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EXECUTIVE SUMMARY

The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies
that was selected for implementation starting in 2014 for the Stormwater Action Monitoring
(SAM) program for Puget Sound. The goal of effectiveness monitoring under the SAM program
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 SAM program and
associated effectiveness monitoring studies. Selection of the RPWS for implementation under
the SAM program 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?

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

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

e Riparian and in-stream habitat improvements.
® Programmatic practices for stormwater management.

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. Building on this previous work, a Quality
Assurance Project Plan (QAPP) was developed to guide the implementation of all subsequent
phases of the RPWS (Herrera 2015c). As described in this QAPP, the experimental design for the
RPWS 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.

@) HERRERA
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The Status and Trends Monitoring utilizes a “paired watershed” experimental design that
involves collecting these measurements 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.

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

e Two "Control” watersheds with wadeable lowland streams that are significantly impacted
by urbanization and not currently prioritized for rehabilitation.

Fixed monitoring stations were established in each watershed for monitoring various indicators
of stream health. Due to the scale of the RPWS 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 (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
are being monitored within the following categories: hydrologic, water quality, 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.

Roving stations will be established for the Effectiveness Monitoring component of the RPWS to
verify specific structural stormwater controls 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. The specific types of monitoring
to be performed at each roving station will depend on the type of structural stormwater control
that is being evaluated. At present, no new structural stormwater controls have come online in
an Application watershed that are suitable for Effectiveness Monitoring.

Data summary reports are being prepared on an annual basis to summarize compiled
monitoring data collected through each of the major components of the RPWS. These reports
also document any quality assurance issues associated with these data and resultant limitations
(if any) on their use or interpretation. Finally, these reports document all rehabilitation efforts
that have been implemented by the City of Redmond (City) or King County (County) over the
previous year within the application watersheds. Each annual data summary report documents
this information based on monitoring that was conducted over the previous water year (WY)
spanning from October through September.

In years 4, 6, 8, and 10 of the RPWS' implementation, trend analyses reports will also be
prepared as companion documents to the data summary reports described above. These reports
will summarize the results of analyses that will be performed on the compiled data from all
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previous years of monitoring to detect potential improving trends in receiving water conditions
related to the implementation of rehabilitation efforts. Each report will also present major
conclusions from these analyses.

This document represents the trend analysis report that was prepared for year 4 of the RPWS’
implementation. It specifically summarizes analyses that were performed on compiled data from
monitoring in WY2016 through WY2019. Data analyses procedures that were performed on the
compiled data from monitoring from this period included:

e Tests for correlation between the indicators for improving receiving water conditions and
time.

e Hypothesis test to detect changes in indicators in response to specific rehabilitation
efforts that have been implemented in the Application watersheds.

e Comparisons of indicator data for physical habitat improvement to regional data.

e Spatial statistical analysis to identify broader landscape influences on stream health
across all the watersheds.

Through this phase of the RPWS, rehabilitation efforts in the Application watersheds have been
fairly modest in scope. These efforts have generally been confined to the construction of two
detention vaults in the Evans Creek watershed, progressively increasing street sweeping in the
Monticello Creek watershed, and instream habitat improvement projects in both the Monticello
Creek and Tosh Creek watersheds. More broadly, development of data analysis reports for the
RPWS was specifically delayed until year 4 of the study’s implementation; this was deemed the
earliest any response might be detected in an Application watershed following a sufficient
period of baseline data collection. Due to these considerations, there were generally few
consistent trends detected in the data for each indicator across all the monitoring categories
that could be directly tied to a specific rehabilitation strategy or other watershed scale influence
(e.g., increased development). While some planned rehabilitation efforts that were scheduled for
implementation in this early phase of the RPWS were delayed, the City is now updating the
Monticello Watershed Management Plan and will be constructing projects in the watershed next
year. Given the anticipated 10-year timeframe for implementing the RPWS, the benefits of these
projects can now be assessed over multiple years of operation and varied climatic conditions
relative to an extremely robust dataset for baseline conditions.

Despite the relatively short period of implementation for the RPWS thus far, a statistically
significant trend was detected through analyses performed to quantify the rainfall runoff
response at each station. In general, urban development will increase the volume and peak flow
rate for runoff that is generated by a storm event of a given size. Stormwater best management
practices (BMPs) are designed to mitigate these impacts. To detect potential changes in the
rainfall runoff response that might be related to implementation of stormwater BMPs,
continuous flow data from each station and precipitation data were post-processed to delineate
the start and stop time of individual storm events with their associated flow volume and
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maximum flow rate. Correlation analyses were then performed to detect changes in rainfall
runoff relationships at each station over time based on the following null (Ho) and alternative
(Ha) hypotheses:

Ho:  The flow volumes or maximum flow rate has not changed for a given storm
precipitation depth over time

Ha:  The flow volumes or maximum flow rate has increased or decreased for a given
storm precipitation depth over time

Results from this analysis indicated there was a significant decreasing trend over time in the
rainfall runoff response for flow volume at five of the seven stations in the Application
watersheds, two of the three stations in the Reference Watersheds, and two of the four stations
in the Control watersheds. The same analysis showed there was a decreasing trend over time in
the rainfall runoff response for maximum flow rate at six of the seven stations in the Application
watersheds, two of the three stations in the Reference Watersheds, and three of the four stations
in the Control watersheds. What this implies is that less runoff is being produced for an
equivalent amount of rain as you progress from WY2016 to WY2019 and that this is occurring
across the city. The only hydrologic driver that could possibly affect nearly all the stations in the
same manner must be climate related, specifically, the amount of rainfall in each water year.
Hence, follow-up analyses were performed that showed rainfall totals were indeed elevated in
the first three years of the study and then decreased dramatically in the fourth year (WY2019).
The progressively drier water years from WY2017 to WY2019 likely resulted in less saturation of
the landscape and thus increased evapotranspiration and reduced interflow and overland flow
(Nash and Sutcliffe 1970). These changes occurred across the entire City and therefore impacted
the rainfall runoff response in all the watersheds.

Statistical tests were also performed to detect changes in rainfall runoff relationships resulting
from the construction of the two detention vaults in the Evans Creek watershed based on the
following null and alternative hypotheses:

Ho:  The flow volume or maximum flow rate has stayed the same or increased for a
given storm precipitation depth after the vaults became operational.

Ha:  The flow volume or maximum flow rate has decreased for a given storm
precipitation depth after the vaults became operational.

Each vault was designed using the Ecology 8 percent performance target that calls for
controlling the flow durations of discharges between 8 percent of the forested 2-year discharge
and the full 50-year discharge (King County 2014).

The potential benefits of these facilities would only have been realized at one of the two stations
in the Evans Creek watershed once they became operational after October 31, 2017. Results
from the statistical tests showed there was no significant change in the rainfall runoff response
at this station after the vaults became operational. For reference, a significant change in the
rainfall runoff response was only observed at two other stations after the vaults became
operational; one of these stations was located in another Application watershed and the other
was located in a Control watershed.
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Because the vaults only provide detention, it is not surprising that the rainfall runoff response for
flow volume did not change significantly. However, the vaults would be expected to change the
rainfall runoff response for maximum flow rate given their design using the performance target
described above. There are several factors that might explain why the vaults did not provide
measurable benefits. First, it is possible that one or both vaults have a design defect that
reduces their performance relative to design expectations. However, a more likely explanation is
the vaults are not treating a sufficient amount of the watershed area to have a detectable impact
on flows in the creek. For reference, the Evans Creek watershed has a total area of 397 acres
(Table 1). The two vaults are treating a combined impervious area of only 1.18 acres, a small
fraction of this total area. Hence, it is likely the benefits of the vaults cannot be detected
amongst the "noise” that is generated by unmitigated flows from other, larger portions of the
watershed. As documented in the literature review (Herrera 2015b) that was conducted for the
RPWS, a large portion (e.g., >50 percent) of the basin must be treated in order to see a
measurable difference in receiving water conditions (Ahiablame et al. 2013). Hence, additional
rehabilitation efforts are likely needed in this watershed before hydrologic conditions can be
expected to improve.

The City was conducting street sweeping on all public roads in the Monticello Creek watershed
prior to the onset of the RPWS. The frequency of this street sweeping increased from quarterly
to monthly in August of WY2017 and continued throughout WY2018. Beginning in October of
WY2019, the frequency of street sweeping increased again from once per month to biweekly.
The potential water quality benefits of this street sweeping could have been realized at all three
monitoring stations in the watershed (MONM, MONMN, and MONMS) given its coverage.

To directly assess the water quality benefits of the streets weeping, statistical tests were
performed to compare pollutant concentrations in samples from periods with “quarterly
sweeping,” "“monthly sweeping,” and "biweekly sweeping.” The analysis was performed on
pollutants that are most likely to be affected by street sweeping; specifically, total suspended
solids (TSS), total phosphorus, total nitrogen, total copper, and total zinc. The pattern of interest
in this analysis is a consistent decrease in pollutant concentrations across all three periods of
street sweeping. Separate analyses were performed for samples collected during storm events
and base flow, respectively.

Results from this analysis showed there was a consistent decrease in total nitrogen
concentrations from period to period at the MONMS station during storm events; however, this
pattern was also observed at one station located in a Control watershed and one station located
in a reference watershed, so it would be difficult to conclude that the decrease in concentrations
of this pollutant is from street sweeping alone. A consistent decrease from period to period was
not observed for any of the pollutant and station combinations during base flow.

A more interesting pattern is observed for TSS and total copper during storm events. A
consistent and significant decrease in both pollutants was observed at the MONMS station and
at none of the other 13 monitoring stations. A significant decrease in the concentrations of
these pollutants during storm events at this station was also confirmed based on separate
correlation analyses examining trends in water quality indicators over time. This suggests
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something unique may be occurring in the basin for MONMS station. While additional research
is required to establish a direct causal relationship, this could be an indication that increased
sweeping in this basin is reducing concentrations of TSS and total copper in the creek during
storm events. The City does not intend to maintain the biweekly sweeping frequency in this
watershed; hence, this assertion will be strengthened if concentrations of these pollutants
rebound in subsequent years of monitoring.

These results are also consistent with a recent street sweeping study that was implemented by
Seattle Public Utilities (SPU) along Martin Luther King Avenue in Seattle, Washington (SPU 2018)
that also found a significant relationship between sweeping and decreased pollutant
concentrations in stormwater for two pollutants: particulate copper and coarse sediment above
250 microns. Unlike the study discussed herein that examines potential water quality
improvements in the receiving water from street sweeping, the SPU study was examining
potential water quality improvements in the catch basin directly adjacent to the road being
swept; hence, there were likely fewer confounding variables to contend with in the SPU study.
Though these studies had very different designs they both came to a similar conclusion, and
that is street sweeping appears to have an effect on copper and TSS in stormwater. The fact that
these two analyses came to similar conclusions is more evidence that the trend observed herein
may in fact be causal with increased sweeping.

Spatial statistical analyses were performed to test the hypothesis that non-point source
pollution is inherently tied to watershed landscape characteristics. A growing body of research
has focused on using spatial statistical methods to predict water quality outcomes based on
watershed landscape characteristics like land use, topographic variables (slope, elevation range,
etc.), and urban development metrics. The purpose of this analysis was to assess what
percentage of the variability seen in water quality monitoring results across the study area can
be attributed to watershed landscape characteristics. This provides a baseline for comparison
over the course of the study to quantify what percentage of water quality improvements can be
attributed to watershed rehabilitation efforts.

The following watershed characteristic metrics were identified based on significant predictors of
water quality that have been considered in other studies:

o Mean watershed elevation and slope — Mean elevation and slope of the total upstream
watershed were calculated for each monitoring station.

e Land cover - Land cover was considered in several classes that are associated with
human disturbance and urban development, including percent commercial/industrial,
residential, forest, and agriculture.

e Impervious area — Percent impervious area (e.g., parking lots, roads, houses) in the total
upstream watershed was calculated for each monitoring station.

e Tree canopy cover — Percent canopy cover is an alternative metric to looking at percent
impervious area and it represents the portion of the watershed with vegetation intact.
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e Riparian vegetation — The percent of the 100-foot buffer around streams covered in
vegetation was calculated for each monitoring station. As riparian vegetation is removed
from near streams, stream temperature tends to increase, which can have a negative
impact on benthic macroinvertebrates.

e Hydrologic soils — Hydrologic soil classifications indicate how quickly water infiltrates
soil and provides an indication of whether stormwater runoff is more likely to infiltrate or
flow into streams. The percentage of slower-draining soils (Classes C and D) were
calculated in the total upstream watershed for each monitoring station.

e Number of stream crossings — Locations where road centerlines cross streams were
converted to points and counted in the total upstream watershed for each monitoring
station.

Stepwise regression was used to identify significant independent variables to include in an
optimal multiple regression model with B-IBI scores as the dependent variable. The results of the
spatial statistical stepwise regression analysis indicate that a model including the following
covariates is statistically significant at a = 0.10.

® Percent residential land use
® Percent commercial land use
e Mean watershed elevation

® Mean watershed slope

o Percent Class C soils

However, the r? value for the best-fitting model was quite low at 0.267, indicating that most of
the variability in B-1BI scores is driven by factors other than watershed landscape characteristics.
Most surprising was percent impervious area was not a significant driver of B-1BI scores in this
analysis given that it is a widely-accepted predictor of B-1BI scores in the Puget Sound Region,
with scores decreasing as impervious area increases. One interpretation of this result is that
stormwater BMPs already being implemented in the watershed to target runoff from impervious
area are highly effective and are negating this known trend. However, considering that the
overall mean B-IBI score (34.4) for stations monitored for the RPWS indicates poor habitat
conditions are prevalent, it is more likely that there is some type of human disturbance in the
watershed that is impacting these scores. This is supported by the fact that both residential and
commercial land use were found to be significant, which are essentially surrogates for
impervious area. This human disturbance may be contributing to more localized factors such as
stream temperature increases and instream habitat alteration that are impacting B-IBI scores.

Because B-IBI scores in this watershed do not appear to be strongly correlated with landscape
variables like urban development, it is also possible this metric may not be the best option for
assessing BMP effectiveness at improving habitat quality over time.
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INTRODUCTION

The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies
that was selected for implementation starting in 2014 for the Stormwater Action Monitoring
(SAM) program for Puget Sound. The goal of effectiveness monitoring under the SAM program
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 SAM program and
associated effectiveness monitoring studies. Selection of the RPWS for implementation under
the SAM program 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 currently includes representation from the following
jurisdictions and agencies:

e City of Redmond

City of Seattle

e King County

Kitsap County

US Geological Society
e Washington State Department of Ecology (Ecology)

Building on this previous work, a Quality Assurance Project Plan (QAPP) was developed to guide
the implementation of all subsequent phases of the RPWS (Herrera 2015c¢). 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.
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Monitoring pursuant to this QAPP initiated in 2016 and is anticipated to continue for a 10-year
timeframe. Data summary reports are being prepared on an annual basis over this period to
summarize compiled monitoring data collected through each of the major components of the
RPWS. These reports also document any quality assurance issues associated with these data and
resultant limitations (if any) on their use or interpretation. Finally, these reports document all
rehabilitation efforts that have been implemented by the City of Redmond (City) or King County
(County) over the previous year. They included detailed information on the design and
operational status of structural stormwater controls and the frequency and geographic extent of
nonstructural stormwater control implementation. Each annual data summary report documents
this information based on monitoring that was conducted over the previous water year (i.e.,
October through September). Data summary reports (Herrera 2017, 2018, 2019, 2020) were
prepared previously for data collected over water years 2016, 2017, 2018, and 2019, respectively.

In years 4, 6, 8, and 10 of the RPWS’ implementation, trend analyses reports will also be
prepared as companion documents to the data summary reports described above. These reports
will summarize the results of analyses that will be performed on the compiled data from all
previous years of monitoring to detect potential improving trends in receiving water conditions
related to the implementation of rehabilitation efforts. Each report will also present major
conclusions from these analyses.

This document represents the trend analysis report that was prepared for year 4 of the RPWS’
implementation. It specifically summarizes analyses that were performed on compiled data from
monitoring in WY2016 through WY2019. It is organized to include the following sections:

e Background - An explanation of why the project is needed.

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

e Rehabilitation Effort Summary — A summary of the rehabilitation efforts in the
Application watersheds.

e Data Analysis Procedures — A description of the analyses that were performed on the
compiled data to detect potential trends in receiving water conditions related to the
implementation of rehabilitation efforts.

e Results — A summary of the results from the trend analyses for each major monitoring
component of the RPWS.

e Discussion — A discussion of the results from the trend analyses and their implications
for the City's ongoing watershed rehabilitation efforts and implementation of the RPWS.

® Conclusions — A summary of major conclusions from the trend analyses from this phase
of the RPWS' implementation.
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BACKGROUND

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 (onsite stormwater
management, 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 and parcel scale, limited data exists on the effectiveness of these
controls in aggregate for improving conditions in receiving waters at the watershed scale
(Herrera 2015b).

In February 2014, Ecology approved a Citywide Watershed Management Plan (WMP) (Herrera
2013) for the City that coordinates stormwater management efforts from the Municipal
Stormwater Permit, Section 303(d) of the Clean Water Act, and salmon recovery to allow use of a
watershed approach for improving receiving water conditions. 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 unique opportunity to study the
effectiveness of stormwater BMPs for improving receiving water conditions on an accelerated
time frame and at a watershed scale. Recognizing this opportunity, the City is implementing the
RPWS to quantify improvements in receiving water conditions with support from the SAM
program.
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EXPERIMENTAL DESIGN

As described in the Introduction to this report, 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 management 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 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 utilizes a “paired watershed” experimental design that
involves collecting these measurements 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.

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

e Two "Control” watersheds with wadeable lowland streams that are significantly impacted
by urbanization and not currently prioritized for rehabilitation.

February 2021 @ HerrERA

Redmond Paired Watershed Study Trend Analysis Report: Water Years 2016-2019 5



Table 1 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 in the QAPP that was prepared for the study (Herrera 2015c¢) with
information on planned rehabilitation efforts in the Application watersheds as applicable.

Table 1. Application, Reference, and Control Watersheds for the
Redmond Paired Watershed Study.
Watershed Watershed Area
Watershed Dominant Total Area Inside Redmond
Watershed Name Type Land Use/Cover (acres) (acres)

Evans Creek Tributary 108 Application Residential 397 02
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

@ Watershed is in unincorporated King County.

Fixed monitoring stations were established in each watershed for monitoring various indicators
of stream health. Due to the scale of the RPWS 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 (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
are being monitored within the following categories: hydrologic, water quality, 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.

The following subsections provide more detailed information on the Status and Trends
Monitoring and Effectiveness Monitoring, respectively, including the monitoring stations,
measurement frequency, and indicators where applicable. Data analysis procedures for the
compiled data from each indicator are described in a subsequent section.
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STATUS AND TRENDS MONITORING

This section describes the monitoring stations, measurement frequency, indicators, and data
analysis methods that will be used for the Status and Trends Monitoring component of the
RPWS. This information is organized under separate subsections for the following monitoring
categories: hydrologic, water quality, physical habitat, sediment quality, and biological. The
specific indicators of stream health that will be evaluated in these categories are also
summarized in Table 2 with their associated measurement frequency. (Note: Tables 2 through 24
are located in a separate section following the References section of this document.)

Hydrologic Monitoring

A total of 14 fixed monitoring stations were established to facilitate hydrologic monitoring in
each of the study watersheds. As noted in the literature review (Herrera 2015b) that was
performed to inform the experimental design for the RPWS, numerous studies have been
conducted with similar goals, but they have generally been conducted at the subbasin scale. In
these studies, a hydrologic monitoring station was typically located at the outlet of the study
subbasin. Therefore, efforts were made to establish hydrologic monitoring stations at the outlet
of each of the study watersheds. However, because the watersheds are relatively large and
because much of the rehabilitation will occur in the upper reaches of the Application
watersheds, efforts were made to establish hydrologic monitoring stations at a mid-point
location in each of the study watersheds as well. This goal could not be achieved for all study
watersheds due to issues relating to their size and drainage patterns. The following deviations
are specifically noted:

e Monticello Creek has two major tributaries that will be the target of rehabilitation efforts;
therefore, three hydrologic monitoring stations were established in the watershed at the
outlet and on each 