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ACRONYMS AND ABBREVIATIONS

The following acronyms and abbreviations are used in this report.

BMP Best Management Practice

BR Blue Ridge (wet pond)

CB Catch basin

DEM Digital Elevation Model

Ecology Washington State Department of Ecology
GDB Global Database (a GIS data file)

GIS Geographic Information System

GPS Global Positioning System

HSPF Hydrologic Simulation Program - Fortran
LID Low Impact Development

NRCS Natural Resources Conservation Service
OovD Olympic View Drive (infiltration and detention facility)
SSURGO Soil Survey Geographic Database

USGS U.S. Geological Survey

WWHM Western Washington Hydrology Model

Units of Measurement

ac acre(s)

cfs cubic feet per second
ft feet

yr year
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EXECUTIVE SUMMARY

The City of Edmonds (“City”) desires to improve the water quality and aquatic habitat in Perrinville
Creek. The 764-acre watershed, located both within the City of Edmonds and the City of Lynnwood,
largely developed prior to modern stormwater quantity and quality controls. Perrinville Creek has the
three conditions typical of Puget Sound coastal watersheds: a broad headwater plateau, urban land use,
and runoff concentrated in storm drains. The creek drops about 260 feet in elevation over 1 mile, first
passing through the heavily-wooded, undeveloped Southwest County Park, then through residential yards,
under Talbot Road, and ultimately discharging into Browns Bay in Puget Sound adjacent to residential
properties. Approximately 90 percent of the watershed is residential land use; the remaining 10 percent is
commercial.

In the mid-1990s, the City installed a flow bypass structure in the lower reach of Perrinville Creek. The
purpose the bypass was to protect homes downstream from flooding, capture sediment, and prevent
washout of the culvert under the BNSF railroad tracks at the creek mouth. Due to its location and the
characteristics of the creek, this bypass is subject to excessive sedimentation that requires frequent
maintenance to preserve its function.

The 30-inch-diameter Perrinville Creek culvert under Talbot Road near Puget Sound is a fish barrier for
anadromous fish (RW Beck 1991). The City has completed a preliminary design report for replacing the
existing culvert with a larger fish-friendly box culvert to permit access to some upstream habitat located
on private property (Herrera 2012). Replacing this culvert, however, also could broaden sedimentation
deposition and flooding risk in the lower reaches of Perrinville Creek, since the existing culvert restricts
some high creek flows. According to a fish presence and habitat survey done by Pentec Environmental
(1998), replacing this culvert can result in fish access to approximately 600 feet of upstream habitat.
Allowing fish access to this upstream habitat, however, would require substantial re-engineering of the
existing stream channel on private property to remove fish passage barriers.

The City would initially like to improve aquatic habitat in the reach between Talbot Road and the creek
mouth at Puget Sound prior to improvements upstream of Talbot Road. This first reach, approximately
500 feet long, will also require substantial improvements of the existing stream channel located on private
property. The City also wants to reduce the level of maintenance required to keep the bypass structure
functioning and, eventually, be able to safely remove the structure. Achieving all of these objectives
necessitates flow reduction in Perrinville Creek.

The primary goal of this project is to reduce flows in Perrinville Creek that are causing erosion in the
upper reaches and sedimentation and some flooding in the lower reaches. This goal will be accomplished
by reducing the amount of stormwater runoff that flows directly into Perrinville Creek. The flow
reduction will provide multiple hydrologic and biological benefits to both the creek and Browns Bay in
Puget Sound, such as allowing for the replacement of an anadromous fish barrier culvert, reducing
erosion and sedimentation that are impacting aquatic habitat and City infrastructure, and reducing the
amount of pollutants in the aquatic environment. This study evaluates and recommends means to reduce
the erosive degradation in Perrinville Creek and the consequent sediment deposition in the creek’s lower
reaches, as well as to mitigate the potential flood risk from replacing the Talbot Road culvert.

The study process for this project developed a hydrologic model of the watershed draining to Perrinville
Creek and flow monitoring data collected over the 2013-2014 wet season was used to calibrate the model
to assure it is representative of current flow regime experienced in the creek. Conditions in the creek
were analyzed to assess instabilities in the stream channel and to estimate the flow thresholds at which
significant erosion occurs. Geotechnical explorations and tests were performed across the watershed to




Perrinville Creek Stormwater Flow Reduction Retrofit Study

characterize the surficial soils, the underlying geology, and the ability to infiltrate stormwater runoff in
various locations.

The scope of this stormwater retrofit plan to reduce flows in Perrinville Creek focuses on capital
improvements in public rights-of-way and on city-owned parcels. The identification of specific capital
project opportunities emphasizes sites in the City of Edmonds; however, several projects were identified
in Lynnwood, particularly cost effective structural retrofits to existing flow control facilities. This
analysis identified 30 discrete flow reduction opportunities within public rights-of-way and on public
properties (specifically park lands). Evaluating the 30 candidate opportunities, it recommended that 12
projects be advanced to design and implementation in the near term, listed in Table ES-1.

Table ES-1. Recommended Project Summary

ID RETROFIT NEW/ LOCATION CITY TOTAL 2-YEAR PEAK COST
TYPE MODIFIED TRIBUTARY FLOW ESTIMATE
FACILITY AREA (AC) REDUCTION
(CFS)
10-1 | Bio-retention New 18027 73" Ave Edmonds 1.9 0.18 $89,000
W
11-1 | Bio-retention New 17922 72™ Ave Edmonds 0.8 0.18 $37,000
w
13-1 | Bio-retention New 7418 Ridge Way Edmonds 3.5 0.24 $77,000
16-1 | Infiltration New Seaview Park Edmonds 52.8 3.50 $841,000
Facility
19-1 | Vault New 7300 196™ St Lynnwood 35.7 4.50 $1,123,000
SW
20-1 | Pond Modify | Copper Ridge Lynnwood 3.8 0.38 $22,000
22-1 | Pond Modify | Blue Ridge Lynnwood 55.2 2.55 $22,000
25-1 | Bio-retention New 7226 182 St Edmonds 1.3 0.28 $96,000
SW
26-1 | Vault New 7332 192" P| Lynnwood 28.1 1.39 $286,000
SW
27-1 | Pond Modify | Olympic View Edmonds 3.1 0.32 $74,000
Crest
28-1 | Infiltration Modify | Lynndale Park Lynnwood 82.1 0.20 $22,000
Facility
29-1 | Infiltration New Olympic View Edmonds 4.0 0.25 $233,000
Facility Dr/ 76™ St SW

Two of the recommended projects, No. 16-1 in Seaview Park and No. 26-1 at 74" Avenue W and 192
Place SW, are in preliminary design as part of this project.
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The hydraulic effects on the stream channel from implementing the recommended projects were
evaluated using the calibrated hydrologic model developed for this study. Two retrofit scenarios were
modeled as follows to better understand the corresponding effects. These scenarios are as follows:

e Recommended Projects - This scenario evaluates effects from constructing the 12 capital projects
for near-term implementation (approximate cost $2.9M).

e Basin Wide LID retrofit — This scenario evaluates the effect of implementing LID retrofits more
comprehensively within city rights-of-way throughout the watershed (approximate additional cost
$2.8M).

Results from the modeled scenarios, summarized in Table ES-2, indicate an average 20% reduction in the
magnitude of peak flood flows for 2-year through the 100-year return period for the 12 recommended
projects. When a comparison is made between existing conditions and those following implementation of
the 12 recommended projects, it is observed that the frequency of flooding at any given rate is reduced
roughly by half; by example, the current 25-year flood flow of 99 cfs approximates the 50-year flood flow
under the retrofitted condition. This represents a substantial reduction in flooding risk with the
recommended projects implemented.

Table ES-2. Selected Peak Flood Flow Reduction at Talbot Road Crossing

BASIN- PRE-
EXISTING RETROFIT WITH WIDE DEVELOPED
RETURN RECOMMENDED RIGHT-OF- FORESTED
PERIOD CON((I?E;;)NS PROJECTS REDUCTION WAY CONDITION
(CFS) RETROFIT (CFS)
(CFS)
2-Year 41 31 26% 28 6.9
10-Year 77 59 25% 56 135
25-Year 99 87 14% 80 16.0
50-Year 126 100 22% 99 17.4
100-Year 135 115 15% 105 18.6

Table ES-2 also indicates that implementing additional right-of-way BMPs basin-wide provides limited
additional flood flow reduction beyond that of the recommended projects.

Implementing the recommended projects will reduce flood flows sufficiently to allow replacement of the
fish barrier culvert without increasing flood risk to properties downstream of Talbot Road. Sufficient
flood flow reduction will be achieved to mitigate removal of the existing culvert by construction of two of
the most highly effective of the recommended projects: Project 16-1 (Seaview Park facility) and Project
22-1 (Blue Ridge Pond modifications).

Implementing the recommended near-term projects was also shown to reduce the amount of scour along
the Perrinville Creek channel. The generation of new sediment material occurs when discharge in the
stream channel exceeds the mobilization flow rate of approximately 7.2 cfs. Reducing the amount of time
that flows exceed this erosive threshold represents reductions in the amounts of damage to the stream
channel, new sediment generated in the stream, sediment deposited in the lower reaches, and sediment
needing removal from the City’s sediment control facility. The recommended projects would reduce
erosive flows by 18%.
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Similarly, the threshold at which sediment existing in the creek channel is transported downstream is
reduced from 22 percent to 18 percent of the 60-year period of record used in the model. This represents
an 18% reduction in the duration of sediment transporting flows. The percent exceedances are
summarized below in Table ES-3. Again, implementing right-of-way BMPs basin wide provides limited
additional benefit.

Table ES-3. Erosive Flow Duration Reduction in Perrinville Creek

PERCENT OF
PER.CI.:IEAI\IIET OF PERCENT OF TIME PERCENT TIME THRESHOLD
THRESHOLD REDUCTION IN EXCEEDED
T:T?)\E/\(/Sl(g}s? T;XRCEESEHDCI)ELDD EXCEEDED WITH DURATION OF UNDER PRE-
UNDER EXISTING RECOMMENDED  FLOW EXCEEDING DEVELOPED
CONDITIONS PROJECTS THRESHOLD FORESTED
CONDITION
4.5 transport 22% 18% 21% 2.2%
7.2 scour 14% 11% 18% 0.6%

It should be noted that city-owned and controlled properties, consisting of road rights-of-way and parks,
account for only approximately 13 percent of the Perrinville Creek watershed, with the balance owned by
private businesses and individuals or other public entities (such as school districts, community college).
Because most of the watershed were developed in the absence of stormwater flow control or water quality
treatment standards, there is a large collective opportunity for flow reduction and water quality
improvement in the basin as these properties redevelop under modern technical standards. Hence, it is
recommended that a flow control standard be developed and placed into effect for the Perrinville Creek
watershed to reduce the erosive flows.

The first step in developing a flow control standard would be to evaluate if the flow control standard in
the Department of Ecology’s 2012 Stormwater Management Manual for Western Washington is adequate
for this creek. If not, a stricter flow control standards should be developed and implemented throughout
the Perrinville Creek watershed. In addition, flow control requirements should strongly promote
infiltration of runoff, particularly in areas of the watershed where outwash soils can be accessed within 10
feet of the ground surface, as mapped in this study. This mimics the predevelopment condition by
reducing the amount of surface runoff entering the creek.

In addition to occasions of redevelopment, private initiatives such as a rain garden program can improve
flow control and water quality of runoff. Both redevelopment and private initiatives can improve
conditions in Perrinville Creek, but as their timing and scope are indeterminate, their benefits to the creek
are not modeled in this study.

This study has located those reaches of Perrinville Creek that are most prone to scour during erosive
flows. These areas, however, are predominately located within a deep canyon in the undeveloped
Snohomish County Park and immediately below the park. While it may be beneficial to stabilize these
areas, thus potentially raising the threshold flow rates where scour and transport occur, the inaccessibility
of these areas likely makes this work very costly. Further study of options for stabilizing these areas may
be warranted.
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Finally, with this study’s understanding of the basin hydrology, the cities of Edmonds and Lynnwood can
appropriately consider flow control enhancements as they make improvements to drainage systems over
time. Examples of these types of interventions include:

Oversizing storm drainage system replacements to incorporate storage and flow control of smaller
events

Incorporating bioretention or infiltration systems and pervious pavements, and/or reducing in
impervious areas when reconstructing roadways

Collaborating with redeveloping property owners to expand flow control capacity beyond that
strictly required for their project.

The recommended improvements involve substantial investment to redress the hydrologic effects of
historical urbanization in the watershed. The benefits to accrue to the community, however, are several:

The sediment loading to the City’s sediment trapping facility that protects the lower reaches of
the stream will be reduced, and bring a corresponding reduction in maintenance costs for cleaning
the facility

The degradation of the stream channel and hillslope failures through public and private properties
will be slowed, and stream reaches will become more stable

The risk of blockage to the existing Talbot Road culvert will be reduced, and with it the risk of
overtopping the roadway (and damaging city-owned water, sewer, and stormwater infrastructure).

Flood flow magnitudes will be reduced, lowering risk of damage to Talbot Road and properties
below and immediately above the road

Flood frequencies will be reduced by one-half

The rate of sediment deposited in the lower reaches of Perrinville Creek and at the shoreline of
Browns Bay will be reduced, along with the associated damage to aquatic habitat

The reduction in flood magnitudes will allow construction of the fish-friendly culvert proposed
for Talbot Road without increasing flood risks.

These benefits align with regional, statewide and national objectives to protect and improve water quality
and habitat function in coastal ecosystems. This alignment promotes the eligibility of the recommended
projects for continued outside funding support.
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INTRODUCTION

The City of Edmonds (“City”) desires to improve the water quality and aquatic habitat in Perrinville
Creek. The 764-acre watershed, located both within the City of Edmonds and the City of Lynnwood,
largely developed prior to modern stormwater quantity and quality controls. Perrinville Creek has the
three conditions typical of Puget Sound coastal watersheds: a broad headwater plateau, urban land use,
and runoff concentrated in storm drains. The creek drops about 260 feet in elevation over 1 mile, first
passing through the heavily-wooded, undeveloped Southwest County Park, then through residential yards,
under Talbot Road, and ultimately discharging into Browns Bay in Puget Sound adjacent to residential
properties. Approximately 90 percent of the watershed is residential land use; the remaining 10 percent is
commercial.

In the mid-1990s, the City installed a flow bypass structure in the lower reach of Perrinville Creek. The
purpose the bypass was to protect homes downstream from flooding, capture sediment, and prevent
washout of the culvert under the BNSF railroad track at the creek mouth. Due its location and the
characteristics of the creek, this bypass is subject to excessive sedimentation that requires frequent
maintenance to preserve its function.

The 30-inch-diameter Perrinville Creek culvert under Talbot Road near Puget Sound is a fish barrier for
anadromous fish (RW Beck 1991). The City has completed a preliminary design report for replacing the
existing culvert with a larger fish-friendly box culvert to permit access to some upstream habitat located
on private property (Herrera 2012). Replacing this culvert, however, also could broaden sedimentation
deposition and flooding risk in the lower reaches of Perrinville Creek, since the existing culvert restricts
some high creek flows. According to a fish presence and habitat survey done by Pentec Environmental
(1998), replacing this culvert can result in fish access to approximately 600 feet of upstream habitat.
Allowing fish access to this upstream habit, however, would require substantial re-engineering of the
existing stream channel on private property to remove fish passage barriers.

The City would initially like to improve aquatic habitat in the reach between Talbot Road and the creek
mouth at Puget Sound prior to improvements upstream of Talbot Road. This first reach, approximately
500 feet long, will also require substantial improvements of the existing stream channel located on private
property. The City also wants to reduce the level of maintenance required to keep the bypass structure
functioning and, eventually, safely remove the structure. Achieving all of these objectives necessitates
flow reduction in Perrinville Creek.

PROJECT GOAL

The primary goal of this project is to reduce flows in Perrinville Creek by reducing stormwater runoff.
The flow reduction will provide multiple hydrologic and biological benefits to both the creek and Browns
Bay in Puget Sound, such as allowing for the replacement of an anadromous fish barrier culvert, reducing
erosion and sedimentation that are impacting aquatic habitat and City infrastructure, and reducing the
amount of pollutants in the aquatic environment.

This goal is achieved through hydrologic modeling, geomorphic and geologic characterization of the
creek, developing target flow levels, and identifying locations and approaches for flow reduction
methodologies.
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WATERSHED CHARACTERISTICS

Draining approximately 800 acres in northern Edmonds and western Lynnwood, Perrinville Creek has the
three conditions typical of Puget Sound coastal watersheds: a broad headwater plateau, urban land use,
and runoff concentrated in storm drains. Below the confluence of four tributary drainages, the creek drops
steeply through a ravine eroded into glacial and pre-glacial deposits. The creek emerges from the ravine
and transitions to a lower-gradient channel, forming an alluvial fan. The creek drops 260 feet in elevation
over about one mile before discharging to Browns Bay in Puget Sound. Approximately 90 percent of the
watershed is residential land use; the remaining 10 percent is commercial.

Climate Data

Precipitation records were obtained from the Everett, WA precipitation gauge (COOP: 452675) at a
15-minute interval. Pan evaporation was adopted from the WSU Puyallup climate station. Regional
scaling factors of 0.80 and 0.76 were applied to precipitation and evaporation datasets, respectively, by
the 2012 Western Washington Hydrology Model (WWHM), which was used for the hydrologic modeling
in this study. Average climate values from the model are shown in Figure 1. Everett precipitation data
was evaluated against the King County Bruggers Bog gauge, located a few miles southeast of the
Perrinville project area. Analysis shows that the gauges produce a difference in average annual rainfall of
approximately 2 inches, with the Everett gauge having a higher average spring volume. The discrepancy
in precipitation totals is considered to be acceptable for modeling and targeting objectives.

Monthly Average Climate Values
7.0

6.0

M Precipitation
4.0 -

Inches

B Evaporation
30 - (ETr Alfalfa)

1.0 -

0.0 -

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

Figure 1. Monthly Average Climate Inputs for Perrinville Creek WWHM Model
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Land Use

Project area land use is defined by allocations of impervious and pervious surfaces for each subbasin
represented in the hydrologic model. Total impervious area is defined as the total land area that generates
impervious surface runoff. This area may or may not hydraulically connect to downstream conveyance or
infiltration. Effective impervious area represents the area of impervious coverage where there is no
infiltration potential and runoff is directly connected to the stream or drainage system (ineffective
impervious areas pond or infiltrate without connecting to the stormwater conveyance system). Effective
impervious area coefficients were approximated based on analysis of aerial photography, site inspections,
and previous experience in urban hydrologic model development.

Total impervious area was initially delineated using a combination of aerial photography and GIS
coverages provided by the City of Edmonds and the City of Lynnwood. Roadway centerlines and
building footprints were used to aid in the delineation of total impervious area for the Perrinville
watershed. Centerlines are used to verify existing roadways alongside aerial photography to define the
roadway extent, parking lots, and any other existing pavement located in the watershed. Building
footprints were overlaid to complete the total impervious area delineation. Buildings were classified
separately to distinguish between effective impervious area coefficients for roadways and rooftops.

Typical hydrologic models classify pervious area into three distinct categories: forest, lawn, and pasture.
Forest was delineated manually utilizing city-furnished GIS aerial photography. The remaining area not
classified as impervious surface or forest was designated lawn (there is no significant pasture are in the
urbanized watershed). Table 1 and Figure 2 summarize and illustrate the resulting land use for the
hydrologic modeling. Note that, although only 27% of the total watershed area is situated within the City
of Edmonds, the Edmonds portion of the watershed contains 35% of the effective impervious area due to
its higher density.

TABLE 1.
PERRINVILLE WATERSHED LAND USE CLASSIFICATION
City of Edmonds City of Lynnwood
Total Area (acres) 212 552
Effective Impervious Area Density 25% 17%
Pavement (acres) 37 70
Building (acres) 16 25
Pervious Area 75% 83%
Lawn (acres) 121 361
Forest (acres) 37 97

10
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Geology and Sall

Two GIS coverages were considered for incorporation into the Perrinville watershed hydrologic model to
represent soil characteristics:

» The first is the spatial mapping of NRCS hydrologic soil groups that was downloaded from
the NRCS SSURGO database and clipped to the project area. Hydrologic soil groups
represent the potential for infiltration based on the surficial soil classification and range from
Group A, which have low runoff potential and high infiltration rates, to Group D, which have
high runoff potential with negligible infiltration rates.

» The second coverage is a subsurface geology layer provided by Associated Earth Sciences,
Inc. created as a digitalization of USGS geologic map MF-1541 (Minard 1983).

The subsurface geology was chosen for incorporation into the model due to its higher resolution of
infiltration potential for local soils at depths greater than 5 feet. Table 2 and Figure 3 present an area
summary and visual representation of the subsurface geology present in the Perrinville Creek watershed.
The NRCS surface soils are plotted for information in Appendix A.

TABLE 2.
WATERSHED GEOLOGY CLASSIFICATION

Geologic Soil Group Area (Acres)

Glacial Outwash (A) 163

Transitional Bed (A) 1.62
Vashon Glacial Till (C) 599

Slope

Slope was generated for modeling input using a digital elevation model (DEM). The DEM was created
using the 2-foot contour data provided by the City of Edmonds and the City of Lynnwood. Slope is
calculated as percent rise between DEM cells and is designated into one of three categories for input into
the hydrologic model. Table 3 and Figure 4 provide an area summary and visual representation of the
slope variation present in the Perrinville Creek watershed.

TABLE 3.
WATERSHED SLOPE CLASSIFICATION
Slope Group Area (Acres)
Low Slope ( < 5%) 340
Moderate Slope ( 5% - 15%) 264
High Slope ( > 15%) 160
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HYDROLOGIC MODEL DEVELOPMENT

The Perrinville Creek hydrologic model is a planning-level model used to estimate seasonal base flow and
peak flow in Perrinville Creek under existing conditions. Estimation of the magnitude and timing of peak
flows is necessary to understand the baseline hydrologic condition so that effective flow-control measures
can be developed. The model provides enough detail to allow for basin-wide evaluation of stormwater
best management practices (BMPs) that currently provide significant flow control. This study is not
focused on conveyance system capacity, and urban flooding is not an issue; therefore, storm drain
modeling is limited to the minimum network necessary to attenuate and route runoff to downstream
subbasins and watercourses.

Model Selection

Hydrologic models assess the physical characteristics of a basin and determine the amount of stormwater
runoff that will be generated during a storm or series of storms. Typically, hydrologic models are event-
based or continuous simulation:

» Event-based modeling provides a simple method for comparing runoff results under different
land use conditions for statistically relevant design storms. Event-based modeling is
commonly used for evaluating flood risk and peak flows in drainage systems.

« Continuous modeling accounts for soil moisture and infiltration and other losses over an
extended period of time. Continuous simulation incorporates the full probability distribution
of storms, including flood events, frequent erosive flows at levels less than the 2-year storm
flow, drought and high rainfall periods, antecedent conditions and back-to-back storms. A
continuous simulation model is particularly important in the Puget Sound region because high
runoff is generally experienced after a series of back-to-back storms, rather than one isolated
rainfall event.

The Western Washington Hydrologic Model used for this stormwater management study is a continuous-
simulation model maintained by the Washington Department of Ecology. Stormwater runoff is simulated
from pervious and impervious land surfaces, soil moisture dynamics, and hydrologic routing on a
continuous basis. WWHM was selected for this project because it provides long-term rainfall records and
pre-determined soil parameters for specific regions in Western Washington based on the provided land
use characteristics. This makes it well-suited to assess the cumulative impact of development on
stormwater runoff.

Prior to the selection of WWHM, several modeling programs were considered for the Perrinville Creek
hydrologic model. Appendix A provides a brief description of advantages and disadvantages pertaining to
this project for the hydrologic models considered.

Data Development

The Perrinville Creek hydrologic model was constructed with GIS coverages developed by the City of
Edmonds, City of Lynnwood, and Tetra Tech. Data sources are detailed in Appendix A and input
parameters for each subbasin are provided in Appendix B. Following initial sub-catchment creation for
the model, sub-catchment delineations were adjusted to reflect the stormwater gravity mains and flow
control facilities inventoried from the city-supplied datasets. Storm drain trunk lines larger than 18 inches
in diameter were incorporated into the model, as well as significant flow control structures.

15
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Subbasin Delineation

The initial Perrinville Creek basin boundary was provided by the City of Edmonds. The basin boundary
was modified by Tetra Tech to eliminate areas that did not contribute runoff to Perrinville Creek. During
the subbasin delineation, three areas that were included in the initial watershed boundary delineation were
determined to contribute no flow into the Perrinville drainage: a 312-acre area in the City of Lynnwood, a
110-acre area in the City of Edmonds, and a portion of the Edmonds Community College campus (see
Figure 5). The “East Infiltration Basin,” lying predominantly in the City of Lynnwood, was removed due
to the recent installation of the Meadowdale Drive infiltration pond. The pond collects all tributary
surface runoff for deep infiltration and effectively removes it from the basin. The “West Basin,” located
in the City of Edmonds, was removed from the watershed delineation because it was determined to
discharge to Puget Sound from Talbot Road through an outfall located to the west of Perrinville Creek.
The golf course area at the community college was removed upon investigation of the campus’ internal
drainage infrastructure.

The subbasin delineation utilized the ArcHydro tools extension for ArcMap 10. ArcHydro automatically
delineates basins at a specified scale utilizing a digital elevation model generated from topographic
contour data. Following the ArcHydro subbasin delineation, a visual review was performed against the
elevation and storm drain network boundaries. Adjustments to the auto-delineation were made to achieve
a desired spatial scale that maximizes subbasin simplicity and effectiveness for analysis of flow reduction
opportunities. Figure 6 shows the final subbasin boundaries defined for the hydrologic modeling.

Stormwater Facilities

Stormwater facility as-built and design memos were provided by the City of Edmonds and City of
Lynnwood. Three facilities included in the model provide significant flow attenuation and are located in
the City of Lynnwood. The identified facilities provide flow attenuation to lateral drainage basins that
feed into the Olympic View Drive trunk line:

» Olympic View Drive (OVD) infiltration and detention facility (CH2MHill 2005)—The
Olympic View Drive facility captures runoff from Subbasins 4, 5 and 20 and has a maximum
storage volume of 0.36 acre-feet at the riser head. It is designed with multiple flow splitters
that allow a maximum flow rate of 0.16 cfs to be diverted for deep infiltration. Detention
within the facility is controlled with three horizontal orifices and a weir overflow.

« Blue Ridge Pond (BRP)—The Blue Ridge Pond attenuates runoff from Subbasin 9 and 10
and has a maximum volume of 1.0 acre-foot at the riser. Detention within the pond is
controlled by an 11.25-inch orifice within the riser structure.

»  Olympic View Drive Wetland (OVDW)—The Olympic View Drive wetland captures flow
from Subbasin 20 and has a maximum storage of 0.28 acre-feet. Detention within the wetland
is controlled by a 24-inch pipe within the riser structure.

Figure 7 is a map of the regional facility locations and their contributing subbasins. Two additional
facilities in Lynnwood provide flow attenuation from limited drainage areas. The Copper Ridge pond
north of 196th Street SW controls releases from commercial and multifamily development in a portion of
Subbasin 18, and the Olympic View Crest pond controls releases from residential properties in a portion
of Subbasin 4.
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Stormwater Conveyance

Stormwater infrastructure GIS coverage was provided by the City of Edmonds and the City of Lynnwood
for incorporation into the hydrologic model to aid in the representation of conveyance timing. WWHM
does not directly model stormwater conveyance systems; therefore, only arterial storm lines of 18 inches
in diameter or larger were considered for model input.

WWHM uses input parameters to automatically create RCHRES function tables (ftable). RCHRES is the
nomenclature for a routing object. A standard ftable creates a relationship between elevation head, storage
volume, and discharge for routing runoff through a conduit or low-impact development (LID) facility.
Pipe length, diameter, and material provided through the GIS coverages are used as ftable inputs. Pipe
diameters were cross-checked with catch-basin layer attributes to identify any inconsistencies in the
reporting of main transmission lines versus lateral lines. Pipe elevation and slopes were not provided in
the GIS coverages. Due to the degree of error associated with using the DEM ground elevation for pipe
slope, all pipes slopes were given a standard design slope of 0.02 feet/foot.

To characterize the conveyance of stormwater in Perrinville Creek open channels, the ArcMap 3D analyst
tool was used to generate creek cross-sections from LiDAR-based topographic mapping. The natural
channel object in WWHM was used to create the associated ftables for routing. Parameters such as
channel bottom width, depth, length and slope were approximated from GIS sections. Manning’s
roughness coefficient was chosen based on visual field inspection. Figure 8 is a schematic of the WWHM
model for the basin showing the hydrologic routing. A representation of the model overlaid on the
drainage basins is provided in Figure 9.
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HYDROLOGIC ANALYSIS

One model encompassing the 20 subbasins and major conveyance elements was created in order to
determine creek flows at the Talbot Road crossing, identify where significant flows are being generated,
and eventually evaluate the potential performance of recommended stormwater treatment facilities.

Previous Results

The most recent hydrologic study in the watershed was performed in 1991 by RW Beck (1991) using a
Santa Barbara Urban Hydrograph (SBUH) 24-hour event model of the watershed. The watershed
delineation for the 1991 study differs from the delineation used for this retrofit study. The original basin
and subbasin delineations cannot be directly compared, but the 1991 report references a total drainage
area of 921 acres, approximately 20 percent greater than the delineation used for the current modeling.
Basin delineation most likely differs due to the accuracy of topographic information available at the time,
and the inclusion of basin area between the Talbot Road crossing and the creek mouth on the sound. For
comparison to the current modeling, results of the peak stream discharges reported in the 1991 study are
listed in Table 4.

TABLE 4.
PEAK STORMWATER RUNOFF PREDICTIONS FROM 1991 STUDY
Talbot Road Culvert Peak Discharge Perrinville Creek Mouth Peak Discharge

Return (cfs) (cfs)

Period Existing Land Use (1991) Future Land Use Existing Land Use (1991) Future Land Use
2-year 49 63 54 68

5-year 75 92 83 100
10-year 95 112 105 122
100-year 203 225 228 251

Source: RW Beck 1991

Model Calibration

The WWHM model was calibrated at two locations following flow-monitoring by ADS Environmental
Services. Two flow-monitoring gauges were installed in major trunk lines that represent a high percentage
of impervious surface drainage in the watershed. Installed gauge locations are shown in Figure 8. The
Lynnwood gauge measures a portion of the system that has no in-line flow control devices; the Edmonds
gauge measures the portion of the system that contains the Blue Ridge detention pond, the Olympic View
Drive regional flow control facility, and the Olympic View Drive wetland. Flow meters recorded depth
and velocity data at a 15-minute time-step for their period of operation between 10/30/2013 and
03/31/2014. Hydrologic model calibration was performed utilizing Alderwood Water & Sewer District
rain gauge data provided by Snohomish County. Rainfall data was processed to determine peak
precipitation events that occurred during the period of flow-monitoring operation.

Event selection for calibration considered rainfall intensity and rainfall duration. Preference was given to
events with short duration and high rainfall intensity. Subbasins contributing to each flow gauge were
treated as a collective basin for calibration. Calibration of simulated flows focused on matching event
peak flow. The effective impervious area (EIA) percentage was found to be the dominant variable for
peak flow sensitivity. EIA percentages were iterated until the simulated events displayed a reasonably
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close fit to observed peak flow and volume, based on the engineer’s best professional judgment. Table 5
shows the calibrated and uncalibrated EIA percentages for the contributing basins to each gauge.

TABLE 5.
WWHM BASIN EFFECTIVE IMPERVIOUS AREA FOR CALIBRATION

Model Edmonds Gauge Lynnwood Gauge
Uncalibrated 24% 28%
Calibrated 26% 15%

Modeling Results

WWHM calculates flow frequency statistics using multiple methods. For this study, a Gringorten flood
frequency methodology was applied to the annual maximum discharge because it performs better than the
commonly used Log Pearson method under the future conditions model scenario where stormwater flow
reduction retrofits can reduce discharge from areas to zero. Return intervals and the associated peak
discharge from the calibrated and uncalibrated model are listed in Table 6. These data were validated for
planning purposes using the validation process described in Appendix C.

HYDROLOGIC MODEL RESULTS F(-)I-SBEI;(IIES%ING CONDITION AT TALBOT ROAD
Peak Flow (CFS) Peak Flow (CFS)
Return Period (Years) Uncalibrated Calibrated
2 47 41
5 69 64
10 85 77
25 110 99
50 130 126
100 153 135

Comparison to Previous Modeling

Examining the peak flows in Table 4 and Table 6 shows that the current modeling produced flow rates
lower than those calculated by the earlier modeling effort for the Talbot Road location. Differences can be
attributed to the following:

*  More detailed land use delineation and updated basin boundaries/areas

» The basin area delineated in the 1991 study was 17% greater than the current analysis
demonstrates — this corresponds to the difference in peak discharges for the 2-, 5- and 10-
year return periods

» Differences between results produced by continuous simulation models (WWHM) and
single-event models (SBUH). Single-event models generally predict higher peak flows and
lower storm volumes.
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The consistent differences in discharge for return periods up to 10 years, and the correspondence to the
differences in tributary basin area indicate that the subbasin-level details of the WWHM model can be
used for evaluation of stormwater treatment practices that target smaller, more frequent storm events.
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GEOMORPHIC CHARACTERISTICS

The geomorphic analysis provides a context to establish target flow criteria for reducing high sediment
loads resulting from slope failures in Perrinville Creek. The volume of sediment creates an unstable
environment in the creek. Cycles of channel incision are followed by slope failure, channel enlargement,
and streambed aggradation. The sediment transport negatively affects aquatic habitat by scouring and
burying spawning gravels, creating passage barriers, and reducing pool volume (Pentec 1998).

Review of Data from Prior Studies

Several geomorphology studies have been performed in the Perrinville basin over the last decade,
including a streambank stabilization study (Pentec 1998). A recent preliminary design study for a fish
passage culvert in the lower reach of the creek (Herrera 2012) included a geomorphic reconnaissance of
Perrinville Creek.

Both studies detailed fluvial processes of channel incision and streambank toe erosion. Neither included a
sediment budget, although they do discuss the sources of the large sediment supplies. Excerpts from the
two previous studies are provided below to provide additional detail on the geomorphic processes
responsible for the high sediment loads.

The Pentec (1998) report identified four mechanisms that contribute to the geomorphic instability within
the study reach:

1. Channel enlargement in response to increased stormwater volume
2. Slope failures

3. Unstable large woody debris (LWD) blockages

4. Variable sediment transport through the channel

Of these processes, the initial driver is the channel enlargement that “occurs naturally when flooding
occurs and increases the stress on the channel bed and banks beyond a threshold of movement or
erosion.” Secondary responses include the redirecting of the channel towards the opposite valley wall
after a slope failure or rearrangement of channel LWD. Along with the secondary responses that impact
lateral stability, several nickpoints have been identified that impact vertical stability. Over the next several
decades, the nickpoints will continue to advance upstream and release additional sediment stored in the
bed, cause incision, and lead to more hillslope failures. Increases in sediment supply to the lower reaches
of Perrinville Creek are a function of channel incision and hillslope failures.

The Herrera (2012) report also describes the processes of channel incision and hillslope failures.
Furthermore, the fine grain sediment contributed from the valley walls is documented as a contribution to
the “large volume of sediment” provided to the lower reach of the creek near Talbot Road.

The two previous reports establish a baseline geomorphic assessment that the watershed has a “large”
sediment supply and high flows from increases in storm water flow. They had different objectives for
means of fixing the problems associated with the sedimentation issues near Talbot Road. The Pentec
report was looking at addressing geomorphic channel stability, while the Herrera report evaluated culvert
upgrades. The Herrera (2012) study included Wolman pebble counts (Wolman 1954) at three locations, as
shown in Figure 10.
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Figure 10. Herrera (2012) Wolman Pebble Count Sampling Locations.

Sediment sampling distribution results from the 2012 study are presented in Table 7. This information
served a similar purpose to that collected for this study, and the new data was collected to specify
sediment grain size and hydraulics between locations 1 and 2 in Figure 10.

TABLE 7.
WOLMAN PEBBLE COUNT RESULTS FROM HERRERA (2012)

Surface (mm)

Location D16 D50 D84 D90 % Sand Armor Ratio
1. High Flow Div. 178 381 610 705 5.6 2.6
2. Upstream of Talbot Rd. 9.1 195 524 61.8 14.2 1.3
3. Upper Watershed 129 255 428 494 4.8 1.6
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Data Collection

Data was collected in late August of 2013 in support of an incipient-motion analysis. Four reaches of
Perrinville Creek were selected for sampling between the Talbot Road culvert and the stream crossing of
Olympic View Drive. Reaches were visually selected based on similar channel processes, vegetation, and
form. A map of the selected sampling locations is provided in Figure 11. Data collection included a
Wolman pebble count, cross-section survey, and longitudinal profile at each selected reach (see Appendix
F for details). Pebble counts were performed in order to calculate the surface layer grain size distribution.
The objective of the data sampling is to relate the modeled flow frequency at a particular cross section to
the channel shear capable of significant channel degradation and sediment transport to downstream
reaches. The channel degradation is the primary cause of the channel incision that leads to toe erosion and
subsequent hillslope failures. Net channel degradation has been documented in the Pentec (1998) and
Herrera (2012) studies.

Sediment sampling results are summarized in Table 8 and include the sediment distribution sampled and
reach slope measured. Sand values were not recorded because the distribution served to approximate the
armor layer, not the bedload. Values presented in this section serve as the starting point for the
geomorphic analysis. Sampling locations and methods differed from those used in the Herrera 2012
study. Results cannot be compared between the two studies due to the inability to reoccupy cross sections
established in the previous study.

Legend

. Sample Point
o Porrinville Creek

s Storm Pipe

Figure 11. Geomorphic Data Sampling Reach Locations.
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TABLE 8.
SEDIMENT SAMPLING DISTRIBUTION SUMMARY
Surface (mm) Reach Slope  Schumm Channel Evolutionary
ReachID D16 D50 D84 D90 (feet/foot) Stage (see Figure 12)
1 13 32 58 64 0.012 |
2 24 66 190 290 0.032 Il
3 28 58 130 150 0.033 v
HERR4 14 46 100 140 0.034 \Y

Geomorphic Analysis

Field observations and previous studies suggest that the channel is not incised in the area of the Southwest
County Park (Reach 1). Incision on the order of a foot or two was estimated to have occurred in Reach 2
based on the elevation of historical tree stumps relative to the channel. Reach 3 has experienced
significant channel degradation, channel widening, and toe erosion of the terrace (valley) walls. Reach 4
primarily serves to route the excess sediment from Reach 3 to the channel downstream of Talbot Road.

Figure 12 shows the evolution of a typical incising creek (Schumm et al. 1984) using a location-for-time
substitution (ASCE, 2008). The stream evolutionary model helps explain processes (degradation,
aggradation, widening) and response (valley wall failure) in stream reaches. Schumm’s channel
evolutionary stages for the studied reaches are listed in Table 8. Reach 1 is relatively stable and remains
in the premodified stage. Some minor channel degradation has occurred in Reach 2, on the order of a foot
or two, but the streambanks are still relatively stable.

In Reach 3, the channel is in Stage 1V and exhibits channel degradation and increased bank heights as
compared to Reach 1. Hillslope (or confining valley) wall failures occur when the channel degrades and
the bank heights exceed the critical bank heights. Sediment supplied from hillslope failures within Reach
3 and bedload from Reach 2 are the dominant sources of sediment to Reach 4. Reach 4, from about the
gauge location to the sediment trap at Talbot Road, is in Stage V, slightly aggradational with semi-stable
banks and hydraulically controlled by the Talbot Road culvert. Several knickpoints on the order of 3 to 6
feet high are present in Reaches 3 and 4. Several clay lenses in the channel are temporarily holding grade,
as well as boulder drops that may be rearranged during high flows. Downstream of Talbot Road, the reach
containing the sediment trap is also aggradational and in Stage V.

To validate the field observations and sediment routing assumptions, an incipient motion analysis was
conducted for Reach 3 and 4. Reach 3 was selected because it serves to increase the sediment load over
the supply from the upstream reach. Reach 4 was selected because it represents the conditions that are
responsible for routing the sediment load to the Talbot Road culvert and the downstream sediment trap.
Shear stress (1) parameters were used to relate the hydrology to the median grain size (Dso) of the bed
sediment and from that, determine the velocity or flow rate associated with bed movement. When the
critical shear stress for the median particle size is exceeded, the bed is mobilized and all sizes of sediment
up to about five times the median size are capable of being transported by the flow (Parker et al. 1982,
Andrews 1984). Example calculations from the incipient motion analysis are presented in Appendix G.

With the results of this analysis, an assessment can be made of the rate of flow in the stream channel at
which the creek channel is scoured to introduce new sediment material into the stream.
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Figure 12. Channel Evolution Model (Schumm et al. 1984)

Flow Targets

Flow targets were considered at two locations. One is the approximate location of the Perrinville stream
gauge, about 150 feet upstream of Talbot Road. This is the location of Cross Section 4 (Reach 4). The
second flow target location is at Cross Section 3 (Reach 3), representing the portion of the creek
producing significant sediment load.
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Using the shear stress approach described above, the flow at which sediment transport of the subsurface
layer and potential channel degradation is expected to occur was calculated for Reaches 3 and 4.
Sediment transport of the subsurface layer will occur at Cross Section 4 at a flow of 4.5 cfs. This includes
both the surface and subsurface sediment layers. At a flow of 4.5 cfs, the armor layer of Cross Section 3 is
winnowing, but there is not significant channel degradation because the subsurface is not mobilized. The
surface and subsurface layers at Cross Section 3 will be mobilized when the flow increases to 7.2 cfs.
Sediment transport of the subsurface layer in Reach 3 causes the toe erosion and subsequent hillslope
failures that increase sediment supply to Reach 4.

In summary, minor amounts of sediment are mobilized at flows around 4.5 cfs, but when the flows reach
7.2 cfs, the channel has the ability to transport the relatively large quantities of sediment stored in the
channel bed of Reach 3 and initiate hillslope failures.

Fish Passage

For comparison to the geomorphically determined flow targets, fish passage flow rates through artificial
structures were calculated following the Washington Department of Fish and Wildlife regional, seasonal
regression equation for Region 2 of Washington as defined by the Washington Department of Fish and
Wildlife (WDFW 2013). Empirical formulas for seasonal fish passage flows calculate the 10-percent
exceedance flow for the months of January and May (i.e., the flow with the maximum velocity in a
culvert that is not exceeded more than 10 percent of the time during the months of fish migration).
January was selected to represent the month of highest flow when adult salmonids are passing upstream.
May represents the most critical month for upstream passage of juvenile salmonids. Other months are
considered important; however, these biannual periods of passage represent two extreme conditions for
design considerations. Results are summarized in Table 9.

TABLE 9.
FISH PASSAGE DESIGN FLOW

Location Fish Passage Flow (cfs) —SE (cfs)*  +SE (cfs)*
January 11.0 5.4 16.4
May 2.8 1.4 4.2

*Standard Error (SE) developed from regional regression equation.
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GEOLOGIC CHARACTERIZATION

Geotechnical and hydrogeological investigations were performed to characterize subsurface geology in
the Perrinville Creek watershed and evaluate infiltration feasibility. The findings are used to predict the
performance of proposed BMPs and inform the preliminary design of retrofit projects. The work included
the following:

» Review of available geologic literature

» Review of past geologic work in the area

«  Completion of six soil borings

+ Installation of a groundwater monitoring well

« Excavation of an exploration pit and infiltration testing

» Seasonal high groundwater level monitoring to establish depth to seasonal high groundwater

» Geologic studies to assess the type, thickness, distribution and physical properties of the
subsurface sediments and groundwater conditions, and to evaluate infiltration feasibility at
specific sites within the Perrinville Basin.

The work also incorporated recently completed field and subsurface investigations at the site of the
Lynndale Elementary School. Detailed presentation of the methods, data collected and findings are
provided in Appendix H. The results were used in evaluating the effects of proposed BMPs on discharges
to Perrinville Creek and in the preliminary design of selected BMPs.

Subsurface Exploration

Field study to gain information about subsurface conditions in the Perrinville Basin included drilling six
exploration borings, with one completed as a monitoring well, and conducting an infiltration test in a test
pit using a modification of the Pilot Infiltration Test (PIT) method, as described in the 2009 King County
Storm Water Design Manual (KCSWDM). The types of sediments and groundwater, as well as the depths
where characteristics of the sediments changed, are indicated on the exploration logs presented in
Appendix H. The depths indicated on the logs where conditions changed may represent gradational
variations between sediment types in the field. A summary of exploration locations and types is presented
in Table 10;

Figure 13 identifies the locations of the explorations. All explorations were conducted between April 14
and May 15, 2014.
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Figure 13. Geotechnical Exploration Locations
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TABLE 10.
SUMMARY OF EXPLORATION LOCATIONS AND TYPES
Exploration Depth of Boring
Name Location (feet)
EB-1 Lynndale Park Southeast Parking Lot 41
EB-2 193rd Place Southwest & 76th Avenue West 50.5
EB-3 193rd Place Southwest & 77th Avenue West 315
EB-4 191st Street Southwest & Dellwood Drive 30.5
EB-5 180th Street Southwest & 73rd Avenue West 41.5
VB-1 Olympic View Drive & 76th Avenue West 55
IT-1 Blue Ridge Neighborhood Detention Pond (Infiltration Test Pit) 15
MW-1 Seaview Park Parking Lot (completed as a monitoring well) 87
EB-1® Lynndale Elementary Ball Fields 26.5
EB-2 1 Lynndale Elementary Ball Fields 20.5
EB-3® Lynndale Elementary Ball Fields 20.5
EB-5 1 SW Lynndale Elementary Campus 50.5

L Exploration performed as part of the Lynndale Elementary School project and approved for use in this
study.

Subsurface Conditions

Most of the surficial geology in the project area is shown in the regional geologic map as Vashon
lodgement till (Qvt) overlying Vashon advance outwash (Qva). This mapping is consistent with field
observations and interpretations of the explorations made for this study. A thick sequence of regionally
extensive permeable Vashon advance outwash is present beneath the low-permeability lodgement till and
underlies the entire upland portion of the Perrinville watershed. In some low-elevation locations, Qva
exists at the ground surface, without a cap of the lodgement till (see the blue shaded areas in

Figure 13). In some locations, Qva can be found at the surface in areas that are regionally mapped as
lodgement till. Two examples are Exploration EB-4 at the intersection of Dellwood Drive and 191st
Street SW and Exploration MW-1 in the Seaview Park parking lot.

The transition from the overlying lodgement till to advance outwash is generally gradual, with the till cap
thinning to take the form of silty outwash in thicknesses between 5 and 10 feet below the base of the till.
This silty Qva has a lower permeability than the Vashon outwash, but greater permeability than the till.
The Vashon outwash is the target receptor for infiltrated stormwater runoff.

Groundwater

Groundwater in the Vashon advance outwash was encountered in multiple explorations, and the regional
water table aquifer was confirmed at an elevation of about 267 feet above sea level, which corresponds to
water levels observed in Perrinville Creek near the intersection of Olympic View Drive and 76th
Avenue W. Monitoring indicates that the groundwater level remained relatively constant over the period
of observation from April 16 to July 2, 2014.
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Regionally, Vashon advance outwash sediments are mapped as underlying Vashon lodgement till beneath
most of the Edmonds area. Groundwater flow in the outwash sediments in the Perrinville Creek watershed
is generally to the northwest toward Puget Sound. Discharge from the outwash occurs as seeps that supply
base flows to Perrinville Creek. Recharge to the Vashon advance outwash occurs from rainfall slowly
infiltrating through the glacial till sediments and through windows of advance soils exposed at the ground
surface.

Infiltration Evaluation

The subsurface soils consist of about 15 to 25 feet of low-permeability, fine-grained Vashon lodgement
till at ground surface in much of the upland area, underlain by 5 to 10 feet of silty Vashon advance
outwash, and finally by relatively clean and permeable sandy Vashon advance outwash. From a
geotechnical and hydrogeological standpoint, stormwater infiltration into the clean Vashon advance
outwash is feasible in the Perrinville Basin, based on the results of the subsurface exploration, grain-size
testing, and groundwater level monitoring. The relatively low amounts of silt in the advance outwash,
beginning about 10 feet into the Qva, indicate that it will perform well as a receptor soil for stormwater
infiltration. Optimum infiltration can be achieved if the stormwater bypasses the till and silty Qva and is
directed to the underlying clean Qva for infiltration.

Groundwater within the advance outwash is deep beneath the southern upland areas, and the thickness of
the unsaturated outwash beneath the southern uplands is between 60 and 100 feet under most of the basin.
The exploration program and laboratory grain-size analysis indicate that stormwater infiltration is feasible
for select sites in the Perrinville watershed. Figure 14 depicts generally the areas where advance outwash
is found at the surface, within 5 or 10 feet of the surface, and deeper.

Direct infiltration of surface runoff is feasible in areas where the advance outwash is present at the surface
or near-surface. In such locations, the use of bioretention facilities, including rain gardens, can be highly
effective in reducing surface water discharges to the creek. Where the surface geology is lodgement till,
bioretention facilities are generally recommended to be lined to avoid the risk of infiltrated water moving
laterally toward basements or other improvements.

Where there is a relatively thin layer of till overlying the advance outwash, there are means by which
storm runoff can bypass the till and access the outwash receptor. Pit drains are trenches, typically between
10 and 20 feet deep, intended to penetrate through a thin cap of till or silty outwash to access the advance
outwash and thereby maximize infiltration capacity. Dimensions vary according to site-specific
infiltration requirements, but are generally on the order of 2 to 4 feet wide (excavator bucket width) and
6 to 10 feet long. It is typical to install a bioretention or sand filter system above pit drains to meet water
quality criteria before infiltration. The bioretention facility can also act as a conduit by conveying and
storing stormwater collected over a large surface area to the underlying pit drain. The details of a specific
pit drain facility will determine whether the facility must follow the Department of Ecology’s
Underground Injection Control (UIC) guidelines for registration and/or design requirements
(http://www.ecy.wa.gov/biblio/0510067.html).

Where the advance outwash is overburdened by a thicker layer of lodgement till, the outwash can be
accessed using the drilled drain concept, which acts as a conduit to convey storm runoff to the receptor
layer where it can infiltrate. The drain is drilled and cased through the low-permeability till to the outwash
using solid-stem augur style drilling equipment. The remainder of the hole drilled into the outwash is
typically uncased. The boring is backfilled with a permeable media extending the full depth of the hole.
Like pit drains, drilled drains are typically installed with a rain garden or other storage facility above to
maximize their capacity.

36



Final Report

Figures schematically depicting the pit drain and drilled drain concepts are found in the geotechnical
report provided in Appendix H.
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FLOW REDUCTION OPPORTUNITIES

As discussed earlier, the core objectives of this study are to reduce the stream channel degradation in
Perrinville Creek and to mitigate the risk of increased sedimentation and flooding in the creek’s lower
reaches if the existing 30-inch culvert under Talbot Road is replaced with a fish-friendly box culvert to
permit access to upstream habitat. Both objectives can be addressed by reducing the rate and duration of
storm discharges in the creek through basin-wide improvements to infiltrate and attenuate peak flows.

Stormwater flow reduction opportunities encompass an array of methods (detention, infiltration, and
impervious area reduction), means (capital improvements, maintenance upgrades, site redevelopment,
private initiative), scales (from site, neighborhood, or regional), and location (public rights of way, and
public and private parcels). With few exceptions, the watershed was developed without stormwater
runoff flow controls. Redevelopment of the watershed under state-of-the-practice flow control standards
will redress the effects of development from some of the basin; such redevelopment is anticipated to
occur over the span of several decades.

The scope of this retrofit plan focuses on capital improvements to be situated in public rights of way and
on city-owned parcels over a shorter time period than redevelopment offers. The identification of specific
capital project opportunities emphasizes sites in the City of Edmonds as the sponsor for this study;
however, several projects were identified in Lynnwood, particularly cost effective structural retrofits to
existing flow control facilities. This analysis identified 30 discrete flow reduction opportunities within
public rights of way and on public properties (parks). The features, effectiveness and costs of these
projects are discussed under the subheading Candidate Site Evaluation.

In areas of the watershed that were not analyzed for discrete capital improvements, primarily in the
subbasins occupying the eastern portion of the watershed, Tetra Tech developed subbasin-scale estimates
of the potential for stormwater flow reductions using BMPs in public rights-of-way. The applied
analytical methods and the resulting estimated flow reduction potential are described below the
subheading Basin-wide LID Retrofit.

It should be noted that city (Edmonds and Lynnwood) owned and controlled properties, consisting of road
rights-of-way and parks, account for approximately 13 percent of the Perrinville Creek watershed, with
the balance owned by private businesses and individuals or other public entities (such as school districts,
community college). Because most of the urban uses in the watershed were developed in the absence of
stormwater flow control or water quality treatment standards, there is a large collective opportunity for
flow reduction and water quality improvement in the basin as these properties redevelop under modern
technical standards. In addition to occasions of redevelopment, private initiatives such as Edmonds’
Raingarden program are underway in Edmonds to improve flow control and water quality of runoff. Both
redevelopment and private initiatives can improve conditions in Perrinville Creek, but as their timing and
scope are indeterminate, their benefits to the creek are not modeled in this study.

Finally, with this study’s understanding of the basin hydrology, the cities of Edmonds and Lynnwood can
appropriately consider flow control enhancements as they make improvements to drainage systems over
time. Examples of these types of interventions include:

» Oversizing storm drainage system replacements to incorporate storage and flow control of
smaller events

» Incorporating bioretention or infiltration systems and pervious pavements, and/or reducing in
impervious areas when reconstructing roadways
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» Collaborating with redeveloping property owners to expand flow control capacity beyond that
strictly required for their project.

Again, the hydrologic effect on Perrinville Creek from such improvements over time has not been
quantified in this study.

Capital Project Site Identification

By analyzing GIS data from the City of Edmonds and the City of Lynnwood, Tetra Tech identified areas
presenting opportunities for reducing the peak discharge or volume of runoff entering Perrinville Creek.
The following characteristics were used to identify improvements with the best potential:

» Tributary drainage area

e Subsurface geology

»  Location within basin (proximity to the creek)
 Surficial soils

» Suitable site characteristics (space/grades).

The identification of potential sites focused on publicly owned properties and rights-of-way because there
is greater certainty of the projects being implemented; where the city controls the property, projects can
be put into place more readily. There are opportunities for flow reduction on private property across the
watershed, but projects on these sites are expected to require additional lead time to coordinate with
property owners. However, existing private facilities identified as having the potential for an effective
retrofit are included in the list of candidates. Candidate areas were considered throughout the watershed,
in both Edmonds and Lynnwood.

The analysis queried the GIS for land with slopes of 4 percent and less as an initial screen of site
suitability. These locations were then overlaid with the drainage system to identify the tributary areas to
each location and associated impervious areas. The locations were reviewed with the corresponding
surface soil and subsurface geology mapping to identify how a project would be able to access infiltrative
soil horizons and thereby have a meaningful impact on flow reduction. Figure 15 presents an example of
the GIS data and associated tributary area delineations used in the analysis identifying suitable candidate
locations based on slope, tributary area and geology.

Additional sites were identified through record drawings for regional stormwater facilities obtained from
the Cities of Edmonds and Lynnwood. Retrofit opportunities were added for locations that were identified
as having existing maintenance issues.
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Improvement Project Types

Categories of flow reduction improvements considered include the following:

» Public right-of-way LID/BMP retrofit (bio-retention, gravel gallery, other)
+  Private property LID/BMP retrofit (rain gardens in appropriate locations)
* Modify existing detention facility storage volume or outlet structure

* Modify existing detention facility to infiltrate

» Modify existing infiltration facility to increase infiltration capacity

»  New detention facility (pond or vault)

» New surface infiltration, pit drain or drilled drain facility

»  Surface storage (i.e., parking, street, open space).

Capital Project Candidates Evaluation

Based on the GIS screening for areas with mild slopes and significant tributary area, initial concepts were
identified for retrofit locations. After sites were identified, a field review was conducted of the candidate
areas to confirm site characteristics for potential retrofit projects.

Facility performance was evaluated by incorporating them into a WWHM model representing mitigated
conditions. A 2-year level of service, i.e. the effectiveness in reducing the 2-year frequency peak
discharge, was selected as the targeted performance in order to minimize the project footprint and
maximize facility efficiency in reducing sediment-mobilizing flows that occur frequently during smaller
storms. The 2-year peak discharge was also selected as an efficient analytical surrogate for estimating the
respective abilities of each candidate project to reduce erosive flows in the creek channel.

Concept-level cost estimates were prepared to aid in identifying the most efficient opportunities.
Summary sheets were developed describing each retrofit opportunity, its location, features and estimated
cost. The summary sheets are provided in Appendix |. Projects were further evaluated based on the cost
per amount of flow reduced, site suitability, overall flow reduction, site location impact, feasibility, and
input from the City of Edmonds and the City of Lynnwood. Table 11 lists 30 sites identified as feasible
facility locations based on analysis and subsequent field visits. This table describes site attributes for each
facility. Facility performance is reported in terms of the reduction in the 2-year return peak discharge. The
site numbers listed in this table are cross-referenced to identifiers shown in Figure 16. Projects were
considered good opportunities if they were found to have the following:

» A project cost below $450,000 per cfs of 2-year peak flow reduction
« Anoverall 2-year peak flow reduction greater than 0.15 cfs
» Limited siting and construction constraints.

Based on a comparative review of the 30 candidate projects, it is recommended that the cities of Edmonds
and Lynnwood implement 12 of the projects presenting the greatest benefit to the Perrinville Creek
system with the highest cost efficiency. The highlighted projects shown in Table 11 are recommended for
implementation.

42



Final Report

}38(0Jd PApUBLIWOI € 3eI(PU) Udald u) payyHyHiy smoy ‘aloN|

000266 0006 S| 5¢0 610 bv'0 91 bo'y spuowp3f M OAY 194 % 10 MaIA (dwA() moN|  Ayjpeg uopesyiulf 162
ooo'ort  $[oooze  §[ oo £10 [ 0£'0¢ oree | poomuuly ed aiepuuhy] — Ajpow[ ey vonesyu 182
000'z6z  § [ooows §[ 20 110 €10 €1 L0 spuowp3]  puog 35 maA dwAl0] Ao puod| 142
000902 § 000982 §] 6ET 187 ory 1571 1087 | poomuuly MS 1d PUZ6T ZEEL MoN| neA| -0t
000'EVE  § 00096 §[ 820 100 620 b5'0 0ET spuowipa| MS 35 PUZ8T 972L uopumay-of| 1-67
000002 (00068 §] 600 80'0 €10 620 090 POOMULA) M Id PUZL EZE6T ojems-olff ppz
00098¢  § [o00z  §| 00 L10 bz0 190 05T POOMUUAY M Id PUZL BZE6T aems-oigf vz
000'8€E  § [o00uz  $[ 800 200 01’0 o 0€'0 POOMULAY M Id Puz EZE6T Hems-0ig| 212
000'soz  $ [ooosy $[ zzo 900 820 050 101 POOMUUA] MS Id PUZ6T ZEEL uonuay-oia| 1-vz
000 $]oo0ez §[ ss¢ we s gut 15§ PoOMULAY puog alply an|g puod| 1-z2
00085 §]oo0¢e  §[ 8€0 0 090 £LT JR'E POOMUUAY puog adpiy Jaddoy) puod| 1-02
00005 5 [000%21} §] 0S¥ 52T 505 9701 L9GE | poomuuAy MS 36 96T 00EL RN T-6T
000051z § [ooo'oey §[ ozo | ortr [ oeTr VO'VE 06 SpUOWPI|  MSIS YIPET B M IAY 19, Ayjpe vopesyiju 1-L1
000TvZ 6 [000'pe §] OSE 05 00§ 0E71 0828 spuowpaf }ed MIAERS Aujjpey uopenjijul 1-o1
000'ves't § (00026  §] 900 610 520 1L0 L' SPUOWIP3| 10 MOIAOWOH 1§ MS 35 15181 neal oyt
00072€ S [000%L §] 20 £0'0 1£0 091 Ve 5puowp3 Aep alipry BTVL uonualay-oig| T-€T
00079z § [ooove S| €10 100 [0 00 040 spuowip3 M @AY puz. Z€08T uonuaay-oig| 1-21
00090 § [000€ §] 810 100 610 §E0 080 spuowp3| M Y SPUZL TT6LT uopuawy-0ig| 1-11
000's6v 5 [0006s  $[ 810 500 L0 950 (81 spuotip3| M Y PIEL LT0BT uonuAay-0ig| 1-1
000Kz §1o00s  §[ €0 8v'0 1L0 V8T (9 POOMUUAY M OAY L, LTT6T uopuaey-olg| 1§
000’8ty § {00082 $[ 400 £00 01’0 070 5€0 POOMUUAY M Y PIEL LTV6T aemg-0ig| 9
000299 § [ooooz  §[ €00 100 010 520 510 POOMUUAY M OAY PIEL BTV6T alems-0ia| 5L
000'1€ 5 [oooel [ 900 10'0 £10 820 500 POOMULAY M 9AY b 50V6T oemg-on| L
000'009'v $ {0009k 8] 100 68'0 060 9t 099 POOMUUAY M OAY pL LTV6T|  AjipoN|  uopesoysay [auuewd| gL
0000t § [ooozy  §] 020 0L'0 06'0 [ 099 POOMUUAY M Y Yy LTV6T man| uonudly-off| z-L
00005t § [0l §] 10 80'0 00 €00 £b'T poOMUUAY M 9AY 1YL E2h6T MoN| uonuaoy-oig| 1+
0009157 $[000008 §[ 200 00'0 100 o 8€0 spuouIp3 MS Id PIEGT ZTLL MmaN| uopualay-0ig| ¢
000'0b9'T $ 100078  §[ 500 000 500 £10 860 spuowip3 MS Id PUZ6T S08L, N uopuely-0ls T
0000.L  $ [o0000 8| €10 000 £10 b0 150 spuowp3 10 POOM[2 BOT6T MaN uonuaty-01g| €7
000'6ts 5 (00026 8] 110 00'0 110 {10 8€0 spuowip3 MS 35 35161 £06L MoN uojueay-oig| 17
uopanpay w0y - (uopnpay | wafoig | suopupuoy | nuz__: (2e) eauy o Y h_“__.up il iy al
SAs0) | pmewpsy [ omog | ouum [ Bupsig snoedu Areangpiy (o) [N onoy

(49) DB1eYd5|Q Yedd UINYY Jeaj-T

Table 11. Attribute Table for Retrofit Projects Evaluated for Perrinville Creek Watershed
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Basin-Wide LID Retrofit Evaluated

To better estimate the potential for flow reduction from LID retrofits throughout the Perrinville Creek
Watershed, a basin-wide LID retrofit was also studied in those subbasins where discrete project
opportunities were not investigated, largely in the easternmost portions of the watershed. Two types of
bioretention retrofits were modeled using WWHM-—one based on good infiltrative soils and a second
assuming a lined system installed in lodgement till soils with an underdrain and associated outlet pipe
connection. Using a typical retrofit tributary area of 0.5 acres, a facility size of 5’x20” was assumed for
the evaluation.

The effective impervious area for each subbasin was segregated based on the infiltrative capabilities of
soils. Using these effective impervious areas, a goal was set for each subbasin for lined and infiltrative
retrofits. Soils identified as glacial outwash in areas not impacted by high groundwater were assumed to
have good infiltrative soils and provide good opportunities for infiltrative bioretention BMPs. All other
areas were considered appropriate for lined bioretention BMPs. Due to the siting difficulties associated
with connecting the facility underdrain for lined systems, a goal was set to manage only 5% of the
effective impervious area for each subbasin that would require lined systems. Since infiltrative retrofits do
not rely on a below-grade discharge to existing storm drains, but can rather overflow at surface grades,
they are easier to site and the goal for basins that would use infiltrative systems was set at 12% of the
effective impervious area.

Based on this analysis a basin-wide goal of 24 infiltration retrofits and 63 lined/piped retrofits was
established. Using the cost estimates for similar projects from the retrofit project list on Table 11, and
applying them to the retrofits sized for the 0.5-acre tributary area, the costs were estimated to be $24,200
for an infiltration retrofit and $35,600 for a lined/piped retrofit. The total basin-wide retrofit cost was thus
estimated to be $2.8 million. There are many benefits of LID retrofits that should be considered when
evaluating overall costs against more typical gray-water solutions; these benefits include water quality
improvements, flooding reduction, groundwater recharge, air quality improvements, neighborhood traffic
calming effects, reduction of urban heat island effect, and increased property values.

Although many studies indicate that LID retrofits have lower maintenance costs than conventional gray-
water systems, municipalities sometimes hesitate to implement LID because when the retrofits are not
maintained it is more obvious to the public than unmaintained gray-water systems, which are generally
out of public view. It is therefore imperative to incorporate costs for maintaining these amenities into
annual budgets. Engaging the public to coordinate volunteer programs for routine maintenance can offset
LID maintenance costs.

Flow Reduction Results

The hydraulic effects on the stream channel from implementing the various candidate projects were
evaluated using the calibrated hydrologic model developed for this study. The future conditions modeling
did not forecast changes in land use, since the watershed is nearly fully built out. Two retrofit scenarios
were modeled as follows to better understand the corresponding effects. These scenarios are as follows:

» Recommended Projects - This scenario evaluates the effects from only incorporating the 12
capital projects recommended for immediate implementation. The results from this scenario
indicate the level of benefits to the creek that is achievable over the short-term.

» All Projects + Basin Wide LID retrofit — This scenario evaluates the effect of incorporating
all 30 candidate capital projects plus the target for LID retrofits basin-wide. This scenario
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represents what is achievable through more comprehensive retrofitting of city rights-of-way
throughout the watershed.

Flood Reduction Effects

Results from the modeled scenarios, summarized in Table 12, indicate an average 20% reduction in the
magnitude of peak flood flows for 2-year through the 100-year return period. When a comparison is
made between existing conditions and retrofitted conditions, it is observed that the frequency of flooding
at any given rate is reduced roughly by half; by example, the current 25-year flood flow of 99 cfs
approximates the 50-year flood flow under the retrofitted condition. This represents a substantial
reduction in flooding risk with the recommended projects implemented.

TABLE 12.
PEAK FLOOD FLOW REDUCTION AT TALBOT ROAD CROSSING
Existing Retrofit with All Projects + Basin- Pre-Developed
Return Period Conditions Recommended  Reduction wide Retrofit (CFS) Forested Condition
(CES) Projects (CFS) (CES)
2-Year 41 31 26% 28 6.9
5-Year 64 51 22% 51 111
10-Year 77 59 25% 56 13.5
25-Year 99 87 14% 80 16.0
50-Year 126 100 22% 99 17.4
100-Year 135 115 15% 105 18.6

Table 12 also indicates that implementing additional BMPs basin-wide provides limited additional flood
flow reduction beyond that of the recommended projects.

Peak Flow Duration Reduction

As discussed in the Geomorphic Analysis section of the report, scour and sediment transport in Perrinville
Creek occur at flows lower than the 2-year return discharge. The generation of new sediment material
occurs when discharge in the stream channel exceeds the mobilization flow rate of approximately 7.2 cfs.
Reducing the amount of time that flows exceed this erosive threshold represents reductions in the
amounts of damage to the stream channel, new sediment generated in the stream, and sediment deposited
in the lower reaches. Project performance and the occurrence of sediment generation and transport are
best represented using a flow duration curve framework. Flow duration curves represent the percent of
time a flow record is likely to equal or exceed a given discharge. Figure 17 compares the shift in the flow
duration curve from the existing condition to the recommended project implementation scenario, and to
the recommended projects plus basin-wide retrofit scenario.

At the right of Figure 17, the base flow of 1.5 cfs is shown as present or exceeded 100 percent of the time,
and on the left side of the figure the higher flow rates are exceeded less often; hence, documenting the
intuitive conclusion that duration of high flows is less than that for low flows.
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Peak Flow Duration Curve at Talbot Road
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Figure 17. Flow Duration Curve Comparison for Perrinville Creek.

Flow duration curves for the two retrofit scenarios are shifted left from the existing conditions curve,
indicating that the duration of any given flow rate is reduced from the current conditions. Figure 17 shows
that implementing the recommended projects would reduce the duration of scouring flow exceeding 7.2
cfs from 14 percent of the time to 11 percent. While a 3% reduction would not appear to be significant,
this represents a 21% reduction in the duration of erosive flows, and roughly corresponds to a reduction in
the amount of material deposited in the lower reach of the stream and the amount of material requiring
removal from the City sediment control facility.

Similarly, the threshold at which sediment existing in the creek channel is transported downstream is
reduced from 22 percent to 18 percent of the 60-year period of record used in the model. This represents
an 18% reduction in the duration of sediment transporting flows. The percent exceedances are
summarized below in Table 13..

TABLE 13.
SUMMARY OF FLOW DURATION CURVE EXCEEDANCES
Roorn  Flonn | Ronnendes
Flow (CES) Existing Conditions Recommended di id fi
7Pro'ects Exceeding wide Retrofit
Frojects Threshold Flow
4.5 22% 18% 21% 17%
7.2 14% 11% 18% 10%
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RECOMMENDATIONS

The scope of this stormwater retrofit plan focuses on capital improvements in public rights-of-way and on
city-owned parcels. The identification of specific capital project opportunities emphasizes sites in the
City of Edmonds; however, several projects were identified in Lynnwood, particularly cost effective
structural retrofits to existing flow control facilities. This analysis identified 30 discrete flow reduction
opportunities within public rights-of-way and on public properties (specifically park lands). Evaluating
the 30 candidate opportunities, it recommended that 12 projects be advanced to design and
implementation in the near term, listed in Table 14. The estimated cost of these 12 projects totals $2.9M.

Table 14. Recommended Project Summary

) New / . .
Reterofrt Retrofit Type Mod.ified Location City Tot::::(b;:t)ary ZRZ:?JZZT):'((E:?S‘;’ Estér:satted
Facility
10-1 Bio-Retention New 18027 73rd Ave W Edmonds 1.87 0.18 $ 89,000
11-1 Bio-Retention New 17922 72nds Ave W Edmonds 0.80 0.18 $ 37,000
13-1 Bio-Retention New 7418 Ridge Way Edmonds 3.47 0.24 $ 77,000
16-1 Infiltration Facility New Seaview Park Edmonds 52.80 3.50 $ 841,000
19-1 Vault New 7300 196th St SW Lynnwood 35.67 4.50 $ 1,123,000
20-1 Pond Modify Copper Ridge Pond Lynnwood 3.84 0.38 3 22,000
22-1 Pond Modify Blue Ridge Pond Lynnwood 55:2 2:55 $ 22,000
25-1 Bio-Retention New 7226 182nd St SW Edmonds 1.30 0.28 $ 96,000
26-1 Vault New 7332 192nd PI SW Lynnwood 28.07 1.39 $ 286,000
27-1 Pond Modify Olympic View Crest Pond Edmonds 3.07 0.32 $ 74,000
28-1 Infiltration Facility Modify Lynndale Park Lynnwood 82.10 0.20 S 22,000
29-1 Infiltration Facility New Olympic View Dr & 76th Ave W| Edmonds 4.04 0.25 S 233,000

Two of the recommended projects, No. 16-1 in Seaview Park and No. 26-1 at 74" Avenue W and 192"
Place SW, are in preliminary design as part of this project.

Results from the modeled scenarios, summarized earlier in Table 12, indicate an average 20% reduction
in the magnitude of peak flood flows for 2-year through the 100-year return period for the 12
recommended projects. When a comparison is made between existing conditions and those following
implementation of the 12 recommended projects, it is observed that the frequency of flooding at any
given rate is reduced roughly by half; by example, the current 25-year flood flow of 99 cfs approximates
the 50-year flood flow under the retrofitted condition. This represents a substantial reduction in flooding
risk with the recommended projects implemented.

Implementing the recommended projects will reduce flood flows sufficiently to allow replacement of the
fish barrier culvert without increasing flood risk to properties downstream of Talbot Road. Sufficient
flood flow reduction will be achieved to mitigate removal of the existing culvert by construction of two of
the most highly effective of the recommended projects: Project 16-1 (Seaview Park facility) and Project
22-1 (Blue Ridge Pond modifications).

Implementing the recommended near-term projects will also reduce the amount of scour along the
Perrinville Creek channel. The generation of new sediment material occurs when discharge in the stream
channel exceeds the mobilization flow rate of approximately 7.2 cfs. Reducing the amount of time that
flows exceed this erosive threshold represents reductions in the amounts of damage to the stream channel,
new sediment generated in the stream, sediment deposited in the lower reaches, and sediment needing
removal from the City’s sediment control facility. The recommended projects would reduce erosive
flows by 18%.
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Similarly, the time when sediment existing in the creek channel is transported downstream is reduced
from 22 percent to 18 percent of the 60-year period of record used in the model. This represents an 18%
reduction in the duration of sediment transporting flows. The percent exceedances were summarized
earlier in Table 13..

It should be noted that city-owned and controlled properties, consisting of road rights-of-way and parks,
account for only approximately 13 percent of the Perrinville Creek watershed, with the balance owned by
private businesses and individuals or other public entities (such as school districts, community college).
Because most of the watershed area was developed in the absence of stormwater flow control or water
quality treatment standards, there is a large collective opportunity for flow reduction and water quality
improvement in the basin as these properties redevelop under modern technical standards. Hence, it is
recommended that a flow control standard be developed and placed into effect for the Perrinville Creek
watershed to reduce the erosive flows.

The first step in developing a flow control standard would be to evaluate if the flow control standard in
the Department of Ecology’s 2012 Stormwater Management Manual for Western Washington is adequate
for this creek. If not, a stricter flow control standards should be developed and implemented throughout
the Perrinville Creek watershed. In addition, flow control requirements should strongly promote
infiltration of runoff, particularly in areas of the watershed where outwash soils can be accessed within 10
feet of the ground surface, as mapped in this study. This mimics the predevelopment condition by
reducing the amount of surface runoff entering the creek which, in turn, supports beneficial base flows in
the stream. To be most effective, similar standards should be implemented throughout the watershed in
both Edmonds and Lynnwood.

In addition to occasions of redevelopment, private initiatives such as a rain garden program can improve
flow control and water quality of runoff. Both redevelopment and private initiatives can improve
conditions in Perrinville Creek, but as their timing and scope are indeterminate, their benefits to the creek
are not modeled in this study.

This study has located those reaches of Perrinville Creek that are most prone to scour during erosive
flows. These areas, however, are predominately located within a deep canyon in the undeveloped
Snohomish County Park and immediately below the park. While it may be beneficial to stabilize these
areas, thus potentially raising the threshold flow rates where scour and transport occur, the inaccessibility
of these areas likely makes this work very costly. Further study of options for stabilizing these areas may
be warranted.

Finally, with this study’s understanding of the basin hydrology, the cities of Edmonds and Lynnwood can
appropriately consider flow control enhancements as they make improvements to drainage systems over
time. Examples of these types of interventions include:

» Oversizing storm drainage system replacements to incorporate storage and flow control of
smaller events

» Incorporating bioretention or infiltration systems and pervious pavements, and/or reducing in
impervious areas when reconstructing roadways

» Collaborating with redeveloping property owners to expand flow control capacity beyond that
strictly required for their project.
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The recommended improvements involve substantial investment to redress the hydrologic effects of
historical urbanization in the watershed. The benefits to accrue to the community, however, are several:

The sediment loading to the City’s bypass facility that protects the lower reaches of the
stream will be reduced, and bring a corresponding reduction in maintenance costs for
cleaning the facility

The degradation of the stream channel and hillslope failures through public and private
properties will be slowed, and stream reaches will become more stable

The risk of blockage to the existing Talbot Road culvert will be reduced, and with it the risk
of overtopping the roadway (and damaging city-owned water, sewer, and stormwater
infrastructure).

Flood flow magnitudes will be reduced, lowering risk of damage to Talbot Road and
properties below and immediately above the road

Flood frequencies will be reduced by one-half

The rate of sediment deposited in the lower reaches of Perrinville Creek and at the shoreline
of Browns Bay will be reduced, along with the associated damage to aquatic habitat

The reduction in flood magnitudes will allow construction of the fish-friendly culvert
proposed for Talbot Road without increasing flood risks.

These benefits align with regional, statewide and national objectives to protect and improve water quality
and habitat function in coastal ecosystems. This alignment promotes the eligibility of the recommended
projects for continued outside funding support.
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Hydrologic Models Considered

Model Brief Description Advantages Disadvantages
Name
HSPF e Continuous hydrologic o Flexible design Time consuming for pipe networks

simulation model based on
physical watershed
characteristics

Industry standard

Many input parameters required
Post-processing required for
hydrologic statistics

WWHM | ¢ HSPF front-end to provide
regional input parameters and
statistically relevant
precipitation and evaporation

Self-generates land-use
and climate inputs

Built-in post processing
for hydrologic statistics

Pipes are hydraulic
approximations

LSPC e Continuous hydrologic
simulations model based on
HSPF parameters and
algorithms

Easy to change and
perform a sensitivity
analysis

Need an “.air’ file for climate
Not a HSPF front-end
LID module is less developed

SWMM | e Event simulation model based
on physical watershed
characteristics

Strong hydraulic
modeling capabilities

Does not handle long time series
efficiently

Built-in hydrologic modeling is
event based

External Data Sources

Data File Type Description

City of Edmonds

Building Rooftops GIS Shape Outline of Rooftops

Storm Type |1 CB GIS Shape Type 1l Catch Basin Locations and attributes
Storm Lines GIS Shape Gravity Main size, direction, material

Storm Ditch Creek GIS Shape Perrinville Creek Location

Edmonds Watersheds GIS Shape Perrinville Basin Boundary

Topography GIS Shape 2-ft Contours of Perrinville Basin

Edmonds Streets GIS Shape Street Centerlines for Edmonds & Lynnwood

Aerial TIF

Basin Aerial for GIS

City of Lynnwood

Storm drain network GIS GDB Drainage Infrastructure for Lynnwood
Olympic View Drive PDF Design memo and plans for facility
Infiltration Design

Blue Ridge Pond Details PDF As-built plans for facility

Other

Surface soil data GIS GDB SSURGO soil data from NRCS
Subsurface soil data GIS Shape Digitized from Minard, 1983
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NRCS SSURGO surficial soils considered for hydrologic modeling.
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WWHM Land-use parameters

WWHM LAND-USE INPUTS (ACRES)
WWHC';’:O'L?”d'“SE BASIN ID
1 2 3 4 5 6 7

A/B, Forest, Flat 0.8 2.0 0.3 0.0 0.0 0.0 0.9
A/B, Forest, Mod 2.8 6.3 1.2 0.0 0.0 0.0 1.4
A/B, Forest, Steep 3.3 9.5 1.0 0.0 0.0 0.0 35
A/B, Lawn, Flat 0.0 0.4 1.5 0.0 2.8 3.3 0.2
A/B, Lawn, Mod 0.0 2.1 2.3 0.0 6.6 3.3 0.2
A/B, Lawn, Steep 0.0 2.7 3.5 0.0 4.9 25 0.1
C, Forest, Flat 2.0 2.2 0.1 0.1 0.0 0.0 1.0
C, Forest, Mod 4.6 4.1 0.3 0.3 0.0 0.0 2.2
C, Forest, Steep 17.6 7.1 1.1 0.3 0.0 0.0 2.0
C, Lawn, Flat 2.3 2.0 7.6 10.3 13.5 6.2 7.3
C, Lawn, Mod 3.4 6.4 9.9 5.7 14.2 5.6 54
C, Lawn, Steep 3.6 4.1 8.0 2.2 5.5 2.0 2.0
Impervious (EIA) 5.9 7.8 10.2 4.7 16.7 7.6 6.3
Total Area (ac) 46.5 56.7 46.8 23.8 64.2 30.5 32.5
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WWHM LAND-USE INPUTS (ACRES)

WWHCIE/:OIL?nd-use BASIN ID

8 9 10 11 12 13 14
A/B, Forest, Flat 0.6 0.0 0.0 0.4 1.6 0.0 0.0
A/B, Forest, Mod 0.4 0.0 0.1 0.6 3.6 0.0 0.0
A/B, Forest, Steep 1.5 0.0 0.3 3.0 5.2 0.0 0.0
A/B, Lawn, Flat 2.3 2.2 1.9 4.3 14 0.0 0.0
A/B, Lawn, Mod 1.4 2.8 1.9 2.3 1.8 0.0 0.0
A/B, Lawn, Steep 2.1 5.2 2.2 1.1 14 0.0 0.0
C, Forest, Flat 0.4 0.0 0.0 3.8 1.5 0.3 3.0
C, Forest, Mod 0.2 0.0 0.0 4.4 2.4 0.1 1.5
C, Forest, Steep 0.5 0.0 0.0 4.5 3.1 0.1 1.0
C, Lawn, Flat 1.1 55 1.2 1.8 9.9 23.8 3.3
C, Lawn, Mod 0.3 6.0 3.0 1.2 5.9 14.7 2.1
C, Lawn, Steep 0.2 3.3 3.1 0.6 0.7 1.5 1.3
Impervious (EIA) 4.2 11.6 4.89 3.8 10.6 12.3 1.5
Total Area (ac) 15.2 36.5 18.6 31.7 49.2 52.8 13.6

WWHM LAND-USE INPUTS (ACREYS)

WWH(g/IrOILapnd—use BASIN ID

15 16 17 18 19 20
A/B, Forest, Flat 0.0 0.1 0.0 0.0 0.0 0.0
AJ/B, Forest, Mod 0.0 0.1 0.0 0.0 0.0 0.0
A/B, Forest, Steep 0.0 0.0 0.0 0.0 0.0 0.0
A/B, Lawn, Flat 0.0 0.1 0.0 0.0 0.0 2.5
A/B, Lawn, Mod 0.0 0.0 0.0 0.0 0.0 3.4
A/B, Lawn, Steep 0.0 0.0 0.0 0.0 0.0 4.0
C, Forest, Flat 0.2 3.1 0.0 0.0 0.1 0.0
C, Forest, Mod 0.1 3.3 0.0 0.0 0.1 0.0
C, Forest, Steep 0.0 3.7 0.0 0.0 0.3 0.0
C, Lawn, Flat 19.5 18.7 27.5 26.9 21.5 1.1
C, Lawn, Mod 9.7 8.6 11.8 13.0 11.4 2.2
C, Lawn, Steep 1.8 2.4 2.2 2.4 1.8 1.0
Impervious (EIA) 8.0 5.7 7.5 10.3 5.1 3.7
Total Area (ac) 39.3 45.8 49.0 52.7 40.3 18.0
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WWHM RCHRES INPUT PARAMETERS

RCHRES ID |Downstream ID Le(?gth Dla(rfrj[;a ter Slope (ft/ft) Man(rrlll)ng s
OVD Wetland 5 - - - -
5 Flow Splitter B | 1,200 3.0 0.02 0.013
Flow Splitter B Flow Splitter C - -- - --
OVD
Flow Splitter C Infiltration - -- - --
OVD
ovD 8 -- -- -- -
Blue Ridge 6 - -- - --
6 8 2,500 2.5 0.02 0.010
7 8 1,000 3.0 0.02 0.024
9 8 1,200 3.0 0.02 0.024
11 8 2,000 3.5 0.02 0.012
14 8 3,500 2.0 0.02 0.012
8 2 500 4.0 0.02 0.010
15 11 1,800 3.0 0.02 0.012
18 15 1,200 2.5 0.02 0.012
19 11 1,000 2.0 0.02 0.012
WWHM CHANNEL RCHRES INPUT PARAMETERS
RCHRES ID |Downstream ID Le(:c\gth V\g%t h Slope (ft/ft) Man(r;ll)ng’s Sld(it/Sf![())pe
2 1 2,500 10.0 0.02 0.035 3
1 Terminal 2,500 8.0 0.03 0.035 2
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STAGE (FT) AREA (AC) STORAGE (AC-FT) DISCHARGE1 DISCHARGE?2

0 0.01 0.00 0.00 0.00
0.1 0.01 0.03 0.20 0.00
0.2 0.01 0.06 0.28 0.00
0.3 0.01 0.10 0.36 0.00
0.4 0.01 0.13 0.41 0.00
0.5 0.01 0.16 0.45 0.00
0.6 0.01 0.20 0.51 0.00
0.7 0.01 0.23 0.54 3.14
0.8 0.01 0.26 0.58 3.34
0.9 0.01 0.29 0.61 3.53

1 0.01 0.33 0.65 3.76
11 0.01 0.36 0.68 3.93
1.2 0.01 0.40 0.72 4.14
13 0.01 0.43 0.74 4.29
14 0.01 0.46 0.77 4.44
15 0.01 0.50 0.80 4.63
1.6 0.01 0.53 0.83 4.77
17 0.01 0.56 0.85 4.90
1.8 0.01 0.60 0.88 5.07
1.9 0.01 0.63 0.90 5.20

2 0.01 0.66 0.92 5.32
2.1 0.01 0.70 0.95 5.48
2.2 0.01 0.73 0.97 5.59
2.3 0.01 0.75 0.98 5.67
2.4 0.01 0.79 1.01 5.86
2.5 0.01 0.81 1.03 5.96
2.6 0.01 0.83 1.05 6.04
2.7 0.01 0.87 1.08 6.21
2.8 0.01 0.89 1.09 6.31
2.9 0.01 0.91 111 6.38

3 0.01 0.95 1.13 6.55
3.1 0.01 0.97 1.15 6.61
3.2 0.01 0.97 1.15 6.61
3.3 0.01 0.97 1.15 6.61
3.4 0.01 0.97 115 6.61
3.5 0.01 0.97 115 6.61
3.6 0.01 0.97 115 6.61
3.7 0.01 0.97 115 6.61
3.8 0.01 0.97 1.15 6.61
3.9 0.01 0.97 1.15 6.61

4 0.01 0.97 1.15 6.61
41 0.01 0.98 1.15 25.00

WWHM Inputs for Olympic View Drive Control Structure Flow Splitter B
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STAGE (FT) AREA (AC) STORAGE (AC-FT) DISCHARGE1 DISCHARGE2

0 0.00 0.00 0.00 0.00
0.1 0.01 0.03 0.03 0.00
0.2 0.01 0.07 0.05 0.00
0.3 0.01 0.10 0.06 0.00
0.4 0.01 0.14 0.07 0.00
0.5 0.01 0.18 0.07 0.00
0.6 0.01 0.21 0.08 0.00
0.7 0.01 0.25 0.09 0.04
0.8 0.01 0.29 0.09 0.05
0.9 0.01 0.32 0.10 0.06

1 0.01 0.36 0.10 0.07
11 0.01 0.39 0.11 0.07
1.2 0.01 0.43 0.11 0.09
13 0.01 0.47 0.12 0.10
14 0.01 0.50 0.12 1.30
15 0.01 0.54 0.13 1.83
16 0.01 0.58 0.13 1.94
1.7 0.01 0.61 0.14 2.19
18 0.01 0.65 0.14 2.52
1.9 0.01 0.69 0.14 2.85

2 0.01 0.72 0.15 311
2.1 0.01 0.76 0.15 3.44
2.2 0.01 0.79 0.15 3.69
2.3 0.01 0.83 0.16 4.02
2.4 0.01 0.87 0.16 4.36
2.5 1.01 0.89 0.16 4.53

WWHM Inputs for Olympic View Drive Control Structure Flow Splitter C
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STAGE (FT) AREA (AC) STORAGE (AC-FT) DISCHARGEL

0.0
0.2
0.4
0.6
0.8
1.0
12
14
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0
6.2
6.4
6.6
6.8
7.0
7.2
7.4
7.6
7.8
8.0

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.04
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.07
0.08
0.08
0.08
0.08

0.00
0.00
0.01
0.01
0.02
0.02
0.03
0.04
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.35
0.36

0.00
0.02
0.03
0.03
0.04
0.04
0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.07
0.07
0.10
0.11
0.12
0.13
0.21
0.27
0.32
0.36
1.36
4.57
7.17
9.22
10.79
11.94
12.64
12.81
13.04
13.24
13.44
13.63
13.82
14.01
14.20
14.39
14.58
30.00

WWHM Inputs for Olympic View Drive Control Structure Detention
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STAGE (FT) (AREA (AC) STORAGE (AC-ET) DISCHARGEL (CFS)

0.00 0.00 0.00 0.00
1.75 0.00 0.02 4.40
1.85 0.01 0.03 4.52
2.85 0.06 0.07 5.61
4.85 0.22 0.21 7.32
6.85 0.31 0.47 8.70
8.85 0.39 0.83 44.32
10.85 0.48 1.26 108.34
11.85 0.55 1.78 147.55

WWHM Inputs for Blue Ridge Pond Detention Facility

STAGE (FT) AREA (AC) STORAGE (AC-FT) DISCHARGEL

0.00 0.07 0.00 0.00
0.25 0.10 0.02 0.00
0.50 0.11 0.05 0.00
0.75 0.12 0.08 0.00
1.00 0.14 0.12 0.00
1.25 0.15 0.15 2.43
1.50 0.16 0.19 6.89
1.75 0.17 0.24 12.65
2.00 0.17 0.28 19.48

WWHM Inputs for Olympic View Drive Wetland

B-8



Appendix C —Model Validation Analysis

City Of Edmonds
Perrinville Creek Stormwater Flow Reduction Retrofit Study

Final Report

APPENDIX C.
MODEL VALIDATION ANALYSIS

October 2014

C-1



'rt TETRATECH

To: Perrinville Creek Stormwater Flow Reduction Study Project File
From: Bruce Cleland

Subject: Hydrology Data Assessment

Date: October 14, 2013

A key part of the Perrinville Creek stormwater flow reduction retrofit study is the
development of a hydrologic model for the watershed. This model is needed to
characterize existing flow conditions in Perrinville Creek and assess performance of
alternative future scenarios. Streamflow data for Perrinville Creek, which can be used to
check the validity of the model, is somewhat limited; particularly in examining patterns
over multiple years. However, the U.S. Geological Survey (USGS), Snohomish County,
and King County operate a humber of stream gages in the area that could be used to
examine general performance of the Perrinville model.

The purpose of this technical memorandum is to examine hydrologic conditions in the
Perrinville Creek area. Characteristics of current and historic flow information for gages
located within 10 miles of Perrinville Creek are summarized. Gages that could be used
to support the modeling effort are identified. Basic hydrologic characteristics examined
include flow duration statistics, annual average volume, base flow as a percentage of
total runoff, stream flashiness, and peak flow history. In evaluating flow data, water level
recorder information collected by the City of Edmonds is also summarized.

In addition to assessing characteristics of flow gage information collected in the
Perrinville Creek area, preliminary hydrologic model results are examined. The analysis
is part of the validation process to ensure that model results are representative of flow
conditions observed in the Perrinville Creek area. Rainfall — runoff response patterns
are compared to a representative flow gage. Metrics important to target development
are also examined including key duration curve and peak flow recurrence values.
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1. Overview

The City of Edmonds desires to improve the aquatic habitat in the lower reaches of
Perrinville Creek, including its mouth at Puget Sound. The 30-inch diameter Perrinville
Creek culvert under Talbot Road is a major fish barrier. The City has completed a pre-
design report for replacing it with a fish-friendly box culvert to permit access to upstream
habitat. However, replacing the culvert would increase sedimentation and flooding risk
in the lower reaches of Perrinville Creek.

The primary goal of this project is to mitigate flooding risk in Perrinville Creek by
reducing stormwater runoff. The flow reduction will provide multiple hydrologic and
biological benefits to both Perrinville Creek and Brown’s Bay in the Sound such as: 1)
allowing for the replacement of the anadromous fish barrier culvert; 2) reducing erosion
and sedimentation that is adversely affecting aquatic habitat and City infrastructure; and
3) reducing the amount of pollutants entering the aquatic environment.

This study will develop a plan to accomplish this goal through implementation of low
impact development (LID) best management practices (BMPs) to the extent feasible,
other stormwater BMPs (e.g., increased detention), and stream stabilization in Perrinville
Creek. Stream flow targets will be determined by assessing existing flow conditions and
geomorphic conditions as critical sources of sediment. A hydrologic model is being
developed to characterize existing conditions and assess performance of alternative
future scenarios.

Flow data for Perrinville Creek, which can be used to check the validity of the model, is
somewhat limited; particularly in examining patterns over multiple years. However,
Snohomish County and King County operate a number of stream gages in the area that
could be used to examine general performance of the Perrinville model. The purpose of
this technical memorandum is to summarize hydrologic characteristics of gages located
within 10 miles of Perrinville Creek and identify those that could be used to support the
modeling effort. Water level recorder information collected by the City of Edmonds is
also summarized. In addition to assessing flow gage information, preliminary hydrologic
model results are examined.

2. Flow Gaging Information

The potential effect that excess stormwater volume exerts on local streams is most
easily identified by examining primary hydrologic characteristics. Hydrologic
characteristics of watersheds such as average annual flow and surface runoff can be
determined from stream gaging information. To date, flow monitoring in Perrinville
Creek consists of water levels recorded at 10-15 minute intervals from November 2012
through September 2013 (excluding 12/22/2012 — 1/24/2013 when the recorder was not
operating due to vandalism). However, flow records reported by the U.S. Geological
Survey (USGS), Snohomish County, and King County are readily available for several
locations within 10 miles of Perrinville Creek (Figure 2-1 and Table 2-1). A quick
analysis of this information offers some insight on hydrologic characteristics in the area,
which can guide the Perrinville Creek model validation process.
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Figure 2-1. Location of gages examined.

Table 2-1. Stream gages examined.

Site ID
Stream Argza Period of Record
(mi®) | uscs | county
North Creek above Penny Creek 6.36 No 2/16/2001-11/6/2012 (SnoCo)
10/1/1984 - 9/30/1986 (USGS)
Penny Creek 3.67 12125800 Pe

2/23/2001 - 3/15/2007 (SnoCo)

10/1/1984 - 9/30/1986 (USGS)

North Creek below Penny Creek 14.2 12125900 Nr 412412001 - 8/2/2011 (SnoCo)

10/1/1984 - 9/30/1986 (USGS)

Tambark Creek 4.20 12125950 Tc 1/12/2000 - 10/20/2000 (SnoCo)
< Crock at 1408 055 | 12196800 | s 10/1/1984 - 9/30/1986 (USGS)
wamp reek a : © | 8/10/1988 - 12/11/2012 (SnoCo)
Serber Creek s1a | 12196000 | s 10/1/1984 - 3/24/1987 (USGS)
criberree ' © | 2/12/2001 - 12/11/2012 (SnoCo)
Lyon Creek 3.67 | 12127300 | 3aa* | J/M/1963 -9/30/L968 (USGS)
Y : 10/1/1991 - 4/2/2013 (KingCo *¥)
9/1/1963 - 10/3/1972 (USGS)
McAleer Creek 7.80 12127600 33c **

3/30/2001 - 10/8/2013 (KingCo **)
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2.1 Flow Metrics

Key flow metrics include average annual flow, the distribution of the flow (e.g., base
versus surface runoff), flow duration, Tomean (the fraction of the time that daily average
flow is greater than annual average flow), and the R-B flashiness index (flow oscillations
relative to total flow based on daily average discharge). Basic annual flow metrics are
summarized in Table 2-2, both as unit area discharge (cfs per square mile) and as runoff
volume (inches per year). Flow duration curves are another effective method to
characterize hydrologic conditions and are an important component of the overall
hydrologic analysis. Duration curves provide a quantitative summary that represents the
full range of flow conditions, including both magnitude and frequency of occurrence.
Figure 2-2 depicts flow duration curves for Scriber, North, Swamp, Lyons, Penny, and
McAleer Creeks. These curves are expressed as unit area flows (i.e., cfs / square mile)
for direct comparison between sites.

Table 2-2 and Figure 2-2 provide insights, both on the utility of certain flow metrics and
on local watershed characteristics. Total runoff, for example, often represents a starting
point to understand key hydrologic processes in any given drainage. Watershed specific
differences often reflect factors such as watershed impervious cover, as well as the
influence of groundwater, wetlands, lakes, and existing stormwater infrastructure
(including by-passes). The percentage of total runoff, which is either base flow or
surface runoff, is another metric that can be used to evaluate the potential effect of
stormwater in a watershed.

Table 2-2. Comparison of runoff characteristics between gages examined.

Average Annual Runoff
. Area
Location "2 | GageID | Annual Flow
(mi.9) (cfs/mi.?) Total Base | Surface
' (in.) (%) (%0)
North Creek above Penny Creek 6.36 No 1.606 21.8 63% 37%
12125800 1.430 19.4 89% 11%
Penny Creek 3.67
Pe 1.619 22.0 85% 15%
12125900 1.387 18.8 80% 20%
North Creek below Penny Creek 14.2
Nr 1.597 21.7 74% 26%
12125950 0.891 12.1 68% 32%
Tambark Creek 4.20
Tc Staff only
12126800 1.117 15.2 72% 28%
Swamp Creek at 1-405 9.55
Sc 1.463 19.9 69% 31%
12126900 1.792 24.3 52% 48%
Scriber Creek 6.14
So 1.527 20.7 57% 43%
12127300 1.717 23.3 73% 27%
Lyon Creek 3.67
34a 1.272 17.3 70% 30%
12127600 1.897 25.8 88% 12%
McAleer Creek 7.80
35¢ 1.683 22.8 86% 14%
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Perrinville Creek Area Stream Gage Analysis
Flow Duration Curve Comparison
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Figure 2-2. Flow duration curves for gages examined.

In addition to total runoff and percentage of base or surface flow, two other metrics
(Tomean and Richards — Baker Flashiness Index) can help examine the effect of
stormwater on urban streams (Table 2-3). These indicators have been used in studies
that focused on evaluating regional patterns and trends in flow flashiness related to
changes in land cover / land use (Konrad and Booth, 2002; Baker, et al., 2004).

Tomean represents the percentage of time that daily average flows exceed the annual
average flow. A higher value represents hydrologic conditions that are closer to being
normally distributed (generally, an indication of stable flow regimes). Conversely, lower
Tomean Values are typically associated with watersheds that may subjected to rapid
changes. Tomean has been used to detect trends in flow flashiness related to basin
urbanization in the Puget Lowland (Konrad and Booth, 2002). R-B Flashiness is an
indicator of the frequency and rapidity of short-term changes in stream flow. The R-B
Index is typically increases as watershed impervious cover becomes greater.

Clearly, there is significant variation in these metrics for the seven stations listed in Table
2-2 and Table 2-3. Reasons behind these differences, also apparent in the flow duration
curves (Figure 2-2), should be considered in the model validation process. For example,
the flow duration curve for McAleer Creek is strongly influenced by base flows from Lake
Ballinger. The primary goal of this project is to mitigate flooding risk in Perrinville Creek
by reducing stormwater runoff. Based on the hydrologic characteristics analysis, Scriber
Creek appears to be the site examined that is most influenced by stormwater runoff. It
has the greatest percentage of surface runoff relative to total flow and the highest R-B
Index value. Furthermore, the headwaters of Scriber Creek are adjacent to Perrinville
Creek, providing the added benefit of watershed proximity.
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Table 2-3. Comparison of flow metrics for gages examined.

Flow (cfs/mi.?) KSIE
. Area Comparison
Location 2 | Gage ID
e ) Median | Average CLEY T RB
Max. ©mean | Flashiness

North Creek abv Penny | 6.36 No 0.810 1.606 18.5 26.2 0.510
12125800 1.008 1.430 10.4 37.8 0.135

Penny Creek 3.67
Pe 0.960 1.619 14.5 33.9 0.184
12125900 0.986 1.387 10.0 32.3 0.258

North Creek blw Penny | 14.2
Nr 1.015 1.597 12.7 31.7 0.332
Tambark Creek 4.20 | 12125950 0.405 0.891 10.0 28.1 0.418
12126800 0.618 1117 12.9 29.2 0.323

Swamp Creek at [-405 9.55
Sc 0.673 1.463 18.0 28.9 0.365
12126900 0.782 1.792 253 23.2 0.602

Scriber Creek 6.14
So 0.564 1.527 18.3 26.6 0.566
12127300 1.144 1.717 14.6 29.2 0.364

Lyon Creek 3.67
34a 0.782 1.272 11.7 28.3 0.418
12127600 1.410 1.897 9.3 35.4 0.142

McAleer Creek 7.80
35¢ 1.282 1.683 10.4 335 0.168

2.2 Perrinville Flow Data

The City of Edmonds installed a water level recorder on Perrinville Creek at Talbot Road
in late 2012. This recorder operated from November 2012 through August 2013 when it
was dislodged by high flows resulting from an intense rain event (Note: the recorder was
also not operating due to vandalism during the period12/22/2012 — 1/24/2013). Several
flow measurements were made at the time of probe deployment and during the periods
of operation (Table 2-4 and Figure 2-3).

City staff used this information to develop a quick rating curve by examining both linear
and power relationships. City staff recognized the limitations associated with flow
measurements that were only taken at the lower end of observed probe depths.
However, the linear relationship depicted in Figure 2-3 resulted in a slightly higher
correlation coefficient and was used to provide rough flow estimates for screening
analysis purposes.

The Scriber Creek gage and the Perrinville Creek water level probe were operating
concurrently from November 7 through December 11, 2012. Figure 2-4 compares
Scriber Creek flows to Perrinville Creek flow estimates (based on the linear relationship)
during this time frame. Precipitation data collected at the Alderwood Water District office
in Lynnwood is also shown in Figure 2-4 to provide an indication of stream flow response
to rain events.
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Table 2-4. Measurements used to develop rating curve for Perrinville Creek at Talbot Road.

. Area Staff Gage Probe Depth Discharge
Sl mi9 | Dae (1) (ft) (cfs)
11/7/2012 0.60* 0.588 * 1.044
1/25/2013 0.52° 0.365 2 1.547
2/5/2013 0.57 0.388 2.107
Perrinville Creek at
Talbot Road 1.23 3/20/2013 0.81 0.597 5.758
3/26/2013 0.55 0.380 1.388
4/10/2013 0.71 0.509 3.150
6/20/2013 0.75 0.467 4.825
Notes: ' First probe operation (11/7 — 12/21/2012). Probe depths for first period adjusted for
comparison to second period based on staff gage readings at time of probe deployment.
? second probe operation (1/25 — 8/29/2013).

Estim ated Flow (cfs)

Perrinville Creek at Talbot Road
Probe Depth versus Estimated Flow

100 + y=17.81x -4.9031
Extrapolated point
" basedon
1 linear equation
]

[ ]

1 - 4

04 1 10
Probe Depth (feet)

Figure 2-3. Probe depth — estimated flow relationship -- Perrinville Creek at Talbot Road.
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Perrinville Creek
Estimated Daily Flow Patterns
(10/1 - 12/31/2012)
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Figure 2-4. Comparison of Scriber Creek discharge to estimated Perrinville Creek flow.

3. Hydrologic Model Data Analysis

The limited analysis comparing stream discharge in Scriber Creek to cursory Perrinville
Creek flow estimates indicates that both sites appear to exhibit similar response patterns
to rainfall events (Figure 2-4). The next part of this hydrologic assessment involves an
analysis of preliminary model results relative to Scriber Creek flow data. This analysis is
part of the validation process to ensure that model results are representative of flow
conditions observed in the Perrinville Creek area. Rainfall — runoff response patterns
are first compared to the Scriber Creek gage. Figure 3-1 through Figure 3-4 show these
patterns over the course of a sample one year period using 2008 data.

Patterns shown in these graphs indicate that the model response to precipitation events
reasonably coincides with flows recorded at the Scriber Creek gage. One concern that
arose during model development, however, is the amount of water in Perrinville Creek
that represents base flow. This issue is best illustrated in Figure 3-3, i.e. the summer
period. For purposes of this preliminary evaluation, 0.25 cfs was used, which represents
the 75 percentile of unit area Scriber Creek flows.

Metrics important to target development are also examined including key duration curve
and peak flow recurrence values. Water years 2002 through 2009 are the focus of this
portion of the analysis, which represents the common period of available information.
Runoff and flow metrics are summarized in Table 3-1 and Table 3-2, while duration
curve comparisons are shown in Figure 3-5.
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Perrinville Hydrology Model
Daily Flow Patterns
(1/1 - 3/31/2008)
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Figure 3-1. Comparison of Perrinville model flow to Scriber Creek discharge (winter 2008).

Perrinville Hydrology Model
Daily Flow Patterns
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Figure 3-2. Comparison of Perrinville model flow to Scriber Creek discharge (spring 2008).
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Perrinville Hydrology Model
Daily Flow Patterns
(7/1 - 9/30/2008)
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Figure 3-3. Comparison of Perrinville model flow to Scriber Creek discharge (summer 2008).

Perrinville Hydrology Model
Daily Flow Patterns
(10/1 - 12/31/2008)
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Figure 3-4. Comparison of Perrinville model flow to Scriber Creek discharge (fall 2008).
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Table 3-1. Hydrologic model runoff compared to Scriber Creek (10/1/2001 — 9/30/2009).

Average Annual Runoff
. Area
Location 2. | Annual Flow
(mi.?) (cfs/mi 2) Total Base | Surface
' (in.) (%) (%)
WWHM (base flow: 0.25 cfs) 0.952 12.9 57% 43%
1.23
WWHM (base flow: 0.50 cfs) 1.155 15.7 64% 36%
Scriber Creek 6.14 1.481 20.1 57% 43%

Table 3-2. Hydrologic model flow metrics compared to Scriber Creek (10/1/2001 — 9/30/2009).

Figure 3-5.
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Flow duration curve comparison -- Perrinville hydrology model and Scriber Creek.
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Another important hydrologic indicator is peak flows. Trends in peak flow history have
been used as one method to document the potential effect of stormwater on urban
streams (Figure 3-6). This particular example, using data from the Mercer Creek gage,
shows annual peak flows relative to a trend line based on the 10-year moving average.
This type of analysis can help identify time periods of considerable change, which can
often be correlated with urban development (i.e., increased impervious cover) or other
watershed activities such as BMP implementation.

Mercer Creek near Bellevue
Peak Flow History
USGS Gage: 12120000

10-Year Average
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Figure 3-6. Peak flow history -- Mercer Creek.

With respect to Perrinville Creek, a key part of the modeling analysis is the identification
of peak flow recurrence intervals; a critical consideration both for development of
hydrologic targets and for establishing BMP design conditions. Important recurrence
intervals include the 2-year peak (typically associated with the channel forming event
and referenced in Ecology’s stormwater permits for establishing flow control standards)

and the 50-year peak (also referenced in Ecology’s stormwater permit). These values
are summarized in Table 3-3 and Figure 3-7.

Table 3-3. Perrinville hydrologic model peak flow summary (WY 1949 — 2009).

Recurrence Peak Flow
Interval (cfs) | (cfs/mi.?)
2-year 55.6 45.2
10-year 101.8 82.7
50-year 146.5 119.1
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Perrinville Hydrology Model
Peak Flow Analysis
(WY 1948 - 2009)
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Figure 3-7. Perrinville hydrologic model peak flow summary (WY 1949 — 2009).
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Cumulative
Antecedent Dry Cumulative Event |Peak Volume
Event Begin Date End Date Period (hours) Duration (hours) Rain (inches) (in)
1 11/02/13 11:15 AM | 11/02/13 02:00 PM 59.3 2.8 0.97 0.51
2 11/07/13 03:45 AM | 11/07/13 10:15 AM 31.3 6.5 0.66 0.47
3 11/19/13 01:15 AM | 11/19/13 05:00 AM 75.3 3.8 0.73 0.25
4 01/11/14 10:45 AM | 01/11/14 01:15 PM 42.0 2.5 1.34 0.33
5 01/28/14 09:45 PM | 01/29/14 04:30 AM 391.7 6.8 1.05 0.68
6 02/16/14 04:30 PM | 02/17/14 12:15 AM 22.2 7.7 1.02 0.98
7 03/04/14 04:45 AM | 03/06/14 02:45 PM 18.7 58.0 2.44 2.38
8 03/08/14 11:45 AM | 03/10/14 03:30 AM 45.0 39.7 1.83 1.77
9 03/15/14 04:30 PM | 03/17/14 01:45 AM 26.5 33.2 1.71 1.68

Rainfall events analyzed for WWHM calibration

Inches

7.0

6.0

5.0 4

4.0 -

3.0 -

2.0

1.0 -

0.0 -

Perrinville Creek Precipitation Gauge Comparison (1991-2011)

Jan Feb Mar

Apr

May

Jun  Jul

Aug

Sep Oct

Nov Dec

m Everett Rain
Gage (in)

H Alderwood
Rain Gage (in)

Comparison of long term WWHM Everett Rainfall (in) and Alderwood rainfall

D-2




Appendix D — Flow Calibration Data Collection

¥
T

@ w

-‘I';I.'.' ll-

L AN N AR R

Pernnville Sub-Basins
-
L J "_ City Boundary

Basins Contributing to Flow Monitoring
Edmonds Gage

Lynnwood Gage

ST ——
.‘-' r"f - - EXEENKE
i il T

S

LN
[

Subbasins Contributing to Independent Flow Monitoring Locations Used for WWHM calibration.

D-3



12

10

Discharge (CFS)

Edmonds Gauge - Event Peak Discharge

m Observed Peak

m Calibrated Peak
= Uncalibrated Peak

Eventl Event2 Event3 Event4 Event5 Event6 Event7 Event8 Event9

Edmonds Gauge - Event Volume

m Observed Volume
m Calibrated Volume
m Uncalibrated Volume

Volume (AC-FT)

Event 1 Event 2 Event 3 Event 4 Event5 Event 6 Event 7 Event 8 Event 9

D-4




Appendix D — Flow Calibration Data Collection

Lynnwood Gauge - Event Peak Discharge

m Observed Peak

m Calibrated Peak

= Uncalibrated Peak

210

Eventl Event2 Event3 Event4 Event5 Event6 Event7 Event8 Event9

~

Lynnwood Gauge - Event Volume

m Observed Volume

o o

m Calibrated Volume

m Uncalibrated Volume

o

N W

Event Volume (AC-FT)

Event 1 Event 2 Event 3 Event 4 Event5 Event 6 Event 7 Event 8 Event 9

D-5






Perrinville Creek Watershed, WA

Flow Monitoring Report
Stormwater Flow Monitoring, Winter 2013/2014

Period of Record
October 31, 2013 — March 31, 2014

Final Report Submitted to:
Tetra-Tech
April 10, 2014




4455 South 134" Place o Tukwila, WA 98168

ABS Phone: 206.762.5070 e Fax: 206.762.5077
« LLC

www.adsenv.com

___________________VADS

April 10, 2014

Rick Schaefer

Tetra Tech Inc.

1420 Fifth Ave, Suite 550
Seattle, WA 98101

P: 206.389.4995
rick.schaefer@tetratech.com

Re:  Perrinville Creek Stormwater Flow Reduction Retrofit Study Final Report

Dear Mr. Schaefer,
Thank you for the opportunity to complete this flow monitoring work effort in the Perrinville

Creek watershed adjacent to Edmonds and Lynnwood WA.

Please find attached the electronic report containing the analysis and results for the data set

collected in the City’s storm sewer system from October 31, 2013 — March 31, 2014.

Rick, we certainly look forward to other opportunities to work with Tetra Tech on
stormwater projects as they arise. If you have any questions regarding the content of this

report, please do not hesitate to call Mike Pina at (206) 762 5070.

Sincerely,
W X
Gillian Woodward P.E.
Senior Project Engineer

(206) 255-6904

ADS Environmental Services
gwoodward@idexcorp.com
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ENVIRONMENT, . .
YADS - H745% ADS Site Report Quality Form
Project Name: Edmonds Storm Water 2013-14 City / State: Edmonds, WA FM Initials: gQ\N\/
Site Name: Edmonds 5-212 | Monitor Series: 5000 AG  |Monitor SIN: 20085
Address/Location: Just North of Post Office Manhole # 5'2012' - —— _
(7601 Olympic View Dr) on 76" Ave W G.PS _ 47°49'57.84"N,122°20'15.12"W
Pipe Height: 18.13"
Access: Type of | Sanitary Storm Combined Pipe Width: 18.00"
Drive System: IP Address: 166.219.168.145
— === ' : b
l. i P — R
o e I'K. &
Sitelocati% - l"":".:- b \ |
. b A
_.:. - d -
= - i s O .'f:::l s
fees . , — - A% 4 &
Access Map N e

Investigation Information:

Date/Time of Investigation: 10/30/13 @ 11:20

Manhole Information:

4

Manhole Depth:

Site Hydraulics: Clear low flow with ripples

Manhole Material /

Condition Concrete / Good

Upstream Input: (L/S, P/S) Catch basin and storm drains

Pipe Material / Condition: Concrete / Good

Upstream Manhole: 1inlet / 1 outlet Mini System Residential [ Commercial Industrial Trunk
Character: X X

Downstream Manhole: 2inlets / 1 outlet (catch basin) Telephone Information: Does not apply

Depth of Flow: 1.25" +/-0.25" Access Pole #: Does not apply

Range (Air DOF): 16.88"+/- 0.25" Distance From Manhole: Does not apply Feet

Peak Velocity: 0.50 fps Road Cut Length: Does not apply Feet

Silt: 0.00" Inches Trench Length: Does not apply Feet

Other Information:

e

deep

M.H 4 ft.
Pipe 18.13" X 18.00"
diameter,

o
-

>

A~
«
N ¢=— |V y

Cross Section

Qutlet
18.00" x 18.00"

Sideline

18.13" x 18.00"

Planar Nf

Installation Information

Backup Yes No ? Distance
Installation Type: Standard Trunk
Sensors Devices: U, V, P Lift / Pump Station [ ] [ ] ||
Surcharge Height: 3 Feet WWTP
Rain Guage Zone: NA Other L] [ ] [X] | DIs storm outfall

Additional Site Information / Comments:

QF 675007 Rev A0
Effective Date 09/09/2003

Uncontrolled Copy

Page 1 of 2



ENVIRONMENTAL

SERVICES " Quality Form

ADS ADS Site Report

Flow Monitoring Site Safety Plan
Project Name: Edmonds Stormwater 2013-14 | Site ID: Edmonds_5-212 | Site Classification: (see below)
Note: Class 5 Site Safety Plans must be approved by the Corporate Safety Manager

* Hazards found at this site (Discuss checked items below)

Type # Special Hazard
Communications 1 The site is in a communications “Dead-Zone” [ ]
2 The site is located in or adjacent to an intersection
. 3 The site is located on hill, curve, or where motorists visibility of the site or other vehicles is reduced :
Traffic 4 The site is located ina high speed (>45MPH) or high density roadway roadway
5 Site traffic is congested at peak hours [ ]
Access 6 Site has access obstacles (rough terrain, fences, deep easement, etc.)
7 Worksite contains hazards (terrain, slope, obstructions, etc.) L |
) 8 Elevated work requiring a ladder / work near an unguarded edge. Raised manhole (indicate height below) | |
Worksite 9 Pedestrian control necessary as the site is located in or near a walkway, school, playground, etc.
10 Work may be performed during darkness; requiring additional site lighting [ ]
11 Site is located in a high crime area (check with client & local authorities if unsure)
12 Confined Space does not have useable rungs | |
13 Confined Space depth is greater than 50 feet
14 Confined Space has internal platforms, weirs or other obstructions that interfere with or prevent unobstructed O
Confined Space vertical retrieval
15 Work requires lateral movement that would interfere with or prevent unobstructed vertical retrieval
16 Flow is hazardous due to depth, velocity, pipe diameter, or is industrial process flow | |
17 Confined Space subject to surcharge during / after a rain event | X
18 CO, H2S, low O2 or other toxic / flammable gases present or anticipated
Confined Space has active drop connections

* Hazards found at this site (Discuss checked items below)

Drain line is subject to surcharge contact Field Manager during or immediately after a rain event for permission to enter site

* Site Classification

Class Description

X 1 2-per