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The Redmond Paired Watershed Study (RPWS) is one of four effectiveness monitoring studies
that was selected for implementation starting in 2014 for the Regional Stormwater Monitoring
Program (RSMP) for Puget Sound. The goal of effectiveness monitoring under the RSMP is to
provide widely applicable information for improving stormwater management in the region.
Phase | and Phase Il Municipal Stormwater Permittees in the Puget Sound Region contribute to
a Pooled Stormwater Resources Fund that supports the RSMP and associated effectiveness
monitoring studies. Selection of the RPWS for implementation under the RSMP was made
based on a monitoring proposal that was presented to permittee representatives at workshops
that were held on March 20, 2014, and May 6, 2014. The specific study question to be
addressed through the RPWS is as follows:

How effective are watershed rehabilitation efforts at
improving receiving water conditions at the watershed scale?

To address this study question, a conceptual experimental design for the RPWS was
subsequently developed and summarized in the Redmond Paired Watershed Study
Experimental Design Report (Herrera 2015a). This conceptual experimental design was
informed by a literature review (Herrera 2015b) that was conducted to identify lessons
learned from past studies that have been implemented to achieve similar objectives. The
conceptual experimental design was also developed based on input from a technical advisory
committee that was formed for the study. This technical advisory committee includes
representation from the following agencies:

e City of Redmond

e City of Seattle

e King County

e Kitsap County

e US Environmental Protection Agency

e US Geological Society

* Washington State Department of Ecology (Ecology)

Building on this previous work, this document represents the Quality Assurance Project Plan
(QAPP) that will guide the implementation of all subsequent phases of the RPWS. This QAPP
documents the experimental design and procedures that will be used during data collection,
processing, and analysis to ensure all results obtained for the RPWS are scientifically
defensible. It was prepared in accordance with Washington State Department of Ecology
(Ecology) Guidelines for Quality Assurance Project Plans (Ecology 2004), and includes the
following sections:

December 2015 @ HERRERA
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e Background - An explanation of why the project is needed

* Project Description - Project goals and objectives, and the information required to
meet the objectives

e Qrganization and Schedule - Project roles and responsibilities, and the schedule for
completing the work

e Quality Objectives - Performance (or acceptance) thresholds for collected data

e Experimental Design - The sampling process design for the study, including sample
types, monitoring locations, and sampling frequency

e Sampling Procedures - A detailed description of sampling procedures and associated
equipment requirements

* Measurement Procedures - Laboratory procedures that will be performed on
collected samples

e Quality Control - Quality control (QC) requirements for both laboratory and field
measurements

e Data Management Procedures - How data will be managed from field or laboratory
recording to final use and archiving

* Audits and Reports - The process that will be followed to ensure this QAPP is being
implemented correctly and the quality of the data is acceptable

e Data Verification and Validation - The data evaluation process, including the steps
required for verification, validation, and data quality assessment

e Data Quality (Usability) Assessment - The procedures that will be used to determine
if collected data are of the right type, quality, and quantity to meet project
objectives

{n.lp HERRERA
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Municipal Stormwater Permits are issued by Ecology to regulate discharges from separated
storm sewers owned or operated by Phase | and Phase Il cities and counties. The Municipal
Stormwater Permits establish the minimum requirements for permittees to address existing
and future impacts to receiving waters from urbanization. Municipal Stormwater Permits
require cities and counties to execute programmatic (nonstructural) activities and establish
design standards for stormwater structural controls triggered by development (low impact
development, runoff treatment, and flow control facilities). In theory, if all developed land in
a watershed is equipped with nonstructural and structural stormwater controls, the receiving
water would be protected from hydrologic and water quality impacts caused by urbanization.
However, while the effectiveness of nonstructural and structural controls has been well
documented at the site scale, limited data exists on the effectiveness of these controls in
aggregate for actually improving conditions in receiving waters.

In February 2014, Ecology approved a Citywide Watershed Management Plan (WMP) (Herrera
2013) for the City of Redmond (City) that allows the City to use a watershed approach for
stormwater management pursuant to the Municipal Stormwater Permit, Section 303(d) of the
Clean Water Act, and salmon recovery. Through the implementation of this WMP, the City will
focus stormwater best management practices (BMPs) in a subset of priority watersheds that
are moderately impacted by urbanization and therefore expected to respond more quickly to
rehabilitation efforts. This provides a unigue opportunity to study the effectiveness of
stormwater BMPs for improving receiving water conditions on an accelerated time frame.
Recognizing this opportunity, the City is implementing the RPWS to quantify improvements in
receiving water conditions.

To guide the development of the experimental design for the RPWS, a literature review was
conducted to obtain information on past studies that have been implemented to achieve
similar objectives. This literature review specifically involved online searches to identify
published journals, proceedings, and gray literature on the following types of studies:

e Studies to quantify trends (5 years plus) in receiving water conditions following
implementation of stormwater controls and/or habitat improvements

e Paired watershed studies looking at the effectiveness of stormwater controls for
improving receiving water conditions

e Studies to quantify changes in receiving water conditions in response to increased
watershed urbanization

* General references on sampling strategies/methodologies for detecting change in
receiving water conditions.

These searches yielded 123 study references that were then reviewed in detail to identify a
subset of 11 priority studies that were found to be the most relevant for informing the
experimental design of the RPWS. Detailed descriptions of these studies were subsequently
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provided in a summary report for the literature review (Herrera 2015b). In addition, all the
studies were reviewed to determine if they utilized specific indicators for receiving water
conditions in any of the following categories: hydrologic, chemical, physical habitat, and
biological. These results were subsequently used to synthesize information on the
effectiveness of specific indicators in these categories for assessing change in receiving water
conditions. Key conclusions and recommendations from the literature review are as follows:

@HERRERA

The scope and nature of the RPWS is unprecedented in the literature. Numerous
studies have been conducted with similar goals, but they were generally conducted at
the sub-basin scale. In these studies, a hydrologic monitoring station was typically
located at the mouth of the study basin. Therefore, monitoring stations at the mouth
of the study watersheds for the RPWS was also recommended. However, because the
study watersheds for the RPWS will be substantially larger than the sub-basins used in
previous studies and rehabilitation efforts will likely occur in the upper reaches of
these watersheds, additional hydrologic monitoring stations at a mid-point location
was also recommended for the RPWS.

Continuous flow data collection was used in each applicable study reviewed and is
recommended for the RPWS. Furthermore, the most useful and pervasive hydrologic
indicator appeared to be frequency and duration of high and low pulse count. These
indicators at the least were specifically recommended for the RPWS to assess the
success of rehabilitation efforts. Annual flow volume was also commonly used in the
literature and should be considered when selecting indicators of hydrologic change.
Modeling to quantify changes in hydrology as a function of land use changes and
stormwater treatment applications has also been performed in a number of relevant
studies. The RPWS provides an opportunity to validate the results from this modeling.

The literature review indicated that most basin-scale studies have not been able to
detect a difference in pollutant concentrations between basins with and without
stormwater treatment facilities including low impact development (LID) practices.
Load reductions were more easily quantified, but with concentration alone, natural
variability tended to overwhelm any signal that could be associated with stormwater
treatment applications. The most common parameter groups measured in the
literature of relevant studies where nutrients, suspended solids, and metals.
Parameters from these groups at the least were recommended for the RPWS.

The majority of studies that assessed physical habitat response to watershed
rehabilitation were conducted in reaches in which channel rehabilitation measures
were applied. Consequently, they were designed to assess the localized effects of
channel alterations. The RPWS will involve both channel rehabilitation and basin-wide
BMP application. Consequently, a more synoptic approach was recommended for the
RPWS to assess physical habitat recovery. Stations should be selected in reaches that
will be restored and in reaches where there will be no physical alterations to the
channel. In this way, the RPWS can assess physical habitat response to both localized
and basin-wide drivers.

Studies linking macroinvertebrate and fish response to watershed restoration have
primarily focused on responses to in-channel work. Macroinvertebrate metrics can
show considerable variation across small spatial scales and will be sensitive to local
conditions in the channel which may override influences from higher up in the
watershed. Because an objective of the RPWS is to measure both localized and

December 2015
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watershed effects on biologic recovery, it was recommended that the biological
monitoring program mirror the habitat monitoring program discussed above.
Specifically, multiple monitoring locations should be located in both reaches where
channel rehabilitation will occur and in reaches that will only be affected by upstream
stormwater management activities. Annual monitoring coinciding with the collection
of habitat data was recommended. Monitoring of fish response was dropped from
consideration because few studies were identified in the literature that showed this
was an effective indicator for documenting improving conditions at the watershed
scale.

Results from the literature review were subsequently used to develop a conceptual
experimental design for the RPWS that was summarized in the Redmond Paired Watershed
Study Experimental Design Report (Herrera 2015a). Following review and approval by the
technical advisory committee for the RPWS, the contents of this report provided the
foundation for the experimental design identified in this QAPP.
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As described in the Introduction to this QAPP, the specific study question to be addressed
through the RPWS is as follows:

How effective are watershed rehabilitation efforts at
improving receiving water conditions at the watershed scale?

In this context, rehabilitation efforts could include any of the following practices:

e Stormwater retrofits in upland areas that would include facilities for onsite
stormwater management (e.g., low impact development [LID] practices), runoff
treatment, and flow control

* Riparian and in-stream habitat improvements

* Programmatic practices for stormwater management

To answer the study question identified above, the RPWS will involve the collection of routine
and continuous measurements of various hydrologic, chemical, physical habitat, and
biological indicators of stream health over an extended time in seven watersheds categorized
as follows:

e Three “Application” watersheds with wadeable lowland streams that are moderately
impacted by urbanization and prioritized for rehabilitation efforts.

* Two “Reference” watersheds with relatively pristine wadeable lowland streams that
do not require rehabilitation.

e Two “Control” watersheds with significantly impacted wadeable lowland streams by
urbanization that are not currently targeted for rehabilitation pursuant to the WMP.

The pattern of interest will be evidence that receiving water conditions are improving in the
Application watersheds while conditions in the Reference and Control watersheds remain
relatively static. In addition to this monitoring, the effectiveness of specific structural
stormwater controls in the watersheds that have been targeted for rehabilitation efforts will
also be confirmed based on measurements of hydrologic and chemical parameters that are
collected over a shorter timeframe. A more detailed description of the procedures that will
be used for this monitoring is provided in the Experimental Design section of this QAPP.

3 HERRERA
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This section describes how the project is organized, key personnel, and the project schedule.

Herrera and King County are jointly responsible for developing and implementing this QAPP
with oversight from the City and Ecology. Herrera will oversee monitoring that is related to
chemical, physical habitat, and biological indicators of stream health. King County will
oversee monitoring that is related to hydrologic indicators of stream health. Key personnel
that will be involved in this effort are identified below with their respective roles:

City of Redmond

15670 Northeast 85th Street
Redmond, Washington 98503
425-556-2741

Andy Rheaume, City Project Manager

Washington State Department of Ecology
Headquarter Office

P.O. Box 47600

Olympia, WA 98504-7600

360-407-7140

Brandi Lubliner, Regional Stormwater Monitoring Program Manager

Herrera Environmental Consultants, Inc.
2200 Sixth Avenue, Suite 1100

Seattle, WA 98121

206-441-9080

John Lenth, Herrera Project Manager, Water Quality and Biological Monitoring Lead
Dylan Ahearn, Ph.D., Monitoring Coordinator

Josh Wozniak, Physical Habitat Monitoring Lead

Rob Zisette, Sediment Quality Monitoring Lead

Gina Catarra, Data Quality Assurance Officer

King County

Department of Natural Resources and Parks
Water and Land Resources Division

201 South Jackson Street - Suite 600

Seattle, WA 98104-3855

206-296-0100

Jenée Colton, King County Project Manager
Dave Funke, Hydrologic Monitoring Lead
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OnSite Environmental, Inc.

201 South Jackson Street - Suite 600
Seattle, WA 98104-3855
206-296-0100

David Baumeister, Laboratory Project Manager for Water and Sediment Quality
Monitoring

EcoAnalysts, Inc.

1420 S. Blaine Street. Suite 14
Moscow, ldaho 83843
208-882-2588

Gary Lester, Laboratory Project Manager for Biological Monitoring
Ongoing technical oversight of the RPWS will also be provided by the following members of
the technical advisory committee that was formed for the study:

Jerallyn Roetemeyer, City of Redmond

Doug Hutchinson, City of Seattle

Jeff Burkey, King County

Kate Macneale, King County

Chris May, Kitsap County

Dino Marshalonis, US Environmental Protection Agency

Rick Dinicola, US Geological Survey

Chris Konrad, US Geological Survey

Rich Sheibley, US Geological Survey

Karen Dinicola, Washington State Department of Ecology

Mindy Roberts, Washington State Department of Ecology

Monitoring of the RPWS will begin in October 2015 and continue for a period of approximately
10 years. On an annual basis, the following monitoring activities will occur according to the
schedule indicated:

e Hydrologic Monitoring: Year-round

e Water Quality Monitoring: Year-round

* Physical Habitat Monitoring: July through September
e Sediment Quality Monitoring: May through June

* Biological Monitoring: - July through August

{n.lp HERRERA
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The goal of this QAPP is to ensure that the data collected for this study are scientifically
accurate, useful for the intended analysis, and legally defensible. To achieve this goal, the
collected data will be evaluated relative to the following indicators of quality assurance:

* Precision: A measure of the variability in the results of replicate measurements due to
random error

e Bias: The systematic or persistent distortion of a measurement process that causes
errors in one direction (for example the measured mean is different from the true
value)

* Representativeness: The degree to which the data accurately describe the conditions
being evaluated based on the selected sampling locations, sampling frequency and
duration, and sampling methods

e Completeness: The amount of data obtained from the measurement system

e Comparability: The ability to compare data from the current study to data from other
similar studies, regulatory requirements, and historical data

Measurement quality objectives (MQOs) are performance or acceptance criteria that have
been established for each of these quality assurance indicators. These MQOs are described
below in separate subsections for hydrologic data, chemistry data, in situ water quality data,
physical habitat monitoring, and biological monitoring.

The major tasks in support of this objective are to accurately measure and record a
continuous time series of stream water level (stream stage, gauge height), perform accurate
instantaneous streamflow measurements over the range of recorded stage, and produce
reliable ratings in order to predict flow throughout the entire range of stage over time on a
particular stream. The continuous water level record is accomplished using instrumentation
whose function can be assessed against MQO criteria. MQOs are not established for direct
measurements of streamflow or the development and application of rating curves. Data
quality for these tasks is addressed by following standard procedures and data review
protocol. Direct measurements of stream discharge will follow procedures described in
Standard Operating Procedure for Measuring and Calculating Stream Discharge - EAP056
(Washington State Department of Ecology, 2014). US Geological Survey, Water Supply

Paper 2175 describes methods for developing applying rating curves as well as senior level
data review. The development and application of rating curves is aided by installing a stream
gauge at stations with a stable hydraulic control. For example, at six stations the gauge
location is upstream of an existing weir, flume, or culvert that provides a stable hydraulic
control. The remaining stations rely on natural channel features that may shift over time.
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Because it is difficult to obtain replicate measurements from hydrologic monitoring
equipment during continuously changing site conditions, precision of the hydrologic data will
be assessed based on a controlled tests on the monitoring equipment that will be performed
annually. These tests will specifically involve the following steps:

1. Place a pressure transducers obtained for this project into a large bucket.
2. Fill bucket with 0.5 foot of water.

3. Zero the pressure transducer.

4. Run the test for 1 hour, collecting data at 5-minute intervals.

5. Repeat the test with 1.0 feet of water in the bucket.

The MQO for precision is less than 5 percent change in water level readings from one
measurement to the next over the duration of two tests performed at different water levels
(i.e., 0.5and 1 feet).

The bias of hydrologic monitoring data will be assessed based on comparisons of monitoring
equipment readings to an independently measured “true” value. In this case the true value
will be derived from manual measurements of water level that are obtained from a staff
gauge at each monitoring location. The staff gauge may be a visible graduated scale or a
designated constructed point over the water from which to measure the water level. These
manual measurements will be made in conjunction with routine visits to each monitoring
location that will occur every 4 to 8 weeks.

If the monitoring equipment is not affected by drift or other operational problems, the
difference between the equipment’s reading and the manual measurement of water level
(“instrument offset”) should remain constant over time and varying water depths. Therefore,
bias in these data will be assessed based on the change in the instrument drift value relative
to all previous measurements. Specifically, a change in the instrument drift value of plus or
minus 2 standard deviations relative to the mean from all previous measurements will trigger
an assessment of the monitoring equipment to determine proper functioning. Practically, if
the instrument offset changes due to instrument “drift” three consecutive observations, a
replacement or repair will be made.

The representativeness of the hydrologic and continuous water quality data will be ensured
by the proper installation of the monitoring equipment, including primary and secondary
devices.

Completeness will be assessed based on the occurrence of gaps that may occur in the data
record for all monitoring equipment. The associated MQO is less than 10 percent of the total
data record missing due to equipment malfunctions or other operational problems.
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Completeness will be ensured through routine maintenance of all monitoring equipment and
immediate implementation of corrective actions if problems arise.

Standard monitoring procedures, units of measurement, and reporting conventions will be
applied to meet the goal of data comparability.

Hydrologic monitoring will include the installation of three rain gauges at representative
locations. The rain gauges will be installed in the south study area to characterize rainfall in
the Country Creek and Tosh Creek watersheds; in the north study area to characterize rainfall
in the Tyler Creek and Monticello Creek watersheds, and in the east study area to
characterize rainfall in the Evans Creek Tributary 108 watershed. King County already
operates rain gauges near the Colin Creek and Seidel Creek watersheds. The rain gauges will
be tipping bucket types, with 8-inch-diameter funnels, recording rainfall in 0.01-inch
increments. Data loggers will record the time of each 0.01-inch event. The MQOs for rainfall
monitoring are defined below.

Precision will be insured by proper installation, calibration, and maintenance of the rain
gauge. Manufacturer’s instructions for installation will be followed, with special care to make
the gauge level. The instrument calibration will be checked annually by running a measured
amount of water into the funnel. The MQO for precision is less than 5 percent difference in
the number of tips actually recorded compared to the anticipated number of tips that should
be recorded given the amount of water supplied. The instrument will be adjusted if the MQO
is not achieved.

There is no practical method to determine the actual amount of rainfall compared to what
the rain gauge is recording. The methods used to ensure precision will also minimize bias.

The representativeness of the rainfall data will depend on the location of the installation.
While it is not always possible to achieve a perfect location, efforts will be made to ensure
the rainfall measurements are representative of the actual rain falling on a given area based
on a careful consideration of multiple installation location characteristics. Some of the more
important factors which influence the representativeness of a gauge are as follows:

e Site the gauge on level ground where possible. Avoid sloping sites.
e Site should have adequate protection from strong winds.
* Site should be free of large obstructions such as buildings and trees.

* Provide suitable ground surface to avoid splashing into the gauge.
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It is not anticipated that the rain gauges will be supplied with heaters to melt snow and ice.
Therefore, precipitation from snow and ice will not be accurately measured.

Completeness will be assessed based on the occurrence of gaps that may occur in the data
record for all monitoring equipment. The associated MQO is less than 10 percent of the total
data record missing due to equipment malfunctions or other operational problems.
Completeness will be ensured through routine maintenance of all monitoring equipment and
immediate implementation of corrective actions if problems arise. Redundant equipment has
also been deployed at the majority of monitoring stations to reduce the potential for data
gaps due to equipment malfunctions.

Standard monitoring procedures, units of measurement, and reporting conventions will be
applied to meet the goal of data comparability.

Quality assurance indicators for discrete water and sediment quality data are expressed in
terms of precision, bias, representativeness, completeness, and comparability. To ensure
data obtained for the RPWS are of comparable quality to those collected through other RSMP
monitoring efforts, the specific MQOs that have been identified for this study were generally
derived from the Quality Assurance Project Plan for Status and Trends Monitoring of Small
Streams in the Puget Lowlands Ecoregion (Ecology 2014). These MQOs are described below
and summarized in Tables 1 and 2. Note that the term “reporting limit” in this document
refers to the practical quantification limit established by the laboratory, not the method
detection limit.

Precision will be assessed by laboratory duplicates, field duplicates, matrix spike/matrix spike
duplicates (if required), and laboratory control sample/laboratory control sample duplicates
(if performed) (see below, under Bias). These will be assessed using relative percent
difference (RPD) as calculated using the following equation:

©-¢y
RPD = 1+ 2l % 200%
1 2
Where:RPD = Relative percent difference
C,and C, = Concentration values

If either the sample or duplicate sample is at or below the reporting limit the MQO cannot be
calculated. RPD values exceeding those identified in Tables 1 and 2 will trigger an assessment
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as to whether there are any problems with laboratory methodology, which might warrant
remediation.

Bias will be assessed based on analyses of method blanks, matrix spikes, matrix spike
duplicates, and laboratory control samples (LCS).
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Table 1. Measurement Quality Objectives for Water Quality Data.

Laboratory Control Laboratory Field

Analytical Reporting Limit Method Standard Matrix Spike Duplicate Duplicate
Parameter Method Target Blank? Recovery Recovery®” RPD RPD

Laboratory Analysis
Total suspended solids SM 2540D 1 mg/L <RL 80-120% NA < 25% < 25%
Turbidity EPA 180.1 0.5 NTU <RL 90-110% NA < 25% < 25%
Hardness EPA 200.7 and 1.0 mg/L <RL 85-115% 75-125% <20% <20%
SM 2340B
Dissolved organic carbon SM 5310B 1 mg/L <RL 85-115% 75-125% < 20% < 20%
Fecal coliform bacteria SM 9222D 1 cfu/100 mL <RL NA NA < 35% < 50%
Total phosphorus EPA 365.1 0.005-0.01 mg/L <RL 80-120% 75-125% < 20% < 20%
Total nitrogen SM 4500 N-B 0.025-0.1 mg/L <RL 80-120% 75-125% < 20% < 20%
Total/dissolved copper and zinc EPA 200.8 1.0 pg/L (Cu) <RL 85-115% 75-125% < 20% < 20%
5.0 ug/L (Zn)
Field Analysis

Dissolved oxygen Field meter 0.2 mg/L NA NA NA NA < 10%
Conductivity Field meter +1 mS/cm NA NA NA NA <10%
Temperature Field meter +0.2°C NA NA NA NA <10%

a |f criteria is not met, project sample data within 5 times the blank concentration are flagged with a J.

b For inorganics, the Contract Laboratory Program (CLP) Functional Guidelines state that the spike recovery limits do not apply when the sample concentration exceeds the spike
concentration by a factor of four or more (Ecology 2005).

NA = not applicable.

RL = reporting limit.

RPD = relative percent difference.

@ HERRERA
December 2015

16 Quality Assurance Project Plan—City of Redmond Paired Watershed Study



Table 2.

Measurement Quality Objectives for Sediment Data.

Control Field
Analytical Reporting Laboratory Standard Surrogate Matrix Spike | Duplicate | Duplicate

Parameter Method Limit Target Method Blank? Recovery Recovery Recovery® RPD RPD
Total organic carbon EPA 9060A 0.1% <RL 80-120% NA NA < 20% < 35%
Metals EPA 6020 | 0.5 mg/kg (Cu) <RL 85-115% NA 75-125% < 20% < 35%

(copper and zinc) 5.0 mg/kg (Zn)
Polycyclic aromatic EPA 8270D 70 pg/kg <RL Lab specified Lab specified Lab specified <40% <50%
hydrocarbons

Phthalates EPA 8270D 70-250 pg/kg <RL Lab specified Lab specified Lab specified < 40% < 50%

& |f criteria is not met, project sample data within 5 times the blank concentration are flagged with a J.

b For inorganics, the Contract Laboratory Program (CLP) Functional Guidelines state that the spike recovery limits do not apply when the sample concentration exceeds the spike
concentration by a factor of four or more (Ecology 2005).

NA = not applicable.
RL = reporting limit.

RPD = relative percent difference.
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The values for method blanks will not exceed the reporting limit. The acceptable percent
recoveries for matrix spikes and LCS are identified for each parameter in Tables 1 and 2.
Percent recovery will be calculated using the following equation:
%R = (SC-—U)XIOO%
sa

Where: %R = Percent recovery
S = Measured concentration in spike sample
u = Measured concentration in unspiked sample
Ca = Actual concentration of spike added

If the analyte is not detected in the unspiked sample, then a value of zero will be used in the
equation.

Percent recovery for LCS will be calculated using the following equation:

M
%R :?Xloo%

Where: %R = Percent recovery
M = Measured value
T = True value

To ensure the representativeness of the collected samples, this project will assess a range of
water quality conditions, both seasonally and during periods of base and storm flow. Sample
representativeness will be ensured by employing consistent and standard sampling
procedures.

Completeness will be assessed based on the percentage of specified samples (listed in this
QAPP) collected. The completeness goal shall be 90 percent. Completeness for acceptable
data is defined as the percentage of acceptable data out of the total amount of data
generated. Acceptable data is either data that passes all QC criteria, or data that may not
pass all QC criteria but has appropriate corrective actions taken.

Standard sampling procedures, analytical methods, units of measurement, and reporting
limits will be applied in this study to meet the goal of data comparability. The results will be
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tabulated in standard spreadsheets to facilitate analysis and comparison with water quality
threshold limits (e.g., WAC 173-201A), where appropriate.

In situ water quality monitoring will include continuous measurements of water temperature
and conductivity at individual monitoring locations. These measurements will then be used to
determine specific conductance. The MQOs for in situ water quality monitoring are defined
below.

The instruments used to measure temperature and conductivity rely on user performed
calibrations to ensure maximum accuracy. Before deployment, each data logging instrument
will be calibrated with stock conductivity solution according to the manufacturer’s
instructions. They will then be tested in solutions of known temperature and conductivity to
assess precision. The temperature and conductivity of the test solutions will be determined
with a recently calibrated handheld instrument with specified accuracy of 0.1°C and

+/- 1 percent of the conductivity reading. The test solutions will be room temperature tap
water, refrigerated tap water, and room temperature prepared conductivity solution
approximately 300 pS.

The MQO for precision for temperature is 0.2°C from the observed reading. The MQO for
precision for conductivity is 5 uS or 5 percent of the reading (whichever is greater) from the
observed conductivity.

The bias of the continuous in situ water temperature and conductivity readings will be
assessed based on comparisons of monitoring equipment readings to an independently
measured “true” value. In this case the true value will be derived from manual measurements
of temperature and conductivity that are obtained from a hand held instrument reading at
the monitoring location. These manual measurements will be made in conjunction with
routine visits to each monitoring location (see next section).

If the monitoring equipment is not affected by drift or other operational problems, the
difference between the equipment’s reading and the manual measurement should be less
than the precision specified above. If the instrument readings exceed the precision limits due
to instrument “drift” for two consecutive observations, the instrument will be re-calibrated.
If precision limits are exceeded after recalibration, a replacement or repair will be made.

The representativeness of the continuous water quality data will be ensured by the proper
installation of the monitoring equipment.
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Completeness will be assessed based on the occurrence of gaps that may occur in the data
record for all monitoring equipment. The associated MQO is less than 10 percent of the total
data record missing due to equipment malfunctions or other operational problems.
Completeness will be ensured through routine maintenance of all monitoring equipment and
immediate implementation of corrective actions if problems arise. At some locations, flow
may be so low that there is insufficient depth for the water quality instruments to function.
These “dry” periods will not be construed as missing record.

Standard monitoring procedures, units of measurement, and reporting conventions will be
applied to meet the goal of data comparability. The conductivity of water is highly dependent
on temperature. In order to make comparisons, conductivity is normally corrected to a chosen
reference temperature to give specific conductance. All in situ conductivity readings will be
converted to specific conductance at 25°C (K25) with the formula:

K25 = C/ (1 + (1.91/100)*(T-25))

Where C is the measured conductivity and T is the measured temperature in degrees Celsius.

Quality assurance indicators for benthic macroinvertebrates are expressed in terms of visit
precision, bias, representativeness, completeness, and comparability. The MQOs that have
been identified for this study follow those from Appendix B-1 of the Quality Assurance Project
Plan for Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion
(Ecology 2014c). Note Appendix B-1 identifies MQOs for both benthic macroinvertebrate and
periphyton sampling; however, only the applicable MQOs for macroinvertebrate sampling will
be used for this study.
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To answer the study question identified in the Introduction to this document, the
experimental design for the RPWP has two primary components:

e Status and Trends Monitoring: routine and continuous measurements of various
hydrologic, chemical, physical habitat, and biological indicators of stream health over
an extended time frame to quantify improvements in receiving water conditions in
response to watershed rehabilitation efforts.

e Effectiveness Monitoring: measurements of hydrologic and chemical parameters over
a relatively short timeframe to document the effectiveness of specific structural
stormwater controls that have been constructed to improve receiving water
conditions.

The Status and Trends Monitoring will utilize a “paired watershed” experimental design that
will involve the collection of these measurements in seven watersheds categorized as follows:

* Three “Application” watersheds with wadeable lowland streams that are moderately
impacted by urbanization and prioritized for rehabilitation efforts.

* Two “Reference” watersheds with relatively pristine wadeable lowland streams that
do not require rehabilitation.

* Two “Control” watersheds with significantly impacted wadeable lowland streams by
urbanization that are not currently targeted for rehabilitation pursuant to the WMP.

As described below, fixed monitoring stations will be established in each watershed for
monitoring various indicators of stream health. Due to the scale of the RPWP and the
anticipated lag between applying stormwater controls and resultant improvements in
receiving water conditions, quantifying a cause and effect relationship between these events
may take many years. Therefore, monitoring at the fixed monitoring stations will occur over
an anticipated 10-year timeframe. Furthermore, because the effectiveness of watershed
rehabilitation practices to be implemented in the Application watersheds (e.g., stormwater
retrofits, in-stream habitat improvements, and programmatic practices) may vary for
different types of receiving water impairments, a broad suite of indicators for assessing
potential improvements will be monitored within the following categories: hydrologic, water
guality, physical habitat, sediment quality, and biological. The pattern of interest will be
evidence that receiving water conditions are improving based on one or more of these
indicators in the Application watersheds while conditions in the Reference and Control
watersheds remain relatively static.

To implement the Effectiveness Monitoring, roving stations will be established in association
with specific structural stormwater controls to verify they are constructed properly and
performing as designed. The roving stations will be moved from one year to the next once a
facility’s effectiveness has been verified and new facilities come online. These sites will be
essential to the study, as the explanation of the signal observed within the receiving waters
must be tied to the efficacy of rehabilitation efforts within the watersheds.
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The Application, Reference, and Control watersheds that have been selected for the RPWS
are described in the following subsection. Subsequent subsections then provide more detailed
information on the Status and Trends Monitoring and Effectiveness Monitoring, respectively,
including the monitoring stations, measurement frequency, indicators, and data analysis
methods where applicable.

As described above, monitoring for the RPWS will occur in a total of seven watersheds: three
Application watersheds, two Reference watersheds, and two Control watersheds. Table 3
identifies the name, predominant land use/cover, and size of each watershed; the location of
all the watersheds is shown in Figure 1. A detailed summary of conditions within each
watershed is also provided below with information on planned rehabilitation efforts in the
Application watersheds as applicable.

Table 3. Application, Reference, and Control Watersheds for the
Redmond Paired Watershed Study.
Watershed Watershed Areas
Dominant Total Area inside Redmond
Watershed Name Watershed Type Land Use/Cover (acres) (acres)
Evans Creek Application Residential 397 NA2
Tributary 108

Monticello Creek Application Residential/Commercial 345 264
Tosh Creek Application Residential/Commercial 299 276
Colin Creek Reference Forest 1,990 90
Seidel Creek Reference Forest 1,188 615
Country Creek Control Residential/Commercial 212 212
Tyler's Creek Control Residential/Commercial 168 167

a8 Entire watershed is located within King County’s jurisdiction boundaries.

The watersheds for Evans Creek Tributary 108, Monticello Creek, and Tosh Creek were
selected as Application watersheds for the RPWS. Conditions within each of these watersheds
are described in the following subsections.

Evans Creek Tributary 108 is located within the Bear-Evans Creek watershed in the Northeast
Quarter, Sections 4, 5, 8, and 9, Township 25, Range 6 East WM, in King County (Figures 1
and 2). The watershed is approximately 397 acres with dominantly till soils (i.e., Alderwood
and Everett soils); land cover in the watershed is approximately 37 percent forest and

16 percent impervious area. The Evans Creek Tributary 108 watershed has experienced a
significant amount of residential development that occurred before adequate stormwater
controls were required on new development, which has degraded the tributary's water
guality/health and contributed to documented degradation of Evans Creek. Currently,
average median benthic index of biotic integrity (B-IBI) scores for three stations in the
watershed range from 28 to 31, which indicates the stream’s health is on the low side of
“fair.”
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A recent habitat investigation found that Evans Creek Tributary 108 is lacking in riparian
corridor, channel bed stability, large woody debris and riparian vegetation (Berge and Lantz
2014). However, the presence of Chinook has been documented. The tributary is thought to
also support coho and cutthroat trout although the habitat may only be suitable for spawning
in some reaches.

In September 2015, King County received a draft water quality funding agreement through the
Stormwater Financial Assistance Program to design and construct two stormwater retrofit
detention vaults in a residential area within the Evans Creek Tributary 108 watershed.
Scheduled for construction in 2017, these retrofits will be designed to meet performance
standards for on-site stormwater management and flow control that are identified in the 2012
Stormwater Management Manual for Western Washington (Ecology 2014a). The goal of these
retrofits is to improve B-IBI scores in the watershed to a “good” condition or better (i.e.,

38 to 50). For reference, B-1BI scores from sampling that was conducted in 2014 generally
indicate conditions in the creek are currently “poor.”

Monticello Creek is a right bank tributary of Bear Creek (Figure 1). The main stem originates
in King County, north of the city boundary, and flows south and east. A right bank tributary
joins the main stem from the west within the city, and another right bank tributary enters the
stream from the south in King County. The headwaters of Monticello Creek are in King County
and are dominated by large lots and pastures. The northernmost reach within the city limits
flows through Northeast Redmond Neighborhood Park, a 5-acre wooded parcel. The mouth of
the creek is located in the Middle Bear Creek Natural Area. The total stream length is

9,878 linear feet; 6,125 linear feet are within the city, of which 3,170 linear feet are
designated as a Class Il stream. An average of 3.5 stormwater outfalls can be found per

1,000 feet along the creek.

The Monticello Creek watershed is 345 acres; 264 acres are within the city limits. Land use is
predominantly single-family residential, parks and undeveloped land. There is a relatively low
effective impervious surface (EIS) area within the city portion of the watershed (23 percent).
Land cover is mostly landscaping (Figure 3). The watershed is experiencing significant
redevelopment, converting low density (1- to 5-acre lots) to high density residential
development (less than 0.25-acre lots). Most of the development is vested to current flow
control standards, meaning vaults or ponds designed to mimic forested runoff conditions for
storms ranging from one-half the 2-year through the 50-year storm events are being installed
along with redevelopment projects.

Ecology included a segment of Monticello Creek on the 2012 Section 303(d) list as a

Category 5 waterbody due to high temperature. Monticello Creek also has an Ecology drafted
and US Environmental Protection Agency approved Total Maximum Daily Load (TMDL) study
and Implementation Plan to address impairment from fecal coliform bacteria. The listed
segment is located in King County from the east boundary of the city near 178th Street
downstream to the mouth (Ecology 2012). B-IBI scores for Monticello Creek generally indicate
conditions are “fair” based on data collected by the City from 2005 through 2010 as part of
the Annual Benthic Monitoring study (PSSB 2011). Next to the scores for Mackey Creek, these
are the highest B-IBI scores on any City stream outside the Redmond Watershed Preserve
Park, and above the B-IBI score threshold indicative of supporting self-sustaining salmonid
populations (Ecology 2014b).

@ HERRERA
'@‘J December 2015

26 Quality Assurance Project Plan—City of Redmond Paired Watershed Study



=i

L]
"
4
e
—

= 178th?¢t1‘\|é“'-'l" (I

]
E
-

)

,_

i)

[ ha L Aty

= ._.__NE 210th WAY E\ g k= : S{ Juet

A 2% 4 %A

R AR A2

Y

M £ 4 4 4 4 2>
(5434444
t B4 4 2 2 4 %4

&

.

% %
L4 & 4

|
o

J !r»:n._m,

e
| B P

18_‘.
§ w

e
=(
| my |
| :-x(l [
=~

£

ok

L4 444344
CERL RN Y

44

A4 4444
24 4 24

Cir444

£ 42 %4 2

,* %* e ~ - z
£ 4 £ %
< - 4 . ;ﬁ s

24544444

£ 4 J

()

4 3

A #

Figure 3. Monticello Creek Paired Watershed
Study Monitoring Locations. N

City of Redmond, Washington
6/25/2015

CityofRedmond 0 0.0375 0.075 0.15 Miles
] ] ] | ] ] ] |

Legend

@ Class | Stream
@ Class |l Stream
=== Class Il Stream
——Class IV Stream

- Ponds

mmun City Limits

DWatershed Boundary

Commercial

. Industrial
 Multfamily

. Park / Undeveloped

[ public RoW

Single Family HighDensity ’ Flow & WQ Monitoring

Single Family Low Density
- Habitat, Sediment & Biological Monitoring
Single Family Medium Density

Single Family Rural Density







Riparian buffers are relatively dense in the upper stream channel, with a narrow band of
trees on both sides of the channel. Riparian buffers on the main stem downstream, along
Avondale Road NE, are modest. Riparian buffers on the west tributary lack tree cover in most
areas (Washington Trout 2005).

There are five full fish passage barriers on the main stem and west tributary and two other
partial barriers. In addition, steep gradients and unknown channel conditions between the
city limits and Avondale Road NE may create fish passage issues. Fish passage through the
culvert under Avondale Road NE is questionable. Significant salmonid use has been
documented in the lower 2,400 feet of the main stem (Washington Trout 2005).

The City has recently initiated development of the Monticello Creek Watershed Restoration
Plan. This plan will provide detailed engineering analysis to identify a comprehensive
rehabilitation strategy for Monticello Creek. With partial funding obtained through a National
Estuaries Program grant, King County and the City have partnered to develop this plan. After
its completion in 2017, the plan will identify all projects required to fully rehabilitate the
creek and provide preliminary designs for the three highest ranked projects in terms of their
overall benefit. It is anticipated that these projects will not be constructed and operational in
the Monticello watershed until 2020. Because the benefits of these structural stormwater
controls will not be realized in the watershed for some time, the City is targeted this
watershed for non-structural stormwater controls (such as increased street sweeping, public
outreach, business inspections, municipal best management practices, etc.) in the near-term.
Furthermore, the significant pace of redevelopment in the watershed described above is also
triggering requirements for implementing structural stormwater controls at the individual
project site scale. Monitoring conducted through the RPWS will initially be performed to
evaluate potential improvements to stream health from these later rehabilitation strategies
until the structural stormwater controls from the Monticello Creek Watershed Restoration
Plan come online. When non-structural and structural stormwater controls are being
implemented concurrently, it may not be possible to quantify the relative benefits of either
type of control for improving stream health based on some indicators (e.g., water quality).
However, the benefits of some stormwater controls should be readily detected if they are
targeting specific problems (e.g., construction of large detention vaults for flow control).

Tosh Creek is located in the southwest portion of the city (Figure 1). Tosh Creek enters the
left bank of the Sammamish River just upstream of the Willowmoor weir at the boundary of
Marymoor Park. The upper reaches flow through residential areas. The majority of the valley
reaches are in good condition with wide forested buffers. Numerous seeps and small
tributaries help maintain consistent base flows. The channel is straightened and ditched in
the reach downstream of West Lake Sammamish Parkway (WLSP). The total stream length is
10,370 linear feet, of which 7,215 linear feet is designated as a Class Il stream. The
stormwater influence in the Tosh Creek watershed is not as significant as in some of the
adjacent watersheds because some of the developed commercial area in the upper reaches is
piped to Villa Marina Creek via a stormwater trunk line. An average of 0.8 stormwater outfalls
can be found per 1,000 feet along the creek.
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The Tosh Creek watershed within the city is 276 acres; the entire watershed is 299 acres. The
remainder of the watershed is in unincorporated King County. The Tosh Creek watershed is
highly developed with predominantly single-family dwellings (see Figure 4). Within the
watershed, approximately 39 percent of the area can be considered EIS. Land cover is divided
evenly between landscaped yards and impervious surface (39 percent each), with minor
amounts of forest and pasture.

Ecology included a segment of Tosh Creek upstream of WLSP on the 2012 Section 303(d) list as
a Category 5 waterbody due to impairment from fecal coliform bacteria (Ecology 2012). B-IBI
scores for Tosh Creek indicate conditions are “poor” based on data collected in 2008, 2009,
and 2010 by the City as part of the Annual Benthic Monitoring study (PSSB 2011). However,
this rating may be misleading because the samplers inadvertently chose locations with some
of the poorest water quality on the stream (R. Dane, personal communication, December 5,
2011). The City expects higher B-IBI scores for Tosh Creek in future sampling efforts as a
number of other indicators suggest this stream is relatively healthy. As described below, new
monitoring stations for biological monitoring are being established for the RPWS in reaches of
Tosh Creek that will be restored and in reaches where there will be no physical alterations to
the channel.

Riparian buffers are generally broad and mostly in good condition with abundant trees in the
valley wall reaches. In the upper reaches through residential areas, the riparian buffers are
narrower and mature trees are less abundant. However, the steep valley slopes in the upper
reaches provide a natural buffer against further development and there are sufficient
deciduous trees to provide shade (Washington Trout 2005). There is a minor amount of
development (4 percent) within the 30-foot stream buffer.

There are currently three fish passage barriers on Tosh Creek. One of the barriers on a left
bank tributary near WLSP is a complete barrier. The other two are partial barriers on the
main stem at WLSP. Significant salmonid use has been documented in Tosh Creek as far
upstream as the south fork at the headwaters. Abundant gravel in the lower reach makes this
stream a potentially important coho spawning stream (Washington Trout 2005).

In February 2015, the City completed the Tosh Creek Watershed Restoration Plan which
identifies a comprehensive rehabilitation strategy for Tosh Creek based on modeling and
engineering analyses (City of Redmond et al. 2015). The plan also provides preliminary
designs for the three highest ranked projects in terms of their overall benefit to the Creek.
One of these projects recently received $6,000,000 in funding through Ecology’s Stormwater
Financial Assistance Program (Fiscal Year 2016) and will involve the construction of a flow
control vault to stabilize erosive flows in Tosh Creek and improve water quality. This vault is
expected to be operational in 2016. Monitoring conducted through the RPWS will initially be
performed to evaluate potential improvements to stream health from this project. For
example, midpoint monitoring stations in the watershed (see descriptions below) were
specifically selected to evaluate potential improvements to stream health at locations
immediately downstream of the vault. With supplementation of grant and loan funding from
Ecology, Redmond could potentially build all three top priority projects within 6 years (i.e.,
by 2021).
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The watersheds for Colin Creek and Seidel Creek were selected as Reference watersheds for
the RPWS. Conditions within each of these watersheds are described in the following
subsections.

Colin Creek has its headwaters in the City-owned Redmond Watershed Preserve Park
(Figure 1). The Redmond Watershed Preserve Park was purchased in 1926 for a domestic
water supply (City of Redmond 2011). It occupies an 800-acre parcel of land that is outside
the city’s contiguous limits but within the City’s jurisdiction. In addition to Colin Creek, two
other creeks within the city (Mackey Creek and Seidel Creek) also have their headwaters in
the park. Because the City has prohibited development within the Redmond Watershed
Preserve Park, it is considered one of the most pristine lowland forests in King County
(Luchetti, personal communication, 2011).

Colin Creek flows north out of a large wetland through the Redmond Watershed Preserve
Park, enters Welcome Lake, exits the lake over a spillway with a fishway of questionable
function, and then enters a steep ravine. Colin Creek then joins Struve Creek, a left bank
tributary of Bear Creek. Only 2,260 linear feet, out of a total of 29,265 linear feet, are
located within city boundaries. The entire stream within the city is designated as a Class Il
stream. No stormwater outfalls exist along the creek.

The watershed within the city limits is 90 acres, and is 100 percent comprised of parks and
undeveloped land (see Figure 5). It consists of dense stands of mature conifer forest, which
provide good cover for the stream. The channel has substantial amounts of large woody debris
that contribute to a diverse instream habitat.

Colin Creek is not listed on the 2008 Section 303(d) list of threatened and impaired
waterbodies (Ecology 2012). B-IBI sampling was not performed by the City on Colin Creek;
however, B-IBI scores from sampling conducted by King County in this watershed from 1997
through 2010 generally indicate conditions are “fair” (PSSB 2011).

Dense stands of second generation forest flank both sides of Colin creek as it meanders
through the Redmond Watershed Preserve Park, north into unincorporated King County. The
riparian zone is one of the most pristine in Redmond with 97 percent forest cover. The system
is complex with thick vegetation providing shade for the majority of the channel. Very few
invasive species are found within Colin Creek's buffers, or within the portion of its watershed
located in Redmond. A large wetland complex is present in the headwaters that feed both
Colin and Seidel Creek.

Neither Washington Trout or City crews officially surveyed Colin Creek for fish presence, but
there are anecdotal reports of numerous cutthroat trout present. WDFW maps show coho
spawning in the reach below Welcome Lake (WDFW 2011). There is one fish passage barrier
within the watershed preserve.

Seidel Creek has its headwaters in the Redmond Watershed Preserve Park (Figure 1). The East
Fork of Seidel Creek joins the main stem within the park. The topography at the headwaters
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is relatively flat with numerous wetlands, beaver dams, and ponds. The headwaters for Seidel
Creek are connected with the same large wetland that is the headwater for Colin Creek. The
stream flows through rural King County pasture and wood lots before it enters the left bank of
Bear Creek just east of the city limits. The entire stream length is 31,121 linear feet (of
which 22,220 linear feet are located within the city and 8,901 linear feet are outside the
city). Approximately 13,260 linear feet of Seidel Creek within the city is designated as a

Class Il stream. There are no stormwater outfalls mapped along the creek.

The Seidel Creek watershed comprises 615 acres and land use is considered 100 percent parks
and undeveloped land. Land cover is mostly forest (see Figure 6), and the watershed is
generally undisturbed. The eastern two-thirds of the watershed was logged in the 1930s, and
the western third was logged during World War Il. The forest has naturally regenerated since
then, being protected initially as a municipal water supply, and more recently as a natural
park, with a focus on protecting its wide variety of habitats, including ponds and wetlands.

In general, water quality in Seidel Creek is good due to the low level of development.
However, Ecology included the lowest 0.1 mile, in unincorporated King County, on the 2012
Section 303(d) list as a Category 5 waterbody due to high temperature (Ecology 2012). This
reach is also listed as Category 2 for dissolved oxygen. B-IBI sampling was not performed by
the City on Seidel Creek; however, B-IBI scores from sampling conducted by King County in
this watershed from 2002 through 2010 generally indicate conditions are “fair” (PSSB 2011).

All reaches of Seidel Creek are flanked with densely wooded second growth forest. Its
headwater is a large wetland complex that feeds both Seidel and Colin Creek. The upper
reaches contribute to a manmade water impoundment that is flanked by wetlands and dense
forest. Below the dam is also heavily wooded with some prairie within the buffer. The entire
portion of Seidel Creek's Watershed within Redmond is within the Redmond Watershed
Preserve and is characterized by 83 percent tree cover in the riparian zone.

A low dam backs up water below the confluence with the East Fork of Seidel Creek to create
a reservoir. The reservoir was originally used as a municipal water supply but due to water
guality issues was abandoned in 1953. However, this dam now represents a complete fish
passage barrier. There are two other barriers upstream on the East Fork, and one partial
barrier (a concrete flume) upstream on the main stem. There are large numbers of resident
salmonids that use Seidel Creek, but no anadromous fish due to the fish passage barriers. This
issue is being addressed with a fish passage project. No surveys of Seidel Creek were done by
Washington Trout.

The watersheds for Country Creek and Tyler’s Creek were selected as Control watersheds for
the RPWS. Conditions within each of these watersheds are described in the following
s