives water at 9-foot tides and above. It is anticipated that the wetland will be fully
accessible to juvenile salmonids for overwintering and throughout the spring
outmigration.
Large woody debris was salvaged from the site of a new school in Marysville and
delivered to the Snohomish County large woody debris storage facility on Lords Hill.
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Designs have been completed and permitting is underway. LWD anchoring and
placement in the channel margins will occur between July 1 and Oct 1 in 2008.
Restoration site photos are provided below:

Site prior to invasive species control and planting.

Blackberry clearing equipment.
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Plant delivery.

Planting adjacent to the tidal lagoon.

Understory planting with Sitka Spruce.
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Riparian planting along the Snohomish River.

Location of breach to reconnect wetlands prior to road removal.

Reconnection of 2.4 acres of forested wetlands with the Snohomish River.

95

Wetland reconnection, a different view.

Wetland reconnection high tide in winter.

Large wood debris acquired for the project.
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4.4
Swan Trail Slough Restoration
Swan Trail Slough is a large blind tidal slough entering the right bank of Ebey Slough at
RM 11.9 (Figure 4.4). Water in the drainage area is controlled by a pump station and tide
gate and fish passage is limited. The drainage area is approximately 750 acres and is
located in the Fobes Hill sub-basin. It is identified in the Snohomish Basin Salmon
Conservation Plan as a high priority site for restoration. As mentioned previously,
restoration of the Snohomish River estuary is a top priority in the salmon recovery
strategy. Swan Trail Slough is one of the largest blind tidal channels in the Snohomish
River estuary. Seventy-five percent of blind tidal channels were isolated or filled since
the mid-19th century.
Sampling completed through this project detected dissolved oxygen levels in Swan Trail
Slough well below the State water quality standards and the presence of herbicide PCNB.
Temperature was also higher than optimal for rearing juvenile salmonids. During
landowner follow-up, Diking District 13 Commissioners and community members
indicated an interest in addressing the water quality problems, improving fish access and
improve drainage. Snohomish County staff recognized this as an opportunity to work
closely with the agricultural community to address habitat and water quality in a way that
is sensitive to the needs of the agricultural community. Building trust with the
agricultural community in Diking District 13 could facilitate restoration throughout the
Snohomish River valley and estuary.
In a series of meetings, the Diking District 13 commissioners, Snohomish Conservation
District staff, community members and the County developed a strategy to address the
issues identified and provide better fish access. Actions included replacing the tide gate
and pump with “fish friendly” technology, removing reed canary grass, planting trees
along the slough and replacing a blocking culvert.
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Figure 4.4 Swan Trail Slough restoration.

Goal and Objectives
The project goal is to improve water quality, drainage and aquatic habitat for juvenile
Chinook and other salmonids in Swan Trail Slough.
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The objectives are:
x Replace the tide-gate and pump with “fish friendlier” technology.
x Use historic site characterization as a guide to restore natural riparian forest
composition appropriate for the site.
x Work with interested landowners to establish riparian vegetation along the slough
and remove barriers to fish access.
x Establish trust and partnerships with the agricultural community to facility
restoration of Swan Trail Slough and other blind tidal channel networks in the
Snohomish River valley and estuary.
Enhancement Actions
In partnership with Diking District 13 and the Snohomish Conservation District
substantial improvements were made to the tide gate, pump station and riparian buffers
along the Swan trail Slough. Specifically, this grant covered the cost of purchasing the
new tide-gate and riparian planting on the Solatka property. These actions were used as
match by the Snohomish Conservation District for grants to fund additional planting and
fish-passage improvements.
Enhancement actions in Diking District 13 to date are summarized below by component:
Tide-gate and pump station improvements (DOE Centennial Clean Water Fund
Grant and Pioneers in Conservation Grant)
x Removed a heavy steel tide-gate that severely restricted anadromous fish access
and contributed to degraded water quality conditions with a “fish friendlier”,
light-weight aluminum tide-gate to provide improved flow and fish access.
x Replaced the macerating pump with a fish-friendly pump.
x Installed a log boom to reduce debris buildup on the grate, which improves
outflows and flushing for water quality improvements.
x Installed water quality and level monitoring equipment at the pump house.
x Planted 700+ plants along the dike near the pump house and along the slough on
the Krause property.
Riparian Restoration on Solatka property (DOE Centennial Clean Water Fund
Grant)
x Mowed and tilled reed canary grass along the slough on the Solatka property. No
herbicides were used per the landowner’s request.
x Planted 2 acres along the slough with 6-ft+ ball and burlap stock western red
cedar (Thuja plicata) and Sitka spruce (Picea sitchensis) in curvilinear rows on ~8
ft centers.
x Installed Pacific willow stakes (Salix lucida ssp. Lasiandra) on the banks directly
along the slough.
x Installed an irrigation system.
x Maintained plantings as needed.
x Monitored plant vigor, mortality and % cover.
Culvert replacement (Community Salmon Fund Grant)
x A collapsed culvert on the Solatka property was removed and replaced with a
bridge.
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Results
The restoration objectives were achieved for Swan Trail Slough. The tide-gate and pump
station were replaced with more fish friendly technology, and water quality and level
monitoring equipment was installed at the pump house. Fish sampling to evaluate
presence is proposed for 2008 and will be completed in partnership with NOAA Fisheries
as part of an ongoing fish utilization study.
Two acres of riparian forest were planted along ~800 ft of channel on the Solatka
property. In total 525 conifers and 200 willow stakes were installed. Snohomish County
botanists established transect to monitored plant vigor, mortality and percent cover. On a
scale from 1 (thriving) to 4 (dead), the average plant vigor was 1.75. One in four plants
was dead, the highest mortality among the sites. All dead plants were from were Western
red cedar from the same nursery. High mortality is likely a result of poor root pruning by
the supplier.
In addition, 700 trees were planted over two acres by the pump-house and on the Krause
property adjacent to the Solatka property through a Pioneers in Conservation grant. This
planting was recently completed and no monitoring data are available. Replacement of a
collapsed culvert on the Solatka property with a bridge was also a success.
Site photos are provided below:

Planting with large stock conifers.
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Tide-gate replacement.

Bridge installed to replace collapsed culvert.
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5.0

CONCLUSION

5.1
Summary of Project Accomplishments
The project met and exceeded goals and objectives. Major project accomplishments are
listed below:
1. Surveyed water quality at 20 sampling sites draining to the Snohomish River and
provided summary statistics.
2. Deployed 39 temperature loggers throughout the study area and provided
summary statistics.
3. Surveyed bank modifications and bank instability along 260 kilometers of river
and provided summary statistics.
4. Surveyed aquatic habitat along 40 kilometers of stream and provided summary
statistics.
5. Identified elevated levels of one or more water quality parameters at 11 of 20
water quality sampling sites;
6. Followed up with 30 landowners to identify the source of water quality problems
and offer technical assistance or referrals;
7. Prioritized sites for riparian restoration and referred 43 sites to the Snohomish
Conservation District for follow-up through the CREP program;
8. Provided information to remedy problems to 73 landowners through direct
follow-up and referrals;
9. Addressed degraded water quality and habitat conditions at 3 sites and improved
fish passage at 2 of the 3 sites.
10. Planted 11,758 native plants on 10 acres along 1,650 meters of stream bank; and
11. Removed 750 cubic meters of road fill to reconnect 2.4 acres of wetland.
5.2
Next Steps
Despite the accomplishments more work remains to diagnosis and treat water quality and
habitat problems along the large main-stem rivers of the Snohomish River basin. Water
quality data collection at outfalls draining to main-stem rivers provided a snapshot of the
extent and severity of pesticide contamination and other water quality problems within
the study area. Follow-up sampling has occurred at several sites. Additional sampling at
other outfalls at different times of the year would better characterize the extent of
problems. Temperature sampling identified areas of cool water refuge, but more sampling
and analysis is needed to identify the source and boundaries of these areas and evaluate
trends over time. Habitat and bank conditions surveys provided data to support salmon
recovery efforts and established a baseline for trend analysis. Our goal is to resurvey the
study area within the next 5 years to evaluate changes. We completed substantial
restoration on three project sites to address problems identified, but many additional sites
in need of restoration remain. Snohomish County will continue to gather data and seek
additional grant funding to improve water quality and habitat conditions in the
Snohomish River basin through technical assistance and restoration.
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APPENDICES

Appendix A: Quality Assurance Project Plan
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Introduction
Nutrients, point source pollution, stream temperatures, sediment and degraded aquatic
habitat are conditions of known impairment in the Snohomish River basin. Where these
factors fail to meet State and Federal standards, they pose a threat to public and
ecological health. The extent and sources of these problems, particularly along main
stem rivers and large tributaries accessible only by boat, is a data gap.
The goal of the Snohomish River Pollutant Diagnosis/Implementation Project is to
systematically document the extent of these problems, provide technical assistance
and referrals, and develop and implement on-the-ground projects to address factors
contributing to documented problems. The study area includes main stem rivers of the
Snohomish River basin (within Snohomish County) and the lower reaches of large
tributary streams.
Main stem rivers and large tributaries provide critical spawning and rearing habitat for
chinook salmon. Bull trout and other salmonids also use them during multiple life history
stages. In May 1999, the National Marine Fisheries Service (NMFS) listed Puget Sound
chinook salmon, including those native to the Snohomish Basin, as threatened under the
federal Endangered Species Act (ESA). The Snohomish Basin Salmonid Recovery
Technical Committee (1999) outlined factors contributing to the decline in chinook
productivity in the basin, including redd mortality due to siltation or water quality
contamination.
Recognizing that improving water quality, restoring habitat, and fostering community
support for these activities are interrelated, Snohomish County Surface Water
Management (SWM) is using an integrated approach to resource management, which
includes an inventory of physical conditions along with water quality parameters and
respect for the existing land uses. This approach gains efficiencies and supports multiple
County objectives, such as providing information to assist with meeting Federal National
Pollutant Discharge Elimination System (NPDES) permit requirements and supporting
flood and watershed planning.
The project is composed of four components: 1.) Inventory of outfalls and water quality
following SWM’s water quality survey approach described herein; 2.) Inventory of
physical condition including instream habitat and banks using SWM’s established large
river survey protocol; 3.) Follow-up with interested streamside landowners on a voluntary
basis to provide assistance and referrals to help improve water quality conditions; and
4.) Implementation of capital projects (i.e. tree planting, fencing, bank repair) to improve
water quality conditions. Projects will be implemented on public land or in cooperation
with interested landowners on a voluntary basis.
This Quality Assurance Project Plan outlines the protocol for the first project component.
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Organization and Schedule
Project Team
Key individuals, their responsibilities and dedicated time to implement this project in
2004 are included in Table 1. North Creek Analytical, Inc. (Bothell, WA) is an additional
participant. The stakeholders and decision-makers for this project include the
Washington State Department of Ecology, Snohomish County Public Works Department
SWM, Snohomish Conservation District (SCD) and landowners participating on a
voluntary basis.
Project Schedule
The Project Schedule is presented in Table 2 with an emphasis on QAPP activities in
2004 and 2005. The water quality sampling approach necessitates that in 2004, field
sampling begin first with reconnaissance of the study area and a bank condition survey.
During this phase SWM will collect spatial, qualitative and quantitative data on
streambank conditions as well as physical habitat conditions in the study area. During
this reconnaissance, SWM will document the location (using GPS), physical
characteristics, and flow (and origin, if possible) of point and non-point source outfalls or
other drainage features to determine the total target population for water quality
sampling.
In 2004, based on stated goals and objectives, SWM will:
x Systematically characterize and document the location of outfalls.
x Collect spatial data to allow SWM to diagnose the potential source and origin of
point and nonpoint source pollutants.
In 2005, based on stated goals and objectives, SWM will:
x Collect and analyze water samples from defined point and non-point sources
among urban (including rural residential) and agricultural land uses for those
parameters listed in Table 6. This will be accomplished by implementing a
systematic set of sampling protocols to ensure data completeness and accuracy.
x Fill gaps in the scientific knowledge of excess nutrients and pesticides, which
may exceed acute and or chronic aquatic life criteria.
x Enable comparison of data to water quality standards in WAC 173-201A and
aquatic life criteria.
x Provide new sources of data for the implementation of the Lower Snohomish
River Tributaries Fecal Coliform Total Maximum Daily Load (TMDL).
x Supplement Snohomish County’s requirements under NPDES municipal storm
water discharge permit.
x Collect spatial data to allow SWM to diagnose problems and provide technical
assistance to remedy the problem.
x Provide timely, high quality data for other users.
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Task 1 - Project Administration and Management

X

Develop workplan and schedule

X

Organize project file folder
X

Quarterly status reports to Ecology

X

Lead
Lead

Arrange project team meeting schedule

Lead

Monthly reports to SWM management and project timeline

Lead

Task 2 - Water Quality/Aquatic Habitat Monitoring
Plans

X

QAPP Plan

X

Aquatic habitat survey plan

X

Task 3 - Data Collection and Analysis

X

Lead
Lead

Boat and safety training

Lead

List and purchase field equipment

Lead

Field maps

Lead

Integrate and refine GPS data dictionary

Lead

Lead

Reach reconnaissance

X

Water quality data collection

X

Sample Delivery to Laboratory

X

Bank condition data collection

X

Habitat survey data collection

X

Lead
Lead
Lead
Lead
Lead

Temperature logger placement

Lead

Temperature logger retrieval

Lead

Create/manage project database

Lead

Data analysis

X

Summarize and synthesize data

X

Prioritize reaches/sites for response activities

X

Task 4 - Assistance and Referrals to Landowners

X

Followup on water quality problems with landowners

X

Report number and type of assistance quarterly

X

Task 5 - Site Restoration Planning and Implementation

X

Prepare two site restoration plans
Develop model landowner agreement and submit to
department p
p
g
y
y

X

Lead
Lead
Lead

Lead
Lead

Lead

X

Lead

2006

X

Lead

Periodic site evaluations

X

,

Task 6 - Final Project Report

X

Report writing
Presentations

X
X

Lead

Scott Moore
0 in 2004

Janet Carroll
0 hours in 2004

Jamie Bails- SCD

Heather Izzard/ Allan Wahl

Bteve Britsch

Suzy Brunzell

Lead
Lead

Budget tracking
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Michael Purser

Robert Aldrich

Ted Parker

Michael Rustay

Tasks and Subtasks

Frank Leonetti

Items
required
by
contract

Andy Haas

Table 1. Project Tasks, Staff and Responsibilities in 2004

Develop workplan and schedule
Budget tracking
Quarterly status reports to Ecology
Arrange project team meeting schedule

Jan-04
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan-05
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Tasks and Subtasks
Task 1 - Project Administration and
Management

Items required
by contract

Table 2. Project Schedule in 2004 and 2005 with Reference to 2006 Project Tasks

X
X
X
X

Monthly reports to SWM management and
project timeline
Task 2 - Water Quality/Aquatic Habitat
Monitoring Plans
QAPP Plan
Aquatic habitat survey plan
Task 3 - Data Collection and Analysis

X
X
X
X

Boat and safety training
List and purchase field equipment
Field maps
Integrate and refine GPS data dictionary
Reach reconnaissance
Water quality data collection
Sample Delivery to Laboratory
Bank condition data collection
Habitat survey data collection
Temperature logger placement
Temperature logger retrieval
Create/manage project database
Data analysis
Summarize and synthesize data
Prioritize reaches/sites for response activities

X
X
X

Task 4 - Assistance and Referrals to
Landowners

X

Followup on water quality problems with
landowners

X

Report number and type of assistance
quarterly

X

Task 5 - Site Restoration Planning and
Implementation
Prepare two site restoration plans
Develop model landowner agreement and
submit to department
10 acres of riparian planting within study area
by Dec 31, 2006
Periodic site evaluations
Task 6 - Final Project Report
Report writing
Presentations

X

X

2006

X
X
X
X
X

2006

X
X
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Budget and Funding
Snohomish County has secured a Washington Centennial Clean Water Grant (#
G0400041) to fund the Snohomish River Pollutant Diagnosis/Implementation Project.
The project budget is $478,773, of which 25% is match from Snohomish County. Total
eligible costs have been allocated by task and include:
Task 1 - Project Administration and Management
Task 2 - Water Quality/Aquatic Habitat Monitoring Plan
Task 3 - Data Collection and Analysis
Task 4 - Assistance and Referrals to Businesses and Land Owners
Task 5 - Site Restoration Planning and Implementation
Task 6 - Final Project Report

$52,826
$7,820
$122,902
$19,420
$235,374
$40,431

Additional budget information is available from the Ecology Project Manager.
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Background and Problem Statement
Study Area
The Snohomish River basin (WRIA 7) encompasses 1,856 square miles and is the
second largest basin in Washington State draining to Puget Sound. In Snohomish
County, the three primary rivers in the basin flowing from the west slope of the Cascade
mountains are the Skykomish, Snoqualmie, and Snohomish (Figure 1). These main
stem rivers and many smaller Snohomish County rivers in the basin such as the
Pilchuck, Sultan and Wallace provide significant habitat for five salmon species, three
trout species and one char species. Over 1,730 tributary rivers and streams have been
identified in the basin, totaling approximately 2,718 miles in length (Williams et al. 1975).
The stewards of these rivers include a mix of landowners, dominated in the headwaters
by the U.S. federal government, and in the lowlands by private owners (Figure 1).
Figure 1. Snohomish Basin (WRIA 7) Land Ownership

The basin was created by continental glaciers, which advanced and retreated over the
lowlands at least four times during the last two million years (Wills, 1898; Bretz, 1913;
Mullineaux et al., 1965; Easterbrook, 1969; Clague et al., 1980; Easterbrook, 1994). The
last glaciation, known as the Vashon glaciation, was responsible for carving out the
valleys and depositing significant lacustrine and outwash sediments. The topography
created by glaciation is a principal geologic feature that governs river morphology and
partially drives precipitation. The lowlands in the Snohomish basin typically receive 30 to
40 inches of precipitation a year compared to over 150 inches in the extreme
mountainous areas (The Snohomish Basin Salmonid Recovery Technical Committee
1999). The resulting stream flows vary widely throughout the year. Forty years of daily
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mean stream flow data gathered by the United States Geologic Survey (USGS) on the
Snohomish River at Monroe, indicate a maximum daily mean value reached on 1/ 9/96
of 91,500 cubic feet per second (cfs), while the lowest recorded daily mean value was
777 cfs recorded for the day of 9/30/87 (United States Department of the Interior 2004).
High water events occurring in the spring and winter carry loads of suspended
sediments, which can result in elevated levels of environmental contaminants. Voss and
Embrey (1998) sampled thirteen sites in Puget Sound urban streams during spring rain
events and detected 23 different pesticides.
Important land uses in the basin include forestry, urban, residential, light industrial,
infrastructure (roads and railroads; gas, water and power lines), recreation, agriculture
and mining (Figure 2). The Snohomish River basin is a major source of municipal water
supply for Everett, Seattle, southwest Snohomish County and other areas. The cities of
Everett, Marysville, Snohomish, Lake Stevens, Monroe, Sultan, Gold Bar, and part of
Granite Falls lie within the Snohomish basin and contribute to stormwater runoff.
These municipalities will continue to grow, with the combined population for the basin
projected to increase by 53% from 206,000 in 1995 to 315,000 in 2020 (Snohomish
Basin Salmonid Recovery Technical Committee 1999).
Figure 2. Snohomish Basin (WRIA 7) Land Use

Increasing urban pressures contribute to degraded water quality that affects survival of
salmonids in the basin. In May of 1999 the National Marine Fisheries Service (NMFS)
listed Puget Sound Chinook, including those native to the Snohomish basin, as
threatened under the federal Endangered Species Act (ESA). The Snohomish basin
Salmonid Recovery Technical Committee (1999) outlined factors contributing to the
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decline in Chinook productivity in the basin and its main stem rivers, which included
siltation and other water quality contaminants. In this study, this project will sample in the
non-wadable portions of main stem rivers and larger tributaries, particularly those river
segments in the study area influenced by adjacent urban, rural and agricultural land
uses (Figure 3).
Figure 3. Snohomish River Pollutant Diagnosis and Implementation Project Study Area
and River Segments

Regulatory Requirements
In July 1995, Snohomish County was issued an NPDES municipal stormwater discharge
permit by Ecology. As required by the permit, the County submitted a Stormwater
Management Program to Ecology, which was approved in July 1997. The program
required Snohomish 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. This project will allow the County to investigate
discharges directly to waterbodies in the project area. In addition, the project
substantively implements corrective activities outlined in the detailed implementation
plan of the approved TMDL for the Snohomish River tributaries.
Water Quality Standards and Designated Uses
The Washington State Water Quality Standards, set forth in Chapter 173-201A of the
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Washington Administrative Code and amended July 1, 2003, 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. Under Ecology’s proposed changes to state water quality
criteria mentioned below, all the streams and rivers in the study area are designated as
salmon and trout spawning, non-core rearing and migration, and primary contact
recreation. The proposed use based class standards are currently under review by the
U.S EPA. The dissolved oxygen standard for non-core salmon and trout is a lowest 1day minimum of 8.0 mg/l. In water designated non-core salmon and trout, pH shall be
within the range of 6.5 to 8.5 with a human-caused variation within the above range of
less than 0.5 units. Temperature must meet a 7-day average of the daily maximum
temperature of 17.50 C. Turbidity shall not exceed 5 NTU over background when the
background is 50 NTU or less; or a 10% increase in turbidity when the background
turbidity is more than 50 NTU. For primary contact recreation, fecal coliform organism
levels must not exceed a geometric mean value of 100 colonies /100 mL, with not more
than 10 percent of all samples exceeding 200 colonies /100 mL.
The Department of Ecology has submitted the newly amended water quality standards
to the Environmental Protection Agency (EPA) for approval. The previously adopted
standards are still being used for federal Clean Water Act programs such as TMDLs and
NPDES permits. This will be true until such time that EPA has approved the newly
adopted standards. Under the older standards, all the streams and rivers in the study
area were designated as freshwater Class A (excellent). To meet Class A standards,
dissolved oxygen must exceed 8.0 mg/l, temperature shall not exceed 180 C, and pH
shall be within the range of 6.5 to 8.8. Fecal coliform bacteria shall not exceed a
geometric mean value of 100 colonies/100 ml with not more than 10% of the samples
exceeding 200 col/100 ml. Turbidity shall not exceed 5 NTU over background when the
background is 50 NTU or less; or a 10% increase in turbidity when the background
turbidity is more than 50 NTU.
Summary of Existing Data
The surface water resources of the Snohomish basin have been investigated by several
governmental agencies. Data are contained in published and unpublished reports many
of which are mentioned in this section. All data summaries are based on the Class A
standard. Figure 4. shows the location of ambient water quality stations monitored by
Ecology and Snohomish County.

120

Figure 4. Snohomish Basin (WRIA 7) Ecology and Snohomish County Ambient Stations

Numerous water quality problems have been documented in the study area. The
following streams have 303(d) listings: fecal coliform in Ebey Slough, the Snohomish
River, Pilchuck River, Skykomish River, Quilceda Creek, and Woods Creek; dissolved
oxygen in the Snohomish River and Quilceda Creek; temperature in the Snohomish
River, Skykomish River, and Wallace River; and metals in the Snohomish River and
Steamboat Slough. Failing septic systems have been reported by residents living along
the river at the confluence of the Wallace and the Skykomish Rivers, along the
Skykomish River above Monroe, and in the lower Snohomish. This project is anticipated
to find additional problems occurring in less accessible portions of the basin.

Snohomish County Surface Water Management (SWM) Data
Surface Water Management’s (SWM’s) ambient water quality monitoring program
assesses the biological, chemical, and physical health of streams in the County.
SWM conducts 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
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requirements of the NPDES municipal storm water discharge permit issued to
Snohomish County by Ecology under the Federal Clean Water Act, 44 U.S.C 1251.
Long-term monthly ambient sampling on lower Quilceda Creek at 88th St. over the last
2.5 years has found a geometric mean bacteria concentration of 188 col/ml and the
majority of samples exceed 200 col/100 ml. Bacteria levels are higher in summer than
winter but do not approach acceptable levels during either the dry or the wet season.
SWM has sampled the Pilchuck River in the town of Snohomish since 1998 and found
annual fecal coliform geometric means less than 100 col/100 ml. However, during the
dry season, occasional spikes of bacteria levels cause the 90th percentile to be
exceeded. Sampling in the lower Woods Creek main stem since 1993 has found annual
geometric means of fecal coliform bacteria less than 100 col/100 ml, and occasional
spikes of bacteria levels cause the 90th percentile to be exceeded. Sampling over the
same time period in the lower West Fork of Woods Creek found annual geometric
means of fecal coliform bacteria over 100 col/100 ml for three of the years. Many
individual observations exceeded 500 col/100 ml.
Since the inception of the water quality complaint response program in 1995, over 1400
county-wide complaints have been logged into the database. Three hundred and eightysix complaints have been received for all sub-basins within the Snohomish basin (Figure
5). 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% 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.
Figure 5. Snohomish Basin (WRIA 7) SWM Water Quality Complaints and Outfall
Sampling Locations
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Dry weather outfall screening has been conducted by SWM staff during the spring and
summer months since 1998. Grab samples are taken from the outfall before the water
reaches the receiving waters. The goal is to detect and trace illicit discharges of polluted
water, entering the County drainage system. Locations of sample stations relevant to
this project have been exported from the outfall database and plotted (Figure 5). The
map depicts those locations in the study area that have been sampled at lease once
since 1998. Sites were sampled more than once if parameters exceeded limits outlined
in Table 3. Ammonia and dissolved oxygen were outside the range of acceptable limits
in 50% or more of the samples. Limits were exceeded for conductivity, nitrates, fecals,
and MBAS in at least 20% of the samples.

Table 3. Dry Weather Outfall Monitoring Summary Snohomish River basin 1998-2003
Parameter

Temp 1
DO 2
Cond. 3
PH 4
Turbidity
Nitrates 5
Fecal
Coliforms 6
MBAS 7
Flouride 8
Ammonia 9
Copper 10
Lead 10
Zinc 10

Units

Limits
not to
exceed

Measured
Minimum

Measured
Maximum

Total # of
Samples

Percent
Samples
Outside
Limits

°C
mg/l
umhos/
cm
Units

>18
< 8.0
> 250

11.1
0.19
4.9

21.9
31.21
537

77
64
88

6
61
20

<6.5 or
> 8.5
>30
>1
>1000

5.95

8.12

88

5

0.45
0
1

105
7.2
26,000

88
88
66

9
23
20

>.06
>1.0
>0.1
>12.65
>45.77
>87.66

0
ND
ND
0.46
0
2.20

1.03
3.76
6.41
4.33
2.54
29.28

90
90
38
22
22
22

23
3
50
0
0
0

NTU
mg/l
Colonie
s/100m
l
mg/l
mg/l
mg/l
ug/l
ug/l
ug/l

1

Temperature: Limit based upon WAC 173-201A for class A waters

2

Dissolved Oxygen: Limit based upon WAC 173-201A for class A waters

3

Conductivity: No state water quality standard exists, based upon SWM mean ambient water quality data.

4

pH: Limit based upon WAC 173-201A for class A waters

5

Nitrates: No state water quality standard exists.

6

Fecal Coliform: Based upon SWM complaint investigation results for failing septic systems, and the Snohomish Health Districts action
level.

7

MBAS (Methyl Blue Active Substances): Based upon research by Pitt and Lalor1993.

8

Flouride: Based upon research by Pitt and Lalor 1993.

9

Ammonia: Levels greater than 0.1 mg/l may be indicative of anthropogenic inputs (USEPA 1986).

10

Washington State fresh water acute metals criteria based upon conversion factor from total recoverable metals to dissolved metals of
0.96 (Stephan 1995) and a mean hardness of 73 mg/l found from all outfalls (n=22) in Snohomish Basin. Minimum and maximum metals
were sampled as total recoverable and converted to dissolved metals levels using a conversion factor of 0.96 (Stephan 1995). Aquatic
life criteria determined by the USEPA are for dissolved metals.
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Washington State Department of Ecology (Ecology) Data
In the Snohomish basin, Ecology currently conducts monthly sampling at three long-term
stations in the Snohomish, Skykomish, and Snoqualmie rivers (stations 07A090,
07C070, and 07D050) for temperature, conductivity, pH, dissolved oxygen, turbidity,
total suspended solids, fecal coliform bacteria, ammonia, nitrate plus nitrite, total
nitrogen, total phosphorus, soluble reactive phosphorus, and, at most stations, discharge
(Figure 4). Dissolved metals are monitored every other month at a few stations. The
purpose of the program is to detect trends and characterize water quality. Table 4 shows
all water quality stations ever monitored by Ecology in the Snohomish basin.

Table 4. Washington State Department of Ecology Water Quality Monitoring Stations
STATION
CODE

STATION NAME
link to monitoring results

TYPE

LAST YR
SAMPLED

07A090

Snohomish R @ Snohomish

long-term

2004

07A109
07A110
07A111
07B055

Snohomish R nr Monroe NE
Snohomish R nr Monroe SW
Snohomish R nr Monroe (USGS)
Pilchuck R @ Snohomish

basin
basin
basin
basin

1971
1971
1981
1996

07B090
07C070
07C090
07C120

Pilchuck R nr Lake Stevens
Skykomish R @ Monroe
Skykomish R @ Sultan
Skykomish R nr Gold Bar

basin
long-term
basin
basin

1977
2004
1974
2001

07C170
07D050
07D070

Skykomish R nr Miller R
Snoqualmie R nr Monroe
Snoqualmie R nr Carnation

basin
long-term
basin

1977
2004
1996

07D100
07D130
07D150
07E055

Snoqualmie R abv Carnation
Snoqualmie R @ Snoqualmie
M F Snoqualmie R nr Ellisville
Sultan R @ Sultan

basin
long-term
basin
basin

2001
2004
2001
2001

07F055
07G070
07M070
07N070
07P070
07Q070
07R050

Woods Cr @ Monroe
Tolt R nr Carnation
S F Snoqualmie R at North Bend
NF Snoqualmie R near Ellisville
Patterson Ck nr Fall City
Raging R @ Fall City
French Cr nr Mouth

basin
basin
basin
basin
basin
basin
basin

1996
1992
1991
1991
1996
2001
1996

1960

SAMPLING HISTORY
1970
1980
1990

2000

XXXXXXXXX XXX X XXXXXXXXXXXXXXXXXXXXXXXXXXX

X
X
XX XXX
X X XXXXXXXXXXXXXXX X
X
X X XXXXXXXXXXXXXXXXX XXXXXXXXX
X X
XXXXXXXXXXXX

XXXXXXXXXXXXXXX

X

X
X

XX XXXXXXXXX

X XX XXXXXXXXXXXXXXXX X
X
XXXXXXXXXXXX

XXXXXXXXXXXXXXXX XXXXXXXXX
X

X

XXXXXXXX XXX X

X

X X

X

X X

XXXXXXXXXXX

X
X
X
X X
X

X
X

Ecology has monitored the Snohomish River main stem station # 07A090 at the town of
Snohomish since 1978. The 2002 assessment showed that overall water quality met or
exceeded expectations and is of low concern, based on a water quality index that
combines results from multiple monitoring parameters.
Ecology has monitored the Skykomish River station # 07C070 at Monroe since 1977.
The 2002 assessment showed that overall water quality met or exceeded expectations
and is of low concern. Over the last ten years, bacteria were of moderate concern in
1993, temperature was of moderate concern in 1992, phosphorus was of moderate
concern in 1997, and sediment was of moderate concern for three years.
Ecology sampled the Pilchuck River station # 07B055 at the town of Snohomish in 1996
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and found the overall water quality to be of moderate concern based on problem levels
of nitrogen, phosphorus, and sediment.
In a summer survey of Ebey Slough, Ecology (Cusimano 1995) found dissolved oxygen
levels as low as 6.6 mg/l and relatively high chlorophyll a concentrations (7.4 ug/l). Fecal
coliform bacteria concentrations met the state standards for all sampling sites in the
lower river and sloughs.
In April of 1998, Ecology established an internal technical team to develop and evaluate
tools to help local watershed councils find solutions to declining fish stocks, degrading
water quality, increasing floods, and declining baseflow. To achieve the goal, the team
characterized the interactions between Snohomish Basin waterbodies and the land that
drains to them. The resulting data were meant to inform salmon and water quality
recovery efforts. In each of the sub-basins, nutrient loading rates were determined using
literature values based on land use and land cover. Estimates for mean annual loadings
of copper lead and zinc were developed for each sub-basin using nationwide regression
models developed from the National Urban Pollution Project (Tasker and Driver 1998).
Results represented non-point sources associated with urban development and did not
include natural metal loading rates. Based upon this analysis, the Lower Sultan, Lower
Main stem Skykomish, French Creek, Marshlands, Quilceda and Allen Creeks, Lake
Stevens, Sunnyside, Lower Pilchuck, Everett Drainages, and Ebey Slough were all
targeted as experiencing future copper, lead and zinc problems.
Under the Dairy Nutrient Management Act of 1998 and the Revised Code of Washington
(RCW 90.64), Ecology was required to establish and maintain a database to monitor
bovine dairies licensed in accordance with RCW 15.36, which produce grade A milk for
public consumption. Ecology received the original information about the number of
dairies from the Washington State Department of Agriculture, and conducted regularly
scheduled registration and inspections of those dairies from 10/1/98 through 7/1/02.
Ecology’s purpose for obtaining the information was to identify locations of dairy farms
as potential sources of surface water degradation. The metadata can be obtained at
http://www.ecy.wa.gov/services/gis/data/ag/dairy.htm. Currently, 22 dairies are licensed
with Ecology in Snohomish County’s portion of the Snohomish Basin. The highest
density of dairies occurs along the Snoqualmie River, south of Highway 522.
United States/Washington Department of Agriculture (USDA/WSDA) Data
Agricultural activities in Washington State and Snohomish County are a significant
contributor to the economy. Commercial livestock operations include dairy herds, poultry
raised for eggs and meat, and cow/calf operations raising beef cattle for slaughter locally
or for shipment to feedlots. In 1997, Snohomish County was reported to have 60,588
acres of farmland (NASS 1997). Ecology’s 1998 305(b) report characterized water
quality conditions in Washington and found that 55 percent of impaired streams were
degraded by agricultural activities. The most common sources of surface water pollution
from agricultural activities in Washington State are livestock manure, sediment, and
increased surface water temperature from clearing of riparian forests (Green et. al.
2000). Effective July 1, 2003, Ecology transferred their responsibility under RCW 90.64
(otherwise known as the Dairy Nutrient Management Act) to the Washington State
Department of Agriculture (WSDA). The program is now known as the Livestock Nutrient
Management Program. Any dairy which meets the definition of a concentrated dairy
animal feeding operation in RCW 90.64.010(8) or is designated as a significant
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contributor of pollution under RCW 90.64.020 or meets the definition of a concentrated
animal feeding operation under 40 CFR (Code of Federal Regulations) part 122.23, is
required to obtain a general dairy operation National Pollution Discharge Elimination
System (NPDES) permit from the WSDA. The permit sets out surface water effluent
limitations, nutrient management plans, waste storage, as well as monitoring and
reporting requirements. The permit states in section 2, that there shall be no discharge
of process wastes to surface waters of the state, except where chronic or catastrophic
events cause an overflow from facilities designed, constructed and operated to contain
all process generated wastewater plus the runoff from a 25-year, 24-hour rainfall event
for that location.
The 1997 NASS census of agriculture published reported 21,295 milk cows on 106
farms in Snohomish County (NASS 2002). Dairy facilities use several insecticides to
control flies, mange, mites, lice and several other pests. Of dairy cattle facilities surveyed
during a general dairy management survey from December 2001 through January 2002
in Washington State, the United States Department of Agriculture (USDA) reported that
Coumaphos, Ivermectin, Moxidectin, Permethrin and Piperonly butoxide are used at
rates ranging from 0.2 to 1.8 grams per head per year (NASS 2002).
The Snohomish, Skykomish and Snoqualmie river floodplains all support crop production
(Figure 2). Of the 60,588 acres of farmland in Snohomish County, 15,913 acres are
reported to be used for production of hay, alfalfa, other tame, small grain, wild grass
silage and green chop (NASS 1997), while 5,500 acres were reported as being
harvested as corn for silage in 2001-2002 (Gariby and Parsons 2003). Crop types
believed to dominate the agricultural landscape in the Snohomish basin include grass
and corn used for silage (pers. com. R. Bartelheimer). Application of fertilizers and
pesticides on these crops is normally conducted in late March or early April depending
on rainfall events.
Environmental Protection Agency (EPA) Data
The EPA’s water discharge permit system shows there are seven sewage treatment
facilities which discharge treated effluent into surface waters in the Snohomish Basin.
These include facilities in the cities of Everett, Granite Falls, Lake Stevens, Marysville,
Monroe, Snohomish, and Sultan. Although sampling will not be conducted at the outfalls
for these facilities, it is useful to know of their existence.
United States Geologic Survey (USGS) Data
In 1998 under the National Water Quality Assessment (NAWQA) program, USGS and
Ecology, sampled for pesticides in urban streams during rainstorms in King and
Snohomish counties (Voss and Embry 1998). Thirteen sites in 10 urban watersheds
were sampled for 98 different pesticides during 3 storms in the spring of 1998. Twenty
three of the 98 pesticides sampled for were detected, and 12 of those were sold at King
and Snohomish county retail stores in 1997. Of the 23 detected pesticides, 17 were
herbicides, 5 were insecticides, and 1 was a fungicide (Voss and Embry 1998). The
herbicides, 2-4D, dichlobenil, MCPP, and prometon; the insecticide diazinon; and the
fungicide pentachlorophenol were detected at 100% of the urban sites sampled. Eleven
of the 23 detected pesticides have chronic aquatic life criteria recommended by Norris
and Dost (1991), the U.S. Environmental Protection Agency (1998), and others. The
limits were found to be exceeded by concentrations of lindane, diazinon, and carbaryl.
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Real time gage height, discharge, stream temperature and limited water quality
measurements have been taken by the USGS at six locations in the Snohomish basin
(Table 5). The funds for the Snohomish River gauging station are provided by
Snohomish County Public Works. Water quality data are no longer gathered at either
station on the Snohomish River, but historical data are available.
Table 5. USGS Snohomish River basin Gauging Stations
USGS
NUMBER

12134500
12137290
12137800
12138160
12150800
12155300
12155500

STATION NAME

Skykomish River near Gold Bar
South Fork Sultan River near Sultan
Sultan River below Diversion
Sultan River below Powerplant
Snohomish River near Monroe
Pilchuck River near Snohomish
Snohomish River at Snohomish

Logistical Problems and Constraints
The project will survey large rivers by boat to identify outfalls and sources of non-point
pollution. Logistical problems and constraints involved in boat surveys and potential
solutions include:
x Locating outfalls hidden in vegetation along the river banks, or set back from the
ordinary high water mark – survey early in the season before full leaf coverage;
however, high water levels may preclude surveys early in the year.
x Reaching outfalls located high on the bank or underwater – high outfalls can be
sampled using extender poles or located by GPS for land sampling; outfalls
under water will not be sampled but will be noted on GIS.
x Getting samples to the laboratory within the holding time – fecal coliform samples
have a holding time of less than one day. Access points limit boat sampling and
sample pickup will need to be carefully coordinated.
x Access to private lands outside waters of the state and obtaining permission of
the landowner to visit them for technical assistance.
x Determining sources of non-point pollution stemming from urban areas.
x Coordinating the schedule and timing of data collection given constraints of
annual hydrograph and fluctuating river flow. Since all sampling (bank condition,
habitat and water quality) can not be conducted simultaneously, the project will
begin with the bank condition survey which can provide reconnaissance for
outfall locations, followed by the habitat survey in the summer of 2004 and finally
the water quality sampling in the spring of 2005.
Problems to be Studied
Many pollution problems have been identified within the study area. Most programs have
focused on identifying and resolving non-point pollution sources along smaller streams in
the upper watershed. Ecology and the Snohomish Conservation District have assisted
dairies in implementing best management practices under the Dairy Nutrient
Management Act. Other than dairies located along the larger rivers, few pollution
problems have been directly addressed in the study area. This project will begin to
address the issues listed below. For the problems tracked to an individual source, site

127

visits will be initiated and provide technical assistance provided to help landowners
resolve the problem.
x
x
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Determine whether failing septic systems are contributing to the fecal coliform
and oxygen problems identified in Ebey Slough, the Snohomish River, Pilchuck
River, Skykomish River, Quilceda Creek, and Woods Creek.
Determine whether outfalls from commercial, urban, rural or agriculture areas in
the Snohomish basin are contributing to problems of temperature, dissolved
oxygen, fecal coliform, metals, nutrients or pesticides.

Project Description
Goals and Decision Statement
The role of conducting outfall sampling in the Snohomish basin is to provide meaningful
water quality information to natural resource managers, for the protection and
enhancement of surface waters. The resulting information will:
x
x
x
x
x
x

Systematically characterize and document the location of previously unknown
outfalls.
Enable comparison of data to water quality standards in WAC 173-201A and
aquatic life criteria.
Provide new sources of data for the implementation of the Lower Snohomish
River Tributaries Fecal Coliform Total Maximum Daily Load (TMDL).
Fill gaps in the scientific knowledge of nutrients and pesticides, which may
exceed aquatic life criteria.
Support Snohomish County’s requirements under NPDES municipal storm water
discharge permit.
Allow SWM to diagnose the potential source of point and non-point source
pollutants and provide technical assistance to remediate the problem.

Objectives
The following phased objectives serve as goals for the Snohomish River Pollutant
Diagnosis and Implementation Project.
x
x
x
x
x

Collect and analyze water samples from point and non-point sources among
urban, rural and agricultural land uses for those parameters listed in Table 6.
Compare laboratory results to state and federal standards to quantify the
percentage of those outfalls, which pose threats.
Identify contaminant sources through analysis of sample timing, rainfall events,
drainage patterns and land use.
Coordinate technical assistance to landowners with the Snohomish Conservation
District, Washington State Department of Agriculture, or municipalities when
water quality data support further investigation.
Provide timely, high-quality data for other users.

Information Needed and Sources
Several reports are sources of surface water quality information in the study area. The
USDA, USGS, Food and Agricultural Organization of the United Nations, Ecology, EPA,
municipalities and the County have information related to application of chemicals to
differing land uses, techniques for sampling, technical assistance and data analysis.
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Target Population
Point sources, defined as pipes or ditches, discharging into the study area will be
sampled through a stratified random approach among urban (including rural residential)
and agricultural land use types as found during in-house GIS analysis or habitat
mapping. This method makes use of prior information contained in the County’s GIS
system to divide the target population into subgroups from which differing pollutants
might be discharged. For the purposes of this synoptic survey, agricultural lands will
include livestock and crop lands. Should the team identify non-point sources where
water is discharging into the study area(s) via overland flow, a sample will be taken if the
volume is sufficient to obtain a sample free of particulates. Given the limited sampling
budget, the number of parameters to sample, and logistical constraints, the target will be
to identify and sample twenty outfalls.
Analysis of water quality data, which indicates degraded water quality will trigger a GIS
analysis of potential upstream source(s) of pollution. In coordination with the appropriate
agency, technical assistance will be provided to willing landowners when sources of
pollution are identified. When a point source of pollution is found to originate from an
urban area inside one of the seven municipalities, the appropriate city contact will be
informed of the results.
Boundaries
The precise location of each outfall to sample is currently unknown. Bank condition and
habitat surveys conducted in the summer of 2004 will assist in locating potential water
quality sampling locations in the study area. An in-house GIS analysis will assist in
planning the logistics of systematic sampling during the spring of 2005. This will increase
the likelihood of detecting sources of pollutants stemming from urban (including rural
residential) and agricultural areas. Based upon previous outfall sampling efforts, and
assuming outfalls can be easily located and reached, SWM expects that 4 outfalls can
be sampled in an 8-hour period. This approach requires a minimum of five individual
sampling runs along targeted reaches in the study area. For analysis of fecal coliforms
and pesticides, the contract laboratories need to receive samples from Monday through
Thursday.
Decision Rule
Data will be organized into a weighted decision matrix where parameters exceeding
state water quality criteria and literature-derived acute aquatic life criteria will be
examined. This will assist in identifying focus areas upstream of outfalls for GIS analysis
and technical assistance.
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Data Quality Objectives
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 bias, precision, and accuracy of the data (Table 6).
Bias
Bias is the difference between the true value and an infinite number of replicate
measurements. Bias is extremely difficult to quantify because both random and
systematic errors influence the determination of bias. The project goal for maximum
systematic bias is 10%.
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 relative standard deviation (RSD) expressed as a percent.
RSD is the standard deviation divided by the mean and expressed as a percent. In
general, a precision of 10 percent is considered acceptable for this study.
Accuracy
Accuracy is an estimate of how close a measured value is to the actual or true value and
comprises both random error (precision), and random and systematic error (bias). To be
accurate, the results must be both precise and unbiased. Therefore, accuracy will be
calculated as two times the precision plus the bias (Lombard and Kirchmer, 2001)
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. 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.
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Table 6. Measurement Quality Objectives
Parameter

Field
Constituents
Temperature
Dissolved Oxygen
Specific
Conductance
PH
Turbidity
Salinity
Lab Constituents
Fecal Coliform
Bacteria
Nitrate-nitrite
Total Phosphorus
Total Suspended
Solids
Total Copper
Total Lead
Total Zinc
Total Mercury
Hardness
Organophosphorus
Pesticides
Organochlorine
Pesticides
Organonitrogen
Pesticides
Phenylurea
Herbicides
Carbamate
Pesticides
Acid Herbicides
Total Petroleum
Hydrocarbons
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Units

Accuracy
(%)

Precision
(%RSD)

Bias
(%)

Lowest Level
of Interest

Required
Reporting
Limit

°C
mg/l
umohs/cm

±0.10°C
±0.2 mg/l
±1% of
reading
±0.2 units
±2% of
reading
±0.2% of
reading

NA
NA
NA

NA
NA
NA

18.0
8.0
100

0.1
0.1
1

NA
NA

NA
NA

6.5
30

0.05
1

NA

NA

0.2%

0.2%

Colonies
100ml
mg/l
ug/l
mg/l

30

10

10

100

1

30
30
30

10
10
10

10
10
10

1.0
5.0
4.0

0.1
5.0
4.0

ug/l
ug/l
ug/l
ug/l
mg/l
ug/l

30
30
30
30
30
30

10
10
10
10
10
10

10
10
10
10
10
10

12.65
45.77
87.66
1.4
1
Varies

1
1
1
1
1
Varies

ug/l

30

10

10

Varies

Varies

ug/l

30

10

10

Varies

Varies

ug/l

30

10

10

Varies

Varies

ug/l

30

10

10

Varies

Varies

ug/l
mg/l

30
30

10
10

10
10

Varies
Varies

Varies
Varies

Units
NTU’s
%

Sampling Design
The Snohomish River Pollutant Diagnosis and Implementation Project is designed to
characterize the effluent stemming from urban (including rural residential) and
agricultural land use activities after the application of fertilizers and pesticides in the
spring of 2005. The areas to be sampled are only accessible by boat, therefore
reconnaissance floats of the study area will be conducted in the spring and summer of
2004 for identification of outfalls to sample the following spring.
The locations depend largely on the ability of the reconnaissance team to locate
appropriate “put in and take out” locations during the habitat survey. Should the team
have sufficient time, further reconnaissance for outfalls may take place. It is assumed
that outfalls will be relatively easy to identify while floating the primary rivers in the study
area. The outfall location data gathered in 2004 will be input into a GIS for determination
of land use and potential upstream sources.
Location and Frequency
In early 2005, SWM staff will use the GIS information, weather reports and river gauge
heights to plan 5 days of water quality sampling such that a maximum of 20 outfalls are
sampled. If possible, 10 outfalls from urban (including rural residential) and 10 from
agricultural areas will be sampled. If 10 outfalls are not identified from each land use
type, up to a maximum of 20 from either type will be sampled. Each sampling run will be
conducted shortly after a rain event, but within the limits of river safety. The frequency of
sampling and expected results are based largely on results obtained by Voss and Embry
(1988) where pesticides were sampled during spring rainfall events in Puget Sound
streams and detected at a high percentage of those sites. SWM will be sampling from
smaller volumes of water that may have concentrated levels of pollutants. Table 6 lists
all those parameters that will be sampled at each outfall. A sample for TPH analysis will
only be collected if a visual inspection identifies an oily sheen. The ability to accurately
measure and detect each parameter of interest is dependant upon the swift mobilization,
level of training, and attention to detail that the field team possesses. Field sampling
procedures will include instrument calibration, maintenance, sample collection, and
documentation. Further, sample handling and laboratory analysis is instrumental in
achieving a high level of data quality.
Representativeness
The primary considerations regarding representativeness in this study are homogeneity
of the stream, variations in analyte values due to stochastic factors such as flow
variation and weather, and the choice of sample site. The standard procedures used to
collect field data and water samples help ensure that the samples collected are
representative of the streams at the time of collection.
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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%.
Typical field problems such as sample container contamination or equipment failure may
result in completeness of less than 100%. 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 sampling methods, analytical procedures, and data analysis methods proposed for
this project are standard and similar to comparable projects conducted by Snohomish
County.
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Field Procedures
All water quality sampling will be carried out in accordance with this quality assurance
plan. The following procedures describe the sample collection, shipment, and analysis
procedures.
Pre-run Procedures
Prior to each sampling run, a checklist will be used to ensure a safe and effective
sampling run. The list will include but is not limited to:
x
x
x
x
x
x
x
x
x

ensuring availability of cell phone/2 way radio communication,
checking weather and water level reports,
checking safety gear,
ensuring vehicles, boat and trailer are in safe working order,
taking stock of sample bottles/labels and chain of custody,
taking stock of all necessary sampling equipment/supplies,
conducting and documenting the calibration of field instruments,
ensuring Trimble data loggers and batteries are in working order, and
using appropriate field notification procedures to track employees.

Equipment Calibration
With the exception of salinity and turbidity, a Hydrolab Minisonde4a TM will be used to
gather chemical and physical insitu water quality measurements. Table 6 outlines the
field parameters to be gathered. All field instruments will be calibrated according the
manufacturer’s instructions on the morning before each sampling run. Spot checks for
conductivity, dissolved oxygen and pH will be conducted once during each sampling
event to ensure data are not affected by changes in battery power. Salinity will be
gathered using a temperature compensated hand held refractometer. Turbidity will be
gathered using a Hach 2100P turbidimeter using certified StablecalTM gel standards for
calibration checks before and after each sampling run. A difference in turbidity of greater
than 5 nephelometer turbidity units from the standard will trigger instrument calibration.
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Table 7. Field Procedures
Parameter
Field Constituents

Sample Size

Container

Preservation

Holding Time

Temperature
Dissolved Oxygen
Specific
Conductance
PH
Turbidity
Salinity

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
15ml
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

250 ml

Sterile Plastic

40C

6 hours

200 ml
100 ml
200 ml

Plastic, Glass
Plastic, Glass
Plastic, Glass

40C/ H2SO4
40C/ H2SO4
40C

28 days
28 days
7 days

1000 ml
1000 ml
1000 ml
1000 ml
1000 ml
1000 ml

Plastic, Glass
Plastic, Glass
Plastic, Glass
Plastic, Glass
Plastic, Glass
Amber Glass

HNO3
HNO3
HNO3
HNO3
HNO3
40C

6 months
6 months
6 months
6 months
6 months
7 days

1000 ml

Amber Glass

40C

7 days

1000 ml

Amber Glass

40C

7 days

1000 ml

Amber Glass

40C

7 days

1000 ml

Amber Glass

40C

7 days

1000 ml
1000 ml

Amber Glass
Amber Glass
w/ PTFE seal

40C
40C

7 days
7 days

Lab Constituents

Fecal Coliform
Bacteria
Nitrate-nitrite
Total Phosphorus
Total Suspended
Solids
Total Copper
Total Lead
Total Zinc
Total Mercury
Hardness
Organophosphate
Pesticides
Organochlorine
Pesticides
Organonitrogen
Pesticides
Phenylurea
Herbicides
Carbamate
Pesticides
Acid Herbicides
Total Petroluem
Hydrocarbons

Safety Procedures
Safety is a primary concern when collecting samples. Prior to conducting sampling, field
staff will attend a USGS sponsored river safety training course. The safety training will
include boat handling, rescue and first aid. In addition, staff must have a series of
hepatitis shots and CPR training. Upon arrival at an outfall, the boat will be pulled ashore
and anchored if necessary to provide a safe working environment. Should an outfall
location not provide a safe environment from which to sample, its GPS position will be
gathered for a subsequent visit. If swift water, inclement weather or extreme fatigue
make field conditions dangerous, the sampling run will be stopped and rescheduled at a
later date.
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Private property will not be accessed during the water quality sampling. However, it is
possible that contact with landowners may occur. In this case, staff will identify
themselves and briefly explain their work. If a property owner denies access to shore,
staff will vacate the premises to avoid confrontation. Upon returning from the field, the
Project Manager will be informed of the location of the contact and conversation.
Sampling Procedures
Sampling methods are designed to support water quality monitoring programs while
ensuring samples are free of contamination during collection, transport and analysis.
Field sampling methods will follow EPA method 1669 guidance as developed to
specifically address state needs for measuring toxic metals either in dissolved or total
form. These methods are considered applicable for collection of all laboratory samples.
Prior to sampling, all equipment and sample containers are cleaned in a laboratory or
cleaning facility using detergent, mineral acids, and reagent water as described in the
laboratory quality assurance plan. The laboratory is responsible for generating an
acceptable equipment blank to demonstrate that the containers are free from trace
contamination before they are shipped to SWM. For those samples that require
preservation, a weak acid solution is then added to the sample bottle.
The laboratory is also responsible for preparing 2 gallon carboys of pesticide free
reagent water for use during the collection of field blanks. The carboy should be shipped
to the field site and handled as all other samples containers and equipment.
Selection of a representative site for sampling is based upon many factors including the
volume of water flowing from the outfall, depth of water, height of outfall along the
stream bank, etc. For the purposes of this study, an outfall is defined as either a point or
non-point source of water discharging from a discrete location into a primary body of
water. This includes polyvinyl, metal, or concrete pipes, tile drains, seeps, or open
ditches.
Upon arriving at the sampling site, one member of the two-person team is designated as
“dirty hands”; the second member is designated “clean hands.” All operations involving
contact with the sample bottle and transfer to the cooler for storage are to be conducted
by the individual designated “clean hands.” “Dirty hands” is responsible for collecting the
outfall characteristics data using the Trimble GeoXT TM, and for sample documentation.
The sampling personnel are required to wear clean, non-talc gloves at all times when
handling equipment and containers. A new set of gloves is to be used at each outfall
sampled. If sampling from a stream or ditch, the sampler designated “clean hands”
should wear elbow or shoulder length gloves. “Dirty hands” must open the cooler or
storage container, remove the double-bagged sample bottle from storage, and unzip the
outer bag. “Clean hands” opens the inside bag containing the sample bottle, removes
the bottle and reseals the inner bag. “Dirty hands” reseals the outer bag. To obtain a
well-mixed and representative sample, “Clean hands” submerges the appropriate
sample bottle 30cm below the water’s surface or to mid-depth and with the exception of
turbidity, allows the bottle to fill completely. With the bottle still submerged, “Clean
hands” replaces the cap. This way, the sample has not contacted the air. Should the
outfall being sampled require the use of a sampling pole to reach the discharge, “Clean
hands” attaches the bottle to the pole and conducts the sampling. “Clean hands” places
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the bottle inside the first bag, seals it and places it inside the second bag. “Dirty hands”
reseals the (2nd) outside bag and places the bagged sample inside the cooler. Table 7
indicates the collection and handling procedures for each parameter. Field blanks will be
collected where and when appropriate by “Clean hands” using pesticide grade blank
water. The lot number for the reagent water will be documented in the field notebook by
“Dirty hands.”
“Dirty hands” will label each sample with the unique site number generated by SWM’s
outfall database, date and time of collection, and analyses to be performed in indelible ink.
Sample containers will be kept closed in a cooler and remain in the responsible
individual’s physical possession, visual range or locked storage after taking possession, so
that no tampering can occur.
A chain of custody 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 in coolers under direct
observation or in a locked vehicle. The Project Manager will maintain a file of chain of
custody forms.
Field Data Gathering Procedures
After all lab sample collection has been completed, a sample will be collected for turbidity.
“Clean hands” cleans the inside of the 20ml sample vial with a cotton swab to ensure the
vial is free of sediment. “Clean hands” fills the vial with sample water, rinses, and discards
downstream. This is repeated two more times. On the fourth grab, “Clean hands” caps the
vial, wipes the outside down with a kimwipe, inserts the vial into the Hach 2100P
turbidimeter and closes the lid. The measure button is pushed and once stable, “Dirty
hands’ records the value in the field data log.
After the turbidity sample is processed, the Hydrolab Minisonde4a TM and Surveyor 4 data
logger are used to gather the field constituents listed in Table 7. “Clean hands” pulls the
instrument from its PVC holding tube and submerges the sensors to mid-depth in the
stream. If the stream is not deep enough for sampling, “Clean hands” rinses a bucket with
the sample water 3 times, discards downstream and uses the fourth for sample collection.
The instrument is then submerged into the bucket containing the sample water. Once the
temperature of the sample has stabilized, the information is stored into a pre-defined file in
the Surveyor 4 by “Dirty hands”. At the same time, the salinity refractometer is dipped by
“Clean hands” into the sample so the lens is coated lightly with water. The instrument is
held up to the sun or alternative light source by “Clean hands” and read to the nearest
0.2%. All data are recorded by “Dirty hands” into the field data log. Before being placed
back into their respective holding locations, all instrument sensors are cleaned with
laboratory grade reagent water. This also applies before sampling is commenced at the
next outfall.
After the insitu field water quality parameters have been gathered, “Dirty hands” uses a
Trimble GeoXT GPS using GeoExplorer CE series software loaded with a pre-defined
data dictionary to gather geographical and structural information relative to the outfalls
sampled. This instrument does not require calibration. Once completed, all sample
equipment is secured back onto the boat and the team moves to the next sampling
station.
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Laboratory Procedures
Analytical laboratories used in this project will be accredited by Ecology for all parameters
and analytical methods in the project. The analytical methods used by the contract
laboratory shall be cited in the laboratory’s approved Quality Assurance Plan. The
analytical laboratory shall maintain Ecology’s accreditation during the contract period with
Snohomish County. Table 8 summarizes laboratory procedures for surface water samples
for this project. Before collecting a sample for a parameter not listed in the table,
investigative staff will contact the laboratory to verify the laboratory is accredited by
Ecology for that parameter.
Table 8. Laboratory Procedures for Surface Water Samples
Analyte

No. of Samples

Expected Range of
Results

Analytical Method

Fecal Coliform
Bacteria
Nitrate-nitrite

20

0-100,000 cfu/l

SM 9222D
Membrane Filter
EPA 353.2
cadmium reduction
EPA 365.3
ascorbic acid
EPA 160.2
gravimetric
ICP-MS 200.8
ICP-MS 200.8
ICP-MS 200.8
ICP-MS 200.8
SM2340B
EPA 614

20

.05 – 10 mg/l

Total Phosphorus

20

.01 – 10 mg/l

Total Suspended
Solids
Total Copper
Total Lead
Total Zinc
Total Mercury
Hardness
Organophosphorus
Pesticides
Organochlorine
Pesticides
Organonitrogen
Pesticides
Phenylurea
Herbicides
Carbamate
Pesticides
Acid Herbicides
Total Petroleum
Hydrocarbons

20

1-2000 mg/l

20
20
20
20
20
20

1-50 ug/l
1-20 ug/l
10-100 ug/l
0-2.0 ug/l
10-150 mg/l
Varies

20

Varies

EPA 608

20

Varies

Varies

20

Varies

Varies

20

Varies

EPA 632

20
unknown

Varies
Varies

EPA 608 or 615
NWTPH Dx
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Quality Control
Table 9 outlines quality control procedures for this project.
Field Duplicate Samples
A minimum of one field duplicate water sample will be collected for every ten field
samples collected for each analytical parameter. The duplicate pairs shall consist of two
full volume samples, one collected immediately after the other. These samples will be
labeled in such a manner that the laboratory will not know that the samples are
replicates. The field duplicate analyses will be used to determine whether experimental
precision is adequate.
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.
Field Blank Samples and Blind Reference Samples
A minimum of one field blank water sample will be prepared for every twenty field
samples collected for each analytical parameter. The field blank sample will be
prepared by filling the sample container with de-ionized water. These data shall be used
to evaluate the compound effects of imprecision plus bias.
At the Project Manager’s discretion, blind reference samples of known concentrations
shall be sent to the laboratory. These data shall be used to evaluate the combined
effects of error in precision and bias.
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.

Table 9 . Quality Control Procedures
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Replicates

Check
Standards

Laboratory
Method
Analytical
Blanks
Duplicates

Matrix
Spikes

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA
1/20
Samples
1/20
Samples
1/20
Samples
1/20
Samples
1/20
Samples
1/20
Samples

NA
NA
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA

NA

NA

NA

NA

1/Batch

NA

NA

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/20
Samples
Total Lead
1/20
Samples
Total Zinc
1/20
Samples
Total Mercury
1/20
Samples
Hardness
1/20
Samples
Organophosphate 1/20
Pesticides
Samples
Organochlorine
1/20
Pesticides
Samples
Organonitrogen
1/20
Pesticides
Samples
Phenylurea
1/20
Herbicides
Samples
Carbamate
1/20
Pesticides
Samples
Acid Herbicides
1/20
Samples
Total Petroleum 1/20
Hydrocarbons
Samples

1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples
1/10
Samples

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

1/Batch

Parameter

Temperature
Dissolved
Oxygen
Conductivity
pH
Turbidity
Salinity
Fecal Coliform
Bacteria
Nitrate-nitrite
Total
Phosphorus
Total
Suspended
Solids
Total Copper

Field
Blanks
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Corrective Action
Corrective action will be taken by Snohomish County SWM whenever a deficiency in a
sample result or analytical report is noted. It is the responsibility of the Project Manager
to see that appropriate corrective action is taken. 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. In the event field equipment fails or returns unusable data, corrective action
will be taken as described above. Even the best-packed sample containers are
sometimes lost or broken during transport. Missing or damaged samples will be handled
according to the procedure outlined above.
The Project Manager will contact the analytical laboratory if any data or quality control
information is not included in the laboratory data package. The Project Manager will
direct the analytical laboratory to analyze any unused portion of the missing sample. In
the event that no portion of the sample is available, the situation will be treated as a
missing or damaged sample.
Missed holding times will be handled according to the procedure outlined above. The
Project Manager may also elect not to use the data from a sample that has exceeded its
holding time or to use that data but attach appropriate data qualifiers.
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Data Management Procedures
Data packages from a completed set of samples will be sent to SWM by the laboratory
within 30 days of the sampling date. 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. Acceptable laboratory reports will
be stored in project notebooks. Laboratory results will be entered into a database and
verified by a different person. 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.
The analytical reports will be compared to the sampling request forms 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.
An analytical laboratory data report will be reviewed for completeness by the project
manager or designee. Each laboratory report will contain the following information:
x Project Name, Project Manager’s Name
x Sample Date, Date of Sample Receipt
x Signature of laboratory representative
x Description of each sample
x Laboratory Sample Number
x Analyte
x Date Prepared, Date of Analysis
x Laboratory Method, Reporting limit
x Result, Unit
x Spike level, Batch Number
x Quality control result
x Percent Recovery
x Reporting Limit Relative Percent Difference
Snohomish County SWM will transmit all data collected to Ecology for its inclusion in
Ecology’s Environmental Information Management (EIM) system database. Snohomish
County SWM will coordinate the data transmission with Ecology’s EIM Manager and will
submit all data in accordance with Ecology’s Data Submittal Guide. The most recent
Data Submittal Guide will be consulted via the Internet just prior to the data transfer.
Data will be accepted without qualifiers if the analytical reports meet the quality
assurance guidelines detailed in this quality assurance project plan. 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 quality assurance project plan 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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Data Review, Verification and Validation
The data review, verification, and validation procedures will begin before the Snohomish
County SWM personnel leave for the field. A checklist of field equipment will be
developed during trial runs conducted before sampling occurs. Prior to sampling, the
sampling personnel will verify that they have all equipment on the checklist, including the
correct Field Data Sheets, the correct sample containers, the correct sampling
equipment, and a transport container with ice. All sampling equipment will be calibrated
and known to be in good working order before it is taken into the field.
The field data sheets will be reviewed for completeness by the field personnel before
leaving a sample location. Any missing data will be added to the sampling sheet prior to
leaving the sample site. The field data sampling sheets will be reviewed for
completeness again by the Project Manager in the office.
The field sampling data will be entered into the Snohomish County database at the end
of each sampling round. Project personnel will review all incoming analytical laboratory
reports as they are received. The analytical reports will be reviewed for completeness by
comparing the results with the analytical request submitted with the samples. The
analytical laboratory reports will receive an initial scan to detect results inconsistent with
ranges of past results, contaminated blanks, or other potential problems. The Project
Manager will report any missing data, inconsistent results, or potentially contaminated
samples to the analytical laboratory immediately. Missing data, anomalous results or
potentially contaminated samples will be noted on the laboratory reports for later entry
into the database.
Following the detailed examination of the field data sheet and the analytical laboratory
data package, the Project Manager will determine if the procedures and methods,
standard operating procedures, and the quality assurance project plan have been
followed. The Project Manager will verify and validate the data to determine if the
method quality objectives have been met. The Project Manager will coordinate this effort
with the analytical laboratory. The results of the Project Manager’s examination will be
documented in the final report. At the end of the project, all water quality data collected
under the project will be entered into Ecology’s Environmental Information Management
System.
Measurement quality objectives for accuracy, precision, bias and required reporting
limits were established in the previous section, Data Quality Objectives. 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. To evaluate whether the %RSD target has been met,
measurement precision will be determined by calculating the RSD separately for field
and laboratory duplicates. A precision of 10 percent is the target for this study. To
evaluate whether the bias target has been met, the Project Manager will examine
laboratory reports to determine if the mean percent recovery of the check standards and
the surrogates is within the 10% bias target. Any unusually high blank results will be
noted by the Project Manager as an indication of bias due to contamination that could
affect low-level results. To evaluate whether the targets for reporting limits have been
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met, the Project Manager will examine the laboratory results for “non-detects” by
parameter to determine if any of the values exceed the required reporting limits.
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Data Quality Assessment
This Quality Assurance Project Plan calls for the examination of the sampling design at a
number of points during the data collection period. The field and laboratory data will be
reviewed by the Project Manager during the study period to ensure that the sampling
design is adequate given the study goals and decision. Results from the field blanks will
be evaluated to ensure the results are within acceptable limits. Field blank samples are
anticipated to return results below the detection limits for all analytical suites as well as
results below the detection limits for the chemicals utilized in the equipment
decontamination procedures. The goals of the Quality Assurance Project Plan will have
been met if the field blank analyses return results below the detection limits. Should the
field blank samples contain detectable quantities of any constituents, the constituent
source will be investigated and modifications to the sample collection and equipment
decontamination procedures will be made. Qualifiers will be attached to any data
collected where the field blank samples contain detectable quantities of a constituent.
Results from the laboratory method blank, spike, split, and control standard samples will
be evaluated statistically to ensure the results meet the accuracy standards established.
The Project Manager will report any missing data, anomalous results, or potentially
contaminated samples to the laboratory immediately.
Data Analysis
The goals of the data analysis are to identify reaches in the drainage with water quality
problems, to summarize the severity of the problem, and to determine if a difference
exists between land use types. All samples will be taken within a relatively short period
of time during the spring of 2005 under similar flow conditions. High flows will not be
sampled due to river safety constraints. Therefore, there will not be a sufficient number
of samples to detect changes over time or flow regimes.
We will compare the results from each outfall to state and federal standards and to
literature values for levels of concern such as those listed in Table 3. We will use the
results of this comparison to identify reaches with problems. We will summarize the
severity of the problem over reaches using descriptive statistics such as mean,
geometric mean, or median. We will attempt to detect changes between land use types.
If possible, the 20 outfalls sampled will be stratified to include 10 outfalls from urban
(including rural residential) and 10 outfalls from agricultural areas. Data analysis will
include evaluation of data distribution characteristics and, if necessary, appropriate
distribution transformations. Estimation of univariate statistical parameters and graphical
presentation of the data will be made using EXCEL or STATISTICA computer software.
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Introduction
Background
In 1999, Snohomish County Public Works Surface Water Management (SWM) initiated a
multi-year stream habitat inventory of fish bearing streams in Snohomish County. A
quantitative, rapid and repeatable survey protocol for wadable streams was developed
(SWM, 2000, SWM, 2001a). To fill aquatic habitat condition data gaps in large, nonwadable rivers in Snohomish County, SWM developed this physical habitat survey
protocol. Non-wadable rivers provide some of the most critical habitat for Endangered
Species Act-listed Chinook salmon (Oncorhynchus tshawytscha) and native char
(Salvelinus spp.), and thus data on current conditions in these areas provide an
important foundation for salmon conservation plan actions and monitoring. Furthermore,
physical habitat data from large rivers, including streambank conditions data are
valuable for flood modeling and management. Also, identification of surface water
discharge (outfalls) points is valuable information for tracking water quality conditions.
When physical habitat conditions are analyzed alongside water quality and flooding data,
they provide information as a basis for an integrated river restoration and management
strategy.

The goals of this survey are to:

¾ Provide supporting data and analysis for salmon conservation, water quality
evaluations, flood modeling and management, and capital project design and
permitting;
¾ Collect data on current conditions as a benchmark for future trend monitoring,
analysis and adaptive management;
¾ Systematically characterize and document the location of previously unknown
outfalls, and;
¾ Identify restoration needs and potential projects based on watershed, reach and
site-specific analysis.

The expected products from this survey are:

¾ an updated Geographic Information System (GIS) layer showing the location and
stability of all dikes, levees, berms, revetments, deflectors and other
anthropogenic modifications including points of surface water discharge from
outfalls;
¾ an updated GIS hydrography layer including better coverage of secondary
channel habitat (i.e. side-channels and off-channel habitat); and
¾ a report summarizing current aquatic habitat conditions in large rivers, examining
relationships among parameters and comparing results to habitat performance
criteria such that restoration projects can be developed.

Methods
Approach
The physical habitat survey and monitoring protocol for large rivers consists of two
surveys, a Bank Condition survey and a Geomorphic Habitat survey. The Bank
Condition survey is implemented prior to the Geomorphic Habitat survey. Data are
gathered continuously on bank conditions along the right and left banks. Parameters
include bank modifications, toe class material, instability, and point discharges. The
Bank Condition survey is also used to reconnoiter for the Geomorphic Habitat survey,
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and thus Global Positioning System (GPS) points are collected at pools and LWD jams.
The Geomorphic Habitat survey is conducted along unit reaches that comprise
approximately fifty percent of geomorphic reach length. Data are gathered on the
dimensions and characteristics of pools, LWD pieces, and LWD jams. All field work is
conducted within waters of the State.

Study Area
The Snohomish River basin (WRIA 7) encompasses 1,856 square miles and is the
second largest basin in Washington State that drains to Puget Sound. In Snohomish
County, the three primary rivers in the basin flowing from the west slope of the Cascade
Mountains are the Skykomish, Snoqualmie, and Snohomish (see Figures 1-4). These
main stem rivers and many smaller Snohomish County rivers in the basin such as the
Pilchuck, Sultan and Wallace provide significant habitat for five salmon species, three
trout species and one char species. This project will sample the non-wadeable portions
of main stem rivers and larger tributaries, particularly those river segments in the study
area influenced by adjacent urban, rural and agricultural land uses. Non-wadeable rivers
include those where water depth during low flow periods commonly exceeds 0.5 meters
in riffles, 1-meter depth in glides, and 2-meter depth in pools and where flow velocities
limit wading and hence access for habitat measurement. In the Snohomish River basin,
this includes the Snohomish River estuary, Snohomish River main stem, Skykomish
River main stem, Snoqualmie River main stem, Wallace River, Sultan River, and the
lower portion of other major tributaries.
Figure 1. Snohomish River Pollutant Diagnosis and Implementation Project Study Area
and River Segments. The dashed lines delineate County boundaries.
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Figure 2. Skykomish River survey segments.
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Figure 3. Snohomish-Snoqualmie River survey segments.
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Figure 4. Snohomish River estuary survey segments.
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Reach Delineation and Selection
The delineation of geomorphic stream reaches for this project uses existing reach
databases as the foundation. Boundaries are adjusted for consistency with Snohomish
County’s Endangered Species Act (ESA) sub-basins coverage. County staff classify
geomorphic reaches based on gradient and entrenchment in accordance with Rosgen
Level I stream classification methods (Rosgen, 1996). Reach demarcations, as currently
identified (Table 1), were used by the Snohomish Basin Salmonid Recovery Technical
Committee to conduct Ecosystem Diagnosis and Treatment (EDT, Mobrand Biometrics,
Inc.) modeling. For this project, each geomorphic reach is divided into quarters. Half the
reach (upper, middle two quarters, or lower) is randomly selected for the Geomorphic
Habitat survey. As a quality control (QC) measure, a subset (approximately 10%) of
surveyed reaches is resurveyed by different team members for data quality and
assurance purposes (also see attachments).

Field Equipment
Field computer (2)

Trimble GPS units (2)

Measuring tape

Stadia rod

Range Finder
Flagging tape
First aid kit safety gear

Field map and clipboard
Hand-held sonar
Logger’s diameter tape

Hand-held calculator
Two inflatable boats

Two-way radios
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Table 1. Study area Snohomish basin reach identification and geomorphic
characteristics. Sampling effort is 100% for bank conditions and 50% for habitat
conditions.

Rosgen
Channel
Type

Length
(km)

Max

Min

Gradient
(%)

Reach width
(ft)

DA

22.33

1080

260

0.01

DA

22.33

680

300

0.01

DA

7.05

470

90

0.01

DA

8.08

730

200

0.01

Ebey Slough

DA

17.46

670

110

0.01

SNH1

Snohomish_1

D

2.38

513

471

0.04

SNH2

Snohomish_2

D

6.82

370

366

0.04

SNQ1

Snoqualmie_1A

D

1.16

280

180

0.05

SNQ2

Snoqualmie_1B

E

9.03

280

180

0.05

SKY1

Skykomish_1

D

6.92

370

366

0.06

SKY2

Skykomish_2

D

11.18

370

366

0.06

SKY3

Skykomish_3

D

4.25

370

366

0.06

SKY4

Skykomish_4

D

1.71

370

366

0.06

SKY5

Skykomish_5

D

6.92

635

460

0.06

SKY6

Skykomish_6

C

6.21

250

300

0.06

Quilceda

QUA1

Quilceda_1

E

3.28

23

10

0.20

Pilchuck

Lower Pilchuck

PCK1

Pilchuck_1

C

2.72

60

35

0.10

PIlchuck

Lower Pilchuck

PCK2

Pilchuck_2

C

2.83

80

50

0.20

Woods

WDS1

Woods_1

C

6.08

35

15

0.09

EWL1

Elwell_1

C

5.19

15

7

0.50

Sultan

Lower Woods
Lower
Mainstem Sky
Lower Sultan
River

STN1

Sultan_1

C

4.55

150

130

0.60

Wallace

Lower Wallace

WAL1

Wallace_1

C

7.25

83

40

0.40

Watershed

Subbasin

Reach
ID #

Snohomish

Estuary

EST

Snohomish

Estuary

SNO_E

Snohomish

Estuary

UNS

Snohomish

Estuary

SBS

Union Slough
Steamboat
Slough

Snohomish

EBS

Skykomish

Estuary
Cathcart
Drainages
Cathcart
Drainages
Snoqualmie
Mouth
Snoqualmie
Mouth
Lower
Mainstem Sky
Lower
Mainstem Sky
Lower
Mainstem Sky
Lower
Mainstem Sky
Upper
Mainstem Sky
Upper
Mainstem Sky

Snohomish

Snohomish
Snohomish
Snoqualmie
Snoqualmie
Skykomish
Skykomish
Skykomish
Skykomish
Skykomish

Elwell

EDT
REACH
Estuary_1
Snohomish
River
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Field Computers and File Management
The Bank Condition survey employs a Trimble Geoexplorer GPS receiver and data
collector to record locations and attributes of riverbanks. The Geoexplorer’s horizontal
accuracy is sub-meter on a second-by-second basis. Two GPS bank condition files are
associated with each reach – one for each bank. All files are stored with a unique name
created by combining letter values assigned to each reach and riverbank surveyed.
During the Geomorphic Habitat survey, data are entered into a spreadsheet contained
on a Juniper Systems’ Allegro Field PC TM, a hand-held field computer. The following
section describes the procedure each survey team follows to ensure data are stored in a
useful and organized format.
At the beginning of each unit reach, the file BRSFS.pt (the main spreadsheet) is
opened. The file contains seven worksheets: one header sheet containing the
information about the reach to be surveyed, five sheets for habitat parameter data entry
and a compilation sheet that organizes data from each of the previous sheets into a
single spreadsheet (for data management purposes only). Before entering any data, the
file is saved after the designated reach identification number.
Once the file is saved as the reach identification number, the caps lock is engaged and
all known reach information is entered into the spaces provided in the header sheet
(Figure 5). Habitat information is entered into the habitat parameter sheets which are
found by tapping on the tabs at the bottom of the screen. The file is saved periodically to
ensure a minimal loss of data in the event of a computer lockup. At no time should data
be entered into the compilation sheet (while the sheet is protected, some data entries
are still possible). Completed reach files are transferred to an office computer after each
day of survey and checked for invalid or missing data. Any anomalies are flagged and
reported to the data manager.
Figure 5. Example data entry for geomorphic reach header sheet.
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Bank Condition Survey
The objectives of the Bank Condition survey are to classify, characterize and map linear
and single point features in one integrated survey. Linear features include
hydromodifications, streambank instability, edge habitat, and secondary (including
floodplain) habitat features. Single point instream and floodplain features include outfalls,
culverts, deflectors, and other features (see definitions below). The survey involves both
aerial orthophoto interpretation and field sampling techniques. Edge and secondary
habitat units are delineated through orthophoto interpretation.
Secondary objectives of the Bank Condition survey are 1) to gather GPS locations of
outfalls to develop an outfall sampling scheme based on the known population, in
support of water quality sampling (other locations of outfalls and water quality sampling
points will be acquired from Department of Ecology data layers; EIM Database), and 2)
to gather GPS locations of pools and LWD jams (see definitions below) to better
quantify pool and LWD jam frequency along the entire geomorphic reach in support of
the Geomorphic Habitat survey.
Definitions:
Hydromodifications: human-made alterations to the stream channel,
shoreline, and banks, which functionally act to limit channel and floodplain
response to watershed processes, such as the delivery and routing of water,
sediment, and large woody debris.
Natural Streambank Instability: banks are unstable if they show indications of
any of the following features at or above bankfull (Bauer and Burton 1993):
Breakdown: obvious blocks of bank broken away and lying adjacent
to the bank breakage.
Slumping or False bank: the bank has obviously slipped down,
cracks may or may not be obvious, but the slump feature is obvious.
Fracture: a crack is visibly obvious on the bank indicating that the
block of bank is about to slump or move into the stream.
Vertical & Eroding: the bank is mostly uncovered as defined below
and the bank angle is steeper than 80o from the horizontal.
Hydromodified Streambank Instability: a failing hydromodification (riprap
bank, levee/dike, armoring of any kind, deflectors, groins, etc.) is one that
shows visible signs of sloughing, erosion, undercutting, slumping, erosion
beside or behind the structure at either the upstream or downstream end,
exposure of underlying material, tension cracks (long cracks running parallel
to the river on top of bank), leaning trees, or armor material (e.g., riprap) that
has been relocated by the river such that it no longer prevents migration.
Stable Streambanks: natural streambanks covered with any of the following
features are considered stable:
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o perennial vegetation ground cover > 50%, including if bank is
undercut (>90° from the horizontal).
o roots of vegetation cover > 50% of the bank, including if bank is
undercut (>90° from the horizontal).
o t rocks of cobble size protect 50% of the bank surfaces or larger
(Very uncommon except from talus slopes from inner gorges on
naturally valley-confined reaches of non-wadeable rivers).
o t 50% of the bank surfaces are protected by logs of t10-cm
diameter.
o the bank is mostly covered as defined above and the bank angle is
less than 80o from the horizontal.
o otherwise, banks are considered uncovered.
Edge Habitat: edge habitat is characterized as to type based on the
following definitions from Hayman, et al. (1996):
Bank edge: vertical, or nearly vertical shore.
Bar edge: shallow, low gradient interface with the shore.
Backwater edge: enclosed, low-velocity areas separated from the
main channel. See backwater pool definition below for additional
criteria.
Secondary Channel Habitat: aquatic floodplain features such as oxbows,
side-channel sloughs, side-channels, beaver ponds and tributary streams.
Procedure:
Office Preparation
Map production is the first step in the Bank Condition survey. Maps displaying
hydrography (water courses, shorelines or water boundary), reach breaks, river miles,
previously known hydromodifications and fish blockages, boat put-in/take-out locations
and the 100-year floodplain over recent orthophotos are produced for each reach. These
maps act as a template for orthophoto interpretation, a field guide and a backup to GPS
data collection. If previous survey points were recorded upstream or downstream of the
area scheduled for survey, these data are also included on the field map to provide
reference for start and/or end points and to facilitate seamless data collection. Maps
(including the orthophoto layer) are reviewed and potential hydromodifications that do
not appear in existing GIS spatial datasets are noted for field verification.
Field Survey
The field survey focuses on characterizing streambank stability and hydromodifications
and identifying instream and floodplain points. Edge habitat and secondary channel
habitat is not ground-truthed as part of this survey. The position of stormwater outfalls,
pools and LWD jams are recorded as point data to facilitate the subsequent water quality
investigation and geomorphic inventory. Bank instability and hydromodifications are
continuously recorded using a Trimble Geoexplorer GPS and data collector. Surveys are
conducted from two separate boats, one on each bank. In addition, one crew collects
GPS locations for pools, and one crew collects GPS locations for LWD jams. If the
channel is bifurcated, then hydromodifications and bank instability are measured along
the outer banks only.
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Hydromodification data are collected in two point feature classes: continuous bank
modifications, which will be converted to lines, and floodplain and instream
modifications, such as outfalls, tide gates and deflectors, which will remain as points.
Specific data input and a copy of the data dictionary are found in Appendix A.

Bank Modifications:
To simplify data collection, bank modifications are recorded as point features along a
continuous riverbank. At a change in any of the descriptive attribute fields listed below, a
GPS point is recorded as near the location of change as possible. The attributes given to
a point characterize the bank between this point and the next downstream modification
point on the same bank. Survey teams will collect data points at the beginning of
attribute changes while surveying in a downstream direction, or at the end of attribute
changes if surveying in an upstream direction. Attributes are collected for the bank
condition point feature, BNKCNDPT, in the following fields:
RIVER_BANK is collected as describing the left or right bank (facing
downstream).
CONDITION categorizes the bank as being either “natural” or “modified”.
STABILITY is recorded for both natural and hydromodified banks, describes
whether or not the bank is intact or failing based on criteria listed above.
CONTINUITY clarifies the organization of bank modification points within a file
and aids in the subsequent joining of multiple files. The furthest upstream point
on each riverbank is labeled start and attributed to describe the bank
downstream. The most downstream bank modification point recorded for each
bank is labeled end and should only contain information in the River Bank and
Continuity fields. This point is a terminus for attributes assigned to the bank at
the point immediately upstream. All bank modification points recorded between
the start and end points are assigned serial with one exception. If for any reason
a section of bank between the start and end points is not surveyed, the continuity
field for the point at the upstream end of the section is labeled break. When
survey is resumed the first bank modification point recorded is again assigned
serial continuity.
HMOD_TYPE describes the type of bank modification. Types include dike/levee,
berm, revetment, bulkhead, and grade. If the type of bank modification is unclear,
it is classified as a revetment. Banks whether natural or modified are identified as
stable or unstable based on whether or not they meet the bank instability
definitions (natural and hydromodified).
HMOD_TOE is determined for the toe class type by visually examining primary
bank material below the ordinary high water mark. Toe classes include Riprap,
Rubble, Structural, and Earth. Bank material greater than 256 mm (10 in) is
considered Riprap. Bank material less than 256 mm is considered Rubble
(Beamer & Henderson, 1998). Other classes such as wood, concrete, and
gabion are lumped into Structural toe class. Earth includes soil as well as
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“natural” toe material. Non-modified banks and banks with setback modifications
receive a N/A HMOD_TOE value by default.
CONFIDENCE labels each GPS point as being recorded on, near or significantly
away from a change in bank condition. High, Moderate, or See Photo
confidences are recorded depending on how the surveyor feels the resulting
point represents the actual location of the bank condition change. This
information is used during post-survey data processing to identify points needing
adjustment. See Photo confidence values indicate the GPS position is not
reliable and points/notes recorded on the aerial photograph should be used to
place the point during post processing. When unfavorable satellite positions,
topography, vegetation or swift currents prevent point collection using GPS, bank
condition, pool and jam points are recorded solely on field maps. These points
are integrated with the GPS-collected points during post-survey data processing.
Instream and Floodplain Modifications:
Instream modifications are features that are located within or protrude into the channel.
They include surface water outfalls, bridge footings, deflectors, weirs, docks/pilings, and
subsurface utility crossings. These modifications are recorded as point features. The
positions of pools and LWD jams may also be recorded as instream (habitat) points for
those portions of reaches not surveyed during the Geomorphic Habitat survey to obtain
a more complete inventory of pools and LWD jams to develop whole river summary
statistics.
Floodplain modifications are features that interact with or impact secondary channel
habitats and are collected as point features. Floodplain modifications include culverts,
tide/flood gates, pump stations, plugs, and diversion structures that impede or block
natural flow and connectivity between secondary habitats such as tributaries, sloughs,
lakes, ponds, or side channels and the main stem.
Attributes for the instream and floodplain modifications feature, INSTFPPT, are collected
in the following fields:
RIVER_BANK is collected as describing the left or right bank or center channel
(facing downstream).
MOD_TYPE categorizes the instream modification type as occurring either in the
stream channel or on the floodplain.
INSTR_TYPE includes surfacewater outfalls, bridge footings, deflectors, weirs,
docks/pilings, and subsurface utility crossings. As mentioned above, during
portions of the survey, pools and log jams may also be included as instream
points. Where instream modifications co-occur with (or form) pools or LWD jams,
this forming function is denoted as the pool forming factor or LWD jam type (see
below). A value of N/A is selected for floodplain points.
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FLDPL_TYPE includes the type of floodplain modifications as culverts,
tide/floodgates, pump stations, Plug dikes, diversion structures and outfalls. A
value of N/A is entered for instream points.
FLPL_BLOCK describes the floodplain feature blocked by one of the floodplain
modifications above. Features include: tributary, side channel, distributary
slough, blind tidal slough, pond and unknown. N/A is selected for instream
modifications.
CONFIDENCE see above.

Geomorphic Habitat Survey
The primary objective of the Geomorphic Habitat survey is to characterize habitat
conditions for salmonids, focusing on pools and LWD in rivers and secondary channel
habitats. It is implemented in approximately 50% of each geomorphic reach and
approximately 50% of the delineated side channels. The survey involves both aerial
photo interpretation and field sampling.
Definitions:
Bankfull width (BFW) is the width of a stream channel measured at riffle
crossover locations and at the point where overbank flow begins during a flood
event that is typically observed every 1-2 years. In channels with disconnected or
undeveloped floodplains, bankfull indicators may include: the top of deposited
bedload (gravel bars), stain lines on banks, the lower limit of perennial
vegetation, moss on streamside trees or lichen on rocks, a change in slope or
particle size on the stream bank, or undercut banks (USFS, 1999). Large flood
events may obscure signs of bankfull dimensions associated with floods
recurring every 1-2 years. However, in general, even large floods will not disrupt
well established lower limits of perennial vegetation and multiple measurements
of bankfull flow dimensions will tend toward a measure associated with frequent
(1-2 years) channel forming flows.
Wetted width is the width dimension at the low-flow channel margin at the time
of survey as measured downstream from qualifying pools at the riffle crossover
point.
Riffles are swift flowing (broken surface water) / steep habitat units and can be
composed of high gradient riffles (> 4%), where the amount of exposed substrate
or broken water is high; and low gradient riffles (< 4%), where flow may cover
completely or partially submerge obstructions. Riffles are also characterized by
substrate size as:
o Boulder (> 302 mm)
o Large Cobble (127 mm – 302 mm)
o Small Cobble (73.7 mm – 127 mm)
o Gravel (5.1 mm – 73.7 mm)
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Glides, as defined for this survey, have slow-moving water of uniform depth and
in Snohomish County’s large rivers is typically 1 m in depth (+/- 0.5 m) at low
flow.
Pools are sections of a river channel where water is impounded within a closed
topographical depression (Abbe and Montgomery, 1996). For a habitat unit to
qualify as a pool in this survey it must meet minimum area and depth
requirements based on bankfull width dimensions and as indicated by habitat
suitability criteria (e.g. NMFS, 1996). Because all bankfull width dimensions in
large rivers are likely to be > 20 m, the minimum area and residual pool depth
requirements are 5.0 m2 and 0.4 m, respectively (after Pleus, et al., 1999).
Additionally, pools must be t 1 m at maximum depth.
Pool Tailouts are the downstream portion of pools where streambed
gradient increases in a downstream direction and where fluvial hydraulics
create substrate and flow conditions highly suitable for spawning. Because
the hydraulic gradient steepens beyond the riffle crest, stream flow is forced
downward into the gravel in advance of and over the riffle crest. Water that
infiltrates is highly oxygenated for salmonid embryo incubation. Additionally,
because pools in advance of tailout areas are depositional, tailout areas have
a reduced probability of fine sediment deposition, and, as flow accelerates
over the riffle crest, fine sediments remain in suspension. Pool tailouts
measured in this study have suitable spawning gravel size (8-128 mm), are
identified by flow acceleration, and are in advance of the riffle crest.
Backwater Pools are a pool type formed by an eddy along the channel
margin downstream from obstructions such as bars, rootwads, or boulders, or
resulting from back watering upstream from a downstream obstruction. Often
backwater pools are the downstream remainder of a secondary side channel.
Backwater pools are not associated with the thalweg and are sometimes
separated from the channel by gravel bars. These pools may or may not have
a downstream riffle crest forming a closed topographical depression and so
only the maximum depth and area criteria for pools apply. Edge habitat
associated with backwater pool area is classified as backwater edge.
Woody debris refers to both large and small woody debris, stumps and jams as
defined below.
Large woody debris (LWD) is defined as downed wood that intercepts bankfull
flow (trunk not branches) in a substantial fashion and is large enough to influence
the formation of habitats (USFS, 1999).
Jams are defined as 3 or more touching pieces of LWD (defined above)
together producing a single structure significantly intercepting bankfull
flow. Report Y or N if piece is part of a jam. Using orthophotos, we have
classified jams as fitting three general types (after Abbe and Montgomery,
1996): bar top jams, bar apex jams and meander jams.
Bar Top Jams (BTJs) are random accumulations of loosely
organized debris on top of a bar with little vertical stacking. BTJs have
little influence on channel morphology, are not contained within the low
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flow channel, and may be short-lived in location as wood floats on to and
off of these locations with the rise and fall of rivers. BTJs would be least
likely to provide direct habitat value for salmonids and least likely to form
suitable habitats as a result of influencing channel morphology.
Bar Apex Jams (BAJs) are typically more stable LWD
accumulations anchored by large pieces (60-90 cm minimum diameter
dependent on bankfull depth) with root wads showing vertical stacking of
orthogonal and oblique members located at the upstream end of a gravel
bar or forested island. BAJs influence river channel morphology, local
habitat formation (as crescentic pools or direct habitat cover during higher
flows) and riparian forest development.
Meander Jams (MJs) are typically more stable LWD jams located
at and often stabilizing the concave surface of meanders or outer stream
bank with key members and vertical stacking. MJs can influence channel
morphology by altering river radius of curvature and among all LWD jam
types has the greatest degree of association with the river thalweg and
low flow conditions.
Secondary Channel Habitat is composed of side-channel (within the bankfull
width) and off-channel (outside the bankfull width) habitat. Side channels are
defined as channels that contain the smaller portion of the total bankfull flow
(may be dry during low flow periods) and are separated from the main channel by
a stable island. A stable island in a forested stream is defined by USFS (1999) as
supporting woody vegetation (excluding willow), which is estimated to be at least
5 years old (and covers at least 50% of the island surface). Off-channel habitat
includes marshes, ponds and oxbow lakes that are outside the bankfull channel
and are not field surveyed.

Procedure:
Office Preparation
Fifty percent of each geomorphic reach (upper half, middle half, or lower half) is
randomly selected for detailed survey. Exceptions are made when the lower half of one
reach and the upper half of the next reach are selected for logistical reasons rather than
randomly.
For each survey reach maps are produced which include orthophotos, reach breaks,
boat put-in and take-out locations, the delineation of waterbodies and water courses,
and data gathered during the Bank Condition survey, including bank characteristics and
the location of pools and LWD jams for sub-sampling purposes (see below). Aerial photo
interpretation and use of LIDAR (LIght Distance And Ranging) topographic imagery are
used to assist in the identification and delineation of side channels and off-channel
habitats. All side channel and off channel areas identified using LIDAR imagery must still
be ground-truthed to determine accessibility (for fish). Areas where additional groundtruthing is necessary to verify the accuracy of the Bank Condition survey data, side- and
off-channel areas or the waterbody boundary (as it may change with flood events) are
flagged with a question mark to be resolved during the field survey.
Field Survey

168

Because each reach surveyed varies in complexity, the division of labor between
surveyors within and between watercraft is varied. Generally, surveyors in one craft are
responsible for enumerating and characterizing single pieces of LWD on one bank as
well as identifying and measuring pools. Surveyors in the second craft collect LWD data
on the opposite bank and are responsible for measuring and sampling jams. However,
side channels, long pools and large jams require coordination and flexibility in the
division of labor. Specific data input and a copy of the data dictionary is found in
Appendix B. Field survey training with all survey participants is crucial for making
consistent and definition-based measurements with instrumentation that may be new or
unfamiliar to users. This especially important when data are categorized based on
observations.

Bankfull Width
Bankfull width is measured once for each reach surveyed at the crest of the first riffle in
order to calibrate BFW estimates made using orthophotos in Arcview. A GPS point is
collected at the location of the measurement. Data are entered in the field computer in
the appropriate worksheet. BFW measurements of the Stillaguamish River were highly
correlated (r2=0.85, p<0.01, n=20) with those measured using orthophotos in Arcview.
BFW is a precisely measured habitat parameter and will not be included as part of QC
surveys (see attached report on precision and repeatability).
Riffles
All riffles will be identified by dominant substrate size (boulder, large cobble, small
cobble, or gravel) based on a visual inspection. For each riffle, the up- and down-stream
unit boundaries will be identified by GPS and the length will be measured, where
possible, with a laser rangefinder. If the riffle wetted width (RWW) is uniform, only one
width measurement will be taken. If the riffle wetted width is visually estimated to be
irregular by up to 30%, three RWW measurements will be taken at the beginning, middle
and end of the riffle. Riffle area will be calculated. As an office exercise and to estimate
riffle area in the 50% of each reach not surveyed, RWW and length will be measured
using year 2003 orthophotos in Arcview. Data points and riffle dimensions measured in
2004 will be used to calibrate riffle measurements of 2003 photos to estimate total riffle
area and evaluate the need for QC measurements of riffle length. RWW measures for
replicate samples were found to be very precise and will not be included in QC surveys
(see attached report on precision and repeatability).
Glides
The amount of glide habitat will be estimated as the difference between the sum of
measured pool and riffle areas and the total wetted area, as estimated by GIS analysis.
In order to develop good estimates of glide area, the objective is to minimize error
variance associated with pool and riffle measurements. One way of doing this is by way
of habitat unit delineation for which definitions are provided. Additionally, pools and riffles
will be identified spatially based on their downstream end point and multiple
measurements of unit length and widths will reduce error variance.
Pools
Pools within each surveyed reach are recorded by reach name, abbreviation and pool
number (Figure 6). This pool number is cross-referenced with GPS data previously
collected during the Bank Condition survey. A minimum residual depth (maximum pool
depth minus tailout depth) of 0.4 meter and a minimum of 1 meter maximum depth are
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required to qualify as a primary pool type, but not for the backwater pool type. The pool
GPS position is entered and labeled.
For each pool, average pool width is measured using a laser rangefinder and maximum
and tailout depths are measured with a handheld digital sonar gun or stadia rod. Pool
lengths are measured in the field with a laser rangefinder or identified on field maps and
measured using Arcview with aerial orthophotos. It is important to note that, in contrast
with SWM’s protocol for wadable streams, only total pool area is measured, not
“functional area.” This deviation from the wadable stream survey protocol is based on
the assumption that the functional area is equal to the total area at the scale of large
rivers.
For each pool, the primary pool-forming feature is recorded as hydromodification (e.g.,
riprap, structural or pilings), wood (LWD with or without a rootwad or jam), free formed or
bedrock. Data are entered for each pool in the appropriate field computer spreadsheet
(Figure 6).
For each pool, the pool tailout area will be coded as having spawnable size gravel (8128 mm, enter Y/N). For every 3rd pool with spawnable size gravel, the pool tailout area
will be measured (length and width) and identified with a single GPS point. For reporting
purposes, spawnable pool tailout area as a percent of total pool area will be estimated
and correlated with total pool area. In cases where a pool is followed downstream by a
glide, the tailout of the pool is delineated at the beginning of the glide rather than at the
downstream riffle crest.
Figure 6. Example data entry for pools.

Woody Debris
Data are gathered on single pieces of LWD and on LWD jams according to the following
protocol for each parameter and entered (see Figures 7 and 8 on following pages).
Single pieces
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Abundance - all pieces which are greater than 7.6 m in length and 30 cm in
diameter at 7.6 meters from the base are recorded.
Length class - log length is measured or visually estimated and recorded in the
field computer in three length classes: 7.6-15 m; >15 m; and <7.6 m with a
rootwad only. The first five pieces each day are measured and every 10th piece
thereafter is also measured to stay calibrated.
Diameter class - log diameter is measured or visually estimated and recorded in
four diameter classes; 30-60 cm, 60-90 cm, >90 cm, and <30 cm with a rootwad
only. The first five pieces each day are measured and every 10th piece thereafter
is also measured to stay calibrated. Log diameter is measured at 7.6 meters from
the base of the log.
Rootwad presence/absence - for a rootwad to be counted on a piece of woody
debris, the mean rootwad diameter must be  one meter. Y or N is reported for
rootwad presence.
Decay class - each piece is characterized based on the condition of the wood
from natural decay. Table 2 lists the criteria for decay class. The five classes of
Schuett-Hames, et al. (1994) have been simplified into three: “recent” (1),
“intermediate” (3) and “old” (5) (Collins, et al., 2002; Table 2). Pieces within
decay class 5 will automatically be classified as wood type unknown.

Table 2: LWD Decay Class Criteria
Decay Class
(Collins, et
al., 2002)

1
1
3
5
5

Decay
Class
(SchuettHames et
al. 1994)
1
2
3
4
5

Bark

Twigs

Texture

Shape

Wood Color

Intact
Intact
Trace
Absent
Absent

Present
Absent
Absent
Absent
Absent

Intact
Intact
Smooth
Abrasion
Vesicular

Round
Round
Round
Round/Oval
Irregular

Original Color
Original Color
Darkening
Dark
Dark

Figure 7. Example data entry for LWD.
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LWD Jams
Jam location - The location recorded, using GPS, of all jams wholly or partially (at
least 3 pieces) contained within the bankfull width, including side channels,
during the Bank Condition Survey.
Jam type - The jam type is recorded based on the three general classes defined
above.
Jam dimensions - The cubic volume of each jam is estimated by measuring and
recording an average jam height, length and width. For irregularly shaped jams,
the area is an additive estimate of two or more cubic volume measurements.
LWD dimensions within jams - Approximately one-third of the jams are identified
and marked on aerial photos prior to field survey, then sampled for piece data
during the Geomorphic Unit survey. If new jams are encountered during the
geomorphic surveys that were not enumerated during the Bank Condition
surveys, every third jam is sampled. Within these jams, all LWD pieces are tallied
based on length/diameter classes, wood type, rootwad presence/absence, and
decay class.
Figure 8. Example data entry for LWD jams.
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Secondary Channel Habitats
Prior to the Bank Condition or Geomorphic Habitat surveys, aerial photos and LIDAR
topographic imagery are interpreted to identify potential secondary channel features
based on the definition above. If a stable island does not separate the feature from the
main channel, it should be combined with the main channel measurements. If the feature
is located outside the bankfull channel, it should be marked on field maps and described
in the comments based on the definition provided above.
For all secondary channels identified, a GPS position is obtained at the first point
encountered where the channel connects to the main channel. A determination is made
as to whether the secondary channel is dry but within the bankfull channel, connected at
one end (channel type SC1), or connected at both ends (channel type SC2) at the time
of the survey, and the corresponding code is recorded in the spreadsheet. The
secondary channel is surveyed using the same protocol as for main stem channels,
collecting data on pools, LWD, jams, and bank conditions (outer streambank only), if not
previously collected. The wetted and total widths are measured and recorded (length
can be measured off of photos in the office) and significant off-channel habitat features,
which are outside the bankfull flow, should be noted in the comments but not measured.

Post-Survey Data Processing and Quality Assurance/Control
GPS data collected during the Bank Condition survey is downloaded from the Trimble
data collector into Pathfinder Office, which creates shapefiles for Arcview, identified
by reach location and type (bank condition points, pool and jam location points). Pools
and LWD jam positions collected as point data during the Bank Condition survey are
incorporated into Geomorphic Habitat survey shapefiles to integrate with data collected
during the Geomorphic Habitat survey.
Point locations and attributes are checked by the person who collected the field data
using aerial photos, comments, and other information to ensure that all necessary values
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have been entered and that data and coding are consistent with other information. Bank
condition points are adjusted to an updated, routed streambank or shoreline theme in
GIS. Continuous line data are generated from primary data points, each segment
representing a particular combination of bank condition attributes. This post-processing
exercise generates segment lengths for individual or combined attributes. Individual
segments also represent sample points for statistical analysis of individual or combined
attributes to answer specific questions.
Geomorphic habitat data on pools, LWD, jams, and cross-sectional measurements are
checked for missing or invalid values. Data are compared with shapefiles of location
information collected during Bank Condition survey. Point locations and attributes are
checked by the person who collected the field data using aerial photos, comments, and
other information to ensure that all necessary values have been entered and that data
and coding are consistent with other information. Areas of pools and active channels are
calculated and proportions are calculated. Pools are counted and frequencies are
calculated at different scales. Class information on LWD is counted and combined at
various scales to answer specific questions.
For the purposes of quality control, it is recommended that the survey be repeated, using
different staff, in at least 10% of the reaches surveyed. This should generally be
accomplished close in time (and thus in flow conditions) to the original survey. Quality
control efforts will focus on sampling pools, LWD, and bank stability/instability. Data from
the quality control survey should be checked against the original survey data
immediately to determine whether the different teams are properly implementing the
protocol.
Finally, Snohomish County SWM will transmit all data collected to Ecology for its
inclusion in Ecology’s Environmental Information Management (EIM) system database.
Snohomish County SWM will coordinate the data transmission with Ecology’s EIM
Manager and will submit all data in accordance with Ecology’s Data Submittal Guide.
The most recent Data Submittal Guide will be consulted via the Internet just prior to the
data transfer.
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Appendix B-1
Data dictionary for Bank Condition survey
"Bank Condition", Dictionary, "MRUSTAY 2004"
"BNKCNDPT", point, "Channel Edge Modifications", 1, seconds, 5, Code
"NAME", text, 16, normal, "Reach/record identifier", normal, 1,
Label1
"RIVER_BANK", menu, required, required, Label2
"Right"
"Left"
"CONDITION", menu, normal, normal
"Natural"
"Modified"
"STABILITY", menu, normal, normal
"Stable"
"Unstable"
"CONTINUITY", menu, required, required
"Start"
"Serial", default
"Break"
"End"
"HMOD_TYPE", menu, normal, "Enter N/A for Natural, Set Back", normal
"Dike/Levee"
"Berm"
"Revetment"
"Bulkhead"
"Grade"
"N/A", default
"HMOD_TOE", menu, normal, "Describe bank material at bankfull toe",
normal
"Rip Rap (GT 256 mm)"
"Rubble (LT 256 mm)"
"Structural"
"Earth/Natural", default
"CONFIDENCE", menu, normal, "Location confidence", normal
"High", default
"Moderate"
"See Photo"
"COMMENT", text, 30, normal, "Description, Misc.", normal
"COMMENT_2", text, 30, normal, normal
"COMMENT_3", text, 30, normal, normal
"INSTFPPT", point, "Instream and Floodplain points", 1, seconds, 5,
Code
"NAME", text, 16, normal, "Reach/record identifier", normal, 1,
Label1
"RIVER_BANK", menu, required, "Location of Feature Bank or Midchannel", required, Label2
"Right"
"Left"
"Mid-Channel"
"MOD_TYPE", menu, required, "Mod effects are in or out of channel",
required
"Instream"
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"Floodplain"
"INSTR_TYPE", menu, required, "Type of In Stream Modification",
required
"Pool"
"LWD Jam"
"Bridge Footing"
"Dock/Marina"
"Deflector"
"Log Raft"
"Pilings"
"Utility Cross Under"
"Weir"
"Other"
"N/A", default
"FLDPL_TYPE", menu, normal, "Type of Tributary Modification", normal
"Culvert"
"Tide/Flood Gate"
"Pump Station"
"Plug Levee/Dike"
"Diversion Structure"
"Outfall"
"N/A", default
"FLPL_BLOCK", menu, normal, normal
"Unknown"
"Tributary"
"Side channel"
"Distributary Slough"
"Blind Tidal Slough"
"Pond"
"N/A", default
"CONFIDENCE", menu, normal, "Used for post processing of points",
normal
"High", default
"Moderate"
"See Photo"
"COMMENT", text, 30, normal, normal
"COMMENT_2", text, 30, normal, normal
"COMMENT_3", text, 30, normal, normal
"ACCESSPT", point, "", 1, seconds, 5, Code
"River_Bank", menu, normal, normal, Label2
"Right"
"Left"
"User", menu, required, normal, Label1
"Human Foot"
"Human Boat"
"Human Vehicle"
"Cattle"
"Condition", menu, normal, normal
"Good"
"Moderate"
"Severe"
"PhotoID", text, 30, normal, normal
"Comment1", text, 30, normal, normal
"Comment2", text, 30, normal, normal
"OUTFALLS", point, "", 1, seconds, 5, Code
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"Flow", menu, normal, normal, Label1
"No", default
"Yes"
"Material", menu, normal, normal, Label2
"Concrete"
"CMP"
"CMP Coated"
"Packed Soil"
"Ductal Iron"
"GrassVeg"
"Gravel"
"HDPE Smooth"
"HDPE Corrugated"
"N/A"
"Structure", menu, normal, normal
"Pipe"
"CB"
"Detention"
"Ditch"
"Stream"
"Tile Drain"
"Tide Gate"
"Other"
"Comment 1", text, 30, normal, normal
"Comment 2", text, 30, normal, normal
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Appendix B-2
Data dictionary for Geomorphic Habitat survey
"DraftLarge_River_Hab", Dictionary, "MDR"
"Pool", point, "Records location, type and dimensions", 1, seconds, 5,
Code
"Pool_ID", text, 10, not_permitted, normal, 1, PoolA1, Label1
"Pool_Type", menu, normal, normal
"Primary"
"Backwater"
"Pool_Form", menu, required, "Choose Pool Forming Factor", normal,
Label2
"Free form"
"Rip rap"
"Bed rock"
"Wood"
"Max_Depth (m)", numeric, 2, 0.99, 10.00, 1.00, required, "meters",
normal
"Width (m)", numeric, 2, 0.00, 200.00, 0.00, required, "Meters",
normal
"Length (m)", numeric, 2, 0.00, 500.00, 0.00, normal, "Meters",
normal
"Tailout_Depth (m)", numeric, 2, 0.00, 10.00, 0.00, required,
"Meters", normal
"Spawnable", menu, required, normal
"Y"
"N"
"Tailout_Width", numeric, 1, 0.0, 300.0, 0.0, normal, normal
"Tailout_Length", numeric, 1, 0.0, 300.0, 0.0, normal, normal
"Comment1", text, 30, normal, normal
"Comment2", text, 30, normal, normal
"Riffle", point, "", 1, seconds, 3, Code
"Riffle_ID", text, 12, not_permitted, normal, 1, RiffleA1
"Riffle_Type", menu, normal, normal, Label1
"Boulder"
"Large_Cobble"
"Small_Cobble"
"Gravel"
"Wetted_W(m)", numeric, 2, 0.00, 200.00, 0.00, normal, "m", normal
"BFW(m)", numeric, 2, 0.00, 200.00, 0.00, normal, "m", normal
"Length (m)", numeric, 2, 0.00, 500.00, 0.00, normal, "Meters",
normal
"Comment1", text, 30, normal, normal
"Comment2", text, 30, normal, normal
"Jam", point, "", 1, seconds, 15, Code
"Jam_ID", text, 30, not_permitted, normal, 1, JamA1, Label1
"Jam_Type", menu, required, "Bar top, bar apex, meander", normal,
Label2
"BTJ"
"BAJ"
"MJ"
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"Jam_length (m)", numeric, 2, 0.00, 100.00, 0.00, required, "m",
normal
"Jam_width (m)", numeric, 2, 0.00, 100.00, 0.00, required, "m",
normal
"Jam_height (m)", numeric, 2, 0.00, 20.00, 0.00, required, "m",
normal
"2Jam_length (m)", numeric, 2, 0.00, 100.00, 0.00, normal, "m",
normal
"2Jam_width (m)", numeric, 2, 0.00, 100.00, 0.00, normal, "m",
normal
"2Jam_height (m)", numeric, 2, 0.00, 20.00, 0.00, normal, "m",
normal
"Comment1", text, 30, normal, normal
"Comment2", text, 30, normal, normal
"D1L1", numeric, 0, 0, 100, 0, normal, normal
"D1L2", numeric, 0, 0, 100, 0, normal, normal
"D1L3", numeric, 0, 0, 100, 0, normal, normal
"D2L1", numeric, 0, 0, 100, 0, normal, normal
"D2L2", numeric, 0, 0, 100, 0, normal, normal
"D2L3", numeric, 0, 0, 100, 0, normal, normal
"D3L1", numeric, 0, 0, 100, 0, normal, normal
"D3L2", numeric, 0, 0, 100, 0, normal, normal
"D3L3", numeric, 0, 0, 100, 0, normal, normal
"D4L1", numeric, 0, 0, 100, 0, normal, normal
"D4L2", numeric, 0, 0, 100, 0, normal, normal
"D4L3", numeric, 0, 0, 100, 0, normal, normal
"Rootwad", numeric, 0, 0, 100, 0, normal, normal
"Decay_Class1", numeric, 0, 0, 1000, 0, normal, normal
"Decay_Class2", numeric, 0, 0, 1000, 0, normal, normal
"Decay_Class3", numeric, 0, 0, 1000, 0, normal, normal
"LWD", point, "Single Pieces", 1, seconds, 1, Code
"LWD_ID", text, 30, not_permitted, normal, 1, LWDA1, Label1
"Length_Class", menu, required, "7.6-15, >15, <7.6m", normal
"1"
"2"
"3"
"Diameter_Class", menu, required, "30-60, 60-90, >90, <30cm",
normal, Label2
"1"
"2"
"3"
"4"
"Wood_Type", menu, required, "Conifer, Deciduous, Unknown", normal
"C"
"D"
"U"
"Decay_Class", menu, required, "1,3,5", normal
"1"
"3"
"5"
"Rootwad", menu, required, "y or n", normal
"Y"
"N"
"Side_Chan", point, "", 1, seconds, 5, Code
"SC_ID", text, 12, not_permitted, normal, 1, SCA1

181

"Wetted_W(m)", numeric, 2, 0.00, 200.00, 0.00, normal, "m", normal
"BFW(m)", numeric, 2, 0.00, 200.00, 0.00, normal, "m", normal
"Length (m)", numeric, 2, 0.00, 500.00, 0.00, normal, "Meters",
normal
"Comment1", text, 30, normal, normal
"Comment2", text, 30, normal, normal
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