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EXECUTIVE SUMMARY

The Laughing Jacobs Basin Plan describes and evaluates the natural and built conditions of the
basin to identify opportunities to improve the basin’s quality. Conceptual projects are developed
from these opportunities satisfying the City of Sammamish’s goal to use basin planning to
allocate limited resources to address priority problems and opportunities.

The Laughing Jacobs Basin supports some of the few sphagnum-dominated peatland wetlands in
King County and provides Lake Sammamish Kokanee with spawning areas. The headwaters of
the basin begin at Beaver Lake and its tributaries; however, this region will be analyzed at a
different time and is not discussed in this Basin Plan. Laughing Jacobs Creek connects a portion
of the East Lake Sammamish Plateau and cascades down the hillside to its discharge location at
Lake Sammamish. Sphagnum wetlands exist in the upper basin and contribute to the diversity of
the basin’s ecosystem. Lower reaches of the creek have historically supported kokanee
spawning.

Public engagement and feedback identified aspects of the basin that present value to residents
and areas where improvement is desired. A problems and opportunities assessment narrowed
comments and concerns to specific attributes where improvements could benefit the basin.
Potential solutions are proposed in the form of conceptual projects supported by hydrologic
modeling efforts. Projects provide water quality improvements, benefits to native habitats,
climate change resilience, and other environmental benefits. Projects are ranked in accordance
with the City of Sammamish’s Capital Improvement Project prioritization process. The total cost
of the six proposed projects is approximately 2.7 million dollars. However, implementation of
any of the projects will benefit the basin.

Proposed projects include:

e Construction of bioretention systems to treat stormwater runoff tributary to two
sphagnum bogs,

e Installation of compact roadway stormwater treatment devices,
e Riparian vegetation restoration, and

e Engineered hyporheic zone augmentation.
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1. INTRODUCTION

The City of Sammamish (City) uses basin planning to assess the physical and biological
conditions of watersheds in the City and to develop solutions to mitigate identified
issues. The NPDES Municipal Stormwater Permit requires the implementation of a
stormwater planning program to inform and assist in the development of policies and
strategies as water quality management tools to protect receiving waters. The City’s
comprehensive plan (City of Sammamish, 2018) and the Storm and Surface Water
Management Comprehensive Plan (City of Sammamish, October 2016) both identify a
goal to use basin planning to allocate limited resources to address priority problems and
opportunities.

The Laughing Jacobs Basin drains approximately 4.1 square miles of area at the south
end of the East Lake Sammamish Plateau. Most of the basin lies within the City;
however, a portion of the lower basin extends into the City of Issaquah including the
mouth of the Laughing Jacobs Creek which discharges to Lake Sammamish. Although
Beaver Lake and areas tributary to Beaver Lake are the headwaters of the Laughing
Jacobs Basin, these areas are not included in this Laughing Jacobs Basin Plan (Basin
Plan); a separate planning effort will focus on these areas. The basin is depicted in
Figure 1-1.
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Figure 1-1. Laughing Jacobs Basin

The Laughing Jacobs Basin encompasses residential areas, schools, parks, and shopping
centers that support the residents of both Sammamish and Issaquah. Unique species rely
on the natural habitat of the basin, such as sphagnum moss and kokanee salmon.
Sammamish and Issaquah partnered to identify ways to protect and repair the natural
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environment within the Laughing Jacobs Basin. Specifically, the Basin Plan was
developed with the following objectives:

e Watershed characterization, including regulatory drivers, incorporating
existing data, and providing new data from water quality monitoring,
stream and wetland hydrology monitoring, geomorphic surveys, fish
passages, basin and sub-basin delineation, and channel cross-sections;

e Public outreach, including community involvement via survey feedback
and public meetings;

e Problems and opportunities identification, defining values and providing
risk analysis;

e Targeted modeling and alternatives development, considering natural
systems, linkages, and infrastructure;

e (Capital Improvement Project (CIP) identification and prioritization; and

e Delivery of a final basin plan which provides a transparent
documentation of processes, decisions, and proposed projects

The basin planning effort was operated as a series of Topic Areas outlined in the Project
Management Plan (Appendix A). Topic Areas included watershed characterization,
public outreach, water quality monitoring, problems and opportunities identification,
modeling, project identification and prioritization, and conceptual design development.
These efforts were compiled into this Basin Plan for presentation. The Laughing Jacobs
Basin extends beyond the City of Sammamish into the City of Issaquah. This Basin
Plan was developed in collaboration with the City of Issaquah to analyze the physical
and biological conditions of the basin within both cities and to present opportunities
beneficial to both cities.
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2. WATERSHED SETTING

2.1 Background

Environmental Science Associates (ESA) drafted a memorandum to characterize
physical, biological, and water quality conditions in the Laughing Jacobs Basin. This
section highlights key points in ESA’s memorandum, which is included in Appendix B.

2.2 Previous Studies

Previous studies have focused on the assessment and restoration of East Lake
Sammamish tributary streams and the associated basin. The following are key studies
listed in ESA’s memorandum:

e Blueprint for the Restoration of Lake Sammamish Kokanee Tributaries
(2014)

e Ecological Survey of “Late-Run” Kokanee in Lake Sammamish, 2016
(published 2017)

e C(City of Issaquah State of Our Waters (2011)
e City of Issaquah Stream and Riparian Areas Restoration Plan (2006)

e C(City of Sammamish Shoreline Master Program (SMP) Update, Final
Shoreline Restoration Plan (2008)

e Lake Sammamish State Park Wetland, Stream, and Lakeshore
Restoration Plan (2005)

¢ Final East Lake Sammamish Basin and Nonpoint Action Plan (1994)

2.3 Regulatory drivers
2.3.1 Surface Water

Surface water quality in the State of Washington is regulated by Washington
Administrative Code (WAC) 173-201A (WAC, 2021a). Specific criteria for water
quality standards based on designated use are outlined in WAC 173-201A-200.
Laughing Jacobs Creek is a designated core summer salmonid habitat. The aquatic life
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temperature criterion for this use classification requires a 7-day average of the daily
maximum of 16°C or less (WAC, 2021b).

Based on previous monitoring efforts further described in Section 2.7.1, Laughing
Jacobs Basin Creek is listed under Clean Water Act (CWA) Section 303(d). Water
bodies that are listed under CWA 303(d) are also known as Category 5 water bodies
under Washington’s Water Quality Assessment categories. A Category 5 water body is
defined as a polluted water body that requires a water improvement project (Ecology,
2018).

2.3.2 Groundwater

Regulations exist which protect the integrity of the groundwater within the Laughing
Jacobs Basin, which is a domestic water supply. Protection of groundwater is enforced
through Wellhead Protection Areas (WHPAs) and Critical Aquifer Recharge Areas
(CARAS).

WAC 246-290-135 Source Water Protection requires purveyors of water systems using
groundwater sources to implement a Wellhead Protection Plan (WHPP). The WHPP
must include the delineation of WHPAS for each well with a 1-, 5-, and 10-year time of
travel boundary (WAC, 2021c¢).

Municipal codes for both the City of Sammamish and the City of Issaquah require
establishment and protection of CARAs within the Laughing Jacobs Basin. CARAs are
critical areas that must be protected such that the integrity of groundwater quality is
conserved. Municipal codes require demonstration that contaminants will not enter the
aquifer due to development activity. CARAs are regulated in the City of Sammamish
under Sammamish Municipal Code (SMC) 21.03.020.X. Critical Aquifer Recharge
Areas — Development Standards (SMC, 2021a) and CARAs are regulated in the City of
Issaquah under Issaquah Municipal Code 13.29 Groundwater Quality Protection
Standards (IMC, 2021).

2.3.3 City Ordinances and Plans

The City has plans and ordinances to help regulate development to mitigate adverse
effects to environmentally sensitive areas. These include:

e The Environmentally Critical Areas Ordinance (SMC Chapter
21.03.020), which provides standards for developments near wetlands,
streams, and other fish and wildlife habitat areas, geologically hazardous
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areas, critical aquifer recharge areas, and frequently flooded areas. Since
the ordinance was established, developments have implemented better
measures to detain and treat stormwater runoff, which generally
discharges to receiving waters within the Laughing Jacobs Basin (SMC,
2021b).

e The Stormwater Capital Improvement Plan (CIP), which was
adopted in 2016 through the passage of Resolution R2016-688. The CIP
prioritizes stormwater projects and programs, including sequenced basin
planning efforts, including for the Laughing Jacobs Basin plan (City of
Sammamish, 2016a).

e The Storm and Surface Water Management Comprehensive Plan
(SSWMCP), which was also developed and adopted by the City in 2016.
The SSMCP provides direction for management of the City’s surface and
stormwater system and elaborates on the City’s general 2015
Comprehensive Plan (see below). It also provides framework through
which the City ensures consistency with National Pollutant Discharge
Elimination System (NPDES) permit requirements. Among its goals are
using drainage basin planning to address priority problems and
opportunities and promoting the recovery of Lake Sammamish Kokanee
and other threatened or endangered salmonids (City of Sammamish,
2016Db).

e The City of Sammamish’s Comprehensive Plan, which includes goals
and policies that are directly relevant to the management of surface water
resources and stormwater infrastructure. These goals and policies, and
the implementing framework provided by the 2016 SSWMCP, provide
primary policy and planning direction for the City’s basin planning
efforts (City of Sammamish, 2018).

2.4 Physical Setting
2.4.1 Topography and Drainage Network

The Laughing Jacobs Basin begins on the southern side of the East Lake Sammamish
Plateau, where Laughing Jacobs Creek gradually slopes before entering a steep
bedrock-based ravine to the south. The creek has a series of waterfalls throughout the
ravine. The topography then transitions to low gradient lake fringe topography.
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The Laughing Jacobs Basin drainage network incorporates Laughing Jacobs Creek’s
mainstem channel, tributary streams, associated wetlands, and Laughing Jacobs Lake.
The basin extends from the headwaters to the mainstem to the point where it enters
Lake Sammamish.

2.4.2 Climate

Flows are influenced by the climate, which are typical of the Puget Sound Region with
wet winters and dry summers. Accelerated climate change is expected to increase
rainfall intensity and alter the seasons, which may change the timing of seasonal peaks
and increase the magnitude of peak flows.

2.4.3 Geology

The Laughing Jacobs Basin is located within the Puget Lowland region, which is a
broad, relatively low elevation area. The geology has been impacted by multiple
glaciations, with the last glaciation, the Vashon Stade of the Fraser glaciation, having
the most influence. The area generally has a mix of glacial and postglacial sediments
over Tertiary bedrock. As glaciers retreat, they can leave behind low-lying areas that
form lakes. These lakes often form into bog wetlands when they have conditions that
allow the growth of sphagnum mosses.

The Laughing Jacobs Basin has landslide and earthquake hazards. A landslide hazard
area and a landslide hazard drainage area are located in the area around the mainstem
between Providence Point Place SE and East Lake Sammamish Parkway SE. A
landslide hazard area is an area where landslides pose a direct hazard, whereas a
landslide drainage area is an area where overland flows pose a threat due to its
proximity to a landslide hazard area.

Groundwater withdrawals in Sammamish are generally managed by the Sammamish
Plateau Water and Sewer District. The Laughing Jacobs Basin is located within the
Plateau Zone of the Sammamish Plateau Water service, which draws its water from two
aquifers, the Plateau Aquifer and the Issaquah Valley Aquifer. WHPAs have been
mapped out and CARAs have been identified. The CARAs have critical recharging
effects on the aquifers, and are susceptible to groundwater contamination, which affects
the quality of potable water. Supply forecasts have revealed that there may not be
sufficient supply of water for the predicted system if Sammamish Plateau Water does
not expand its sources.
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2.5 Land Cover and Built Environment

Prior to development, the dominant land cover type was late-stage coniferous forest
with unique shrub-dominated areas likely occurring in the bog wetland areas.
Development has replaced much of this land cover type with less mature and non-native
plant communities as well as non-native vegetation. The two predominant land cover
types in the Laughing Jacobs Basin are forest (48.2%) and developed (25.0%).
Wetlands account for 5.5% of the land cover.

Within the City of Sammamish, the dominant land uses include lower intensity
residential, publicly owned park lands, and protected open space. Other land uses
include institutional use, moderate to higher intensity residential, and commercial and
business uses. The majority of lots are owner-occupied, meaning any redevelopment
that occurs will most likely be incremental. This will reduce the amount of forest cover
and increase impervious cover, which would increase the peak flows and decrease the
base flows of streams in the Laughing Jacobs Basin. Large tracts of undeveloped forest
appear to be well protected, including three large parks: Sammamish State Park,
Klahanie Park, and Beaver Lake Park. The three parks all have high functioning
wetland and riparian areas.

Tabular summaries of both the land cover types and the built environment are detailed
in Appendix B.

2.6 Surface Water and Floodplains

Flooding has been a problem in the past as uncontrolled runoff from developed areas
and several landslides in the Laughing Jacobs Ravine have resulted in sedimentation
leading to loss of channel conveyance in the lower reaches. Improvements in
stormwater detention and conveyance have helped alleviate the problem in the lower
basin, although localized flooding still occurs in some reaches.

Analysis of the City of Sammamish geographic information system (GIS) has identified
a total of 32 wetlands within the Laughing Jacobs Basin, with the upper basin having
the most wetland acreage. The types of wetlands found include riparian wetlands,
depressional wetlands, and bogs. Bogs are wetlands that have formed from lakes that
have been filled over millennia by plant growth and sedimentation. The peat present in
bogs absorbs water, which can provide functions to the streams. One function is the
ability to provide slow release of cool water to streams during the drier summer season
and another is to prevent flooding.
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Riparian buffer zones in the basin are generally well vegetated. ESA defined riparian
areas as the 150-foot buffer on each side of a stream and analyzed these areas via GIS.
Forested areas make up 57.5% of the riparian areas while developed areas make up
8.0% of the areas.

2.7 Water Quality Monitoring
2.7.1 Previous Efforts

The Laughing Jacobs Basin was previously studied as part of the East Lake Sammamish
Basin Plan and Nonpoint Action Plan (King County, 1994). In that study, several
development-related concerns were noted in the Laughing Jacobs sub-basin, including
erosion and sediment deposition in stream channels, flooding over roads, and degraded
water quality with nutrient and bacteria exceedances in surface water bodies. Several
high-quality wetlands were also identified in the basin and were considered sensitive to
human disturbance and fluctuations in water level.

King County has historically conducted water quality monitoring at several locations
within the Laughing Jacobs Basin. The data are accessible through the Washington
Department of Ecology’s (Ecology’s) Environmental Information Management System
database (Ecology, 2019).

Based on data collected for these studies, Laughing Jacobs Creek is listed as an

impaired water body under Clean Water Act (CWA) Section 303(d) for the following
parameters (Ecology, 2016):

e Temperature (Listing ID 72595), based on data collected between 2006
and 2010;

e DO (Listing ID 47948), based on data from 2003 and 2004;
e Bacteria (Listing ID 15755), based on data from 1987 through 2012; and
e Bioassessment (Listing ID 70115), based on data 2006 through 2010.
2.7.2 Geosyntec’s Monitoring Efforts
Geosyntec installed four monitoring stations: two within the Laughing Jacobs Creek

and two within bogs. The four monitoring stations continuously logged temperature and
water pressure, which was used with ambient air pressure to calculate water stages at
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the stations. Field measurements of stage, temperature, specific conductance, and pH
were taken at each station and grab samples were taken at the bogs to measure for
inorganic anions, metals, ammonia, carbonate, and bicarbonate. Monitoring methods are
detailed in Section 4.

2.8 Fish Use

Most of Laughing Jacobs Creek is classified by WDNR as fish habitat in the Forest
Practices Fish Habitat Water Type database. The species of fish include, but are not
limited to, kokanee salmon, coho salmon, and cutthroat trout. A waterfall at River Mile
(RM) 0.97 acts as a natural fish barrier that prevents kokanee salmon, coho salmon, and
certain forms of cutthroat trout from traveling upstream.

Kokanee salmon are generally found in the lower reaches of Laughing Jacobs Creek
from RM 0.2 to RM 0.8. Kokanee salmon are a non-anadromous form of sockeye
salmon, meaning they spend their entire life in fresh water. The number of kokanee
salmon that spawn in Laughing Jacobs Creek varies from year to year. Spawning season
typically occurs from late October through January with most spawning occurring in
November and December.

Puget Sound coho salmon have been documented from the mouth of Laughing Jacobs
Creek to RM 0.97. Despite stable population trends, coho salmon may be threatened
due to concerns of genetic, environmental, and habitat conditions. Adult coho salmon
enter fresh water from mid-September to mid-November and spawn from mid-to-late
October to mid-December. Spawning typically occurs from the mouth of Laughing
Jacobs Creek to a point approximately 1,300 feet upstream.

Cutthroat trout exist in many forms within the Lake Sammamish/Lake Washington
system and occur in most of the mainstem of Laughing Jacobs Creek. These forms
include adfluvial, anadromous, and stream-resident forms. Adfluvial forms migrate
between streams and lakes and are likely present downstream of the natural barrier
waterfall on the mainstem at RM 0.97. Anadromous forms migrate between freshwater
and saltwater and are likely present downstream of RM 0.97. Stream-resident cutthroat
trout typically reside in low-velocity large pools or side channels and spawn in small
tributary streams. Stream-resident forms have been documented throughout the
mainstem of Laughing Jacobs Creek.
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2.9 Wildlife

Wildlife in the Laughing Jacob Basin generally varies based on primary vegetation
cover:

e Urban matrix: consists of a mix of buildings, asphalt, ornamental
gardens, lawns, and shrubby/grassy areas with scattered, and includes the
following species: European starlings, American robins, American
crows, dark-eyed juncos, spotted towhees, house finches, house
sparrows, black-capped chickadees, opossums, raccoons, deer mice, and
Norway rats.

e Deciduous tree cover: includes a variety of songbirds and raptors, small
mammals, deer, amphibians, and reptiles.

e Coniferous tree cover: includes ruby-crowned kinglets, Steller’s jays,
red-breasted nuthatches, pileated woodpeckers, vagrant shrews, and
shrew-moles. Coniferous trees continue to provide cover for birds
through the winter. These birds include black-capped chickadees,
Steller’s jays, American robins, and song sparrows.

e Wetlands: includes great blue herons, mallards, Canada geese, belted
kingfishers, red-winged blackbirds, willow flycatchers, Bewick’s wrens,
Pacific treefrogs, and western terrestrial and common garter snakes.
Riparian wetlands provide habitat for beavers, muskrats, and long-toed
salamanders. Reed canary-grass dominated wetlands species include
Canada geese, striped skunks, long-tailed weasels, creeping voles,
Townsend’s moles, vagrant shrews, Townsend’s voles, and northwestern
garter snakes. Red-tailed hawks and northern harriers may hunt for prey
in these areas. Mallards, gadwalls, buffleheads, and other waterfowl are
found in open water portions and may also use the emergent wetlands
with the Laughing Jacobs Basin.

Priority Habitats and Species (PHS) that occur within or immediately adjacent to the
Laughing Jacobs Basin include the Townsend’s big-eared Bat, Yuma Myotis, and the
Little Brown Bat. A review of PHS data also identified a Waterfowl Concentration on
Lake Sammamish, immediately adjacent to the inlet of Laughing Jacobs Creek.

Evidence of beaver activity is occasionally observed within the basin. Beavers may
improve or maintain healthy watersheds through the creation of their dams. Beaver
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dams have been shown to reduce velocity, promote channel building and floodplain
reconnection, and increase aquifer and groundwater recharge, which can reduce summer
stream temperatures. However, maintenance of culverts within the City has required
periodic beaver and beaver dam removal to reduce flooding hazards.

2.10 Field Assessment

A field assessment was conducted using data collected from creek walks on April 29,
April 30, and May 2, 2019 and a wetland conditions assessment conducted on July 8,
2019. Select stream reaches determined to be representative of the larger basin were
walked and assessed for geomorphology and habitat conditions.

Daily streamflow data were obtained from King County Station 15C, which is located
on Laughing Jacobs Creek by East Lake Sammamish Parkway. The measured
streamflow at the King County gage on dates, April 29, 30, and May 2, 2019 was 1.7,
1.6, and 1.4 cubic feet per second (cfs), respectively (King County, 2019). The decrease
in streamflow between April 30 and May 2 was observed as reaches of Laughing Jacobs
Creek north of the Laughing Jacobs Lake were partially dry as was the west tributary to
Laughing Jacobs Lake on May 2, 2019.

Laughing Jacobs Creek is partially located in developed areas and utilizes culverts to
maintain conveyance of the mainstem through these areas. Washington Department of
Fish and Wildlife (WDFW) has evaluated some of these culverts based on their
potential to act as a barrier for fish migration; relevant assessments are included in
Appendix B. In addition, ESA evaluated culverts that have not yet been classified by
WDFW. ESA’s evaluation identified flooding potential near stream crossings due to
limited freeboard, downstream erosion, and backwatering effects at some culverts.

Historic channelization of segments of Laughing Jacobs Creek has led to limited
connectivity between the channel and floodplain areas. A segment of the creek channel
immediately downstream of Laughing Jacobs Lake was straightened, likely for
agricultural reasons, and discharges to a wetland. Straightening of this channel segment
has likely increased the velocity of the water and decreased the residence time inside the
wetland, impairing the wetland’s ability to improve water quality and detain flow.

Multiple bogs exist within the Laughing Jacobs Basin and provide a variety of functions
to the health of the basin. The bogs have very deep layers of organic soil, which provide
storage to prevent flooding as well as the ability to filter pollutants from stormwater.
Vegetative cover and root systems provide additional filtration of pollutants from
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stormwater. Chemistry of bog complexes may be altered if the water quality influent to
the bog changes. Historical agricultural activity and direct discharge of roadway runoff
to the bog complex along SE 24th Street may have adversely affected the bog chemistry
limiting the presence of native bog species. This is evident by the monoculture of
Douglas’ spirea covering most of the bog; however, a central portion of the bog remains
dominated by bog-tolerant species. In contrast, Queen’s Bog, a wetland that is drained
by the East Tributary to Laughing Jacobs Basin, has a buffer of intact forest around
most of its perimeter. Several bog-tolerant species are present within the wetland,
including peat moss, which is a moss subclass that is very sensitive to hydrologic and
chemical disturbance.

ESA determined the basin is near thresholds for degradation based on the percent of
impervious area; however, the stream channel did not show signs of significant erosion.
Review of available data revealed no significant increases in peak flow magnitudes,
durations, and frequencies. This is attributed to several factors, including the presence
of wetlands and the fact that riparian buffers have largely been excluded from
development. Much of the mainstem of the channel has a slight gradient and great
connectivity to flood plains except for some canyon reaches in the lower subbasin.
Erosion observed was determined to likely be due to historic channelization and
straightening for agricultural purposes.
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3. PUBLIC OUTREACH

The following section summarizes the public outreach efforts led by Cascadia
Consulting Group (Cascadia) utilized to shape this Basin Plan. Feedback from residents
in Sammamish and Issaquah was essential to understanding primary concerns and the
priority of enhancements within the basin. Outreach primarily occurred during two
efforts, one in 2019 and one in 2021.

3.1 2019 Public Engagement

In 2019, the City engaged residents via survey and an open house in the first phase of
the public involvement process. This process was designed to engage residents and
provide them with ample opportunities to help identify projects related to natural areas,
flooding, drainage, and stream restoration. Since the priority projects in the basin plan
will shape neighborhoods for decades to come, it is important that they reflect
community values.

Cascadia collaborated with City staff to design a public survey and plan an open house.
Survey and open house goals were:

e Inform the public about the Laughing Jacobs Basin and basin planning
process and build excitement and sense of ownership among the
community for their watershed.

e (QGather feedback on concerns, interests, and priorities for drainage,
stormwater, and natural resources management in Laughing Jacobs
Basin to inform the development of the basin plan.

e Identify priority projects that reflect community values and will help
reduce flooding and preserve natural areas in the basin.

e Gather information about specific locations with standing water or
flooding issues that priority projects could help address.

The following subsections summarize the structure and outcomes of the survey and
open house. A memorandum from Cascadia, referred to as the Laughing Jacobs Basin
Plan Public Engagement Summary (Public Engagement Memo), details the 2019 public
engagement effort and is included in Appendix C.

Laughing Jacobs Basin Plan 14 May 2022



Geosyntec®

consultants

3.1.1 Survey

Cascadia developed a survey and distributed to residents via paper copy and online
using SurveyMonkey. The survey asked residents questions about their priorities for the
Laughing Jacobs Basin, basin planning, and flooding or stormwater concerns. The
survey is attached to the Public Engagement Memo included in Appendix C.

Cascadia used a list of addresses within the Basin boundary provided by the City to
mail paper surveys, including the link to the online survey, in late April 2019. Surveys
reached 3,063 residents in the Sammamish and Issaquah area. In the early stages of data
analysis, Cascadia found that all respondents identified as homeowners. Cascadia
reviewed data to better understand this result and realized that the addresses used were
for property owners rather than property locations, indicating that home renters were
generally excluded from the distribution. To address this issue and help ensure an
equitable approach, Cascadia mailed 329 postcards with the online survey link in late
June 2019 to property addresses that were different than the address listed for the
property owner. Cascadia also made the paper and online surveys (on iPads) available
for completion at the open house.

The online survey closed on July 12, 2019. The total number of survey respondents
from both paper and online surveys was 465 (approximately 14 percent return rate). Out
of this total, 170 surveys were completed online, and 295 surveys were returned in
paper format, including those completed at the open house.

3.1.2 Open House

The City hosted an open house on June 13, 2019 to share information about the basin
plan, preliminary results from the survey, and to gather more input from residents.
Fifteen people attended the open house, which was fewer than desired, despite
promotional and marketing efforts that included a postcard invitation sent to the same
mailing list used in the paper survey as well as email announcements to a suite of
community organizations and schools.

Attendees engaged with materials and questions presented at different stations using
display boards. These stations were intended to generate an understanding of public
priorities for basin improvements in different areas of the watershed. A copy of the
display board results is included in the Public Engagement Memo in Appendix C for
reference.
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3.1.3 [Engagement Analysis

The following analysis summarizes the compiled survey and open house results and
presents associated graphical summaries, maps, and key themes. Note that results are
presented in order of the open house stations to follow the logical story arc, and the
corresponding survey questions are noted.

3.1.3.1 Priorities for Natural Area Preservation and Public Access

Station 2 asked open house attendees to indicate which locations they would
recommend for natural area preservation, which would restrict public access, and which
locations they would recommend keeping open for public access. This station
corresponded to survey questions 2-4 (Q2-4).

Q2 asked respondents to indicate their preference for using potential projects to
preserve natural area and restrict public access or to create opportunities for public use
of open space. Respondents indicated their preferences using a 1-10 scale, with 1
indicating Full protection: No public access and 10 indicating No protection: Full public
access.

The survey responses were well-distributed among the scale. A fair amount of people
(13%) felt strongly about full protection compared to fewer people who preferred full
public access (5%). However, overall, the mean response was found to be in the middle
(mean=5.1). This indicates that while some people have strong preferences, a general
balance between environmental preservation and human access to these spaces should
be considered in the Laughing Jacobs Basin. Figure 3-1 shows the distribution and
mean of responses.
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Preferences for protection versus public access to natural areas
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Figure 3-1. Public Access of Natural Areas

The survey asked respondents to identify specific areas where they thought public
access should be restricted in an open-ended question format (Q3). Responses are
grouped by common themes, summarized in Table 3-1.

The majority of people commented that public access should be restricted in areas
where water systems such as lakes, wetlands, and shorelines were present. The next
themes with the greatest number of responses were wildlife habitat and natural or
sensitive areas. These data underscore that people support minimal human access to
preserve naturally functioning ecosystems. Table 3-1 shows the themes and associated
responses. In addition, some comments that reflect each theme are shown in italics and
quotations.
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Theme Number of Comments
Responses
Water Systems (e.g., lakes, wetlands,
shorelines, streams). “Ponds, streams and wetlands that have
Responses mentioned: returning nesting for wildlife (ducks, frogs,
e Beaver Lake mammals and reptiles).”
e  Hazel Wolf Wetland 69
. “I think every development should have a
e Klahanie Park . .
L hi bs Lak wetland area that is restricted, yet
¢ aughing Jacobs Lake surrounded by a trail open to general
e Lake Sammamish public.”
e Queen’s Bog
“Any location where it is a critical habitat
for an endangered or at-risk animal. In
Wildlife Habitat 38 addition, we should protect and reduce
access to locations where we are
collecting and storing drinking water.”
Natural or Sensitive Areas “Environmentally sensitive areas where
o  Existing natural areas with little to the loss of habitat is threatened.”
no access
e Planted areas with dense, old, or 36 “Wetlands, Shorelines, Streams.
native growth Especially remove invasive problem plants
e Concern/mention of invasive such as purple loosestrife, ivy, and many
species others.”
Hazardous/Dangerous Areas . .
“Wetlands, rainwater basins, areas of
e Concerns for human safety due to )
8 danger due to floods/slides, or other
unstable ground and natural B
hazards
hazards
Residential and/or Private Property “ . . ”
Areas, specifically Rainbow Lake Ranch 8 New building should be restricted.
Walking, Hiking, and Biking Trails 4 Limit ”h/k/ng and preserve the protected
areas.
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Responses that did not fit into a clear theme
or included feedback that was not specific to
the question are listed below:
e Allareas
e Neutral as long as balance is “I don't know enough to answer this. Overall
achieved 26 | think there should be a balance between
e Unsure or not familiar enough to ensuring the health of the area and people
answer the question enjoying them.”

o Desire for data and/or feedback
from professionals (e.g., scientists)

e Skepticism of previous/future
development

e Pine Lake School
3.1.3.2 Full Public Access

The survey asked respondents in an open-ended question format to identify specific
areas where they thought public access should be maintained (Q4). We grouped these
responses into common themes, summarized in Table 3-2.

The greatest number of responses fall under recreational and current public access
areas. Many people felt that access to these areas enables people to appreciate nature
and expressed that proper management to maintain good condition is important.
Interestingly, the theme with the second most responses is water systems, which was the
top priority in restricting public access. These conflicting preferences suggest that a
balance needs to be met between these two approaches. Table 3-2 shows the themes and
associated responses. In addition, some comments that reflect each theme are shown in
italics and quotations.
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Theme Number of Comments
Responses
Recreational and Current Public “Trails to appreciate nature and wetlands are
Access Areas important so we remember the beauty.”
Responses mentioned: “Natural areas that can tolerate trials for
e Areas with opportunities for walking, bird watching, and other casual
environmental education 105 activities. But these areas need to be
e Duthie Hill monitored for damage and closed if needed.”
o Klahanie “Keep current parks open to public. Where
e Lake Sammamish State possible expand use of green spaces to light
Park recreational use.”
e Soaring Eagle “Areas with good educational value for kids.”
Water Systems (e.g., lakes,
wetlands, shorelines, streams),
specifically:
» BeaverLake “Each lake should have a viewing, fishing,
e Evans Creek 56 swimming area, observation areas into
e Hazel Wolf Wetlands wetlands to watch birds and animals, and new
e Lake Sammamish trails alongside water bodies.”
e Laughing Jacobs Lake
e Pine Lake
e Yellow Lake
Forests, woods, and fields 6 “Trails”, scenic areas, wooded or shaded
areas
Other
Responses that did not fit into a clear
theme or included feedback that was
not specific to the question are listed
below:
e Allareas
e Neutral as long as balance B o
is achieved ‘As long as we ma/nt.a/n a balance between
. the health of the environment and the
e Unsure or not familiar 24 . .
community being able to access these areas,
enough to answer the ) ,,
- I'm happy.
question

e  Desire for data and/or
feedback from professionals
(e.g., scientists)

e  Skepticism of
previous/future development

e Highland upper areas
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The map shown in Figure 3-2 illustrates locations that survey respondents and open
house attendees identified as places to keep open for public access and areas that should

be restricted for natural area preservation.
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3.1.4 Recreational Activities in the Laughing Jacobs Basin

Q5 asked respondents how often in the last year they did a variety of recreational
activities in the Laughing Jacobs Basin. The results are shown in Figure 3-3.

The online survey form did not require a response for each activity. As a result, some
respondents provided input for some activities and left other categories blank; blank
responses were not included in this analysis. The sample size represents respondents
who provided an answer to at least one of the recreational activities. Figure 3-3 provides

a summary of the distribution (n=452).

Frequency of recreational activities conducted in the past year in
Laughing Jacobs Basin

Go walking
on sidewalks |
e .

on trails in parks

ke s N

to take pictures

0 50 100 150 200 250 300 350 400 450 500

Number of Respondents (n=452)
*Blanks are excluded

Infrequently (<10) Somewhat frequently (10-30) .Veryfrequently (>30) .Never

Figure 3-3. Frequency of Recreational Activities

Station 2 at the open house presented a simpler variation of this question, only asking
which of the same recreational activities respondents had done in the last year in
Laughing Jacobs Basin. The results are portrayed in Table 3-3.
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Table 3-3. Activity Priorities.

Activity Number of Stickers
Visit a park 6
Go walking on sidewalks 6
Go walking/hiking on trails in parks 8
Go fishing 2
Go bicycling 4

2

3

Go to places to take pictures

The data indicate that walking or hiking on sidewalks and trails as well as visiting parks
are the recreational activities with the most frequent participation among survey
respondents and should be considered when prioritizing projects in the Laughing Jacobs
Basin.

3.1.5 Identification of Drainage Issues

Station 3 asked attendees to identify any locations where they have seen flooding, large
puddles, or other water issues in the basin. The corresponding survey questions Q6-10
asked respondents similar questions.

Responses to Q6 showed that 22 percent of respondents remembered seeing flooding or
large puddles near their home or neighborhood in the last year (n=465). These responses
present potential opportunities for drainage and flooding projects in this area. 65 percent
of residents said they did not see any flooding or large puddles, while 13 percent of
respondents could not remember instances in the last year as shown on Figure 3-4.
These data show that the majority of residents in the Laughing Jacobs Basin do not
know of or recall specific instances of drainage issues. However, it is important to note
that the timing of public engagement during a relatively dry period during the year
(May through July) may have skewed the data due to a cognitive bias toward the
present (i.e., forgetting about problems that occurred in the past).
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Reports of flooding or large puddles near home or neighborhood in
the past year (n=465)

Idon'tremember
13% Yes
22%

No
65%

Figure 3-4. Flooding Survey Results

As for types of drainage issues (Q7) observed at each location, no survey respondents
reported seeing flooding of an entire block. Some respondents answered “Other” for
type of drainage issue and noted puddles in yards, on trails, or in ditches. Table 3-4
indicates the number of drainage issues identified by type. As the table indicates, survey
respondents and open house attendees identified 95 total instances of drainage issues
(Q8/Station 3). Specific geographic locations of approximately 10 drainage issues could
not be determined due to missing or unintelligible information. These instances were
excluded from the analysis.

Table 3-4. Drainage Issues Identified

Number of drainage Percent of total drainage

Type of drainage issue issue. i.nstances issues identified
identified

Flooding of an entire block 0 0%

Flooding in sections of the street 30 32%

Large puddle(s) in or next to the street 54 57%

Other: Puddle(s) in yards, trails, and ditches 11 12%

Total 95

QO asked respondents to identify the date, month, or season when they could recall
seeing the drainage issue. This question had an open-ended response. Table 3-5 lists the
categories of responses and the corresponding number of responses. Months were
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categorized accordingly: Fall includes September, October, and November; Winter
includes December, January, and February; and Spring includes March, April, and May.
Since the seasonal definition was not provided in the survey, Table 3-5 shows the count
of responses for individual months under its respective season.

Table 3-5. Drainage Issues by Month
Time Number of responses

Rainy season 25
Fall 24
October 4
November
Winter
December

1N
a

January
February

Spring
March
After snow

Year-round
2018

2019

Blank

Don't remember

NN 2| WINOIAN|N|~

N
o

w

Q10 asked how frequently the drainage issue occurs. Table 3-6 summarizes responses
by type of drainage issue (n=95).
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Table 3-6. Drainage Issues by Frequency
Flooding in sections of Large puddle(s) in or Puddle(s) in yards,

the street next to the street trails, and ditches
Frequency # of % of total # of % of total # of % of total
reported reported reported reported reported reported
issues issues issues issues issues issues
(n=95) (n=95) (n=95)
Once or twice /
| don't remember* 13 14% 20 21% 3 3%
Three or four times 13 14% 15 16% 4 4%
Five or more times 4 4% 19 20% 4 4%
TOTAL 30 32% 54 57% 11 12%

*The categories “Once or twice” and “I don’t remember” were grouped together to simplify the spatial display of
information because there were few if any responses in the latter category.

Maps of drainage issues were generated using the following steps:

e Survey responses filtered to create a new dataset with all respondents
who identified one or more locations with a drainage problem.

e Researched each identified location using Google Maps to identify a
corresponding parcel address. In cases where insufficient information
was provided, assumptions were made to identify an approximate parcel
address. For instance, if only one street was identified without an address
or cross-street, we selected a parcel address in the central segment of the
street.

e Mapped parcel addresses using an ArcGIS address locator created from
the King County GIS Center Addresses dataset.

e Applied symbols to show the frequency and type of drainage events
throughout the Laughing Jacobs Basin.

The resulting Figure 3-5 shows the locations of drainage problem (Q8) by level of
severity (Q7) and frequency (Q10). Each drainage problem is represented by a shade of
blue and graduated size of circle. As the legend in the map illustrates, darker shades of
blue indicate a more severe drainage problem. The larger size of circle indicates a more
frequent drainage problem. Additional maps showing a larger scale of each quadrant of
the basin are included in the Public Engagement Memo in Appendix C.
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Figure 3-5. Flooding Summary Map

Several survey respondents and open house attendees requested follow-up contact from
the City regarding the drainage issues they identified. Contact information and the
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drainage issues they identified are listed in the Public Engagement Memo in Appendix
C.

3.1.6 Vision for the Future

Station 4 at the open house invited attendees to describe their vision for the future of the
watershed in terms of what they would like to see more of and what they would like to
see less of. Table 3-7 lists responses grouped by themes with the respective quantity of
responses in parentheses. Responses that were the same or very similar are not repeated
in the table. The data indicate that residents’ priorities for the future are for supporting
walking and biking infrastructure and protecting water systems, which aligns with the
recreational activities residents most engage in as well as their priorities for natural area
protection of water systems. Residents strongly urged to slow the pace of dense
development and the associated impacts. The few responses supporting less flooding in
the future indicates that flooding and drainage issues are not a high priority for
residents, which is similar to the findings noted in the section above.
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Table 3-7. Future Priorities
More Less
e  Build sidewalks, trails and parks (8) e Development increasing density (5)
o  Connect trail/road system for o Decrease dense development
pedestrians and mountain bikes o No more “pocket”
o Make trail system more robust developments (i.e., 4-6
o Pipeline can be public trail houses in a small area)
e  Protect lands along waterways (6) o LessinAfill
o Restore waterway vegetation o Encroachment of housing and
o  Widen setbacks from waterways roads
o Have native growth protection e Impacts from development (3)
easements o  Cut down so many trees for
e  Stormwater and water quality (4) development
o Natural storm water ponds o Fewercars
o Add rain gardens o Less cumulative impacts
o  Water quality treatment ¢ No more cheap construction (buildings
e Managed development (3) that don't last) (2)
o Consider impact of large tracts of e Flooding and water flow control (2)
homes o Flow control on smaller
o Incentives to landowners for projects
protection of sensitive areas o Flooding

o

Have open space

Wildlife/habitat protection (2)

o

Protect/consider critters

Have wildlife corridors

3.1.7 Funding Priorities for Future Projects

Station 5 and Q1 asked respondents how they would divide funds for projects related to
natural areas, flooding, drainage, and stream restoration out of $100 (n=454) for the
following priorities:

Protect new natural areas

Continue managing existing protected natural areas (e.g. wetlands and
stream buffers)

Reduce flooding and improve drainage on roadways
Install infrastructure to improve water quality of roadside runoff
Install natural drainage systems (e.g., rain gardens)

Restore streams and streambanks
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The online survey had a validation feature that required the total to equate to $100. For
paper surveys, validation was not possible, so in instances where the values did not
equate to $100, we adjusted the sum to equal $100 and still captured the respondents’
preferences the best.

The survey found that the top two priorities for funding were to: (1) continue managing
existing protected natural areas and (2) protect new natural areas. In contrast, the two
lowest priorities people wanted to fund were related to drainage and road infrastructure.
These results are shown in Figure 3-6.

Mean allocation of funding for future planning and investements
(out of a possible $100)

Reduce flooding and improve
draingage on roadways

Install infrastructure to improve
water quality of roadside runoff

Install natural drainage systems
Restore streams and streambanks

Protect new natural areas

Continue managing existing
protected natural areas

0 5 10 15 20 25 30
Dollars ($)

Figure 3-6. Funding Priorities out of $100

Station 5 asked a variation of this question to participants during the open house.
Instead of asking how they would distribute $100 between these categories as in the
survey, participants placed dots representing $20 next to each category they would want
to invest in. Restoring streams and streambanks received the greatest number of dots
during the open house. Categories that received the least were the same as those in the
survey: reduce flooding and improve drainage on roadways and install infrastructure to
improve water quality of roadside runoff. The open house results are displayed in Table
3-8.
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Table 3-8. Funding Priorities Ranked
. Number of dots ($20
Priority
each) per category

Continue managing existing protected natural areas 10

Protect new natural areas 10

Restore streams and streambanks 16

Install natural drainage systems 12

Install infrastructure to improve water quality of roadside runoff 5

Reduce flooding and improve drainage on roadways 5

Responses suggest that participants in both the survey and open house want to invest
future funding in protecting and preserving natural areas and water systems rather than
in improving road infrastructure. These priorities generally align with residents’
priorities for preserving natural areas and waterways indicated in the previous sections
above.

3.1.8 Demographic Questions

Q17 and Q18 asked respondents optional demographic questions about how long they
have resided in Sammamish or Issaquah and whether they own or rent their home,
respectively. Some respondents did not answer one or both questions. Any blank

responses were not included in the data analysis. Responses are summarized in Figure
3-7 and Figure 3-8.
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Duration of residency in Sammamish or Issaquah (n=460)

0-1vyears
1% 2-5years

12%

6-10 years
16%

11+ vyears
71%

Figure 3-7. Duration of Residency

Home rental or ownership status (n=460)

Rent
1%

Own
99%

Figure 3-8. Home Ownership Status
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3.1.9 Key Findings

The public engagement efforts in this first phase of the Laughing Jacobs Basin planning
process revealed several key findings:

e Residents in the Laughing Jacobs Basin generally encourage striking a
balance between environmental preservation and public access to sites
for recreational purposes. This balance is especially important in areas
with natural ecosystem functioning that also provide recreational
benefits.

e In particular, residents identified wetlands, shorelines, and other water
systems as a top priority for protection, restoration, and investment of
public funds.

e Many residents frequently engage in walking/hiking on sidewalks and
trails and visiting parks. Improving walking and biking infrastructure
(e.g., sidewalk/trail connectivity) was the highest top priority for the
future among open house attendees.

e The majority of residents do not know of or recall specific instances of
flooding or water drainage issues. Investing in solutions to drainage
issues is a low priority for most residents, given the suite of other ways
to spend money in the basin. However, it is important to note that the
timing of public engagement during a relatively dry period during the
year (May through July) may have skewed the data due to a cognitive
bias toward the present (i.e., forgetting about problems that occurred in
the past).

e Residents at the open house strongly urged to slow the pace of dense
development and the associated impacts.

e Improving road-related infrastructure, including runoff filtration, was a
low priority for investment. This result may be more an indication of
residents’ aversion to development than a lack of concern for water
quality, given that in other questions/stations, water quality and water
systems emerged as a high priority among residents.
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3.2 2021 Public Outreach Webinar

The City led a second public outreach effort on October 26, 2021 to provide an update
of developments to residents. Geosyntec, Cascadia, and City staff led an online webinar
describing additional efforts completed following the 2019 public engagement effort.

3.2.1 Promotional Communication

Promotional efforts to inform residents of the webinar began approximately two months
prior to the event. These efforts included advertisements via:

e Laughing Jacobs Basin Plan webpage hosted on the City’s website.

e City’s Facebook, Instagram, Twitter, and Nextdoor social media
platforms.

e E-newsletter to City residents.
3.2.2 Webinar Content
The webinar was presented virtually to attendees via Zoom. Speakers from Geosyntec,

Cascadia, and the City took turns discussing sections relevant to their expertise. Content
consisted of:

e Basin planning drivers;

e Purpose and goals of the Laughing Jacobs Basin Plan;
e A recap of the previous public engagement effort;

e A brief description of the watershed and habitats;

e Identification of opportunities within the basin;

e Proposed projects and prioritization; and

e (Questions and answers.

Questions were submitted to the presenters within Zoom. The questions were read aloud
to the audience and the speakers provided responses. The majority of questions
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pertained to clarifications of the scope of the project and integration with ongoing
project. A copy of the presentation used for the webinar and a transcription of the
questions and answers session is included in Appendix C.
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4. HYDROLOGY AND WATER QUALITY MONITORING

4.1 Background

To generate a current understanding of water quality and hydrology conditions in the
Laughing Jacobs Basin, monitoring activities were conducted throughout the study area.
These activities were initially planned with the July 2019 submittal of a Sampling and
Analysis Plan / Quality Assurance Project Plan (SAP/QAPP) for monitoring of the
basin (Geosyntec, 2019). The purpose of these activities was to observe a representative
selection of water quality and hydrologic conditions within the study area. A copy of
the SAP/QAPP is included in Appendix D.

4.2 Monitoring Locations

Four locations were selected to monitor hydrologic conditions, water quality conditions,
or both. Two monitoring stations were located within sphagnum bogs (Queen’s Bog and
Wetland 26/SE 24th Street Wetland Complex). Two additional monitoring stations were
installed in Laughing Jacobs Creek, one along the mainstem and another on a smaller
tributary. Ambient air pressure monitoring was conducted at the mainstem station on
Laughing Jacobs Creek. The ambient air monitoring station collected barometric
pressure data used with pressure transducer data from the continuous monitoring
sensors to derive water level data. These locations were selected due to their
representativeness of the basin’s water quality and hydrologic conditions.

Monitoring stations were installed in August 2019 at the four different locations within
Laughing Jacobs Basin. These locations include the following:

e Queen’s Bog (Wetland 34)
e Southeast 24th Street Wetland Complex (Wetland 26)

e Two stations in Laughing Jacobs Creek (Mainstem of Laughing Jacobs
Creek and Tributary to Laughing Jacobs Creek)

All monitoring stations are marked as green dots in Figure 4-1. The station in Laughing
Jacobs Creek that also monitored ambient air is shown in Figure 4-1 as a green and
black dot.
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Figure 4-1. Monitoring Locations

Each of the four monitoring stations included a rigid wood and metal frame with a
locked stilling well to house monitoring equipment, a staff plate for manual water level
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measurements, and a forked structure to insert into the ground for stability. Photographs
of each location are provided in Figure 4-2.

Figure 4-2. Monitoring Stations
4.3 Monitoring Plan

Different parameters were monitored at each station depending on the type of location.
All locations included continuous hydrologic monitoring (i.e., water level
measurements) and field measured water quality parameters; wetland/bog stations
included analytical water quality grab samples. The full list of monitoring parameters at
each monitoring station are listed here in Table 4-1.
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Table 4-1. Monitoring Parameters
Parameters Monitored
Location Name Continuous . Water Quality Grab
o Field Measurements

Hydrology Monitoring Samples
, Stage, Temperature, Inorganic Anions, Metals,
Queen’s Bog Stage, Temperature Specific Conductance, pH Carbonate + Bicarbonate
Southeast 24th Street Stage, Temperature, Inorganic Anions, Metals,

Ammonia, Carbonate +
Bicarbonate

Stage, Temperature

Bog Specific Conductance, pH

Laughing Jacobs Creek Stage, Temperature,

Mainstem Stage, Temperature Specific Conductance, pH None
Ambient Station (Co-
located with the Barometric pressure, None None
Laughing Jacobs Creek Air temperature
Mainstem)
Notes: Anions analysis included nitrate + nitrite, orthophosphate, sulfate, and chloride ions.

Alkalinity analysis included carbonate and bicarbonate ions.
Metals analyses included potassium, sodium, calcium, magnesium, and aluminum

Data were collected beginning in August of 2019 and ending in October of 2021.
Continuous data were collected during this time with the exception of a few data gaps
that are described in 4.4.2. Field measurements and grab samples were collected as part
of site visits typically conducted every two months. The methodology of each type of
monitoring (continuous hydrology monitoring, field measurements, and water quality
grab samples) is described in the following sections.

4.3.1 Continuous Monitoring Equipment and Methodology

Continuous monitoring sensors for water level and temperature were installed at each of
the four water monitoring stations. Staff plates were installed at each of the stations to
validate the water level measurements provided by the sensors; these manual water
level measurements were collected when field measurements were taken. Additionally,
one sensor for measuring ambient air barometric pressure was deployed at the
Mainstem Laughing Jacobs Creek location as a reference for the four water level
Sensors.

Water level and temperature readings were continuously monitored at 5-minute time
steps using vanEssen TD-Diver DI8O01 pressure transducers. These sensors use the
pressure differential created between the water above the sensor and the barometric
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sensor to determine the relative water level. The DI800 provides water level readings at
a resolution of 0.03 cmH20 and an accuracy of +0.5 cmH2O and temperature readings
at a resolution of 0.01 °C and an accuracy of 0.1 °C.

The pressure transducers were placed in stilling basins made of perforated PVC piping
to protect the sensor. A rope or flexible metal wire was used to attach the sensor to the
stilling basin. During data collection, the sensor was raised using the rope or wire and
the readings were downloaded from the device. The continuous monitoring sensors
were deployed in accordance with manufacturer instructions and in general accordance
with Ecology’s SOP EAP080, Version 2.1: Continuous Temperature Monitoring of
Freshwater Rivers and Streams (included in Appendix D).

A USGS-style staff gauge was installed alongside each pressure transducer to allow
manual measurements and calibration of sensor readings. The staff plates were installed
in general accordance with Ecology’s SOP EAP042, Version 1.2: Measuring Gage
Height in Streams (included in Appendix D).

4.3.2 Field Measurements Methodology

Field measurements were recorded during the same periods at which grab samples were
collected. Stage was measured using the USGS-style staff gauges shown in Figure 4-2.
Temperature, specific conductance, and pH were measured using a Hanna HI991300
Portable Meter. A description of the field parameters is below:

e Stage: Stage was measured from the staff gauge and was used to validate
the water level sensors.

e Temperature: Temperature was measured with the Hanna meter and was
used to validate the temperature readings provided by the water level
Sensors.

e Specific Conductance: Specific conductance was measured with the
Hanna meter; this value was compared to typical values obtained from
literature.

e pH: pH was measured with the Hanna meter; this value was also
compared to typical values obtained from literature.
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4.3.3 Water Quality Grab Sampling Protocol

Periodic grab samples were collected at the two Sphagnum bog/wetland stations.
Parameters were selected based on a review of previous studies on the chemistry of acid
peatlands. Sphagnum bogs are characterized by low pH combined with low cation
concentrations (Kulzer et al., 2001). Low pH in these types of wetlands is due to
influence of slightly acidic rainwater combined with decomposition of sphagnum moss.
Acidity is further buffered by soil minerals, of which aluminum appears to play an
important role (Rocchio et al., 2014). In urbanized areas, eutrophication of wetlands
from increased nutrient inputs can alter water chemistry and plant communities. The
parameters in Table 4-2 were assessed via laboratory analysis.

Table 4-2. Water Quality Grab Sampling Parameters

Category Parameters Method Justification
Inorganic anions Nitrate + Nitrite, EPA 300.0 Evaluation of acid-
Chloride, Ortho- forming chemistry.
Phosphate, Sulfate Evaluation of nutrient
inputs.
Metals Aluminum, Calcium, EPA 200.8 Cation chemistry and pH
Magnesium, Sodium, buffering.
Potassium
Carbonate & - SM 2320B Hardness and Cation
Bicarbonate availability
Ammonia - SM 4500-NH3 Toxicity and

eutrophication.
4.3.4 Quality Assurance

Analytical samples were collected using sampling containers with preservative, as
necessary, and submitted to the laboratory for analysis within relevant holding times.
Documentation and laboratory procedures generally followed the guidance outlined in
the SAP/QAPP provided in Appendix D.

4.4 Monitoring Data Analysis

Between August 29, 2019 and August 12, 2021 (herein referred to as the “Period of
Record”), hydrologic and water quality data were collected according to the methods
described above. The data collected during the Period of Record are summarized and
analyzed below.
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4.4.1 Monitoring Site Visit Schedule

During the Period of Record, eleven site visits were conducted to collect hydrologic and
water quality data approximately once every two months. The dates of site visits are
listed below in Table 4-3.

Table 4-3. Data Collection Site Visits
Site Visit Date

08/29/2019
11/01/2019
12/30/2019
02/28/2020
06/17/2020
08/18/2020
10/27/2020
01/07/2021
03/31/2021
06/17/2021
08/12/2021

4.4.2 Hydrologic Monitoring Data

Hydrologic monitoring data were retrieved from the continuous sensors and the USGS-
style staff gauges during each site visit. In general, continuous hydrologic data were
collected during the Period of Record. However, sensors were programmed to not
overwrite data once the internal storage was full; data gaps are attributed to periods in
which storage of sensors was full before the next site visit. Despite these data gaps,
sufficient coverage of hydrologic data was provided to allow for rigorous modeling and
analysis. Data are presented and calibrated to the staff gauge in Section 6.2.4.

4.4.3 Water Quality Monitoring Data

Water quality samples were taken at all four monitoring locations. At the two creek
locations, field measurements were recorded. At the two bog/wetland sites, field
measurements were recorded, and representative samples were submitted for laboratory
analysis. The results of these efforts are described below.
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4.4.3.1 Field Measurement Analysis

Field measurements were taken at each site for pH, conductivity, and temperature. These
measurements for each site visit are shown in Table 4-4.

Table 4-4. Field Parameters

pH [S.U.] Conductivity [pS/cm] Temperature [°C]
?_ir::tli:lr? Date Mean Standard Nur:fber Mean Standard Nul:fber Mean Standard Nur:fber
Deviation Samples Deviation Samples Deviation Samples
8/29/2019  6.15 0.17 3 78 12.36 3 21.8 0.66 3
11/1/2019  5.95 0.03 5 61 3.74 5 3.9 1.54
12/30/2019 5.38 0.36 5 30 12.08 5 5.6 0.41 5
2/28/2020 6.47 0.04 5 48 1.50 5 7.9 0.37 5
6/17/2020 6.14 0.03 5 52 1.36 5 18.1 0.83 5
g:gee"’s 8/18/2020 630  0.10 5 53 2.04 5 208  0.37 5
10/27/2020 6.41 0.21 5 58 2.73 5 10.8 0.43 5
1/7/2021 5.91 0.22 5 44 33.52 5 6.7 0.52 5
3/31/2021 4.62 0.70 8 42 9.19 8 7.6 1.60 8
6/17/2021 6.05 0.02 5 59 2.73 5 20.6 1.13 5
8/12/2021 5.90 0.21 5 57 2.99 5 23.8 1.10 5
8/29/2019  6.55 0.14 4 169 115.80 4 21.6 1.82 4
11/1/2019  6.20 0.09 4 98 4.72 4 4.2 0.56 4
12/30/2019 6.38 0.03 4 70 5.07 4 5.7 0.14 4
2/28/2020 6.62 0.07 5 70 4.16 5 7.2 0.66 5
6/17/2020 6.30 0.1 5 93 2.61 5 17.7 0.68 5
‘:ée"a"d 8182020 7.74  0.78 5 9% 185 5 208 09 5
10/27/2020 6.39 0.04 5 58 2.73 5 10.8 0.43 5
1/7/2021 6.51 0.06 5 65 3.66 5 71 0.71 5
3/31/2021 6.48 0.02 5 74 1.41 5 11.2 1.60 5
6/17/2021 6.20 0.10 5 99 7.65 5 19.8 1.13 5
8/12/2021 6.40 0.05 3 57 2.99 3 23.8 1.36 3
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8/29/2019  6.58 0 1 290 0 1 16.7 0 1
11/1/2019  6.57 0 1 185 0 1 8.6 0 1
12/30/2019 6.81 0 1 71 0 1 7.3 0 1
2/28/2020 6.80 0 1 87 0 1 8.9 0 1
6/17/2020 6.84 0 1 105 0 1 18.0 0 1
LJ Creek 8/18/2020 6.76 0 1 266 0 1 17.8 0 1
10/27/2020 7.03 0 1 260 0 1 13.6 0 1
1/7/2021 6.94 0 1 225 0 1 9.3 0 1
3/31/2021  6.68 0 1 82 0 1 10.9 0 1
6/17/2021  6.82 0 1 204 0 1 19.5 0 1
8/12/2021  6.58 0 1 248 0 1 18.4 0 1
8/29/2019  6.97 0 1 228 0 1 19.9 0 1
11/1/2019  6.72 0 1 192 0 1 6.6 0 1
12/30/2019 6.88 0 1 148 0 1 74 0 1
2/28/2020 7.19 0 1 143 0 1 9.0 0 1
Ly 6/17/2020 7.04 0 1 194 0 1 17.2 0 1
Stream 8/18/2020 7.18 0 1 219 0 1 20.3 0 1
(2648) 10/27/2020 6.51 0 1 174 0 1 11.4 0 1
1/7/2021 6.97 0 1 110 0 1 8.7 0 1
3/31/2021  6.88 0 1 133 0 1 10.0 0 1
6/17/2021  7.07 0 1 199 0 1 18.0 0 1
8/12/2021  7.03 0 1 242 0 1 221 0 1

4.4.3.2 Laboratory Data Analysis

Water quality samples were submitted for laboratory analysis. Table 4-4 and Table 4-5
show the summary of these analyses for Queen’s Bog and Southeast 24th Street Wetland
Complex, respectively. The full laboratory data are provided in Appendix E.
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Table 4-5. Summary of Water Quality Sampling Results for Queen’s Bog

Number Number

Sampl.lng Constituent Unit Median Star}d?rd Maximum Minimum of Non- of
Location Deviation
Detects Samples
Alkalinity,
Total (As mg/L  14.6 4.95 21.9 25 1 11
CaCO03)
Aluminum mg/L  0.38 0.41 1.40 0.10 1 7
Calcium mg/L  5.82 1.99 8.80 0.93 0 11
Chloride mg/L  2.99 0.93 457 1.6 0 11
Magnesium mg/L  1.88 0.52 2.68 0.66 0 11
Nitrate (as
Queen’s  N)+Nitrite (as  mg/L 0.1 0.07 0.301 0.1 5 7
Bog N)
Nitrogen,
. mg/L 0.1 0.05 0.235 0.1 5 7
Ammonia
Ortho-
Phosphate (as mg/L 0.2 0.00 0.2 0.2 7 7
P)
Potassium mg/L  0.91 0.53 215 0.47 0 11
Sodium mg/L  3.20 0.83 4.75 1.83 0 11
Sulfate mg/L  0.514 0.50 1.71 0.3 4 11

Laughing Jacobs Basin Plan 45 May 2022



Geosyntec®

consultants

Table 4-6. Summary of Water Quality Sampling Results for Southeast 24th Street Wetland

Complex
. Number  Number
Samplllng Constituent Unit Median Star?d?rd Maximum Minimum of Non- of
Location Deviation
Detects Samples
Alkalinity,
Total (As mg/L  29.2 57.47 224 11.7 0 11
CaCO03)
Aluminum mg/L  0.28 0.43 1.46 0.17 0 7
Calcium mg/L  8.14 214 11.80 3.68 0 11
Chloride mg/L  5.44 2.52 11.8 2.31 0 11
Magnesium mg/L  3.17 0.83 3.69 1.30 0 11
Southeast Nitrate (as
24th N)+Nitrite (as mg/L 0.1 0.03 0.189 0.1 6 7
Street N)
Bog N
ftrogen, mg/L 0.1 0.18 0.601 0.1 6 7
Ammonia
Ortho-
Phosphate (as mg/L 0.2 0.00 0.2 0.2 7 7
P)
Potassium mg/L  1.48 1.17 4.24 0.21 0 11
Sodium mg/L  5.76 1.42 8.56 2.88 0 11
Sulfate mg/L  1.76 2.69 9.07 0.3 1 11

The collected data were compared against historical data from the area. This
comparison is shown for anions, cations, conventional parameters, and nutrients for
both wetland sites in Figure 4-3, Figure 4-4, Figure 4-5, and Figure 4-6, respectively.
Anions, conductivity, and nutrients were generally less than historical values. pH was
slightly elevated above historical values. Cation concentrations were generally greater

than historical values.
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Figure 4-3. Anions Results for Queen’s Bog and SE 24th Street Wetland Complex
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Figure 4-4. Cations Results for Queen’s Bog and SE 24th Street Wetland Complex
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Figure 4-5. Conductivity and pH Results for Queen’s Bog and SE 24th Street Wetland Complex
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Figure 4-6. Nutrients Results for Queen’s Bog and SE 24th Street Wetland Complex
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5. BASIN PLAN ACTIONS

5.1 Identification of Problems and Opportunities

Problems and opportunities for improvement within the Laughing Jacobs Basin were
identified from the watershed characterization, public input, water quality monitoring
data, and internal workshops and site visits. These sources are described below.

5.1.1 Sources of Information

5.1.1.1 Watershed Characterization

A watershed characterization study was performed in Summer 2019 as described in
Section 2. That effort characterized physical, biological and water quality conditions in
the Laughing Jacobs Basin. That study found that the basin supports unique and rare
natural habitats and important species. Critical habitat, such as wetlands and riparian
buffers are intact, and forested conditions exist in most stream buffer areas. In addition,
streams do not show appreciable erosion or downcutting. Habitat that supports
salmonids was rated from fair to excellent. Sphagnum bog wetlands within the basin
exhibit moderate to severe degradation as a result of excavation, fill, ditching, and
untreated stormwater inputs.

5.1.1.2 Public Engagement

As described in Section 3, the City engaged residents to provide input on the basin plan
through a survey and open house during May and June of 2019, respectively. Goals of
the public engagement approach were to:

e Inform the public about the Laughing Jacobs watershed and basin planning
process and build excitement and sense of ownership among the community for
their watershed.

e Gather feedback on concerns, interests, and priorities for drainage, stormwater,
and natural resources management in Laughing Jacobs Basin to inform the
development of the basin plan.

e Identify priority projects that reflect community values and will help reduce
flooding and preserve natural areas in the basin.
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e Gather information about specific locations with standing water or flooding issues
that priority projects could help address.

This effort found that residents generally encourage striking a balance between
environmental preservation and public access to sites for recreational purposes. This
balance is especially important in areas with natural ecosystem functioning that also
provide recreational benefits. Residents identified wetlands, shorelines, and other water
systems as a top priority for protection, restoration, and investment of public funds. The
majority of residents do not know of or recall specific instances of flooding or water
drainage issues. Investing in solutions to drainage issues is a low priority for most
residents, given the suite of other ways to spend money in the basin. Improving road-
related infrastructure, including runoff filtration, were low priorities for investment.

5.1.1.3 Water Quality Monitoring

Geosyntec monitored surface water quality in the watershed as described in Section 4.
Findings indicate that overall water quality is good and stream flashiness is low.
However, monitoring in bog areas indicates that water quality may be a contributor to
wetland degradation. This is especially evident from measurements of neutral pH in the
bogs. Sphagnum mosses and associated communities require a more acidic environment
to thrive. Continued exposure to urban runoff is a likely contributor.

5.1.1.4 Internal Workshop

An internal workshop consisting of City staff and the consultant team was held in May
2019 to further evaluate potential issues. Areas of interest were identified based on
concern by maintenance staff, previous resident feedback, and existing sources and
studies.

Figure 5-1 depicts a “mind-map” of problems and opportunities identified during the
workshop. Problems, or issues, are those items that were identified as potentially
requiring attention within the basin. Opportunities are those items within the watershed
that may be utilized to leverage improvements within the basin.
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A concise list of the problems and opportunities from this workshop is listed below:
Problems:

e Fish Passage Barriers — Obstructions to natural fish passages impedes
migratory patterns and decreases populations.

e Flooding — Flow impediments or blockages create flooding risks to
roadways and properties.

e Lack of Complexity — Water features lacking natural complexity (e.g.,
straightened channels, no floodplain connection) increase the risk of
erosive flow rates and the introduction of suspended solids into streams.

e Dying Trees — Dying trees may be associated with changes in water
availability or water quality. Dying trees present fall hazards to citizens

and property.

e Dams — Inspections and regular maintenance should be performed on
dams to ensure failure risk and downstream hazards are mitigated.

e Invasive Species — Invasive species may threaten native species and
reduce biodiversity in the ecosystem.

Opportunities:

e HOAs — Private groups may be utilized to provide additional
assistance/feedback for basin improvements.

e Peat Bogs — Education and outreach programs may benefit from peat bog
improvement/protection programs.

e City of Issaquah — Public partnerships may be leveraged to develop
solutions that are beneficial to citizens of both public entities.

e Park Master Plan — Existing planned improvements may provide
secondary improvements to the basin.
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e Sammamish Plateau — Opportunities to increase infiltration in the basin
footprint, particularly on the upgradient portion, may provide aquifer
recharge while reducing runoff.

e Redevelopment Projects — Opportunities for redevelopment of existing
infrastructure may be used to mitigate multiple areas of concern.

5.1.1.5 Field Investigation

Five sites were further investigated to visually identify problems and to discuss
potential opportunities. Figure 5-2 shows the locations of these sites. A brief summary
of the problems and opportunities identified for each site is as follows:

1. Jarvis Property/Lakeside Montessori — Figure 5-3

o Problems: Vertical channel walls, flooding concerns of adjacent
properties, and safety concerns due to vertical channel walls.

o Opportunities: Restoration of natural channel geometry and infiltration
considerations. Potential for public education and active stewardship
through school. Ongoing design for Issaquah — Pine Lake Road
widening.

2. Laughing Jacobs Creek — Figure 5-4
o Problems: Temperature influences due to lack of large riparian

vegetation, localized flooding due to culvert capacity, and water quality
impacts from adjacent horse pasture.

o Opportunities: Additional studies for Bacteria 303(d) violation.
Streambank vegetation restoration/enhancement program.

3. Queen’s Bog — Figure 5-5

o Problems: Sphagnum hills/islands, open water regions, possible deflating
of bog mat, water quality concerns, and water level fluctuations/extended
inundation.

o Opportunities: Upstream modifications to reduce inflows and localized
stormwater treatment of residential areas. Evaluate bog’s flow control
function to reduce water level fluctuations. Incorporate solutions/designs
in Klahanie Park Master Plan.

4. SE 24th Street Wetland Complex — Figure 5-6

Laughing Jacobs Basin Plan 55 May 2022



Geosyntec®

consultants

o Problems: Water level fluctuations, open water regions, drainage channel
connection to bog, and residential and roadway runoff contributions.

o Opportunities: Localized treatment of stormwater from contributing
areas. Small property grant program for individual site LID retrofits.
Policy revision to identify bog-friendly treatment strategies. Beaver dam
controls.

5. South Fork — Figure 5-7
o Problems: No substantial problems identified.

o Opportunities: Potential for Klahanie HOA to retrofit existing storm
systems and/or provide public education.
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Figure 5-3. Field Investigation Sites: Jarvis Property/Lakeside Montessori
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5.1.2 Summary of Opportunities

A summary of the problems and improvement opportunities for the Laughing Jacobs
Basin are presented in Table 5-1. This table summarizes the problems and opportunities
identified during the workshop and identifies the applicability to the sites investigated
during the field visit.

Table 5-1. Problems and Opportunities by Site
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2 | Lack of Complexity v v
S | Dying Trees
S | Dying
&~ | Dams v
Invasive Species v
2 HOAs v
€ | Peat Bogs v v
E City of Issaquah
5 | Park Master Plan v
O% Sammamish Plateau v
Redevelopment Projects v v v

5.1.2.1 Opportunity Analysis
1. Jarvis Property/Lakeside Montessori

The channel between the Jarvis Property and Lakeside Montessori provides several
opportunities for improvement. This channel is a straightened reach approximately three
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feet deep with vertical walls. The proximity to a single-family home and a school
presents flooding and safety concerns, see Figure 5-3.

Flooding and safety concerns at this reach may be lessened via restoration of natural
channel geometry (i.e., sloped channel walls and meanders). Flooding risks may be
further reduced using infiltration BMPs to reduce the quantity of stormwater in the
channel. Limited space between the channel and nearby properties may limit changes to
the channel geometry; however, a potential future design of the Issaquah-Pine Lake
Road widening and culvert replacement project may be leveraged to increase
downstream capacity and reduce potential surcharging of culverts that may lead to
flooding. Improvements at this site may be utilized for public education and active
stewardship through Lakeside Montessori or nearby Sunny Hills Elementary School.

2. Laughing Jacobs Creek

The reach of Laughing Jacobs Creek immediately downstream of Laughing Jacobs
Lake displays several indicators of impacts due to urbanization and development. This
segment is straightened and lacks riparian vegetation as demonstrated by Figure 5-4.
Meanders in natural creeks function to reduce flow velocities and reduce streambank
erosion. This straightened reach is more prone to flooding due to the lack of complexity
coupled with a downstream culvert that may restrict flows. In addition, the lack of
riparian vegetation subjects this reach to more streambank erosion potential and greater
fluctuations in water temperature, which can have a direct impact on aquatic life.
Property on either side of the creek is used as horse pastures which may be a pathway
for bacteria to enter the stream.

Streambank restoration of the reach of Laughing Jacobs Creek described above may
provide greater stability to aquatic life in the form of temperature regulation while
reducing the potential for streambank erosion. Planting of dense, riparian vegetation
along the banks of this reach could be a cost-effective solution to streambank
stabilization. Water quality testing to determine impacts of bacteria on this reach may
be conducted. However, removal of this reach from the 303(d) list for bacteria may not
provide significant benefit due to the limited impact of this current listing.

3. Queen’s Bog

Vegetation encroachment and open water regions of Queen’s Bog indicate that
degradation of the bog habitat may be occurring. Physical changes may be due to
alterations in the input hydrology and influent water quality. Urbanization of the areas
adjacent to Queen’s Bog has introduced runoff from nearby residential developments,

Laughing Jacobs Basin Plan 61 May 2022



Geosyntec®

consultants

parks, and roadways as seen in Figure 5-5. Sphagnum bogs are typically ombrotrophic
(rainfall dominated) systems with little surface water inflow (Kulzer and others, 2001).
As a result, water in sphagnum dominated bogs is acidic, contributing to unique moss
species and other flora.

Urbanization of the surrounding area has resulted in greater runoff and altered water
chemistry to which this bog was not previously exposed. Alterations to the bog for use
as a detention facility (i.e., dam and outlet structures) have increased the retention
volume and changed the hydroperiod of Queen’s Bog.

Restoration of Queen’s Bog hydrologic regime and water chemistry would require
flow-control and water quality treatment of stormwater runoff from the contributing
areas. Runoff may be reduced upstream of the bog using LID, flow-controlled retention
or detention, and other similar practices. Generally, these practices reduce and distribute
peaks of stormwater runoff over a greater period of time. In addition, LID and
stormwater technologies may be utilized to improve the water quality of the bog by
providing pretreatment of the influent stormwater. The Klahanie Park Master Plan may
be leveraged to incorporate these flow reduction and pretreatment features such that a
direct benefit is provided to the health of Queen’s Bog. In addition, localized treatment
in residential areas may be utilized to provide benefit at a smaller scale.

4. Southeast 24th Street Wetland Complex

Similar to Queen’s Bog, open water regions and fluctuating water levels of the SE 24th
Street Wetland Complex suggest a declining wellbeing of the bog and surrounding
wetland. Water levels of sphagnum bogs are typically subject to small fluctuations;
however, contributions of runoff from regions outside of the natural drainage basin may
cause greater inflows and water level fluctuations. A drainage channel along the eastern
edge of the bog may be directly associated with these fluctuations. In addition, the
development of residential areas and roadways through and around the bog have altered
the hydrology and contributing water quality of the bog. An aerial depiction of this bog
and some of these problems is shown in Figure 5-6.

Localized stormwater treatment in the residential areas and along SE 24th Street may
improve the contributing water quality to the SE 24th Street Wetland Complex. Small
property grants may be leveraged by homeowners adjacent to the bog to install LID
retrofits. In addition, improved stormwater treatment strategies are being developed by
King County in the form of policy revisions. These revisions would more directly detail
appropriate stormwater treatment strategies that may further protect and improve the
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health of bogs. Flooding in the general vicinity may be slightly mitigated by removal of
beaver dams or other impediments the restrict outflow from the bog.

5. South Fork

The South Fork of the Laughing Jacobs Creek appears in good health. Dense riparian
vegetation and meanders in the creek resemble the natural state of the creek. A potential
for flooding exists if culverts become blocked, as indicated in Figure 5-7. In addition,
the health of this creek may be impacted by changing upstream conditions.

The lack of significant problems displayed at this creek may be maintained by
increasing public recognition and education. The Klahanie Homeowner’s Association
may be leveraged to inform its residents of their impacts to downstream water bodies
and best practices for maintaining the health of the watershed. In addition, retrofits of
existing stormwater infrastructure should consider the impacts downstream (e.g., flow
volumes, water quality, etc.).

5.1.3 Preliminary Risk Analysis

Opportunities identified throughout this process are subject to varying levels of risk.
The risk associated is multifaceted; values added by the potential opportunity and
threats faced without implementation of the opportunity are summarized in the matrix
shown in Table 5-2.
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Table 5-2. Risk Analysis Matrix
. * Aquifer
Highervalue i
Areas
* Stream * Queen’s Bog
* lLower
Mainstem buffers CEiErT Y
stream habitat
® Surface Water : (L:JELae?d U
Quality
High Priority for High Priority for
o Protection Action
S
S
* Tributary ® Upper Basin
stream habitat Sphagnum
Bogs
. Upper (Wetland 26
Mainstem Complex)
stream habitat
Low Priority for Medium Priority
Lower value Action for Action
Lower Threat Threats Higher threat

Resources within the basin are categorized based on their relative value (in terms of
habitat, community priorities, or other functions), and the relative risk to each resource.
Each quadrant of the matrix can be used to categorize how to address potential issues
through the Basin Plan. Resources that are both high-value and high-risk are the highest
priority for action. Resources that are lower in value are at a lower priority for action.
Resources that are high-value, but low-risk are good candidates for projects that would
preserve or protect those resources.
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5.2 Proposed Actions

Actions were proposed to restore or protect resources of the Laughing Jacobs
watershed. These actions were devised from the “High Priority for Protection,” “High
Priority for Action,” and “Medium Priority for Action” risk categories presented in
Table 5-2. The following sections identify actions relevant to the opportunities
identified in Section 5.1.

5.2.1 Issaquah-Pine Lake Road Crossing Engineered Hyporheic Zone
Augmentation

Treatment of surface water runoff from Issaquah-Pine Lake Road at the stream crossing
identified in Figure 5-3 is proposed within the stream of Laughing Jacobs Creek using
engineered hyporheic zones. Engineered hyporheic zones would be added using
proposed engineered wood structures to provide instream water quality improvements
while leveraging the potential roadway widening and culvert replacement project
described in Section 5.1.2.

5.2.2 Laughing Jacobs Lake Downstream Channel Native Vegetation Restoration

The downstream channel at Laughing Jacobs Lake is shallow and not shaded by
riparian cover as identified in Figure 5-4 and described in Section 5.1.2. Planting of
native riparian vegetation along this channel segment would shade the water and reduce
temperatures due to direct sun exposure. Reduced temperatures would lessen
temperature-specific burdens on aquatic life in this channel and the downstream
Laughing Jacobs Creek (e.g., low dissolved oxygen levels). In addition to temperature
benefits, riparian vegetation can provide cover for salmonids, increase benthic
macroinvertebrate populations, and improve aesthetics.

5.2.3 Queen’s Bog Bioretention

A portion of the Klahanie neighborhood discharges stormwater runoff directly to
Queen’s Bog, altering the natural hydrology and water chemistry of the bog. Sphagnum
bogs, like Queen’s Bog, are typically ombrotrophic (rainfall dominated) and contain
vegetation that needs acidic conditions to survive. Preliminary evidence described in
Section 5.1.2 and depicted in Figure 5-5 suggests that the bog vegetation may be
changing due to untreated stormwater and the altered hydrology of the system.
Bioretention areas are proposed to reduce harmful constituents in stormwater runoff
tributary to the bog.
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5.2.4 Southeast 24th Street Wetland Complex Bioretention

The Southeast 24th Street wetland complex has been drastically altered by historic land
use patterns including drainage for farming, filling in some locations, and bisecting by
roads as depicted by Figure 5-6. Land cover changes related to logging, farming, and
development altered the hydrologic regime and influent water quality. Vegetated
bioretention areas are proposed to be installed to partially restore hydrology and water
quality.

5.2.5 East Lake Sammamish Parkway Roadway Stormwater Treatment

Although not initially identified in Section 5.1.2, treatment of stormwater runoff from a
segment of East Lake Sammamish Parkway located in Issaquah is proposed to enhance
surface water quality and the habitat of lower Laughing Jacobs Creek. These resources

are categorized as “High Priority for Protection” in Table 5-2.

Lower Laughing Jacobs Creek supports a native run of Lake Sammamish Kokanee
Salmon, an important fish species whose population has declined by almost 95% from
historic levels. The proposed treatment area includes a heavily trafficked section of East
Lake Sammamish Road which crosses the creek near the discharge point to Lake
Sammamish. Most runoff from this section is untreated before discharge to the creek.
Ultra-dense BMPs would capture and treat as much roadway runoff as feasible given
site constraints. Treatment of roadway runoff would improve water quality and reduce
harmful effects to Kokanee and other salmonids.

5.2.6 Southeast 43rd Way Roadway Stormwater Treatment

Similar to the roadway stormwater treatment proposed at East Lake Sammamish,
treatment of stormwater runoff from a segment of Southeast 43rd Way located in
Issaquah is proposed to enhance surface water quality and the habitat of lower Laughing
Jacobs Creek.

Southeast 43rd Way parallels Laughing Jacobs Creek for its entire length from the
Sammamish Plateau to East Lake Sammamish Road and traffic loading is expected to
increase in this area due to the development of a new Issaquah School District high
school/elementary school campus in this area. Most runoff from this section is untreated
before discharge to the creek. Ultra-dense BMPs would capture and treat as much
roadway runoff as feasible given site constraints. Treatment of roadway runoff would
improve water quality and reduce harmful effects to Kokanee and other salmonids.
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5.3 Environmental Benefits

The environmental benefits of proposed actions were evaluated based on their
contributions to restore or improve identified watershed functions. For purposes of this
study, watershed functions were broadly defined to include historic, existing, or
potential ecosystem benefits and services provided by the Laughing Jacobs watershed.
These include nutrient cycling, water quality improvement, benefits to populations of
plants and animals, carbon storage, erosion control, resilience to climate change, and
wetland buffer improvements. Environmental benefits of the proposed actions are
described below.

1. Issaquah-Pine Lake Road Crossing Engineered Hyporheic Zone Augmentation

o Water Quality Improvement — Porous media in the hyporheic zone will
function to remove pollutants via filtration and sorption.

o Benefits to Populations of Plants and Animals — Removal of pollutants
from surface water, particularly those associated with roadway runoff,
can improve habitats for plants and animals. Pre-spawn mortality of
salmon is hypothesized to decrease when roadway pollutants are
removed from runoff.

o Climate Change Resilience — Subsurface flows cool water and offset
ambient air and stormwater runoff temperature increases of stream flows.

o Opportunity for Pilot Study — Engineered hyporheic zone augmentation
is an emerging strategy to remove 6PPD-quinone, a toxic chemical found
in vehicle tires, from roadway stormwater runoff.

2. Laughing Jacobs Lake Downstream Channel Native Vegetation Restoration

o Erosion Control — Establishment of riparian vegetation stabilizes channel
banks and reduces the potential for erosion.

o Climate Change Resilience — Riparian vegetation shades water within
the channel and reduces temperature fluctuations associated with
sunlight exposure.

o Wetland Buffer Improvement — Flooding and flashiness associated with
large storm events is lessened due to the natural vegetation barrier. This
reduces the impact of flooding on nearby wetlands.

3. Queen’s Bog Bioretention
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o Nutrient Cycling — Fertilizer laden runoff from yards and gardens may
contribute nutrients atypical to sphagnum bogs. Bioretention systems
function to reduce the nutrient load via sorption to the bog.

o Water Quality Improvement — Water quality is improved by removal of
harmful surface water pollutants including heavy metals and nutrients.

o Benefits to Populations of Plants and Animals — Stormwater treatment
protects the native population of sphagnum moss and the organisms that
rely on the bog’s unique ecosystem.

o Carbon Storage — Sphagnum bogs provide a substantial carbon storage
ability. Protection of these resources permits the sequestration of carbon
from the atmosphere via natural means.

o Resilience to Climate Change — Carbon storage within the sphagnum
moss provides a natural solution to the ongoing need for carbon
sequestration.

4. Southeast 24th Street Wetland Complex Bioretention

o Nutrient Cycling — Fertilizer laden runoff from yards and gardens may
contribute nutrients atypical to sphagnum bogs. Bioretention systems
function to reduce the nutrient load via sorption to the bog.

o Water Quality Improvement — Water quality is improved by removal of
harmful surface water pollutants including heavy metals and nutrients.

o Benefits to Populations of Plants and Animals — Stormwater treatment
protects the native population of sphagnum moss and the organisms that
rely on the bog’s unique ecosystem.

o Carbon Storage — Sphagnum bogs provide a substantial carbon storage
ability. Protection of these resources permits the sequestration of carbon
from the atmosphere via natural means.

o Resilience to Climate Change — Carbon storage within the sphagnum
moss provides a natural solution to the ongoing need for carbon
sequestration.

5. East Lake Sammamish Parkway Roadway Stormwater Treatment

o Water Quality Improvement — Treatment of runoff reduces the presence
of roadway pollutants in stormwater (e.g., oils and grease, heavy metals,
compounds associated with tire wear, turbidity).
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o Benefits to Populations of Plants and Animals — Removal of pollutants
from surface water, particularly those associated with roadway runoff,
can improve habitats for plants and animals. Pre-spawn mortality of
salmon is hypothesized to decrease when roadway pollutants are
removed from runoff.

6. Southeast 43rd Way Roadway Stormwater Treatment

o Water Quality Improvement — Treatment of runoff reduces the presence
of roadway pollutants in stormwater (e.g., oils and grease, heavy metals,
compounds associated with tire wear, turbidity).

o Benefits to Populations of Plants and Animals — Removal of pollutants
from surface water, particularly those associated with roadway runoff,
can improve habitats for plants and animals. Pre-spawn mortality of
salmon is hypothesized to decrease when roadway pollutants are
removed from runoff.
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6. MODELING

Hydrologic models were developed to assess stormwater treatment options at Queen’s
Bog, Southeast 24th Street Wetland Complex, and roadway segments of East Lake
Sammamish Parkway and Southeast 43rd Way. Conceptual hyporheic zone
implementation downstream of the Issaquah-Pine Lake Road culvert replacement was
not modeled.

6.1 Modeling Methodology

Three modeling approaches were used to analyze the locations of interest in the
Laughing Jacobs Basin. These approaches included reviewing and analyzing monitoring
data collected by Geosyntec between August 2019 and March 2021, sizing bioretention
stormwater BMPs for the bog and wetland complex, and conceptual placement of
BMPs for the roadway areas described above. Note, modeling was not conducted for
the conceptual hyporheic zone.

6.1.1 Data Collection

Monitoring stations were installed in August 2019 to collect water level and
temperature data at Queen’s Bog, Southeast 24th Street Wetland Complex, and two
locations in Laughing Jacobs Creek. In addition, water quality sampling at Queen’s Bog
and Southeast 24th Street Wetland Complex began in August 2019. Data collection and
water quality sampling continued through August 2021. Monitoring and sampling
locations are depicted in Figure 4-1.

6.1.2 Bog/Wetland BMP Sizing Approach

For Queen’s Bog and Southeast 24th Street Wetland Complex, key outlet points were
identified for drainage areas that do not currently receive water quality treatment (such
as bioretention or similar systems). Locations of existing water quality BMPs were
recorded from Storm Bandit, the City of Sammamish’s online stormwater GIS database
(City of Sammamish, 2021). A total of five outfalls were identified for each
bog/wetland that currently do not receive water quality treatment prior to discharge to
the bog.

Drainage areas were delineated to each outfall and are shown on Figure 6-1 and Figure
6-2 for Queen’s Bog and Southeast 24th Street Wetland Complex, respectively. For
Southeast 24th Street Wetland Complex, two outfalls to the wetland already receive
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some level of stormwater treatment and are excluded from the bioretention sizing
analysis (Outfalls 2 and 4 in Figure 6-2).

Outfall 5

Qutfall 1
% Outfall 2

Outfall 3
. Outfall 4

Area (acres)
8.26

6.39
7.20
8.10
25.66

Legend A 0 750 1500 ft

[ Drainage Areas
@ Outfalls

Figure 6-1. Queen’s Bog Drainage Areas
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Figure 6-2. SE 24th Street Bog Drainage Areas

Drainage areas and imperviousness of the catchment area tributary to each outfall were
determined and are summarized in Table 6-1 for Queen’s Bog and Table 6-2 Southeast

24th Street Wetland Complex.
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Sampling

Location Outfall 1

Area Type

Outfall 2 Outfall 3 Outfall 4

Outfall 5 Overall

Roadways,
Moderate Slope 1.04
(acres)

0.59

0.72

2.18

3.12 7.65

Rooftops, Flat

(acres) 1.98

1.53

0.99

2.43 8.12

Driveways,
Moderate Slope 0.54
(acres)

0.40

0.51

0.36

1.24 3.05

Sidewalks,
Moderate Slope 0.48
(acres)

0.34

0.37

0.65

0.14 1.98

Queen’s Lawn, Moderate
Bog Slope, Soll 4.02
Group C (acres)

3.08

1.94

2.77

18.72 30.53

Forest, Moderate
Slope, Sall -
Group C (acres)

Forest, Flat,
Saturated 0.19
(acres)

0.80

2.13

- 4.25

Total Impervious

Area (acres) 4.04

2.52

3.13

4.18

6.93 20.80

Total Drainage

Area (acres) 8.26

6.39

7.20

8.10

25.66 55.61

Table 6-2. Southeast 24™ Street Wetland Complex Land Use Types for Drainage Areas

Sampling o Type  Outfall1 Outfall2 Outfall3 Outfall4 Outfall5  Overall
Location
Roadways,
Southeast Moderate Slope  0.23 0.47 0.36 078 0.51 2.35
24t (acres)
Street
Bog Rooftops, Flat 0.71 - 1.34 0.44 0.12 2.61
(acres)
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Driveways,
Moderate Slope 1.09 - 0.31 0.73 0.52 2.65
(acres)
Sidewalks,
Moderate Slope 0.01 0.14 0.08 0.22 0.10 0.55
(acres)

Lawn, Moderate
Slope, Soil 6.00 - 2.87 0.50 1.23 10.60
Group C (acres)

Forest, Moderate
Slope, Soil 5.00 0.68 2.50 1.00 0.50 9.68
Group C (acres)

Forest, Flat,
Saturated - - - - - -
(acres)

Total Impervious

2.04 0.61 2.09 2.17 1.25 8.16
Area (acres)

Total Drainage

13.05 1.28 7.46 3.66 2.98 28.43
Area (acres)

Following drainage area delineation, parameters were input into the Western
Washington Hydrology Model (WWHM) to determine the size of bioretention areas
needed to treat at least 91% of runoff volume from a long-term, continuous simulation
for each outfall drainage area. A minimum water quality treatment volume of 91% was
utilized for consistency with Section 6.2.1 of the King County Surface Water Design
Manual (King County, 2016).

WWHM utilizes a local precipitation factor to scale precipitation timeseries data from a
rain gauge to the location of interest. Locations in Sammamish were assigned a
precipitation factor of 1.167 to scale the data from a rain gauge near the Seattle-Tacoma
International Airport. Additionally, the model accepts categorical land-use types input
by the user (e.g., steep roadways, flat lawn with well-drained soil, saturated forest, etc.),
and analyzes runoff while performing hydrologic routings from these drainage areas
based on the historical local precipitation. Models utilized a precipitation timeseries
comprised of data from October 1948 to September 2009 (i.e., the default timeseries
available in WWHM).
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Conceptual bioretention areas were created in WWHM for each of the ten drainage
areas identified in Table 6-1 and Table 6-2. Dimensions of the bioretention areas were
determined by performing multiple model-runs while iterating on bioretention
dimensions. Iterations were considered complete once a long-term runoff treatment
volume of 91% or greater was achieved. Results from this analysis are provided in
Section 6.3.

6.1.3 Conceptual Roadway StormFilter® Sizing Approach

Segments of East Lake Sammamish Parkway and Southeast 43rd Way identified in
Figure 6-3 represent heavily trafficked areas. Roadway runoff from these areas is not
currently treated prior to discharge to Laughing Jacobs Creek. Recent roadway
improvements in the vicinity of the drainage area identified along Southeast 43rd Way
have provided treatment benefits to a portion of this runoff; however, additional
benefits may be realized via proactive BMP installation.
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[ East Lake Sammamish
[ SE 43rd Way

Figure 6-3. Roadway Drainage Areas

Public right-of-way along both roadway segments is limited and existing infrastructure
obstructs the extent of construction possible without disturbances to the roadway and
surrounding areas. As such, Contech StormFilters® were identified as a stormwater
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treatment practice that would provide ample stormwater treatment from these roadways
while limiting disturbances. StormFilters® are typically installed in catch basin
structures such that additional routing is not necessary; further, retrofits of existing
catch basin structures may facilitate the installation of StormFilters®.

Contech StormFilter® cartridge quantities were calculated as prescribed by the
Washington state Technology Assessment Protocol — Ecology (TAPE) guidelines for
StormFilters® with ZPG media (Ecology, 2017). As such, the off-line water quality
design flow rate was determined using a WWHM model with timeseries data from
October 1948 to September 2009. For each roadway segment, the average subcatchment
area was calculated, and the land use was identified as summarized in Table 6-3.

Table 6-3. Roadway Drainage Areas

Average Drainage Area  Average Drainage Area

Location Land Use (sq. feet) (acres)
East Lake Sammamish Roads/Flat 7,375 0.17
Parkway
Southeast 43 Way Roads/Moderate 13,027 0.30
Slope

StormFilters® are available in three heights: 12 inches, 18 inches, and 27 inches. TAPE
guidelines state a design flow rate of 1 gallon per minute (gpm) per square foot (ft2) of
media surface (Ecology, 2017). The design flow rate for each of the StormFilter®
models is provided in Table 6-4. Note, cartridge flow rate corresponds to StormFilter®
ZPG Media; StormFilters® with PhosphoSorb Media operate at a design flow rate of
1.67 gpm/ft2. Cartridge quantities may be modified to correspond to the selected media.

Table 6-4. StormFilter® Design Flow Rates per Cartridge

Parameter Cartridge Type #1 Cartridge Type #2 Cartridge Type #3
Effective Cartridge
Height (inches) 12 18 27

ZPG Cartridge Flow

Rate (gpm/cartridge) 5 7.5 1.3

The number of StormFilter® cartridges for each of the three available models was
determined for the average drainage area for each roadway segment. A ratio of
StormFilter® cartridge quantity to drainage area was determined from this calculation
and applied to the drainage area of each subcatchment. The resultant calculation
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provides the quantity of StormFilter® cartridges for each subcatchment necessary to
satisty the TAPE sizing criteria.

6.2 Water Balance Results

To assess the effects of urbanization on the hydrology of Queen’s Bog, a simple water
balance model was developed. A water balance is a conceptual model of the hydrologic
cycle that accounts for inputs (e.g., rainfall) and outputs (e.g., discharge) to estimate the
hydrologic response of a system.

6.2.1 Model Setup

The water balance developed for Queen’s Bog was used to estimate the water surface
elevation changes over time under existing conditions and under pre-development
conditions. This water balance used the following equation.

P—ET+Q,—Q, = As

Where:
P = Precipitation
ET = Evapotranspiration
Qi = Inflow
Qo = Outflow
As = Change in storage

The model was run for a calibration period of approximately two years and then for the
historical period used by WWHM. The calibration period was used to adjust modeling
parameters and the historical period was used to evaluate the effects of development on
the bog.

6.2.1.1 Meteorological Data
Precipitation and evapotranspiration data were acquired from nearby weather stations;

sources are summarized in Table 6-5. Data were obtained for time periods coincident
with the calibration period.
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Parameter

Data Source

Site

Rainfall

Evapotranspiration

King County Hydrologic
Information Center

Washington State University

AgWeatherNet

Sammamish Plateau Rain Gage

Woodinville

6.2.2 Stage-Storage-Discharge

Stage-storage-discharge relationships were estimated from as-built design drawings of
the bog outlet structure (Lowe Enterprises Northwest, 1989). The overflow elevation
was adjusted based on field observations of the staff plate when the bog was
discharging. The existing stage-storage-discharge relationship is shown in Table 6-6.

Table 6-6. Stage-Storage-Discharge Relationship

Stage Head Area Storage Discharge

(feet, gage height) (feet, outlet) (acres) (acre-feet) (cfs)
0 0.00 17.6 0.0 0.0

1.64 0.00 18.2 0.0 0.0

1.69 0.05 18.2 0.0 0.1

1.74 0.10 18.3 0.0 0.3

1.89 0.25 18.4 45 1.0

214 0.50 18.5 9.0 2.8

2.64 1.00 19.0 18.0 7.7
3.14 1.50 19.5 28.0 13.5
3.64 2.00 20.0 36.4 43.0
4.14 2.50 20.5 48.0 58.5
4.64 3.00 215 56.0 62.5
5.64 4.00 23.0 76.0 71.0
6.64 5.00 25.0 98.0 80.0
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6.2.3 Inflow

Daily runoff (inflow to the bog) was calculated from precipitation using the curve
number method (USDA, 2004) which accounts for soil moisture storage of various soil
types. The curve number method is described by the following set of equations.

_ (P —1,)? 1000 101, =02 S
=+ TN e
Where:
Q = Runoff (inches)
P = Precipitation (inches)
S = Potential maximum soil retention after runoff begins (inches)
CN = Curve number
I, = Initial abstraction (inches)

The curve number served as the main calibration parameter for this analysis.
6.2.4 Calibration

Water surface elevation in Queen’s Bog was measured continuously between August
29,2019, and August 12, 2021. Data were downloaded and validated according to
procedures specified in the Laughing Jacobs Basin Sampling and Analysis Plan/Quality
Assurance Project Plan (Appendix D). During periodic site visits, field staff performed
manual readings of water surface elevations using the staff plate installed in the bog.
Readings are shown in Table 6-7.

Table 6-7. Staff Plate Readings, Queen’s Bog

Time of Simulation Staff Plate Height (feet) Approximate Elevation [feet NAVD]
8/29/2019 15:30 0.55 396.5
11/1/2019 11:58 1.17 397.1
12/30/2019 12:19 1.85 397.8
2/28/2020 11:30 1.76 397.7
6/17/2020 11:42 1.76 397.7
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Time of Simulation Staff Plate Height (feet) Approximate Elevation [feet NAVD]
8/18/2020 10:44 0.77 396.7
10/27/2020 14:14 0.89 396.9
1/7/2021 12:33 2.20 398.2
3/31/2021 9:20 1.89 397.9
6/17/2021 11:37 1.49 397.5
8/12/2021 11:05 0.40 396.4

Manual readings were used to correct monitoring data to provide a continuous record of
water surface elevations in Queen’s Bog. This record is shown in Figure 6-4.
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Figure 6-4. Measured Water Surface at Queen’s Bog

Using the corrected water surface elevation record, the runoff curve number was
adjusted until agreement between modeled and measured data was achieved. The
selected curve numbers were 78 for typical conditions, and 81 for antecedent rainfall
conditions. Antecedent rain thresholds were assumed to be more than 3-inches of
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rainfall in the previous 5 days. The calibration results, which were completed in March
2021, are shown in Figure 6-5.

6.00

—=— Measured

Peak water surface

elevation of 4.8 estimated | | oo Model Calibration

5.00
—— to have occured on

-—
- 12/2002019. Measured

= data not available for this -

c period. Clogging of the outlet was

2 400 observed on 3/31/2021. This

Pa g . may explain the 0.3 foot

o [ ! descrepancy between measured
a [ ! and modelled data shown.

o

=

hu]

n

P

@

5

%]

@

o

=

A-19 519 O-19 N-19 D19 J-20 F-20 M-20 A-20 M-20 J-20 J-20 A-20 S-20 O-20 N-20 D-20 J-21 F-21 M-21 A-21 M-21 J-21 J21

Figure 6-5. Water Balance Calibration

6.2.5 Historical Model

A model simulation was performed using the WWHM historical dataset. The rainfall
and evapotranspiration records from WWHM were used. This simulation consisted of
three scenarios: 1) existing conditions with treatment facilities, 2) existing conditions
without treatment facilities, and 3) pre-development conditions.

The existing conditions scenario used the same watershed and stage-storage-discharge
parameters in the calibration model. For the pre-development scenario, the following
adjustments were made:

e Watershed curve numbers were adjusted to reflect a forested condition. The
selected curve numbers were 55 for typical conditions, and 75 for antecedent
rainfall conditions. Antecedent rain thresholds were assumed to be more than 3-
inches of rainfall in the previous 5 days.
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e The discharge relationship was changed to reflect conditions before the existing
outlet structure was built. Historical outlet controls were assumed to be the
normal depth in a trapezoidal channel with a bottom width of 12 feet. These
dimensions were measured from the topography contained in the Queen's Bog
outlet as-built drawings (Lowe Enterprises Northwest, 1989).

The results of a simulation period from the WWHM model corresponding to September
2007 to September 2009 are shown in Figure 6-6.

Laughing Jacobs Basin Plan 83 May 2022



Geosyntec®

consultants
i | =i Predeveloped
) |- cissiarss Existing w/o Treatment
. , T T | veeraeesr Existing w/ Treatment
§ A ﬂl‘ i : xisting w/ Treatment |
E : 1 a8
HE1S E
s S ;'
ST 4 5
50 3
- r
» i
5 i
w 05 ll
2 &
2
\ r
o = L P -

i |

5-07 O-07 N-O7 D-O7 J-08 F-08 M-08 A-08 M-08 J-08 J-08 A-08 S-08 O-08 N-08 D-08 J-092 F-09 M-09 A-09 M-08 J-09 J-09 A-09 S5-09

Figure 6-6. Historical Model WWHM Simulation
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6.2.6 Water Balance Results

Modeled average water surface elevations are shown in Table 6-8. Results indicate that
the existing conditions scenario results in water surface elevations approximately one
foot higher in the winter months and approximately 0.5 feet higher in the summer
months. Maximum water surface elevations are about two to four feet higher in the
existing conditions scenario than in the pre-development scenario.

Table 6-8. Modeled Average Water Surface Elevation of Queen’s Bog

Pre-Development Scenario Existing Conditions Scenario

Month of Simulation
Average (feet) Maximum (feet) Average (feet) Maximum (feet)

Jan 0.64 1.74 1.64 3.51
Feb 0.73 2.03 1.60 3.78
Mar 0.74 1.77 1.55 3.4
Apr 0.66 1.94 1.47 3.52
May 0.51 1.58 1.32 2.78
Jun 0.36 1.33 1.18 2.70
Jul 0.24 1.12 0.97 1.64
Aug 0.14 0.88 0.76 2.44
Sep 0.08 0.65 0.64 2.33
Oct 0.11 2.63 0.75 6.01
Nov 0.28 2.02 1.27 4.00
Dec 0.49 2.29 1.55 4.92

Average monthly runoff (i.e., inflow) and outflow at Queen’s Bog are shown in Table
6-9. Both runoff and outflow are much higher in the existing conditions scenario than
the pre-development scenario, with the largest differences occurring during November,
December, and January. During the summer months, the pre-development results
suggest that the bog received little to no inflow or outflow.
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Table 6-9. Modeled Runoff (Inflow) and Outflow at Queen’s Bog
Pre-Development Scenario Existing Conditions Scenario
Month of Simulation Runoff [acre-feet] [::;f_lfzgt] Runoff [acre-feet] [::l:zlf(;:t]
Jan 1.00 0.01 28.92 29.73
Feb 1.04 0.21 16.47 18.11
Mar 0.29 0.05 8.26 8.64
Apr 0.22 0.10 5.71 5.02
May 0.01 0.00 1.42 0.66
Jun 0.00 0.00 2.32 1.12
Jul 0.00 0.00 0.17 0.00
Aug 0.00 0.00 294 0.84
Sep 0.00 0.00 3.06 0.60
Oct 212 0.41 15.11 8.24
Nov 2.84 0.30 38.77 31.20
Dec 1.31 0.24 31.17 30.30

The water balance suggests that the hydrology of Queen’s Bog has been affected by
development, both in terms of inundation depth and duration, as well as the total
volume of water that passes through the bog. These factors may correlate to alterations
in the characteristics of the bog.

6.3 Bog/Wetland Bioretention Sizing Results

The results of conceptual bioretention sizing for Queen’s Bog and Southeast 24th Street
Wetland Complex are provided below.

6.3.1 Queen’s Bog
An iterative process of sizing each bioretention area in WWHM to meet, or exceed, a

long-term treatment volume of 91% was conducted. The results of this process are
shown in Table 6-10.
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Table 6-10. Queen’s Bog Bioretention Area Sizing
Bioretention Water Quality
Outfall Number Total Drainage Bioretention Area Dimensions Volume Treated
Area (acres) (sq. feet) Length (feet) by (percent of long-
Width (feet) term runoff volume)
1 8.26 1,250 50 x 25 91.1
2 6.39 1,000 50 x 20 93.8
3 7.20 1,250 50 x 25 93.4
4 8.10 1,500 50 x 30 92.9
5 25.66 2,500 50 x 50 91.2

Bioretention areas were sized to treat the drainage area tributary to the discharge
location indicated in Figure 6-1. Placement upgradient of the discharge location was not
considered for modeling; however, bioretention area footprints may be optimized if not
placed at the discharge location.

6.3.2 Southeast 24th Street Bog
An iterative process of sizing each bioretention area in WWHM to meet, or exceed, a
long-term treatment volume of 91% was conducted. The results of this process are

shown in Table 6-11.

Table 6-11. Southeast 24th Street Bog Bioretention Area Sizing

Bioretention Water Quality
Outfall Number Total Drainage Bioretention Area Dimensions Volume Treated
Area (acres) (sq. feet) Length (feet) by (percent of long-
Width (feet) term runoff volume)
1 13.05 500 50 x 20 91.1
3 1.28 200 20x 10 94.3
5 7.46 800 40x 20 92.7
6 3.66 800 40x 20 94.7
7 2.98 400 20 x 20 92.2

Bioretention areas were sized to treat the drainage area tributary to the discharge
location indicated on Figure 6-2. Placement upgradient of the discharge location was
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not considered for modeling; however, bioretention area footprints may be optimized if
not placed at the discharge location.

6.4 Conceptual Roadway StormFilter® Sizing Results

The conceptual StormFilter® cartridge sizing for subcatchments identified along East
Lake Sammamish Parkway and Southeast 43rd Way is summarized below.

Table 6-12 presents the off-line water quality flow rates determined using WWHM for
the average drainage area of each roadway segment and the number of StormFilter®
cartridges needed to satisfy the design flow rate requirement. Note, StormFilter®
quantities are rounded up to the nearest whole number.

Table 6-12. StormFilter® Sizing for Average Drainage Area
Off-line Water Quality

StormFilter® Cartridge Quantities

Flow Rate
Location
(cfs) (gom) 12-inch 18-inch 27-inch
9p Model Model Model
East Lake Sammamish Parkway 0.02 8.2 2 2 1
Southeast 43rd Way 0.04 16.2 4 3 2

The non-rounded StormFilter® quantities for the average drainage area were used to
calculate the StormFilter® quantities by subcatchment. Subcatchments correspond to
those labeled in Figure 6-3. Results for East Lake Sammamish Parkway and Southeast
43rd Way are provided in Table 6-13 and Table 6-14, respectively.
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Table 6-13. East Lake Sammamish Parkway StormFilter® Cartridge Quantities
Drainage Area StormFilter® Cartridge Quantities
Subcatchment ID [f2] [ac] 12-inch 18-inch 27-inch
Model Model Model
0 12,957 0.30 3 2 2
1 29,438 0.68 7 5 3
2 7,859 0.18 2 2 1
3 7,923 0.18 2 2 1
4 6,745 0.15 2 2 1
5 7,698 0.18 2 2 1
6 7,602 0.17 2 2 1
7 7,349 0.17 2 2 1
8 3,653 0.08 1 1 1
9 1,771 0.04 1 1 1
10 3,621 0.08 1 1 1
11 5,192 0.12 2 1 1
12 16,769 0.38 4 3 2
13 5,580 0.13 2 1 1
14 6,815 0.16 2 2 1
15 6,540 0.15 2 1 1
16 6,561 0.15 2 1 1
17 6,543 0.15 2 1 1
18 6,583 0.15 2 1 1
19 6,507 0.15 2 1 1
20 3,328 0.08 1 1 1
21 1,625 0.04 1 1 1
22 3,371 0.08 1 1 1
23 4,981 0.1 2 1 1
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Table 6-14. Southeast 43rd Way StormFilter® Cartridge Quantities
Drainage Area StormFilter® Cartridge Quantities
Subcatchment ID [f2] [ac] 12-inch 18-inch 27-inch
Model Model Model
0 17,928 0.41 5 3 2
1 4,186 0.10 2 1 1
2 6,547 0.15 2 2 1
3 7,532 0.17 2 2 1
4 9,804 0.23 3 2 2
5 3,976 0.09 1 1 1
6 4,354 0.10 2 1 1
7 4,055 0.09 2 1 1
8 4,790 0.11 2 1 1
9 3,417 0.08 1 1 1
10 11,643 0.27 3 2 2
11 8,914 0.20 3 2 1
12 7,112 0.16 2 2 1
13 72,242 1.66 18 12 8
14 5,588 0.13 2 1 1
15 3,987 0.09 1 1 1
16 53,587 1.23 14 9 6
17 13,865 0.32 4 3 2
18 14,432 0.33 4 3 2
19 16,253 0.37 5 3 2
20 6,336 0.15 2 2 1
21 6,037 0.14 2 1 1
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7. PRIORITIZATION AND PROJECT DEVELOPMENT
7.1 Prioritization

Sites identified with opportunities for improvement in Section 5.2 were prioritized using
metrics from the City of Sammamish that City Council established through adoption of
Resolution (R2016-688; City of Sammamish, 2016a). The City’s Capital Improvement
Project (CIP) Prioritization ranks projects based on five criteria: (i) environmental
benefit, (i1) facility/maintenance improvements, (iii) safety, (iv) population benefitted,
and (v) time-sensitive opportunity.

7.1.1 CIP Prioritization Criteria

Each criterion presents a question to the reviewer which returns a quantitative value
based on the response.

Environmental Benefit (30 Points)

Question: What is the project’s ability to protect, restore, or improve natural
watershed function(s)?

Scoring:
Points
Large Area 15 25 30
Small Area 10 20 25
1 2 3+

Number of Watershed Functions
Facilities and Maintenance (25 Points)

Question 1:  Does the project repair or build/retrofit stormwater facilities to address
current or projected impacts of growth and climate change? (15 Points)

Scoring 1:
Number of Impacts Addressed | Points
0 0
1 5
2 10
3+ 15
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Question 2:  Will this project provide a long-term, cost-savings solution to an on-
going maintenance problem? (10 Points)

Scoring 2:
Points
No 0
No, but costs are reduced 5
Yes, minor maintenance issue | 5
Yes, permanently resolves 10

Safety (25 Points)

Question: Does the project address a safety risk?

Scoring:

Medium Priority High Priority
High

(5-15 Points) (25 Points)

Frequency

Low Priority Medium Priority
Low

(0 Points) (10-20 Points)

Minor Severe

Safety Impact

Population Benefited (10 Points)

Question: How many citizens does the project benefit?

Scoring:
Number of Citizens Benefited | Points
<5 0
5-50 5
>50 10

Time-Sensitive Opportunity (10 Points)

Question: Can the project take advantage of an opportunity that might not otherwise
exist?
Scoring:
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Points
No link to other projects, City must fund 0
project entirely
Moderate chance of leveraging other
. : 0. 5
funding, some partnering opportunities
Project may not happen without this 5

7.1.2 Project Prioritization

Geosyntec®

consultants

Project prioritization was completed by City staff in August 2021. Table 7-1 presents a

scoring matrix that summarizes the prioritization.
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Table 7-1. Project Prioritization Matrix
Population Time-
. Environmental Facility/Maintenance . Sensitive
Project Benefit (30) Improvements (25) Safety (25) Benefited Opportunity Total (100)
(10)
(10

Queen’s Bog Bioretention 30 15 0 10 10 65
SE 24th Street Wetland Complex o5 10 0 10 0 45

Bioretention

Issaquah-Pine Lake Road
Crossing Engineered Hyporheic 20 5 0 10 10 45
Zone Augmentation

SE 43rd Way Roadway 20 5 0 10 5 40
Stormwater Treatment
East Lake Sammamish Parkway

Roadway Stormwater Treatment 20 5 0 10 0 35

Laughing Jacobs Lake
Downstream Channel Native 25 0 0 10 0 35
Vegetation Restoration
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7.2 Conceptual Design

Schematics were prepared for the six projects identified to provide a visual depiction of
the proposed design. Siting of proposed infrastructure was intentionally omitted from
these designs to provide future flexibility in advancement and funding of these projects.
A planning-level cost estimate was produced to accompany each design to give an
estimated magnitude of cost for the project. Key benefits, challenges, capital costs, and
annual operations and maintenance costs are provided in Table 7-2.
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Table 7-2. Conceptual Design Summary
. . Costs
Project Benefits Challenges -
Capital Annual O&M
Protects the rare ecosystem present in
Queen’s Bog
, . . Provides a pleasant agsthetic for citizens Existing pipeline right of way $545Kk (5 $10.3k (5
Queen’s Bog Bioretention to enjoy ) - )

- Potential utility conflicts systems) systems)

Uses existing open space to reduce

development impacts to surrounding

area
Would improve water quality and s ; ;
SE 24th Street Wetland : Siting of bioretention areas $197k (5 $3.8k (5
. . hydrology in the SE 24th Street wetland ) N )
Complex Bioretention Possible utility conflicts systems) systems)
complex
Provides water quality benefits to
Issaquah-Pine Lake Road downstream reaches Relatively new practice —no
Crossing Engineered Reduces water temperature of creek established design guidance $64k $1k
Hyporheic Zone Can be paired with IPL Road widening Long-term maintenance costs
Augmentation project to reduce capital cost unknown

Grant opportunities may offset costs

SE 43rd Way Roadway Provides stormwater treatment to $38k (per $400 (per

Stormwater Treatment

roadway runoff not currently treated

Limited working area in ROW catch basin)

catch basin)
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. . Costs
Project Benefits Challenges -
Capital Annual O&M
Requires minimal existing infrastructure  Lack of curb and gutter may contribute
for installation high sediment levels to catch basins
. Provides stormwater treatment to Limited working area in right of wa
East Lake Sammamish roadway runoff not otherwise treated 9 9 Y $38k (per $400 (per

Parkway Roadway
Stormwater Treatment

Laughing Jacobs Lake
Downstream Channel Native
Vegetation Restoration

Requires minimal existing infrastructure
for installation

Reduced exposure to sunlight results in
decreased water temperature in channel
and downstream to support aquatic life

Provides pleasant aesthetic for residents

Wetlands adjacent to roadway in some
areas

catch basin) catch basin)

Property and maintenance agreements $163k $1.4k
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Conceptual design cut sheets are provided in Appendix F.

7.3 Implementation

Conceptual project designs require further design development and funding before
projects may be implemented. Funding may be achieved via means internal and/or
external to the City. Projects demanding timely attention may seek funding by the City
as capital improvement projects; however, external partnerships and organizations
should be considered for funding opportunities. External funding sources may include
nonprofits, educational organizations, county and state grants, and many others. Further,
funding for all projects is not necessary to provide benefit to the basin; implementation
of any of the proposed projects will provide benefits to the health of the basin. Once
funding is secured, projects may be designed further and sited for construction.
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8. CONCLUSION

The Laughing Jacobs Basin supports unique and somewhat rare natural habitats, such as
sphagnum-dominated peatland (bog) wetlands, as well as unique species, such as the
imperiled late-run Lake Sammamish Kokanee. These elements are present despite
substantial single- and multi-family residential and commercial development within the
basin. While development has occurred, critical areas such as wetlands and riparian
buffers have generally been excluded from development and thus are relatively intact.

Although basin-wide impervious surfaces are at or near thresholds for degradation, the
basin generally does not show significant stream channel erosion and downcutting or
increased peak flow magnitudes, durations, and frequencies. This lack of a significant
negative ecological response to development is likely due to several factors, including
the prevalence of several wetlands and wetland complexes within the basin combined
with the presence of Laughing Jacobs Lake. These elements can serve to mitigate
hydrologic and water quality effects.

It is anticipated that pressure for future intensification of land use is generally low, and
that changes would occur incrementally over many years. However, past land use
activities and infrastructure development have degraded wetland areas, with key
alterations including fill (and excavation cut) for roadway and utility crossings,
discharge of untreated (or undertreated stormwater), and ditching with linear swales
intended to facilitate drainage. Current degradation provides an opportunity for wetland
restoration, including a focus on water quality enhancement, additional canopy and
shading, and improvement of habitat functions.

Water quality monitoring and sampling, hydrologic modeling, and citizen feedback
helped shape the conceptual projects proposed to address these opportunities.
Environmental benefits attributed to the projects include water quality improvement,
climate change resilience, and carbon storage among others. A rough order of
magnitude estimate shows a total cost of approximately 2.7 million dollars. The use of
grants, other external funding sources, and incremental City financing may provide a
viable, cost-effective means to implementing these projects. While implementation of
each of the proposed projects is ideal, any number of these projects may provide
substantial benefit to the health of the Laughing Jacobs Basin.
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1. PROJECT PURPOSE AND OBJECTIVES

The purpose of the Laughing Jacobs Basin Plan is to characterize current physical,
biological, and water quality conditions in the basin and to identify projects and programs
that will benefit the basin and local residents. This plan will balance the high value
features of the basin, while addressing drainage concerns. The result will be an adoptable
basin plan that reflects the community’s values, while providing actionable
recommendations which focus limited City of Sammamish (City) resources to where they
are needed most.

The specific project objectives are:

e Watershed characterization, including regulatory drivers, incorporating existing data,
and providing new data from water quality monitoring, stream and wetland hydrology
monitoring, geomorphic surveys, fish passages, basin and sub-basin delineation, and
channel cross-sections;

e Solicit public feedback and community involvement via survey feedback and public
meetings;

e Problems and opportunities identification, defining values and providing risk
analysis;

e Targeted modeling and alternatives development, considering natural systems,
linkages, and infrastructure;

e (Capital Improvement Project (CIP) identification and prioritization; and

e Delivery of a final basin plan which provides a transparent documentation of
processes, decisions, and proposed projects

2. PROJECT ORGANIZATION

The Laughing Jacobs Basin Plan will be managed and operated as a series of Topic Areas.
Each Topic Area will be directed by a Topic Area Lead who will utilize support staff
from the three consultant teams to accomplish project objectives and produce
deliverables. The Basin Planning Core Team will function to provide collaboration and
representation of consultant teams from the three project managers, each representing the
three consultant teams. The Consultant Project Manager will manage the Plan and provide
work products to the City Project Manager. The project organization chart, identifying

Laughing Jacobs Project Management 1 15.03.2019
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staff and responsibilities is shown in Figure 1. Additional information on roles and
responsibilities is provided in Section 2.1 below.

KEY

@ Geosyntec
ESA

®Cascadia

Project Organizational Chart

@¢Eric Strecker BCEE
Project Director & Senior
Technical Advisor

CITY OF SAMMAMISH
Danika Globokar PE

@ Christian Nilsen PE, PMP
Project Manager

Basin Planning Core Team

Aaron Booy ESA Project Manager
®Gretchen Muller Cascadia Project Manager
@Christian Nilsen Geosyntec Project Manager

Engineering

LEAD

Cost Estimating
®Luke Smith PE
Facility Performance
®Leon Li

H&H Modeling

®Myles Gray
H&H Modeling

SUPPORT

2.1

@Christian Nilsen PE

Water Quality &
Monitoring

@Sagari Handa EIT
Water Quality Scientist

®Rich Wildman PhD
Water Quality Scientist

Jim Good
Water Quality Specialist

Geology, Groundwater
& Geomorphology

Colin Thorne PhD
Geomorphology
®Jacquelyn Allmond
PhD PE
Geotechnical
Engineering

Linda Mark
Geology

Community Outreach
@®Gretchen Muller

® Angela Pietschmann
Outreach Assistance

Julie Bayer
Graphic Design

Planning &
Permitting
Aaron Boo

Permitting Assis-
tance

®Dottie Metcalf
Lindenburger
Spatial Planning

GIS
Mike Leech (Lead)
Colin Struthers, GIS Support
Melody McCart, GIS Support
Michael Inman, GIS Support

Figure 1. Project Organization Chart

Roles and Responsibilities

The roles and responsibilities of key staff are presented below in Table 1.

Table 1. Roles and Responsibilities

Karmen Martin,

Habitat &
Wetlands
Pete Lawson

Paul Schlenger
Fisheries Biology

llon Longan,
Ecology

Jessica Redman
Wetlands Biology

Role Name Responsibilities
City Project Danika Globokar = Reviews and approves work. Provides
Manager project direction and guidance.
=  Makes decisions related to day-to-day
project execution.

Elevates project issues to City
Management as needed.

Laughing Jacobs Project Management
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City Project Tawni Dalziel Oversees City Project Manager.

Director Ensures project conforms with City-
wide stormwater goals and objectives.

City Public Dan Johnson Provides input to City Project Manager

Works on known stormwater infrastructure

Maintenance and maintenance issues.

Lead Provides feedback to City Project
Manager on developed CIPs
maintenance needs, or alternative
solutions.

City Shelby Perrault, Jed Ireland Manage concurrent projects within the

Stakeholder City; Klahanie Park Master Plan and

PMs Issaquah-Pine Lake Rd, respectively.
Coordinate with City Project Manager
to communicate status of their projects,
hear about Laughing Jacobs Basin Plan
project, and integrate recommendations
as possible.

City of Allen Quynn Represents City of Issaquah interests

Issaquah Lead Provides input to City Project Manager
Reviews work products as needed

Consultant Christian Nilsen, Geosyntec Leads consultant team.

Project Coordinates project execution with

Manager
subconsultants.

Controls consultant budget and
schedule.

Elevates project issues to Project
Director as necessary.

Consultant Eric Strecker, Geosyntec Oversees Consultant Project Manager.

PI:OJ ect Ensures project conforms to Quality

Director
Assurance Plan.

Laughing Jacobs Project Management 3 15.03.2019
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Basin Planning  Christian Nilsen, Geosyntec = Primary points of contact for the City.

Core Team = Qversee day-to-day project execution

Aaron Booy, ESA o )
within respective firms.

Gretchen Muller, Cascadia = Provide advice and direction for the
project.

= Responsible for invoicing and budget

control.
Topic Area Christian Nilsen, Adrianna e  Coordinates technical work for Topic
Leads Jarosz, Bob Anderson, Area
Gretchen Muller, Aaron e Performs senior review on interim and
Booy, Pete Lawson, Mike final work products
Leach e Ensures that the quality control plan is
followed

3. SCHEDULE

The Laughing Jacobs Basin Plan will extend from March 2019 through December 2020.
An overview of the schedule is presented in Table 2. A detailed schedule has been
prepared by the Consultant Project Manager in Microsoft Project and will be maintained
for the duration of the project. The schedule is subject to change upon approval by the
City Project Manager.

Table 2. Schedule Overview

Task Performance Period

Task 1. Project Management March 2019 — December 2020
Task 2. Watershed Characterization March 2019 — August 2019

Task 3. Public Outreach Support March 2019 — April 2020

Task 4: Water Quality Monitoring May 2019 — December 2020

Task 5: Problems and Opportunities Identification May 2019 — June 2019

Laughing Jacobs Project Management 4 15.03.2019
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Task 6: Modeling September 2019 — January 2020
Task 7: Project Identification and Prioritization October 2019 — November 2019
Task 8: Conceptual Design November 2019 — June 2020
Task 9: Basin Plan Report June 2020 — December 2020

4. QUALITY CONTROL

4.1 OQuality Control and the Role of Quality Management

Quality control is the implementation of activities identified as a component of a broader
quality management plan. Each consultant company on the Laughing Jacobs team has
an established quality management plan specific to the company’s services. Peer and
senior reviewers of work products will adhere to their organization’s individual quality
management process.

The role of the project quality control plan is to specify a framework for ensuring that
quality management processes are being implemented for work products delivered to the
City.

For example, Geosyntec’s Quality Management Plan specifies the use of an internal
Quality Management System (QMS) for both peer review and senior review. See Figure
2. A copy of Geosyntec’s Quality Management Plan can be provided to the City upon
request.

Laughing Jacobs Project Management 5 15.03.2019
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Geosyntec QMS Senior Review Documentation vz.1

Project Number: Active Projects Cnly Project Information
Validate

Project Name:
Project Phase/Task: The Default is "Phasa**Task ***
select one... ﬂ Client Name:

Work Deliverable Review Requested:
Project Manager:

Project Director:

Org Code:

[ View Form Help

Work Deliverable Attachment(s): Fie not saved in the datsbase
W Click here to attach a file

& Insert item
Review Standards

U View Considerations & Conclusions Standards by the Senior Reviewer

Reviewed By: Review Date:
select one... [v] 3/15/2019 ]

Figure 2. Example Quality Control Documentation from the Geosyntec Quality
Management System

4.2 Project Quality Control Plan

Work products will undergo a tiered review process to ensure technically-sound
deliverables of known and documented quality. In agreement with induvial organizations’
quality management processes, the project quality control plan consists of the following
steps:

4.2.1 Interim Work Products
Interim work products will undergo the following quality control steps:

1) Peer Review Technical reviewers within Topic Areas will provide initial
peer review of interim work products. This review will include
the use of appropriate documentation for modeling and
technical work products.

Laughing Jacobs Project Management 6 15.03.2019
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2) Senior Review Interim work products will be provided to Topic Area Leads
for review. Topic Area Leads will be responsible for following
the applicable quality management plan of their home
organization.

3) Consultant PM The Consultant Project Manager will review deliverables for
Review consistency and will verify that applicable quality control has
been documented. The Consultant PM will then deliver interim
work products to the City Project Manager.

4) City Review The City Project Manager will coordinate review with City
staff and compile comments into one unified set. Comments
and revisions will then be delivered to the consultant project
manager.

4.2.2 Final Work Products
Final work products will undergo the following quality control steps:

1) Revised Work Consultant Project Manager will distribute City comments
Product to applicable Topic Area Leads for revision and response
to comments.

2) Senior Review Topic Area Leads will provide review of final work
products and will document that quality control
procedures were followed.

3) Consultant PM The Consultant Project Manager will review final work
Review products and will verify that applicable quality control has
been documented. The Consultant PM will then deliver
final work products to the City Project Manager.

4) Delivery to City The City will receive consistent final work products with
known and documented quality.

Laughing Jacobs Project Management 7 15.03.2019
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5. COMMUNICATION

5.1 Project SharePoint Site

Geosyntec will establish a centralized project SharePoint site consisting of a document
library, project schedule, contact information, and announcements. This site will be
regularly updated to communicate major milestones, schedule changes, and other relevant
information.

5.2 Lines of Communication for Substantive Issues

In general, lines of communication should follow the organization chart shown in Figure
1 for substantive project issues. Substantive issues are defined as those issues that are not
related to the day-to-day execution of the project scope of work. These include
adjustments to project scope, schedule, and budget. The Consultant Project Manager will
be the primary point of contact for the consultant team and the City Project Manager will
be the primary point of contact for the City.

5.3 Lines of Communication for Day-to-Day Issues

Communications about day-to-day project execution are not required to go through
formal lines of communication. Relevant decisions, scheduling of scoped activities, and
other routine issues can be communicated directly with relevant team members. The
Consultant Project Manager and relevant Topic Area Leads should be included in routine
email communication.

6. STAKEHOLDER REGISTER

Project success will be subject to effectively engaging stakeholders through the project,
based on their needs, interests, and potential impact. A detailed public outreach plan will
be developed in Task 3. As a parallel effort, the project stakeholder register will be
updated throughout the project to document the identification and engagement of internal
and external stakeholders. The stakeholder register will be included as a standalone
document on the project SharePoint site and will be updated as needed. The initial
stakeholder register is shown in Table 3.

Laughing Jacobs Project Management 8 15.03.2019
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Table 3. Stakeholder Register
Stakeholder Group/Department Contact
Category
. . Developed through
Basin Residents Public Outreach
Residents L . Developed through
Citywide Residents Public Outreach
Individual Residents Karen Herring
City Council All Members
Parks Anjali Meyer, Shelby
Perrault
Maintenance Dan Johnson
. Jeff Dickinson, Jim
Internal City Inspection Krei
eig
Stakeholders
Development Review/Planning Stephen Noeske
. . Andrew Zagars, Jed
Capital Projects Ireland
Transportation Master Plan Doug Mclintyre
Sammamish Youth Board Lynn Handlos
Parks and Recreation Jenmfer' Fink, Chante
Floreani
City of Issaquah New and Redevelopment Doug Schlepp
Communications Autumn Monahan
Other Sammamish Plateau Water Jay Regenstreif
Governmental
Organizations Issaquah Sch901 District — Dawn Wallace
Outreach/Maintenance
Laughing Jacobs Project Management 9 15.03.2019
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Table 3. Stakeholder Register

Stakeholder

Category Group/Department Contact

Beaver Lake Management District Tawni Dalziel

McKenna Sweet-
Dorman, David Steiner
David St. John, Tawni
Dalziel

Snoqualmie Tribe

Kokanee Work Group

Washington State Department of Ecology TBD

King County TBD
Sammamish Stormwater Stewards Sharon Steinberg
Kempton Downs Homeowners
plon TBD
Association
Non-Government
Organizations Klahanie Homeowners Association Bonnie Anderson
Trout Unlimited David Kyle
Master Builders Association TBD
Laughing Jacobs Project Management 10 15.03.2019
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Task 1 Project Management

11 Project coordination
Project coordination will include communications with the City of Sammamish (City)
Project Manager and the consultant team; scheduling and oversight of the various project
activities; and budget and schedule tracking and oversight, including preparation of
monthly invoices and progress reports.
Consultant will develop a master project schedule. Throughout the project, Consultant will
maintain and update the master schedule, updating the City and project team as
necessary.

1.2 Project charter and project management plan
Consultant will develop a project charter prior to the kick-off meeting in coordination with
the City.
Upon approval of the project charter Consultant will develop a project management plan
(PMP) specific to the Laughing Jacobs Basin project. Subconsultant leads and topic area
leads will be allocated time to review The PMP will contain the following sections:
Schedule
Budget
Quality Control Plan
Communication Plan
Stakeholder Register

1.3 Project meetings
A project kick-off meeting will be held with key Consultant team members and City staff.
The Consultant Project Manager will develop the agenda, prepare and provide copies of
all necessary materials; take notes and provide a meeting summary.
Consultant will hold bi-weekly phone calls with consultant team and City Project Manager
to discuss project progress, upcoming events and tasks, and any potential issues and
remedies.
Time is allocated for as-needed coordination calls with the consultant team.

Laughing Jacobs Project Management 12 15.03.2019
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Task
Assumptions

2 hours are allocated for the kick-off meeting. 3 members of the Consultant team will
participate.

Bi-weekly phone calls will last for a maximum of 1-hour

20 hours of as-needed team coordination time is included.

Items
Provided by
the City

Project charter template.
One set of comments on Project Charter
One set of comments on Project Management Plan

Task 1
Deliverables

Monthly invoices Monthly progress reports delivered with invoices
Master project schedule in Microsoft Project format

Project charter

Draft and final Project Management Plan

Meeting agenda and meeting notes

Watershed Characterization

21

Data Review

Consultant will review relevant information and data to evaluate existing conditions and
summarize future conditions, identify data gaps, inform field investigations, and guide
community involvement plan.

The data will be reviewed in the context of identifying:

Current and future regulatory drivers involving surface water, lakes, and wetlands;
groundwater recharging and wellhead protection; fish and wildlife habitat protection;
and geological hazards;

Previous water quality monitoring locations and constituents;

Present drainage patterns and modeled flows to understand how and where is surface
and stormwater routed through the basin;

Location and condition of existing stormwater facilities;

Land use and characteristics in Laughing Jacobs Basin to evaluate current zoning,
development and how future development may affect stormwater routing, hydrology,
and stream habitat;

Surface and subsurface geologic conditions, including landslides and erosion hazard
areas, to evaluate how geology affects surface and subsurface flow, infrastructure, or
habitat;

Historic drainage complaints to identify flooding and erosion problem areas; and

Natural areas, such as lakes, wetlands, streams, and riparian areas that require
preservation or provide beneficial surface water functions.

2.2

Stream and Geomorphic Evaluation
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In order to characterize basin instream and geomorphic conditions, a field assessment
will occur in representative accessible stream reaches. Within these reaches, primarily
qualitative assessment techniques will be used to evaluate the following elements:

General riparian vegetation conditions (type, size and maturity, prevalence of invasive
species, relative canopy density, and approximate width of vegetation corridor
adjacent to stream channel);

Evidence of instream and hillslope erosion processes (incision, aggradation, and
landslides);

Approximate limits of perennial flow (if feasible, and subject to verification in late summer);

Stream channel widths, gradients, and location/description fish passage barriers;

Aquatic habitat conditions including general stream morphology (pools and riffles) and
presence of large woody debris;

Approximate locations of riparian wetlands, where noted, at a reconnaissance level —
does not include data plots or formal delineations;

Location, type, and size of stormwater outfalls, pipes, and groundwater seeps;

Potential non-point pollution sources;

General stream substrate conditions, including substrate size and relative embeddedness
to characterize stream conditions and allow for estimates of Manning’s roughness
coefficients for future hydraulic models.

Observed wildlife activity (e. g. presence of beaver dams, other wildlife or signs observed);

General stream channel geometry estimates for input into future hydraulic models, if
needed;

Description and habitat conditions within stream mouth and delta, if accessible (if not,
aerial photographs may be used as a substitute); and

Photographs of existing conditions to be used for analysis and basin plan report.

Field assessment of in-stream conditions will be completed only in accessible reaches,
and will target lower reaches of Laughing Jacobs Creek (near the stream mouth and at E
Lake Sammamish Parkway crossing; at the mapped natural fish passage barrier;
downstream of 230th Way SE; and downstream of SE 42nd Street), middle reaches of
Laughing Jacobs Creek and tributaries around Laughing Jacobs Lake; and upper reaches
north of SE 32nd Street and into Beaver Lake Park (but not extending into the Beaver
Lake Basin). Field assessment of stream and geomorphic conditions will be completed by
a stream biologist and geomorphologist over four days.

23 Upland Assessment
In addition to review and synthesis of existing data through subtask 2.1, overall biological
and physical characteristics in the rest of the project area (outside the stream corridors)
will be documented through targeted field visits by the team wetland ecologist, stormwater
engineer, and/or technical leads(s) to identified wetlands, open spaces, road networks,
and drainage flow patterns.
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The upland assessment will be completed to verify and further detail on-the-ground
conditions at identified key upland and critical area locations within the basin, filling in
identified gaps and furthering understanding from subtask 2.1 efforts. Field assessment
of upland conditions will be completed over four days and will be coordinated with subtask
2.2 and 2.4 evaluation to ensure that the upland assessment activities are completed
efficiently and provide integrated information on the basin’s natural environment, drainage
infrastructure, and overall surface and groundwater resource conditions.

2.4

Groundwater Evaluation

Consultant will perform a desktop evaluation of groundwater resources and constraints in
the Laughing Jacobs basin. The following information will be reviewed under this task:

Critical Aquifer Recharge Areas

Wellhead Projection Plan

Surface and subsurface geology maps

Local and regional groundwater planning efforts

2.5

Spatial Analysis

Relying on key existing geospatial data sets identified in subtask 2.1 and additional
evaluation and assessment completed in subtasks 2.2, 2.3. and 2.5, the consultant team
will complete spatial analysis and generate condition summary matrices and basin
exhibits. Assembly and analysis of geospatial information by the Consultant team will be
primarily focused on tabular review of input data layers provided by the City or available
from other identified sources. Preparation of the map/exhibit folio for the basin study area
will be limited to a maximum of five exhibits to be determined in coordination with the City
during Task 2 efforts. Each exhibit theme will display related geospatial data to support
the Watershed Characterization memo; for example, exhibit themes could include: surface
waters & storm drainage infrastructure; channel geomorphology & surficial geology;
wetlands/wildlife habitats; existing land use/land cover; etc.

2.6

Watershed Characterization Memo

Consultant will develop a draft watershed characterization technical memorandum that
summarizes information developed in Task 2.

Assumptions

Preparation of the map/exhibit folio for Task 2 will be limited to a maximum of 6 exhibit
themes to be determined in coordination with the City during task 2 efforts.

City Project Manager will coordinate comments from other city staff to deliver one set of
unified comments to be addressed. Consultant will address comments during Task 9.

Documents will be delivered in electronic format.
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Items
Provided by
the City

Project charter template.
One set of comments on Project Charter
One set of comments on Project Management Plan

Task 2
Deliverables

Draft Watershed Characterization TM
Photolog of field activities delivered as an appendix to TM

Public Outreach Support

3.1

Public Involvement Plan

Consultant will prepare a Public Involvement Plan (PIP) in consultation with the City and
Consultant team that includes:

public outreach goals and objectives

key messages

stakeholder identification

detailed strategies and tactics by target audience, and
engagement timeline.

3.2

Survey and Stakeholder Briefing Support

Consultant will:

Develop a survey to inform community priorities and preferences.

Support the City for one (1) meeting/briefing with the City Council

Prepare for and attend a stakeholder meeting with Sammamish Plateau Water and Sewer
District

Provide key messages, talking points, and anticipated Q&A for stakeholder outreach and
City Council engagement

Develop a stakeholder outreach slide deck and project one-page summary flyer

3.3

Public Meetings

In consultation with the City and Consultant team, Consultant will design and implement
up to two (2) public meetings, aligned to coincide with key project milestones and
opportunities for the public to provide input.

Public Meeting activities will include:

Development of meeting plans that describe goals and objectives, format, roles and
responsibilities, key messages and planning timeline

Coordinate and schedule meetings

Design communication materials for each open house, including up to ten (10) display
boards

Design two (2) mailer/postcards for each open house event
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Prepare meeting announcements via US mail, local online publications, and on the project
website

Hold up to one (1) pre-public meeting prep session for each public meeting with key City
and Consultant team staff

Develop display boards for each public meeting

Provide meeting supplies and basic materials such as sign-in sheets, nametags, comment
forms, directional signage and agendas

Staff public meetings including setup, registration and break down

Collect and coordinate comments using Salesforce outreach and correspondence
tracking software

Prepare public meeting summaries

Task
Assumptions

One round of review/one set of comments for each deliverable
Up to two (2) Consultant staff will attend public meeting prep sessions
Up to two (2) Consultant staff will attend public meetings

One set of comments on PIP

:Tt’(:tr)'\]l?ded by The City will pay directly for all venue rental fees and printing costs associated with public
the City meeting notifications and meeting materials

Project website hosting.

The City will coordinate stakeholder meetings
Task 3 Deliverables under this task are:

Deliverables

Task 3.1

Draft and final Public Involvement Plan

Task 3.2

Public Involvement survey (conducted via email, online)

PowerPoint slide deck for City Council and/or Mayor’s Office

PowerPoint slide deck for stakeholder briefing meetings

Summary of survey findings

One project flyer

Up to two (2) web updates (one (1) draft and one (1) final per update)

Development of comprehensive web updates at key project milestones

Task 3.3

Two (2) public meeting plans, one for each (two (2) drafts, one (1) final of each)

Attendance of up to two (2) Consultant staff at public meeting prep sessions, up to one
(1) meeting per public meeting

Attendance of up to two (2) Consultant staff at two (2) public meetings

Two (2) public meeting summaries, one for each (two (2) drafts, one (1) final)

Up to ten (10) total display boards, five (5) for each public meeting event (two (2) drafts
and one (1) final)

Two (2) postcards/mailers for public meetings, one (1) for each (two (2) drafts and one (1)

final)
4 Water Quality Monitoring
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4.1 Sampling and Analysis Plan and QAPP

A Sampling and Analysis Plan (SAP) will be developed for monitoring. The SAP will
include:

e Discussion of previous investigations and previously collected data
e Establishment of sampling objectives
e Sampling design: sample locations, parameters/analytes of concern and methods
e Field procedures and equipment
¢ Notetaking protocols
e Sample handling and custody procedures
e Sample documentation
The Quality Assurance Monitoring Plan (QAPP) will include the following components:

e Identification of members of the QAPP team and assigned responsibilities
e Schedule of tasks and project timetable

e Data Quality Objectives (DQOs)

¢ Quality controls requirements for field measurements and lab analysis

¢ Methodology for data validation and usability

4.2 Water Level Station Deployment

Up to 5 monitoring sites consisting of continuously logging pressure transducers will be
deployed in the Laughing Jacobs Basin. Data from the pressure transducers will be
downloaded periodically by field staff.

4.3 Ongoing water quality sampling

Consultant will conduct ongoing water quality sampling in the Laughing Jacobs Basin.
Specific parameters to be sampled will be identified in Task 4.1. For budgeting purposes
assumed parameters are:

e conventional parameters (pH, DO, temperature, turbidity, TSS),

e nutrients (phosphorus, nitrogen) and

e bacteria (fecal coliform, e. coli).

Parameters required specialized laboratory methods, such as specific organics (PCB'’s,
phthalate, etc) are not included.

44 Reporting
Data collected will be summarized and delivered to the City at the conclusion of the
project.
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Task e City will secure necessary access agreements, coordinate with property owners, and
Assumptions coordinate with City of Issaquah as necessary to allow Consultant access to
monitoring locations.

e Monitoring equipment will be leased to the City of the duration of the project

e Consultant will address and incorporate one round of comments in each annual
monitoring report.

o City Project Manager will coordinate comments from other city staff to deliver one set
of unified comments to be addressed.

¢ Documents will be delivered in electronic format.

e Continuously logging monitoring equipment will be owned by consultant and will be
leased to the City for the duration of the project. The total lease amount over the life
of the project will be capped at the purchase price of the equipment.

Task 4 ¢ Final SAP/QAPP

Deliverables | ® Monitoring report delivered at conclusion of project
5 Problems and Opportunities Identification

51 Initial opportunities workshop

Consultant will lead an internal workshop consisting of consultant core team, select topic

area leads, and City Staff. This workshop will synthesize information gathered from Tasks

2-4 and develop a preliminary list of potential problems and opportunities to be addressed.

The following information will be incorporated:

e Existing Sources and Studies

o Beaver dam locations
o Climate change
o Dam stability
o Flooding
o Regulatory environment
o Groundwater
e Public Input
o Community values
o Stakeholder values
o Ongoing planning efforts
e Watershed Characterization
o Erosion and Sedimentation
o Fisheries and aquatic habitat
o Wetland functions and values
o Water Quality

Meeting results and decisions made will be summarized in a meeting summary to be

delivered to participants.
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5.2 Field investigation
Consultant will perform a “windshield survey” of identified opportunities and problems to
gather additional information about potential approaches. Consultant will prepare field
notes and photographs as appropriate.

5.3 Risk Analysis
Consultant will identify values and threats associated with preliminary opportunities and
will perform a high-level risk analysis. Opportunities will be classified into risk categories
to be used in project identification.

5.4 Reporting
Consultant will prepare a brief technical memorandum summarizing information
developed in Task 5.

Task e Consultant will address and incorporate one round of comments in the Task 5

Assumptions

memorandum.

o City Project Manager will coordinate comments from other city staff to deliver one set
of unified comments to be addressed. Comments will be incorporated in Task 9.

e Documents will be delivered in electronic format.

Items
Provided by
the City

e Coordination, scheduling and venue for initial opportunities workshop
e Attendance at field investigation and any access agreements

Deliverables

e Workshop agenda, meeting notes
e Draft Problems and Opportunities TM

Hydrologic and Hydraulic Modeling

6.1

Refine modeling approach

Based on information developed in previous tasks, consultant will develop a refined
modeling approach to answer specific questions regarding identified problems,
opportunities and potential solutions. Consultant will develop a brief technical memo that
outlines specific needs and models to be developed.

6.2

Hydrologic Modeling

Hydrologic modeling will focus on establishing existing and future rainfall-runoff
relationships that will inform design of potential solutions. Time has been allocated for
this task to perform continuous simulation modeling using the standard parameterization
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of the Western Washington Hydrology Model (WWHM) of select locations of the
Laughing Jacobs Basin. Data will be developed from existing sources to be provided by
the City or available for public download from other sources. If recommended during
task 6.1, the publicly available Puget Sound Stormwater Heatmap may be used for data
extraction or to augment existing data sources.

These data include:

e Slopes

e Hydrologic Soil Groups

e Landcover

e Land use

e Subwatershed boundaries

6.4 Water Balance Evaluation
Time is allocated for development and implementation of a spreadsheet-based water
balance to assess long term functions of wetland areas. Information to be developed in
this task may include stage-storage relationships, soil infiltration, evapotranspiration, and
rainfall.

6.6 Modeling Memo
Consultant will prepare a draft modeling memorandum documenting assumptions,
methodology and results from modeling tasks.

Task e The modeling approach will be refined based on the specific needs associated with

Assumptions

proposed opportunities and projects.

e Budget may be reallocated between subtasks of Task 6 at the direction of the City
Project Manager upon recommendations in Task 6.1.

e The refined approach (to be agreed to by City and Consultant) will form the basis of
understanding for this task.

¢ Not all sub-tasks may be utilized.

e Hydraulic Modelling and Drainage Network modeling will not be performed unless
identified as a need in task 6.1. If needed, the Consultant will allocate budget from
other modeling tasks in coordination with the City.

Items
Provided by
the City

e One set of comments on Draft Modeling TM

Task 6
Deliverables

e Draft Modeling Approach TM
¢ Modeling files and spatial data developed during Task 6
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7 Project Identification and Prioritization

71 Initial projects work session
Consultant will lead an internal workshop consisting of consultant core team and City Staff.
This workshop will be used to present initial projects identified by the consultant and solicit
feedback regarding feasibility, potential refinements, and additional solutions to consider.
The range of initial projects is expected to include:
e Capital projects
e Operations and maintenance projects
¢ New technologies
e Programmatic solutions, including policy recommendations
e Restoration and preservation, including habitat restoration
e Additional or continued monitoring
Information developed during this work session will be used to develop initial project
descriptions and begin project prioritization.

7.2 Prioritization of projects
Consultant will evaluate and rank projects using the prioritization framework developed
above. An initial set of inputs (e.g., population affected, benefits, etc) will be developed,
and used to develop an initial prioritization. Inputs related to costs will be developed at a
high level to be refined during conceptual design.
The initial prioritized list will be submitted to the City for comment and review. The final
prioritized list will incorporate comments from the City along with more detailed cost
information developed in Task 8.

Task e Consultant will address and incorporate one round of comments on the project

Assumptions prioritization inputs. Comments will be incorporated in Task 9.
o City Project Manager will coordinate comments from other city staff to deliver one set

of unified comments to be addressed. Consultant will address comments during Task
9.

Items e Coordination, scheduling and venue for initial projects work session

Provided by

the City

Task 7 e Workshop agenda, meeting notes

Deliverables | ® !Initial prioritized list of projects

8 Conceptual Design
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8.1 Initial sizing and layout
Consultant will perform initial sizing and layout of identified projects. Time is allocated for
additional modeling runs to perform sizing of projects that treat or detain stormwater,
affect stream power or sediment transport, or improve surface flooding.
Initial sizing and layout of projects will be presented to the City for informal comment and
review.
8.2 Conceptual design development
Conceptual designs and planning-level cost estimates will be developed for proposed
priority projects. Conceptual designs will include plan schematics with sufficient detail to
support the development of City Capital Improvement Plans, Permit Applications, and
Grant Applications. Maps will be produced to identify locations and connections to existing
infrastructure, outfall locations, or other spatial locations. Planning-level costs estimates
will include capital costs, engineering, permitting, regular operations and management,
annual maintenance, and major maintenance activities.
Conceptual designs will be delivered in the form of cut-sheets for proposed projects.
These will include maps, conceptual schematics and planning-level costs.
To the extent possible, the Puget Sound Stormwater Pollution Reduction Tool may be
used to estimate project performance or estimate life-cycle costs.
8.3 Basis of design memo
Consultant will prepare a draft basis of design memorandum documents assumptions,
calculations, and other information used to prepare conceptual designs.
Task e Up to seven (7) projects will be brought to the conceptual design level.
Assumptions | * Initial sizing and layout will be delivered in a PowerPoint slide deck. Comments from
initial sizing and design will not be addressed in Task 8.1 but will be incorporated into
the approach for Task 8.2.
e Consultant will address and incorporate one round of comments in the basis of design
memorandum. Comments will be incorporated in Task 9.
o City Project Manager will coordinate comments from other city staff to deliver one set
of unified comments to be addressed. Comments will be incorporated in Task 9.
¢ Documents will be delivered in electronic format.
Items e One set of comments on draft project cut-sheets.
Provided by | ° One set of comments on basis of design memo.
the City
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Task 8 ¢ Initial sizing and layout PowerPoint slide deck
Deliverables | ® Draft and final project cut-sheets
e Draft basis of design memo
6 Basin Plan Report
10.1 Draft and Final Report
Consultant will compile a basin plan report utilizing technical memoranda developed in
previous tasks. Time is allocated for specific sections to be developed under this task:
e Executive Summary
e Introduction
e Summary of Watershed Characterization
e Summary of Public and Stakeholder Participation
e Opportunities Identification
e Project Prioritization
e Conceptual Design
e Implementation Plan
e Conclusion
e Appendices
o Watershed Characterization
o Modeling Appendix
The implementation section will be developed around: 1) anticipated funding sources,
and 2) key project partners / stakeholders. The implementation plan will identify key
project benefits (including multiple benefits), anticipated outcomes, and opportunities to
adaptively manage plan implementation based on alternative future scenarios (including
climate change, growth, and funding streams).
10.2 GIS Exhibits
Time is allocated for development of additional GIS exhibits to support the final basin plan
report. Up to six (6) revised or additional exhibits will be developed under this task for
inclusion in the final report.
Task e Consultant will address and incorporate up to two rounds of comments.
Assumptions | * City Project Manager will coordinate comments from other city staff to deliver one set
of unified comments for each round.
e Draft and final documents will be delivered in electronic formats.
Task 10 ¢ Initial Draft, Revised Draft, and Final report
Deliverables
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draft memorandum

date August 23, 2019

to Danika Globokar, P.E., City of Sammamish Public Works

cc Christina Nilsen, P.E., Geosyntec Consultants

from Pete Lawson, Linda Mark, and Aaron Booy, ESA; and Christian Nilsen, Geosyntec Consultants
subject Draft Watershed Characterization for Laughing Jacobs Basin

Introduction

This memorandum is part of a planning effort being conducted by the City of Sammamish (City) in the Laughing
Jacobs Basin. The Laughing Jacobs Basin is a watershed located on the southwest portion of Lake Sammamish,
with the majority of the basin within the City while the lower portions of the basin, adjacent to the lake, are in the
City of Issaquah. The purpose of the memorandum is to characterize current physical, biological, and water
quality conditions in the Laughing Jacobs Basin. Content presented in this memorandum will be included as the
future Basin Characterization chapter of the Laughing Jacobs Basin Plan Report.

The Laughing Jacobs Basin covers an area of approximately 4.1 square miles at the south end of the East Lake
Sammamish Plateau (Figure 1); most of the basin is in the City, with a significant portion of the lower basin
extending into the City of Issaquah, including the reaches of Laughing Jacobs Creek from River Mile (RM) 1.1 to
the mouth of the stream within Lake Sammamish State Park. Although Beaver Lake and areas that drain to
Beaver Lake are the headwaters for the Laughing Jacobs Basin, they are not included in the Laughing Jacobs
Basin Plan, as the City is conducting a separate planning effort for this area.
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The primary riverine feature in the basin is Laughing Jacobs Creek, which has numerous tributary streams and is
associated with a number of wetlands, including sphagnum bog wetlands. The following sections present
background information, describe the regulatory drivers, characterize the watershed setting of the basin, and
present the results of a field reconnaissance/site visit to evaluate the geomorphic, instream, riparian, and wetland
habitat conditions in the basin.

Background

The following sections place the current evaluation into a larger context. They present information on previous
studies and documents relevant to the current Laughing Jacobs Basin planning effort and describe the regulatory
drivers for the plan, including applicable City of Sammamish and Washington state regulations.

Previous Studies

Numerous previous studies have been completed, focusing on the assessment and restoration of East Lake
Sammamish tributary streams and the associated basin. The following provides a brief summary of key studies
conducted to date:

o Blueprint for the Restoration of Lake Sammamish Kokanee Tributaries (2014): Completed by
the Lake Sammamish Kokanee Work Group, this restoration plan uses best available science to
identify and prioritize restoration projects and other actions focused on recovery of the native
kokanee salmon population in Lake Sammamish. Laughing Jacobs Creek is identified as a “Category
One Stream” for restoration, with rerouting and restoration of the lower stream reaches (from Han
Jenson Park to the mouth) the primary restoration focus. The Kokanee Work Group is a partnership
between local jurisdictions, agencies, tribes, community groups, and other kokanee advocates that
was formed in 2007. The Blueprint is available online:
https://www.kingcounty.gov/services/environment/animals-and-plants/salmon-and-
trout/kokanee/kokanee-workgroup.aspx.

¢ Ecological Survey of “Late-Run” Kokanee in Lake Sammamish, 2016 (published 2017):
Prepared by the Lake Sammamish Kokanee Work Group with technical support from King County
Department of Natural Resources and Parks (DNRP), the study examines the recent status of the
Lake Sammamish kokanee population and conservation efforts. The report is available online:
https://your.kingcounty.gov/dnrp/library/2017/kcr2866/kcr2866-txt.pdf.

e City of Issaquah State of Our Waters (2011): This report was prepared by the City of Issaquah’s
Public Works Engineering Department and Resource Conservation Office consistent with stream and
surface water management objectives. The report details results of stream water quality monitoring
conducted between 2009 and 2010 under an aquatic resource monitoring program. The report
provides water quality data for reaches of Laughing Jacobs Creek below East Lake Sammamish
Parkway and above the parkway. Water quality reported between 1998 and 2010 identified frequent
exceedances of dissolved oxygen parameters for both monitored reaches, as well as exceedances for
fecal coliform within the downstream reach. The report is available online:
https://www.issaquahwa.gov/DocumentCenter/View/925.
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o City of Issaquah Stream and Riparian Areas Restoration Plan (2006): This plan was prepared by
The Watershed Company to support the City of Issaquah in identifying streams and associated
riparian areas in need of restoration across the City. Three restoration opportunities were identified
along the lower reaches of Laughing Jacobs Creek, all within Lake Sammamish State Park
(immediately upstream of East Lake Sammamish Parkway in Hans Jenson Group Camp and
downstream along the outlet channel). The plan is available online:
https://www.issaquahwa.gov/index.aspx?NID=1046.

e City of Sammamish Shoreline Master Program (SMP) Update, Final Shoreline Restoration
Plan (2008): Prepared by ESA Adolfson for the City as part of the Comprehensive SMP Update, this
plan provides programmatic recommendations for restoring the shorelines of the City, including Lake
Sammamish at the bottom of Laughing Jacobs Basin and Beaver Lake, at the headwaters of Laughing
Jacobs Creek (and outside of the study area for this memo). The plan is available online:
https://www.sammamish.us/government/departments/community-development/shoreline-master-
plan-2011/.

o Lake Sammamish State Park Wetland, Stream, and Lakeshore Restoration Plan (2005):
Prepared by the Watershed Company for Washington State Parks, the plan focuses on the
identification of restoration opportunities for all critical habitats across the State Park. For areas at the
bottom of Laughing Jacobs Basin, the plan calls for significant restoration of the extensive wetland
extending south of the boat ramp and parking area; however, this earlier plan does not identify the
currently conceptualized re-route of Laughing Jacobs Creek through this wetland. The plan is
available online at: https://parks.state.wa.us/DocumentCenter/View/11225/02-Wetland-Stream-
Lakeshore-Restoration-Plan-PDF.

¢ Final East Lake Sammamish Basin and Nonpoint Action Plan (1994): Prepared by the
Issaquah/East Lake Sammamish Watershed Management Committee (lead effort by King County,
with support from other stakeholders including the City of Issaquah), this plan provides an
assessment of all drainages from the overall East Lake Sammamish Basin, and establishes
recommendations consistent with the overall goals of: (1) reducing health and safety problems, (2)
protecting the value of water bodies, and (3) reducing nonpoint pollution. The plan provides specific
actions for mitigating effects of development, much of which has been subsequently built consistent
with first King County and now Sammamish standards. The plan is available online at:
https://your.kingcounty.gov/dnrp/library/1994/kcr910-01.pdf.

Regulatory Drivers

Surface Water

Water Quality Standards

Water quality standards for surface waters are dictated by the Washington Administrative Code (WAC) 173-201A.
WAC 173-201A-200 dictates the criteria for temperature, dissolved oxygen, turbidity, total dissolved gas, pH, and
bacteria, depending on the aquatic life and recreational use of the water body. In addition, general criteria for water
supply and miscellaneous uses are described in this section of the WAC.
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303(d) Impaired Waters

The State of Washington Department of Ecology (Ecology) assigns all waters in the state (except on tribal
reservation land) to a numerical category ranging from 1 to 5, where Category 1 meets water quality criteria and
the increasing numerical category indicates decreasing water quality. Water bodies in which water quality criteria
are not persistently attained or where well-documented narrative evidence indicates impairment of a designated
use by a pollutant are placed in Category 5. Water bodies placed in Category 5 are submitted to the U.S.
Environmental Protection Agency (EPA) as 303(d)-listed water bodies. 303(d) is a section of the Clean Water Act
that authorizes the EPA to assist states in listing impaired waters and developing Total Maximum Daily Loads
(TMDLs) for these water bodies. TMDLs establish a maximum pollutant level in the water body that must be
attained to restore water quality.

WAC 173-201A-200 defines the designated uses for protection in fresh surface waters of the state. Laughing
Jacobs Creek is classified as core summer salmonid habitat, where the key identifying characteristics are summer
(June 15—September 15) salmonid spawning or emergence, or adult holding; use as important summer rearing
habitat by one or more salmonids; or foraging by adult and subadult native char. Other common characteristic
aquatic life uses for waters in this category include spawning outside of the summer season, rearing, and
migration by salmonids. The aquatic life temperature criteria for this use classification is a 7-day average of the
daily maximum temperatures (7-DADMax) of 16°C or less.

Groundwater

Wellhead Protection Areas

Wellhead protection areas (WHPAs) in Washington must be delineated for each well used by a water system for
domestic supply as part of a required wellhead protection program (WHPP). WHPPs are required under WAC
246-290-135 Source Water Protection. A WHPA must be delineated for each well with a 1-, 5-, and 10-year time
of travel boundary marked using recognized methods, such as guidance from the Washington State Department of
Health or the EPA.

Critical Aquifer Recharge Areas

Critical Aquifer Recharge Areas (CARAs) within the Laughing Jacobs Basin must be established to abide by
municipal codes established by the City of Sammamish and the City of Issaquah. These CARAs are critical areas
that must be protected such that the integrity of groundwater quality is conserved. The City of Sammamish
provides development standards for developments located within CARAs under Sammamish Municipal Code
(SMC) 21A.50.280 Critical Aquifer Recharge Areas — Development Standards. The City of Issaquah provides
development and protection standards for CARAs under Issaquah Municipal Code 13.29 Groundwater Quality
Protection Standards. Both regulations require demonstration that contaminants will not enter the aquifer caused
by the development activity.

City Ordinances and Plans

Environmentally Critical Areas Ordinance

Required under the Washington State Growth Management Act (GMA), the City regulates wetlands, streams, and
other fish and wildlife habitat areas, geologically hazardous areas, critical aquifer recharge areas, and frequently
flooded areas through the Environmentally Critical Areas Ordinance (SMC Chapter 21A.50). Standards for the
protection of these resources as new development, expansions, and redevelopment occur is integral to the City’s
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approach for managing natural areas and water resources. Standards for critical areas are also established for the
City of Issaquah.

The Environmentally Critical Areas Ordinance works to:
(1) Restrict inappropriate development activities within resource areas.
(2) Require buffers and/or setbacks around wetlands, streams, and landslide hazard areas.
(3) Implement development standards to ensure that adjacent development avoids indirect impacts.

(4) Require mitigation for unavoidable impacts.

Generally, within the Laughing Jacobs Basin and throughout the City, stormwater runoff from developed areas
eventually discharges to receiving waters, including tributary streams and wetlands. Development built before
current standards were in place for stormwater management and critical areas typically discharges undetained
and/or untreated stormwater, with facilities and outfalls located within wetlands and/or immediately adjacent
stream and wetland buffers. In comparison, newer developments have implemented measures to detain and treat
runoff, and facilities have been located farther away from wetlands and streams.

Stormwater Capital Improvement Plan (2017 — 2022)

In 2016, the City adopted a Stormwater Capital Improvement Plan (CIP) for a 6-year period from 2017 to 2022.
The Stormwater CIP was passed by Resolution R2016-688, and identified stormwater components of planned
City Transportation Improvement Projects, as well as prioritized stormwater projects and programs. Prioritization
of sequenced basin planning efforts is a key aspect of the Stormwater CIP, with this Laughing Jacobs Basin
planning effort identified for completion in 2020. Other prioritized project types include culvert fish passage
improvements, stormwater conveyance tightlines, and facility retrofit projects. A programmatic fund is also
established for projects “to mitigate the negative effects of the beaver population and beaver dams in the City.”

Storm and Surface Water Management Comprehensive Plan

The Storm and Surface Water Management Comprehensive Plan (SSWMCP) was developed and adopted by the
City in 2016, and is the “functional document that provides direction for management of the City’s surface and
stormwater system” aimed at meeting community and City goals for health and sustainability. The SSWMCP
claborates on goals of the City’s general 2015 Comprehensive Plan (detailed below), steering the City to achieve
its overall objectives of environmental and community health in protection and management of water resources.
The plan also provides the primary framework through which the City ensures consistency with National
Pollutant Discharge Elimination System (NPDES) permit requirements. The following are goals of the
SSWMCP:

e Goal 1 (G.1) — Comprehensively evaluate and address problems related to the existing stormwater
system and manage storm and surface water systems to ensure longevity of assets.

e Goal 2 (G.2) — Use drainage basin planning to allocate limited resources to address priority problems and
opportunities.

e Goal 3 (G.3) — Promote surface and stormwater education and outreach.

e Goal 4 (G.4) — Promote the recovery of Lake Sammamish kokanee and other threatened or endangered
salmonids.
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e Goal 5 (G.5) — Prepare a multiyear list of Capital Improvement Projects that address the City’s storm and
surface water priorities.

* Goal 6 (G.6) — Promote City-wide compliance with storm and surface water regulations.
e Goal 7 (G.7) — Coordinate surface and stormwater management services with neighboring jurisdictions.

e Goal 8 (G.8) — Develop storm and surface water rates and charges based on present and future revenue
needs.

Along with these goals and presenting the detailed stormwater management program, the SSWMCP provides an
overview of existing natural resources and infrastructure conditions across the City, anticipated future conditions,
and recommendations for moving forward.

Sammamish Comprehensive Plan

The City’s Comprehensive Plan (developed and adopted in 2015; most recently amended in 2018) includes goals
and policies that are directly relevant to the management of surface water resources and stormwater
infrastructure. These goals and policies, and the implementing framework provided by the 2016 SSWMCP,
provide primary policy and planning direction for all of the City’s basin planning efforts.

The primary goals and associated policies for surface and stormwater management are included in the
Environmental Conservation, Utility, and Capital Facilities elements:

¢ Environmental Conservation Goals EC.2, EC.3, and EC.5 focus on protecting surface water,
groundwater, wetlands, and other natural resources from degradation, recognizing that these resources
serve the community and enhance the quality of life.

e Utility Goal UT.6 encourages water conservation and the protection of water quality.

e Capital Facilities Goal CF.4 directs the City and other utility agencies to design and locate capital
facilities so as to support the environment and achieve sustainability.

Watershed Setting

This section identifies ecosystem components and key ecological attributes for the watershed. It describes their
current status, including physical, biological, and chemical aspects of the natural environment and the current
land use and land cover.

Physical Setting
Topography and Drainage Network

The drainage network in the Laughing Jacobs Basin includes the mainstem channel, tributary streams, and several
lakes, ponds, and associated wetlands, including sphagnum bog wetlands. For the purposes of this
characterization, the basin was divided into three subbasins, based on geomorphic and hydrologic characteristics:
the Lower Subbasin, the Middle Subbasin, and the Upper Subbasin (Table 1; Figure 2). Most of the stream
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reaches within the basin are classified by the Washington Department of Natural Resources (WDNR) as fish
habitat in the Forest Practices Fish Habitat Water Type dataset (WDNR, 2006).

Table 1. Subbasin Characteristics in the Laughing Jacobs Basin

Subbasin Area
Laughing Jacobs Subbasin (acres) Associated Streams and WDNR Stream Typing

Lower Subbasin 356.5 Lower Mainstem Laughing Jacobs Creek (Type F)

Middle Mainstem Laughing Jacobs Creek (Type F),
Middle Subbasin 1,318.6 Laughing Jacobs Lake (Type F), South Tributary, West
Tributary, East Tributary (Type F)

Upper Subbasin 931.7 Upper Mainstem Laughing Jacobs Creek (Type F)

Upper Subbasin

The Upper Subbasin contains the headwaters of the basin, including Beaver Lake and Long Lake, which are
outside the area addressed by the Laughing Jacobs Basin Plan, as well as the upper mainstem of Laughing Jacobs
Creek and a very large bog wetland complex along SE 24" Street. The topography in the Upper Subbasin ranges
from a low elevation of 360 feet (NAVD 88) in the Laughing Jacobs upper mainstem, just upstream of Issaquah-
Pine Lake Road, to a high of 550 feet on the Highcroft development on the northeast subbasin plateaus (Figure 3).

Middle Subbasin

The Middle Subbasin includes Laughing Jacobs Lake, a portion of the mainstem north of the lake, two tributaries
to the lake (the East Tributary and the West Tributary), and the mainstem south of the lake, where it flows
through a low gradient plateau. A wetland complex, including bog wetlands, surrounds the lake, including a
portion of the tributary streams listed above. Another large bog wetland, the Queens Bog, serves as the
headwaters for the East Tributary. Approximately 2,000 feet downstream of the lake, the South Tributary joins
the mainstem. The South Tributary drains several large wetlands and stormwater ponds in the south portion of the
subbasin. The topography in the subbasin ranges from a low elevation of approximately 340 feet in the
downstream mainstem to a high of approximately 590 feet.

Lower Subbasin

The Lower Subbasin is characterized by a steep bedrock-based ravine in the upper portion that transitions to a
low gradient lake fringe topography at the mouth. Anadromous fish use is confined to only this subbasin, due to
the presence of a natural fish barrier in the upper portion of the subbasin. The topography in the subbasin ranges
from a low elevation of approximately 32 feet at the confluence of Laughing Jacobs Creek and Lake Sammamish
to a high of approximately 570 feet on the top of the large hill in the southwest portion of the basin.
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Climate

Historic Conditions

The climate in the Laughing Jacobs Basin is typical of the Puget Sound region, characterized by wet winters and
dry summers, with the wettest months generally occurring between October and March. Average rainfall in the
City is around 62 inches per year based on data reported in the weather atlas for Sammamish (Weather Atlas,
2019). Rainfall and stormwater runoff are the primary sources of flow in Laughing Jacobs Creek; groundwater is
a secondary source, supplying water to the stream that has infiltrated into the ground from rainfall or runoff and
emerged as seepage. Snowmelt is infrequent.

The Aleutian Low, a low pressure weather cell centered in the Gulf of Alaska, is largely responsible for
interannual and interdecadal variations in climatic characteristics of the Pacific Northwest region. The El Nino
Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO) are two important factors affecting
climatic patterns in the Pacific Northwest (Mantua et al., 1997). El Nino conditions are characterized by warmer,
drier winters while the opposite condition, La Nina, is characterized by cooler and wetter winter conditions
(Redmond and Koch, 1991). In general, the PDO is a persistent climatic pattern that oscillates between warm and
cool phases. The warm phase of the PDO has a similar effect as El Nino on climate of the Pacific Northwest
(warm, dry winters), and the cool phase of the PDO is similar to La Nina (cooler, wetter winters) (Mantua et al.,
1997).

Future Conditions

Increases in rainfall intensity and altered seasonal precipitation patterns are anticipated within the next several
decades due to accelerated climate change. Climate change in the overall Snoqualmie Basin has been modeled
extensively by the University of Washington Climate Impact Group and the National Oceanic and Atmospheric
Administration (Yang et al., 2015; Climate Impacts Group, 2015). Predicted effects include increases in the
magnitude of peak flows, changes in the timing of seasonal flow peaks, prolonged and persistent low flows,
reductions in summer flows, and increased stream temperatures. These effects could further degrade water quality
within streams and wetlands —with the potential for higher loads of polluted runoff during winter storm events,
and higher surface water temperatures during summer months, and could further strain threatened salmon
populations (including kokanee and juvenile coho rearing in the lower basin), drinking water supplies, and unique
wetland bog vegetation communities. The magnitude of climate change impacts on habitat, flooding, and other
local concerns is uncertain.

Geologic Setting

The Laughing Jacobs watershed is in the eastern Puget Lowland region, which is a broad, relatively low elevation
area bounded by the Olympic Mountains to the west and the Cascade Range to the east. In general, glacial and
postglacial sediments overlie Tertiary bedrock within the Laughing Jacobs watershed (Booth et al., 2012). These
glacial sediments were left behind by glaciers that advanced six or more times within the last 2 million years. The
current surficial geology is most influenced by the last glaciation, the Vashon Stade of the Fraser glaciation,
which reached its maximum extent approximately 17,000 years ago before receding north (Porter and Swanson,
1998).

The geology of the Laughing Jacobs Basin, as mapped and described in Booth et al. (2012), is shown in Figure
4a, and the geologic units are described in Table 2. The different types of glacial sediments have varying levels of
permeability, which affect their ability to infiltrate water and produce runoff. For example, Vashon Stade advance
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outwash deposits (Qva) are very permeable and infiltrate very well, but in contrast, Vashon till (Qvt) is generally
less permeable and is susceptible to runoff, and deposits of pre-Fraser glaciation age (Qpf) do not infiltrate well
and are prone to producing runoff. Seeps or perched groundwater may occur where more permeable layers,
including Qva or Vashon Stade recessional outwash deposits (Qvr), overlie Qvt or Qpf or other less permeable
layers.

Most of the mapped wetland areas in Figure 2 overlie areas mapped as Vashon Stade recessional outwash
deposits, Stage 3 (Qvr(3)). Many of the largest wetlands, such as Laughing Jacobs Lake, are located within
mapped wetland deposits (Qw) that generally overlie Qvr(3) (Figure 4a). A few smaller wetlands overlie other
geologic units.

As glaciers retreat, they can leave behind blocks of ice, which melt to form small kettle lakes; or, they can leave
behind other low-lying areas that form lakes. Bog wetlands often form in these lakes, which can have conditions
conducive to the growth of sphagnum mosses around the perimeter of the lakes. The sphagnum moss in turn
creates acidic conditions that are conducive to the growth of other bog plants.

Landslide Hazards

Both planning-level and detailed landslide information is available for the Laughing Jacobs watershed. The City
maps both a landslide hazard area and landslide hazard drainage area in the vicinity of the middle reach of the
lower mainstem of Laughing Jacobs Creek, generally between Providence Point Place SE and East Lake
Sammamish Parkway SE (City of Sammamish, 2019; Figure 4b). Landslide hazard areas are defined as “those
areas in the City of Sammamish potentially subject to risk of mass movement due to a combination of geologic,
topographic, and hydrologic factors. These areas are typically susceptible to landslides because of a combination
of factors including: bedrock, soil, slope gradient, slope aspect, geologic structure, groundwater, or other
factors” (City of Sammamish, 2019a). Landslide hazard drainage areas are critical drainage areas “where
overland flows pose a significant threat to health and safety because of their close proximity to a landslide
hazard area” (City of Sammamish, 2019a). These landslide hazard areas are generally located in the steepest part
of the watershed and include the area where Laughing Jacobs Creek passes through a steep-sided ravine.

Washington Geological Survey provides detailed landslide inventory mapping (beginning 2017) which includes
the Laughing Jacobs watershed (Washington Geological Survey, 2019; Figure 4b). This mapping contains
landslides mapped using light detection and ranging (LiDAR) data, according to the mapping protocol of
Slaughter et al. (2017). Data layers include landslide deposits, scarps and flanks, scarps, and fans. Shallow
susceptibility and deep susceptibility mapping is not available for the Laughing Jacobs watershed.

The Laughing Jacobs watershed contains four mapped landslides within the basin area, none of which have been
field-verified (Washington Geological Survey, 2019; Figure 4b). All four mapped landslides are in the general
vicinity of the middle reach of the Lower Subbasin and are mapped as being prehistoric (older than 150 years).
Three of the landslides are mapped with low confidence and one is mapped with moderate confidence.

Four prehistoric fans are mapped within the study area, none of which have been field-verified (Washington
Geological Survey, 2019; Figure 4b). Two fans are mapped with low confidence in the lower portion of the
middle reach of the Lower Subbasin just above East Lake Sammamish Parkway SE. One fan is mapped with
moderate confidence adjacent to Laughing Jacobs Creek upper mainstem just upstream of SE 32" Way, and one
fan is mapped at the north boundary of the watershed with moderate confidence.
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Table 2. Geologic Map Units along Laughing Jacobs Creek

Geologic Unit
Abbreviation

Name (Age)

Brief Description

(1912) (Tertiary)

Qw Wetland deposits (Holocene) Peat and alluvium deposits that are poorly drained and
intermittently wet.

Qal Alluvium (Holocene) Moderately sorted sandy silt, pebbly sand, and cobble gravel
deposited along major stream channels and locally including
similar sediments adjacent to Lake Sammamish.

Qf Fan deposits (Holocene) Diamict, sand, cobbles, and boulders deposited where streams
emerge from confining valleys, located along shores of Lake
Sammamish. Qf contact is gradational with Qal.

Qvr(3) Recessional outwash deposits Vashon Stade recessional outwash deposits - Stage 3. These are

(Pleistocene) moderately to well-sorted stratified sand and gravel deposits, with
less common silty sand and silt.

Qvi(2) Ice-contact deposits Stage 2 Ice-contact deposits in the Laughing Jacobs Lake area along the

(Pleistocene) southern meltwater channel. These deposits are similar to Qvr, but
they contain a much higher percentage of silt mixed with granular
sediments.

Qut Till (Pleistocene) Glacial till that is a compact diamict composed of glacially
transported and deposited subrounded to well-rounded clasts,
which forms an undulating surface varying from a few meters to
tens of meters thick.

Qpf Undifferentiated sedimentary Deposits that underlie Vashon-age deposits, including silt, clay,

deposits of pre-Fraser glaciation | sand, and gravel.
age (Pleistocene)
Tb Blakeley Formation of Weaver Coarse-grained and medium-grained sandstone, conglomerate,

tuffaceous sandstone, airfall tuff, and minor siltstone, fresh to
highly weathered bedrock. Massive to well-bedded.

From Booth et al. (2012).

Earthquake Hazards

The Laughing Jacobs Basin is located at the northern front of the Seattle Fault Zone, a west-trending thrust fault
system. The Seattle Fault Zone is moving northward due to deflection from the Cascadia Subduction Zone
(Johnson, et al., 1994). The structure of the Seattle Fault Zone is still under investigation by researchers, however,
a Magnitude 7 to 7.5 earthquake likely occurred around 900-930 AD, causing uplift of around 6 m (20 feet)
(Bucknam et al., 1992).
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Earthquakes can cause a loss of soil through liquefaction, which can cause landslides and damage structures.
King County produces a liquefaction susceptibility map, which shows low susceptibility to liquefaction for most
of the Laughing Jacobs Basin, with the exception of the area adjacent to Lake Sammamish (King County, 1999a).

Groundwater Conditions

Groundwater in Sammamish is managed by the Sammamish Plateau Water and Sewer District (Sammamish
Plateau Water). The Sammamish Plateau Water service areas are divided into two zones, the Plateau Zone and the
Cascade View Zone. The Laughing Jacobs Basin is solely encompassed within the Plateau Zone. The Plateau
Zone is supplied by two aquifers, the Plateau Aquifer and the Issaquah Valley Aquifer; five wells draw from the
Plateau Aquifer and three wells draw from the Issaquah Valley Aquifer. Figure 5 depicts the public supply
withdrawal wells within the Laughing Jacobs Basin and the surrounding areas.

Wellhead Protection Areas

A Wellhead Protection Area (WHPA) is the surface and subsurface area surrounding a well through which
potential contaminants are likely to pass and reach the well (City of Sammamish, 2007). Boundaries are formed
indicating the WHPA such that a protection area is formed to reduce the possibility of potential contamination
and detrimental effects to water quality. WHPAs are defined spatially based on the travel time for a potential
contaminant to travel from the point of infiltration to the point of discharge at the well. Figure 6 shows the 1-year,
5-year, and 10-year WHPAs within or near the Laughing Jacobs Basin.

Aquifer Recharge

An aquifer must be recharged to continue to supply water without significant draw down. Aquifers are typically
recharged via infiltration of surface water, lateral flow, or injection wells. Surface water infiltrates aquifers via
direct infiltration of stormwater through porous soils or through water bodies in which a greater pressure is
present at the water-soil interface, allowing water to drain in the downward direction. As development occurs in
the basin, greater risk of contamination to the aquifer may arise. Areas of concern have been identified as high,
medium, and low susceptibility to groundwater contamination and are presented in Figure 7.

Critical Aquifer Recharge Areas

Critical Aquifer Recharge Areas (CARAs) have a critical recharging effect on aquifers used for potable water.
The geologic conditions of CARAs are associated with infiltration rates that create a high potential for
contamination of groundwater resources or contribute significantly to the replenishment of groundwater (SMC,
2019a). These areas are divided into three classes based on their proximity to WHPAs:

e C(Class 1 CARA — mapped areas within the 1- or 5-year capture zone of a WHPA.
e C(Class 2 CARA — mapped areas within the 10-year capture zone of a WHPA.

e (lass 3 CARA — mapped areas outside WHPAS s that are identified as high aquifer susceptibility areas based
on characteristics of surficial geology and soil types.

Development within CARAs is subject to the development standards outlined by the SMC. This code requires
infiltration of 75 percent of on-site stormwater generated from the proposed land development project, limitations
on activities that may impair the quality of groundwater, special regulation on facilities handling and storing
hazardous waste, and a list of prohibited uses or activities based on the CARA class (SMC, 2019b). Figure 8
shows the CARAs within and adjacent to the Laughing Jacobs Basin (Note, there are no Class 3 CARAs in the
area).
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Groundwater Planning Strategies

Sammamish Plateau Water’s 2018 Water Comprehensive Plan details the approaches to which a water supply
strategy will be implemented for the service area.

Groundwater Supply

Supply forecasts do not show a sufficient supply of water for the predicted system needs in the next 10 years if
Sammamish Plateau Water’s sources are limited to the Plateau and Cascade View zone groundwater supplies.
Regional sources have been identified and supply via the existing Cascade South Regional Connection will be
provided to supplement the 10-year planning period demand for the Plateau Zone, and supply via the existing
Cascade North Regional Connection will be provided to supplement the 20-year planning period demand for the
Cascade View Zone (CHS Engineers, 2018).

Water Level Monitoring
A record of groundwater and surface water levels has been created by Sammamish Plateau Water with records
dating back to 1990. This ongoing database collects water levels from 56 wells in the Lower Issaquah Valley,
Sammamish Plateau, and Cascade View and one surface water level on North Fork Issaquah Creek in the Lower
Issaquah Valley. These data are used to determine the quantity of available groundwater, analyze impacts of
changing variables (i.e., climate, water use, and land use changes) on the water levels, calibrate existing
groundwater models, evaluate groundwater gradients and flow patterns, and provide data for water rights and
management decisions (CHS Engineers, 2018).

Agquifer Storage and Recovery

The Aquifer Storage and Recovery (ASR) program is a permitted process of injecting surplus water provided
during the winter months into the aquifers in an approach to recharge the aquifers. Ecology recently granted an
extension to continue the ASR program in the Plateau Zone, with the exception that operational testing will be
limited to Zone III and Zone IV wells and will exclude Zone II wells (CHS Engineers, 2018).

Reclaimed Water

The use of reclaimed water has been considered to alleviate the dependence on Sammamish Plateau Water’s
groundwater wells. This process would use reclaimed water to replace some of the non-potable water demand
(e.g., school and park irrigation). Recent studies have assessed the feasibility, but no specific plans have been
developed for the use of reclaimed water for non-potable demands in the area (CHS Engineers, 2018).

Land Cover and Built Environment

Land Cover

Like the rest of the Puget Sound region, the dominant pre-development land cover of the Laughing Jacobs Basin
was late-stage coniferous forests prior to settlement, with unique shrub-dominated areas likely occurring in the
large bog wetland areas. Much of the original forest vegetation has since been replaced by less mature and non-
native plant communities and non-vegetated artificial surfaces (e.g., roads, parking lots, and buildings) driven by
widespread land development and human activities.

Based on a geographic information system (GIS) analysis of high-resolution land cover data (WDFW, 2015), the
land cover within the Laughing Jacobs Basin is dominated by two land cover types: forest and developed (Table
3). Forest land cover includes deciduous, coniferous, and mixed forest, while developed land cover includes
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buildings, roadways, and other types of impervious surfaces. Forest land cover accounts for 48 percent of land
cover in the overall basin, while forest cover in the subbasins ranged from 57 percent (Lower Subbasin) to 39
percent (Upper Subbasin). Developed land accounted for 25 percent of land cover in the overall basin and showed
an inversely proportional relationship to forest cover within the three subbasins, as the subbasin with the highest
percentage of developed land cover (28% in Middle Subbasin) had the lowest percentage of forest cover.
Likewise, the subbasin with the lowest percentage of developed land cover (22% in Lower Subbasin) had the
lowest amount of forest cover.

Urban development alters rainfall-runoff relationships and increases the “flashiness” (higher peaks, lower base
flows) of the hydrologic regime for a given stream (Booth, 1991; Booth and Jackson, 1997; Konrad et al., 2005).
The most common changes to the hydrologic regime observed in streams with urbanizing catchments include
reductions in dry season base flow and increases in wet season peak flows. Increases in impervious area, storm
drain systems, and overall changes in land cover result in runoff being delivered more quickly to streams. This
increases the magnitude of the peak flows and reduces opportunity for storage and infiltration. Hydrologic
impacts driven by urbanization are related to decreases in ecological productivity and biodiversity in aquatic
systems (Konrad et al., 2005).

Table 3. Land Cover Analysis for Laughing Jacobs Subbasins (Percent of Total Cover)

Subbasin
Laughing Jacobs Laughing Laughing Jacobs
Lower Jacobs Middle Upper Basin-Wide
Land Cover Type (%) (%) (%) (%)
Developed 22.3 29.7 23.0 25.0
Forest 56.5 38.9 49.3 48.2
Bare Dirt 1.9 3.7 3.0 2.8
Herbaceous/Grass 11.2 17.4 10.8 13.1
Shrub 3.0 3.5 3.1 3.2
Water 0.3 1.4 0.5 0.7
Unclassified 0.8 1.5 1.5 1.3
Wetland 4.0 3.9 8.7 5.5
Total 100.0 100.0 100.0 100.0

Other primary land cover types include grass and herbaceous land cover, which includes both landscaped lawns
and grass fields, such as patches of non-native grasses such as reed canarygrass. This land cover type accounts for
approximately 13 percent of the overall basin, with higher percentages (17%) in the more developed Middle
Subbasin and lesser percentages (11%) in the two other subbasins.

Wetlands account for approximately 6 percent of the overall basin, with the highest percentages (9%) in the
Upper Subbasin, which contains Queens Bog and the SE 24" Street wetland complex. The shrub and bare dirt
land cover types each accounts for approximately 3 percent of the overall basin, while the combined water land
cover type and the unclassified land cover types account for just 2 percent of the overall basin area.

Klein (1979) suggested that the initial threshold of degradation of stream water quality was approximately 15
percent effective impervious area (EIA), while Schueler et al. (2009) reported that the threshold was 10 to 20
percent (EIA). Holland et al. (2004) also reported that the adverse changes in physical, sediment, and water
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quality variables could be detected at 10 to 20 percent EIA. In general, the thresholds for biotic measures
(including fish and macroinvertebrate diversity and abundance) range from 3.6 to 15 percent EIA, while the
chemical water quality tended to have higher impact levels with thresholds ranging from 7.5 to 50 percent EIA
(Brabec et al., 2002).

Booth et al. (2002) examined the role of impervious surface area and forest cover for protecting aquatic resources,
and identified the following elements for effective protection:

e C(Clustered developments that protect half or more of the forest cover, preferably in headwater areas and
around streams and wetlands to maintain intact riparian buffers.

e A maximum of 20 percent total impervious area, and substantially less effective impervious area through
the widespread reinfiltration of stormwater (Konrad and Burges, 2001).

e On-site detention, realistically designed to control flow durations (not just peaks).

e Riparian buffer and wetland protection zones that minimize road and utility crossings as well as overall
clearing.

e No construction on steep or unstable slopes.

Land Use

Within the City, the Laughing Jacobs Basin is predominantly built-out consistent with established Comprehensive
Plan Land Use Designations and zoning. Dominant land uses include lower intensity residential, publically
owned park lands, and protected open space. Other land uses include institutional uses (primarily schools),
moderate to higher intensity residential uses, and areas of commercial and business uses (Table 4). Detailed
descriptions of existing land use patterns are provided by subbasin in the Detailed Assessment section of this
memorandum.

Zoning for the City of Sammamish was most recently updated in April 2016, with zoning designations consistent
with the designations established by the City’s Comprehensive Plan (City of Sammamish, Amended 2018).
Zoning for the City of Issaquah was most recently updated in November 2018, with the effective Comprehensive
Plan Land Use designations adopted in October 2017 (City of Issaquah, 2017).

Table 4. Zoning Designations for Laughing Jacobs Subbasins (Percent of Total)

Subbasin
Laughing Jacobs Laughing Laughing Jacobs

City of Sammamish Lower Jacobs Middle Upper Basin-Wide

Zoning (%) (%) (%) (%)
R-1 0% 7% 20% 1%
R-4 7% 31% 57% 37%
R-6 16% 38% 9% 25%
R-8 0% 1% 1% 1%
R-12 0% <0.5% <0.5% <0.5%
R-18 0% 0% 2% <1%
CB 0% 0% 2% <1%
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Subbasin
Laughing Jacobs Laughing Laughing Jacobs

City of Sammamish Lower Jacobs Middle Upper Basin-Wide

Zoning (%) (%) (%) (%)
Right-of-Way /
Unzoned 5% 1% 9% 10%
Within Issaquah 73% 11% - 15%
W/in Unincorporated ) 1% ) <0.5%
King County

Total 100.0 100.0 100.0 100.0

Future Development

The large majority of lands across the Laughing Jacobs Basin are consistent with the City of Sammamish’s
established Comprehensive Plan Land Use Element and adopted zoning designations. One of the last large (20+
acre) privately owned properties within the basin was just developed — this property surrounds Laughing Jacobs
Lake in the Middle Subbasin, with formerly agricultural areas currently being developed with detached single-
family residences (consistent with underlying lower density residential zoning). Similarly, all areas within the
City of Issaquah are built-out consistent with established Comprehensive Plan Land Use designations and
adopted zoning.

In limited areas of the basin, an older (40+ year old) pattern of larger lot residential platting remains, with
detached single-family homes occurring on 1+ acre lots. In these areas, underlying zoning could allow for platting
of lots to an approximately 1/4-acre size. Areas include portions of the Middle Subbasin north of Queens Bog and
SE 32 Street and a smaller area to the west of 228" Avenue SE in the vicinity of SE 35" Street. Areas also
include portions of the Upper Subbasin west of Beaver Lake Park and south of SE 24" Street, as well as around
the north limits of the subbasin surrounding 238" Avenue SE, SE 18" Street, SE 18" Place, and 245% / 233t
Avenue SE. In these areas, the larger residential lots are predominantly built with homes, and the residential
structures are typically assessed as “Good” or better by King County assessor data (King County Department of
Assessments, 2019). In addition, lots are predominantly owner-occupied, so are not assembled under common
ownership. Because of this existing pattern, platting and redevelopment in these areas will most likely occur
incrementally. Over time, redevelopment will likely result in reduced forest cover and increases in total
impervious cover.

Large tracts of undeveloped forest generally appear to be well protected across the basin. For these areas,
protection is provided through public ownership and designation as park/open space land, or by development
limitations regarding critical areas. The three large parks within the basin (Lake Sammamish State Park, Klahanie
Park, and Beaver Lake Park) all have high-functioning wetland and riparian areas that help maintain ecological
processes. Future improvements are being considered within Klahanie Park through the ongoing Klahanie Park
Master Plan.
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Surface Water and Floodplains

Hydrology

The surface water hydrology of the Laughing Jacobs Basin is governed by rainfall rates, vegetative conditions
(e.g., forest, shrub, or emergent vegetation), surface geology (permeability of surficial geologic units),
topography, and land development. In the last full water year (October 1, 2017 to September 30, 2018), mean
monthly flows at the King County gage at RM 0.25 varied between 0.25 cubic feet per second (cfs) in August, to
23.72 cfs in January (King County, 2019b). Over this time period, the instantaneous minimum flow was 0.10 cfs
(August), and the instantaneous maximum flow was 46.83 cfs (December). The mean monthly flow was less than
1.0 cfs for all 4 summer months (June through September). The hourly flow for this water year is shown in Figure
9. For comparison, the hourly discharge over the entire period of record (1991 through 2018) is shown in Figure
10.

Figure 9. Hourly Discharge for the 2017-2018 Water Year in the Laughing Jacobs Basin

From 1992 through 2015, annual peak flows in Laughing Jacobs Creek ranged from 21 cfs to 181 cfs, with an
average of 64 cfs (King County, 2017). Annual mean flow for this period ranged from 2.1 cfs to 11 cfs, with an
average of 5.8 cfs.

A more useful analysis of high flow describes flow-frequency estimates. These estimates were developed from
King County gaging data for Laughing Jacobs Creek at East Lake Sammamish Parkway (Gage 15C) with a
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period of record from 1991-2018. Estimates were calculated using guidance from Bulletin 17-C (England et al.,
2019) and Mastin et al. (2017). Table 5 and Figure 11 present the results of the analysis, with confidence
intervals. The calculated 2-year, 10-year, and 50-year floods are estimated at 51 cfs, 108 cfs, and 171 cfs,
respectively. Appendix A contains the annual peak flow frequency analysis details.

The frequency of high-flow events may be increasing in the short-term. However, these events do not appear to
be occurring over a longer seasonal pattern, and the degree of flashiness does not show obvious signs of change
over time (King County, 2017).

Figure 10. Daily Discharge in Laughing Jacobs Creek for 1991-2018 Water Years

Table 5. Flood Frequency Estimates for Laughing Jacobs Creek at E Lake Sammamish Parkway

Confidence Interval (cfs)
Exceedance
Return Period Probability Estimate (cfs) 5% Lower 95% Upper
1.5-year 0.6667 40.2 32.9 48.0
2-year 0.5000 51.4 43.0 61.6
5-year 0.2000 83.8 69.5 106.0
10-year 0.1000 108.4 87.8 144.2
25-year 0.0400 143.1 112.1 202.5
50-year 0.0200 171.4 130.9 253.3
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Figure 11. Flood Frequency Estimates for Laughing Jacobs Creek at East Lake Sammamish Parkway

Flooding

In the past, uncontrolled runoff from developed areas has resulted in the delivery of excessive hillslope sediment
to the channel that contributed to flooding. Flooding was exacerbated by a loss of channel conveyance due to
sediment from several landslides in the Laughing Jacobs ravine that settled in the flat lower reaches
(Issaquah/ELSWMC, 1994). Improved stormwater conveyance and detention in the subsequent years have
generally alleviated flooding problems in the lower basin, although localized flooding occurs in some reaches
around many of the associated wetlands, particularly where development has encroached on these water bodies
(such as near the intersection of SE 24 Street and 244™ Avenue SE).

Dams

Ecology regulates dams that store 10 acre-feet of water or more. Ecology's Dam Safety Office conducts plan
reviews, construction inspections, and periodic inspections of existing dams to ensure their proper operation and
maintenance. Dams that are assessed to pose a hazard to human life upon failure are required to have an approved
Emergency Action Plan (EAP). The City owns three qualifying dams in the Laughing Jacobs watershed, all
within the Klahanie neighborhood. These dams are listed in Table 6.
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Table 6. Information on Dams in Laughing Jacobs Basin

Structural Last Inspection
Dam Length Height Height Emergency | Inspection | Frequency
Facility Name Type (feet) (feet) (feet) Hazard Action Plan Date (years)
Klahanie
stormwater Earth Significant: 1-
detention dam fill 200 9 10 6 lives at risk Yes 711612015 5
no. 1
Klahanie
stormwater Earth Significant: 1-
detention dam fill 75 3 6 6 lives at risk Yes 7/16/2015 5
no. 2
Queens Bog Ea!rth 140 9 12 Low: no lives No 0
dam fill at risk

Water Quality

Ecology has listed Laughing Jacobs Creek in Category 5 - Polluted Waters/303(d) List of Threatened and
Impaired Water Bodies for fecal coliform, stream temperature, dissolved oxygen, and bioassessment (Ecology,
2019). For all four parameters, the listing applies to the mainstem of Laughing Jacobs Creek, from the mouth up
to and including Laughing Jacobs Lake.

The Ecology Category 5 listing for bioassessment in Laughing Jacobs Creek, an indicator of degraded biological
integrity, was based on scores for the Benthic Index of Biotic Integrity (B-IBI) (0—40 scale) that represents
biologic conditions from fair to very poor. The B-IBI scores were 28 in 2006, 30 in 2007, 24 in 2008, 32 in 2009,
and 16 in 2010 (Ecology, 2019). A more recent B-IBI sample from August 2018 scored 57 on a 1 to 100 scale,
indicating fair biologic condition (Puget Sound Stream Benthos, 2019).

Laughing Jacobs Creek is classified as a Category 5 for dissolved oxygen in the current Ecology 303(d) listing
(Ecology, 2019). Adequate concentrations of dissolved oxygen in fresh water streams are critical for the survival
of salmonids (Carter, 2005). Reduced levels of dissolved oxygen (<9.5 mg/L) can affect the growth and
development of different life stages of salmon, including eggs, alevins, and fry, as well as the swimming, feeding,
and reproductive ability of juveniles and adults. Under extreme conditions, low dissolved oxygen concentrations
can be lethal to salmonids. Based on the available dissolved oxygen data from 1998 to 2010, state water quality
standards were exceeded in 96 percent (45 of 47) of upstream samples and 86 percent (25 of 29) of downstream
samples (City of Issaquah, 2011). However, low dissolved appears to be a natural condition in this basin,
associated with the numerous large wetlands and lakes in the basin headwaters.

In addition to the 303(d) listings, other sources and classes of pollutants can negatively affect aquatic life in
streams. Roadways and parking lots are impervious and accumulate a mixture of contaminants, including the
dissolved forms of copper and zinc. These constituents present in roadway runoff are toxic to the sensory systems
of fish, specifically impairing the ability of salmon to detect odors, which in turn impedes predator detection and
avoidance, social interaction, prey detection, orientation, and homing, all of which can affect the survival,
distribution, and reproductive success of individual fish. As part of an ongoing monitoring program of aquatic
resources, the City of Issaquah (2011) measured dissolved copper at levels above the water quality standard one
time out of 13 samples (8% of the samples), with the sample exceeding the standard taken after an extended
period of dry weather (first flush). Two of the 13 samples (15%) dissolved copper levels were above the fisheries
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sublethal limit. Additionally, three of the 13 samples (23%) were at or above the fisheries sublethal limit for
dissolved zinc.

Historically, this stream also has a high phosphorus content and sediment loads, which originated from active
landslides in the lower reaches of the creek (the upper portions are underlain by bedrock) (King County, 1990a).

Stream Temperature

Stream temperature influences the behavior, growth, metabolism, and habitat utilization of fish and other aquatic
organisms. Most fish have specific suitable and preferred water temperature ranges, and exhibit distinct responses
to increasing or decreasing water temperatures within and outside of these preferred ranges. In general,
decreasing water temperatures result in decreased feeding and metabolic rates and a corresponding decrease in
growth, while increasing temperatures tend to result in an increase in all three of these rates (assuming there is an
adequate food supply). However, growth is substantially reduced near either end of the suitable temperature
range, either because the metabolic rate is too low at low temperatures or all available energy is used for
maintenance at high temperatures. Salmon, trout, and other cold-water fish species tend to have narrower overall
suitable temperature ranges, as well as narrow preferred temperature ranges, than warm- or cool-water species
and are typically sensitive to relatively small temperature changes. Water temperature also influences egg
incubation rates and the corresponding emergence timing for fry.

The entire mainstem of Laughing Jacobs Creek, from the mouth up to and including Laughing Jacobs Lake, is
cited on the Ecology 303(d) list for repeated exceedances of the stream temperature criteria (King County stream
gage data in Ecology, 2019). Table 7 provides details on the frequency and magnitude of exceedances for the
period of 2006 through 2010. Over this time period, Laughing Jacobs Creek averaged 78 days where aquatic life
temperature standards were exceeded, equating to 21 percent of the overall 5-year time period. A similar trend of
exceedances has occurred in recent years as well (King County, 2019b).

Table 7. Water Quality Temperature Exceedances in Laughing Jacobs Creek from 2006 through 2010 at
King County Stream Gage

Number of Days in
Exceedance of the 7-day Percent of Year Maximum 7-day
Mean of Daily Maximum Daily Maximum Exceedance
Year Values (16°C) Value Exceeded Temperature (°C)
2006 95 26 19.99
2007 75 21 19.09
2008 50 14 18.88
2009 101 28 21.52
2010 71 19 19.84
Totals 2006—2010 392 21 21.52

Temperature data from June 1996 through 2018 (Table 8), collected by King County at the stream gage just
upstream of East Lake Sammamish Parkway, was evaluated for exceedances of high temperature and indicates
that based on average daily temperatures, the temperature regime of Laughing Jacobs Creek exceeds thresholds
for properly functioning conditions, particularly for rearing or migrating salmonids in the summer months.
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Table 8. Water Quality Temperature Exceedances in Laughing Jacobs Creek from 1996 to 2018 at King

County Stream Gage

Daily Mean Stream Temperature Number of Days Average Days Per Year
Degree Threshold (°C) Exceeded Threshold Exceeded
20 10 0.4
18 111 4.9
16 979 43.5

Wetlands, Vegetation, and Riparian Conditions

Wetlands

Wetland conditions were examined throughout the basin and based on a review of existing reports, GIS analysis,
interpretation of aerial photographs, and observations made during a site visit on July 8, 2019. Additionally, the
wetlands visited during the site visit were rated and categorized using the Washington State Wetland Rating
System for Western Washington (Hruby, 2014) to evaluate likely wetland ecological functions. The abundance
and relative wetland areas for the subbasins of the Laughing Jacobs Creek basin are summarized below.

The City GIS layer identified a total of 32 wetlands within the Laughing Jacobs Basin (Table 9). Half of all
identified wetlands in the Laughing Jacobs Basin were in the Upper Subbasin, which also had the most wetland
acreage, representing approximately 9 percent of the subbasin area. Although the Middle Subbasin had
approximately three times the number of acreage and number of wetlands than did the Lower Subbasin, the actual
percentage of wetlands in the two subbasins is almost identical (4.0 versus 3.9%), based on the much larger size
of the Middle Subbasin.

Table 9. Wetland Summary for the Laughing Jacobs Basin.

Subbasin Percent of
Wetland Area Subbasin Number of Average Wetland
Subbasin Area (acres) (acres) with Wetland Wetlands Size (acres)
Lower Laughing Jacobs Subbasin 14.2 356.5 4.0 4 3.6
Middle Laughing Jacobs Subbasin 51.1 1318.6 3.9 12 4.3
Upper Laughing Jacobs Subbasin 81.4 931.7 8.7 16 5.1
Total 146.7 2606.7 5.6 32 4.6

Multiple types of wetlands are present within the basin, including riparian wetlands, depressional wetlands, and
bogs. Wetland vegetation types include forested, emergent, and scrub-shrub. As bogs are a unique and relatively
rare, and multiple bogs are present within the basin, more detail on these features are provided below.

Bogs

Bogs are a type of wetland that are relatively rare on the landscape of Western Washington and are wetland

systems that are thousands of years old. Bogs have been referred to under a variety of classification systems in
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scientific studies; however, they generally include wetland areas that are acidic (with a pH of 5 or lower) and
have low levels of nutrients available for plant growth (Ecology, 2014). In the 2001 report on Western
Washington bogs prepared by King County (and other contributors), Queens Bogs and other bog wetland areas of
the East Lake Sammamish Plateau landscape were described interchangeably as “Sphagnum-dominated peatland"
and/or "acid peatland" bogs, an indication of their low pH and dominant presence of sphagnum mosses
throughout the ground layer of vegetation (King County, 2001).

Such sphagnum-dominated peatland bogs are the only places where certain plant species specifically adapted to
such conditions are typically found. Minor changes in hydrology or water quality can cause major changes in the
plant community — a circumstance that has been occurring over the last decades for the bogs within the Laughing
Jacobs Basin. Bogs, and their associated acidic peat environment, provide habitat for unique species of plants and
animals; bog soils are typically very spongy, with continuous cover of mosses (typically sphagnum mosses).
Other unique bog-adapted plant species include bog cranberry, bog laurel, Labrador tea, sphagnum moss, the
carnivorous Pacific Sundew, and many others. This special plant community supports an assemblage of insects,
birds and other wildlife that rely on wetlands for foraging, sanctuary, and breeding habitat.

Bogs, including those in the basin, began as lakes that were filled in over millennia by plant growth and
sedimentation. The peat soil in bogs is usually very deep; for example, the peat in Queens Bog is estimated to be
greater than 45 meters deep, and the system is over 9,000 years old (unpublished WDNR research data, to be
published in 2021). King County has the largest number of identified bogs of any county in Washington, and
numerous bogs occur on the Sammamish Plateau. Bogs provide some functions at a higher level than other
wetlands, such as providing a slow release of cool water to streams during hot summer months. The deep peat
soils in bogs absorb water like a sponge and provide an excellent source of dry season water for nearby streams.
This same characteristic allows bogs to provide for downstream flood control during the rainy season.

Riparian Areas

Riparian buffers provide a suite of important ecological functions needed for properly functioning riverine and
terrestrial habitats. Healthy riparian areas support fish and wildlife species by both providing habitat directly and
by creating and maintaining key physical, biological, and chemical ecological processes that create and maintain
habitat.

Riparian buffers are the transition zone between streams and upland terrestrial habitat. Riparian buffers offer a
variety of ecological functions, such as: (1) providing shade to the stream in summer; (2) stabilizing the stream
bank; (3) providing nutrient input to aquatic organisms; (4) serving as a source of large woody debris to create in-
stream habitat; (5) assisting with flood retention; (6) supporting nutrient cycling, sediment and pollutant filtration,
and carbon sequestration; (6) providing complex wildlife habitat; and (7) allowing an area for stream channel
migration (WDFW, 2018; Knutson and Naef, 1997). Stream riparian ecosystems generally include the upland
corridors adjacent to the stream banks that that directly contribute organic matter or large wood to the active
channel, as well as active floodplain areas, riverine wetlands, and steep slopes that provide wood and sediment to
streams via landslides or sloughing (Gregory et al., 1991; Naiman et al., 1998).

Within riparian areas, wetlands play an important role in providing wildlife habitat, as wildlife use is generally
greater than in other habitats because the major life requirements for many species are present in the wetlands
(Oakley et al., 1985). According to the Washington Department of Fish and Wildlife (WDFW), stream riparian
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ecosystems are designated as priority habitats “in part because wildlife occurs more often and in greater variety”
in these areas than in other habitat types (WDFW, 2018).

Habitat for many upland and aquatic species, including salmonid species that rely on lower reaches of Laughing
Jacobs Creek, rely on the physical and biological processes and functions provided by riparian corridors. Along
with habitat functions, riparian corridors provide important functions for flood control, groundwater recharge and
summer baseflow maintenance, and maintenance of water quality and temperature (MEA, 2005 as cited in

WDFW, 2018).

In the Laughing Jacobs Basin, most wetlands are located within the riparian area (defined in the GIS analysis as a
150-foot buffer) of a stream or lake. Of the approximately 148 acres of mapped wetland area within the Laughing
Jacobs Basin, approximately 113 acres of wetland overlap (either partially or totally) with the riparian buffer of a
stream, equating to approximately 81 percent of all wetlands within the basin (Table 10). On a subbasin scale, the
relationship ranges from a low of 69 percent of wetland area in the Middle Subbasin to a high of 93 percent of

wetland area in the Upper Subbasin.

Table 10. Relationship Between Wetlands and Riparian Areas in Laughing Jacobs Basin

Total Percent of
Number of Total Acreage | Total Number Total
Total Acreage Wetlands of Wetlands of Wetlands Wetland
Total of Wetlands Intersecting Completely Completely Area
Subbasin and Water Wetland Intersecting Stream Outside Outside Associated
Body Acreage Stream Buffer Buffer Stream Buffer | Stream Buffer | with Streams
Lower Laughing Jacobs 14.2 11.12 3 3.08 1 78.3
Lower Mainstem 11.12 3
Middle Laughing Jacobs 56.81 7 26.14 5 68.5
East Tributary 10.58 2
Laughing Jacobs Lake 30.87 1
South Tributary 13.35 1
West Tributary 2.00 3
Upper Laughing Jacobs 80.24 8 6.36 8 92.7
Upper Mainstem 65.04 3
Other Areas 15.20
TOTALS 148.16 18 35.58 14 80.6

Another factor in the functionality of riparian buffer is the type of land cover within this area. In Western
Washington, pre-developed riparian areas consisted of a mix of habitat types, dominated by mature forest, but
also including shrub and wetlands habitat, depending on location, topography, and other factors. Under existing
conditions, the forest land cover type still dominates, representing by far the largest land cover type in buffers
basin-wide (approximately 58% of all riparian areas), while wetlands (15%) and grass (13%) also are well
represented (Table 11). Conversely developed land cover types, which approximate impervious surface, are
present in only 8 percent of the basin-wide buffers.
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The buffer condition varies substantially by subbasin and by drainage (Table 11). For example, in the Middle
Subbasin, the forested land cover type in the buffer of the West Tributary is 79 percent, while it is only 31 percent
in the South Tributary buffer. When analyzing riparian cover with the three subbasins, the Lower Subbasin has
the best riparian conditions (most forest and least developed area), followed by the Upper Subbasin and the
Middle Subbasin. This pattern reflects subbasin-wide land cover conditions (see Table 3) and is likely due to
historical and current development and growth patterns, which are in turn linked to the presence/absence of other
regulated critical areas (e.g., wetlands and steep slopes).

It should be noted that in the buffer condition analysis, a uniform buffer distance of 150 feet from each side of the
stream was applied in GIS. However, in some cases, the actual regulated buffer distances per the City of
Sammamish Critical Areas Code are less than the 150 feet. If the regulated buffer distances were applied, the
amount of forested land cover in the buffer would likely increase, while the amount of developed land cover in
the buffer would likely decrease. Furthermore, the land cover analysis does not differentiate between the quality
of a single land cover type. For example, an immature deciduous forest with an understory of invasive species
and a mature coniferous forest with a well-developed understory of native shrubs are both classified simply as
forest, even though there is a significant difference in the habitat quality and degree of riparian function these two
types provide.
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Table 11. Percent of Land Cover Types Within Riparian Buffers by Subbasin and Water Body

Land Cover Types b

y Percent of Riparian Buffer Area (Within 150-feet of Stream)

Subbasin and Water Body | Developed | Forest | Bare Dirt Grass Shrub Water Unclassified Wetland | Total
Laughing Jacobs Lower 4.8 77.9 0.9 41 1.9 0.1 0.5 9.8 100.0
Lower Mainstem 4.9 78.4 1.6 5.7 26 0.2 0.5 6.2 100.0
Other 4.7 77.3 0.3 24 1.1 0.1 0.4 13.7 100.0
Laughing Jacobs Middle 10.8 46.7 25 23.3 3.5 2.8 1.1 9.3 100.0
East Tributary 11.1 35.7 3.6 18.9 2.6 1.4 0.6 26.2 100.0
Middle Mainstem 6.6 50.0 3.4 32.9 3.5 1.8 1.6 0.0 100.0
Other 26.8 452 2.7 20.2 4.0 0.3 0.8 0.0 100.0
South Tributary 9.3 31.2 1.0 35.1 4.8 5.1 1.5 12.0 100.0
Upper-Mid Mainstem 1.6 33.9 45 39.6 6.4 13.9 0.1 0.0 100.0
West Tributary 7.5 79.4 1.1 4.6 23 21 1.0 1.9 100.0
Laughing Jacobs Upper 7.3 54.4 2.7 7.8 1.8 0.2 0.9 24.8 100.0
Other 5.2 55.5 1.8 7.5 1.9 0.1 0.3 27.8 100.0
Upper Mainstem 9.1 53.5 3.5 8.1 1.7 0.4 1.4 224 100.0
Basin-Wide Average 8.0 57.5 2.2 12.8 25 1.2 0.8 15.0 100.0
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Fish Use

Kokanee Salmon

Kokanee salmon, which remain in fresh water their entire life, are the non-anadromous form of sockeye salmon
(Ricker, 1938). In Washington, only Lake Washington, Lake Sammamish, and Lake Whatcom contain native
kokanee salmon populations and no native sockeye salmon runs (Burgner, 1991). Sockeye salmon are usually
anadromous; they migrate to sea, usually in the spring of their second year after 1 or 2 years in a nursery lake, and
grow to maturity in the Pacific Ocean, followed by spawning in their natal stream (Foerster, 1968).

Kokanee salmon were present in the Lake Washington/Lake Sammamish Basin historically and are known to be
native (Seeb and Wishard, 1977; Crawford, 1979; Hendry, 1995; King County DNR, 2000). Currently, kokanee
salmon in the Sammamish River/Lake Sammamish Basin can be separated into three races based on different
spawn timing and location (Berge and Higgins, 2003): (1) a group of early-run kokanee salmon spawning from
August through September in Issaquah Creek (at the south end of Lake Sammamish), now extirpated; (2) a group
of middle-run kokanee spawning from late September through November in the larger Sammamish River
tributaries, thought to likely be effectively extinct; and (3) late-entry kokanee salmon that spawn from October
through January in the Sammamish River and Lake Sammamish tributaries that spawn in late fall (October
through January) in tributaries of Lake Sammamish.

Ostergaard (1996) described eight streams along the east and south shores of Lake Sammamish that historically
supported native early-run kokanee salmon; however, under current conditions the vast majority of spawning is
late-entry kokanee in just four primary streams: Laughing Jacobs, Lewis, Ebright, and Pine Lake creeks
(LSKWG, 2014, 2017).

In most brood years, the spawning numbers have been lower in nearby Laughing Jacobs Creek than in Lewis or
Ebright creeks but higher than in Pine Lake Creek. King County DNRP has regularly conducted spawning
surveys in the Lake Sammamish tributaries, including Laughing Jacobs Creek (Berge and Higgins, 2003; J.
Bower, personal communication). As shown in Figure 12, in the 23 brood years from 1996-1997 to 2018-2019,
kokanee escapement in Laughing Jacobs Creek has ranged from 0 in 1998—-1999 to 1,384 fish (7-day stream-life
estimate) in 2012-2013 (LSKWG, 2014; J. Bower, personal communication) and has averaged 222 fish.
However, over this period, the number of returning late-run Lake Sammamish kokanee spawners has dropped
below 150 spawners for 17 of 23 brood years, including critically low numbers in the last 3 brood years (through
2018-2019) of 45, 7, and 20 fish, respectively. Spawning in Laughing Jacobs Creek has been observed to occur
from late October through January, with a peak spawning time of November and December. Kokanee spawning
ranges from the East Lake Sammamish Trail (RM 0.1) upstream to a large plunge pool downstream of the natural
barrier falls at RM 0.97 (see discussion in the Lower Subbasin Geomorphic and Instream Habitat section). The
primary spawning reach for kokanee in Laughing Jacobs Creek is upstream of the East Lake Sammamish
Parkway from the King County stream gage (RM 0.2) up through the east end of the East Lake Sammamish State
Park (approximately RM 0.8). King County estimates that approximately 70 to 80 percent of all spawning occurs
in this area, with the majority of remaining spawners downstream of this reach, in the stream segment parallel to
the East Lake Sammamish Trail (J. Bower, personal communication).
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Figure 12. Estimated Number of Kokanee Spawners in Laughing Jacobs Creek from 1996-1997 to 2018-
2019
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Coho Salmon

Despite recent stable trends and population abundances near historic levels in some systems, Puget Sound coho
salmon remains a candidate species for listing because of concerns over current genetic, environmental, and
habitat conditions (Weitkamp et al., 1995). Coho salmon inhabiting the tributaries that flow into Lake
Sammamish are managed as part of the Lake Washington/Sammamish Tributaries stock. Coho salmon are
distributed throughout the accessible reaches of these tributaries, with very limited straying into this drainage
from surrounding systems (WDF et al., 1993).

Adult coho enter fresh water from mid-September to mid-November, and spawning occurs mostly from mid- to
late October to mid-December (Williams et al., 1975; WDF et al., 1993). This stock is considered to be a mixture
of native and introduced non-native stocks (WDF et al., 1993).

Coho salmon have been documented in Laughing Jacobs Creek, with documented spawning occurring from near
the mouth to a point approximately 1,300 feet upstream, and documented presence extending to the barrier falls at
RM 0.97. Spawning coho have been observed in the reach adjacent to East Lake Sammamish Parkway SE in
recent years (J. Bower, personal communication). Laughing Jacobs Creek provides important, albeit somewhat
degraded, habitat for coho salmon.

Coastal Cutthroat Trout

Resident cutthroat trout exhibit several life histories, even within the Lake Sammamish/Lake Washington system.
These include strict stream-resident forms, adfluvial forms, and anadromous forms. Resident cutthroat trout
generally spawn in small tributary streams. Large woody debris and in-stream structures provide valuable habitat
for cutthroat trout. Adult cutthroat typically reside in low-velocity large pools or side-channels, while the young
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cutthroat reside in side channels, riffles, backwater areas, and in upper tributaries of small rivers. Cutthroat trout
use a variety of habitat types during their complex lifecycle. They spawn in small tributary streams, and use slow-
flowing backwater areas and low velocity pools and side channels for rearing young and escaping spring high
flows. Good forest canopy cover, in-stream woody debris, and abundant supplies of insects are crucial for young
cutthroat survival.

Cutthroat trout occur in most of the mainstem of Laughing Jacobs Creek. Adfluvial or anadromous forms are
likely present downstream of the natural barrier falls on the mainstem at RM 0.97, while cutthroat trout upstream
of the falls are limited to smaller resident cutthroat trout, with a distribution extending up to near SE 24™ Street of
the mainstem (WDFW, 2019a,b). Where there is no blockage to upstream migration, it is common to see a
mixture of resident and adfluvial life history forms, with residents typically found in the upper or headwater
reaches. Adfluvial cutthroat trout have been a popular game fish in Lake Sammamish for many years.

Other Fish Species

The National Marine Fisheries Service (NMFS) designated Puget Sound Chinook salmon as threatened in March
1999 (NMFS, 1999). Summer/fall Chinook salmon in Lake Sammamish are managed as part of the Lake
Washington summer/fall Chinook salmon stock. The natural spawning population of the Lake Washington-
Issaquah stock is located primarily below the Issaquah Hatchery rack and is dependent on hatchery production
(WDF et al., 1993). Spawn timing begins in late September and peaks in October, similar to other Chinook
salmon stocks in south Puget Sound (WDF et al., 1993). Laughing Jacobs Creek has documented Chinook
presence in the lower reaches, below the East Lake Sammamish Trail (WDFW, 2019a,b) based on occasional
sightings of the species (J. Bower, personal communication). However, Chinook use is likely confined to episodic
drop-ins of small numbers of juvenile Chinook salmon originating in Issaquah Creek. No spawning of Chinook
salmon is known to occur within the Laughing Jacobs Basin.

River lamprey are a federal species of concern and is anadromous and parasitic in both fresh and marine waters.
However, little is known about the freshwater life of river lamprey. River lampreys have been identified in Lake
Sammamish (WDFW file records, Mill Creek); however, the spawning and ammocoete (larval lamprey) rearing
areas for this species in Lake Sammamish are unknown. Based on habitat requirements, it is likely that there is
the potential for river lamprey use of Laughing Jacobs Creek, downstream of the natural barrier at RM 0.97.

Largemouth bass, a non-native Priority Species (WDFW, 2019b), potentially occur in the lower reaches of
Laughing Jacobs Creek. However, most largemouth bass in Lake Sammamish are located near the lake’s north
and south ends (Pflug, 1981). Smallmouth bass, also a non-native Priority Species, are far more abundant in the
Lake Washington/Lake Sammamish Basin than largemouth bass. These fish prefer rocky substrates, mature at
age 3 or 4, and spawn in the spring. They spawn and rear along much of the Lake Sammamish shoreline adjacent
to the mouth of Laughing Jacobs Creek (Pflug, 1981).

Other native fish species in the Lake Sammamish watershed are peamouth, chub, largescale sucker, mountain
whitefish, and one or more species of sculpin. Numerous (24) species of nonnative fish also occur in the
watershed including brown bullhead, black crappie, and pumpkinseed sunfish (Kerwin, 2001).
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Wildlife

The description of wildlife in the Laughing Jacob Basin can be organized by relevant primary vegetation cover
types (as opposed to the land use cover types mentioned previously). These cover types, defined below, have
specific wildlife associations.

Urban Matrix

Urban matrix is the second-most abundant cover type in the Laughing Jacob Basin, after forest. It consists of a
mix of buildings, asphalt, ornamental gardens, lawns, and shrubby/grassy areas with scattered trees. Naturally
occurring trees within this cover type are deciduous (such as bigleaf maple) and generally 20 to 40 feet tall.
Dominant shrubs are Himalayan blackberry, Scot’s broom, and a variety of ornamental species. Grassy areas that
are not mowed are dominated by non-native pasture grasses. Wildlife species present in the urban matrix cover
type are adapted to a variety of conditions. Characteristic species include European starlings, American robins,
American crows, dark-eyed juncos, spotted towhees, house finches, house sparrows, black-capped chickadees,
opossums, raccoons, deer mice, and Norway rats.

Deciduous Tree Cover

The deciduous tree cover type consists of mostly deciduous trees (Oregon ash, black cottonwood, and bigleaf
maple) with an understory of swordfern, salal, Himalayan blackberry, and salmonberry. Trees in this cover type
are generally more than 40 feet tall, and some cottonwoods reach more than 150 feet in height. Deciduous tree
cover is scattered throughout the Laughing Jacobs Basin and includes both riparian and upland areas. Forested
wetlands are included in the wetland cover type. Wildlife species associated with the deciduous tree cover type
include a variety of songbirds and raptors, small mammals, deer, and a few species of amphibians and reptiles.
Deciduous trees and shrubs provide nesting habitat, cover, and forage for songbirds such as warbling vireos,
orange-crowned warblers, song sparrows, spotted towhees, black-throated gray warblers, and black-headed
grosbeaks. Deciduous areas along streams also provide habitat for beavers. Large cottonwoods present in this
cover type are particularly important as potential perch and nest sites for raptors, such as red-tailed hawks and
bald eagles. Amphibians and reptiles expected to occur in the deciduous tree cover type include common garter
snakes and possibly ensatinas (a type of salamander).

Coniferous Tree Cover

The coniferous tree cover type consists of mostly coniferous trees (Douglas fir, western red cedar, and western
hemlock), with an understory of swordfern, low Oregon grape, Himalayan blackberry, and English ivy. Trees in
this cover type are generally 40 to 80 feet tall. Within the overall basin, coniferous tree cover occurs as small and
large patches in upland areas, as well as in riparian habitat. Wildlife species characteristic of the coniferous tree
cover type include ruby-crowned kinglets, Steller’s jays, red-breasted nuthatches, pileated woodpeckers, vagrant
shrews, and shrew-moles. During winter, coniferous trees provide important cover for a variety of birds, such as
black-capped chickadees, Steller’s jays, American robins, and song sparrows.

Wetlands

The wetlands cover type varies considerably in vegetation cover and includes bogs, forested, shrub, and emergent
habitats. Wildlife species characteristic of wetlands within the Laughing Jacobs Basin include great blue herons,
mallards, Canada geese, belted kingfishers, red-winged blackbirds, willow flycatchers, Bewick’s wrens, Pacific
treefrogs, and western terrestrial and common garter snakes. Riparian wetlands provide foraging habitat for
beavers and muskrats, and breeding habitat for long-toed salamanders. Reed canarygrass-dominated wetlands
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provide habitat for Canada geese, striped skunks, long-tailed weasels, creeping voles, Townsend’s moles, vagrant
shrews, Townsend’s voles, and northwestern garter snakes. Red-tailed hawks and northern harriers may hunt for
prey (e.g., garter snakes and small mammals) in such areas. Wetlands with open water portions provide habitat
for mallards, gadwalls, buffleheads, and other waterfowl, which may also use the emergent wetlands within the
Laughing Jacobs Basin.

Priority Habitats and Species

A review of WDFW (2019b) indicated that the following priority Priority Habitats and Species (PHS) species
occur within, or immediately adjacent to, the Laughing Jacobs Basin:

e Townsend's Big-eared Bat
e  Yuma Myotis

e Little Brown Bat

In addition, PHS data identified a Waterfowl Concentration on Lake Sammamish, immediately adjacent to the
inlet of Laughing Jacobs Creek.

Beaver

The American beaver is the largest rodent in North America and is found statewide, wherever suitable habitat
exists. Adult beaver typically weigh between 45 and 60 pounds and are 3 to 4 feet long (Hall and Cannon, 2013);
they can live up to 20 years in the wild (Singleton and Taylor, 2010) but more commonly live 5 to 10 years
(WDFW, 2011). Beavers are territorial and reproduce only where there is available habitat, which restricts beaver
population growth. On average, 1 mile of stream can support up to two colonies (Hawley-Yan, 2016).

Beavers are “ecosystem engineers” in that they are among the few species besides humans that can significantly
change the geomorphology, and consequently affect both the hydrological characteristics and biotic properties, of
the landscape. This can improve heterogeneity and both habitat and species diversity at a landscape scale (Rosell
et al., 2005). For example, beaver dams add complexity to streams and rivers while slowing water velocity. The
ponds behind these dams store water that is slowly released during low-flow conditions. In addition, beaver ponds
can also increase groundwater recharge and retention, store sediment, and increase riparian habitat.

These changes shift plant and invertebrate communities and increase habitat for waterfowl, amphibians, and
mammals. The slow-moving water also provides refuge for fish including juvenile coho salmon, with studies
showing beavers can have a positive effect on the density, survival, and production increase to both coho salmon
(ODFW, 2005) and steelhead (Bouwes et al., 2016). The slow water, abundance of invertebrates, and increased
aquatic vegetation provide opportunities for young fish to forage while requiring less energy. While these effects
may vary depending on the size and location of a dam, the benefits are manifold.

Beaver are keystone species in riverine and riparian ecosystems because of the role that they play in building
complexity into these systems. Through dam-building and forested buffer management, beaver can improve or
maintain healthy watersheds in the following ways:
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e Beaver dams impound and reduce stream velocity during storm events, create wetlands, and retain flow
to reduce storm-water run-off and increase water retention, which can improve downstream water quality
(Bergstrom, 1985; Johnston and Naiman, 1987).

e Aggradation of sediment behind beaver dams promotes channel building and floodplain reconnection,
which further augments subsurface flow for riparian vegetation and can repair incised streams (Butler and
Malanson, 2005; Janzen and Westbrook, 2011).

e Beaver dams increase aquifer and groundwater recharge (Bergstrom, 1985; Johnston and Naiman, 1987).
Together, these benefits reduce summer stream temperatures and increase available stream nutrients
(Lowry, 1993; Rosell et al., 2005).

e Beaver ponds provide direct fish and wildlife habitat and more diverse vegetation (Hall and Cannon,
2013; Rosell et al., 2005).

Although no detailed information on the distribution of beaver within the Laughing Jacobs Basin is available,
evidence of beaver activity is occasionally observed within the basin, including during the field evaluation
portion of the Watershed Characterization. Several culverts in the City have required beaver dam removal and/or
beaver removal, and beaver deterrence measures (e.g., beaver deceiver) have been installed on several culvert
crossings.

Detailed Assessment

The following sections summarize the methodology and results of additional field work performed as a finer-
scale analysis of the conditions of riparian and wetlands conditions, as well as detailed analysis of geomorphic
and instream habitat. The results are reported by subbasin, as is more detailed information on land cover and the
built environment.

Methodology

Field Methodology

Physical and biological conditions in the Laughing Jacobs Basin were evaluated during creek walks on April 29,
30, and May 2, 2019. Assessment of wetland conditions occurred on July 8, 2019, with focus on wetland areas
associated with Laughing Jacobs Creek and tributaries and areas where existing stormwater facilities are
contiguous with or immediately adjacent to wetlands.

The stream corridor was accessed periodically at road crossings and other similar access points to provide a broad
overview of the physical and biological conditions of the creek. Evaluations included qualitative observations of
geomorphic, aquatic, and riparian habitat, and wetland/upland conditions.

Geomorphic Conditions

The geomorphic assessment, conducted concurrently with the habitat and riparian assessment, consisted of
walking selected stream reaches within the basin, deemed as representative of the larger basin conditions.
Observations were made on basic fluvial geomorphology conditions, including:
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e Bankfull width

e Approximate stream gradient

e Vertical creek stability (incising, aggrading, or stable)
e Visible evidence of erosion and deposition

e General stream morphology

e Large wood abundance

e Connection to floodplain

e Streambank conditions (natural, armored, eroding)

e Streambed material (fines, sand, gravel, cobble)

e Substrate embeddedness

Instream Habitat and Riparian Conditions

The habitat assessment consisted of walking selected stream reaches within the basin, deemed as representative of
the larger basin conditions. Data on habitat conditions within the streams assessed were collected primarily
through qualitative observations, although quantitative habitat measurements were collected for certain habitat
elements. Those habitat elements where field measurements were recorded include:

e Channel width (wetted and bankfull widths)

e Maximum wetted pool depth

e Average wetted pool depths

e Channel slope using a clinometer
The following habitat elements were also assessed in the field, with qualitative notes and written descriptions that
characterize the stream and riparian conditions:

e Channel morphology (relative amount of pools, riffles, and runs/glides)

e Dominant and subdominant substrate type throughout reach

e Relative embeddedness (high, medium, or low)

e Presence of suitable spawning gravels throughout reach

e Riparian zone width, density, and composition throughout reach

e Presence of wetlands adjacent to stream or in floodplain throughout reach

e Presence of large woody debris and small woody debris throughout reach

e Channel shape (e.g., trapezoidal or rectangular) throughout reach

e Bank condition, including signs of active erosion or scour, presence of undercut banks, and extent and
nature of stream armoring throughout reach

Wetland and Upland Conditions

The assessment of wetland and upland conditions in the basin provides an indication of the overall biological and
physical characteristics outside of stream corridors. Targeted field visits were completed by a wetland ecologist
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and watershed scientist from Environmental Science Associates (ESA), along with the City project manager. The
upland assessment activity was completed to verify and further detail on-the-ground conditions at identified key
upland, wetland, and stormwater facility locations within the basin, filling in identified gaps and furthering
understanding from the stream assessment. Each of the large wetland areas, including the historic bogs around
Laughing Jacobs Lake, Queens Bog, and the 24™ Avenue SE complex, were visited and a functional assessment
of habitat, water quality, and hydrologic functions was completed. The assessment also focused on conditions
surrounding existing stormwater facilities adjacent or within wetland areas, and conditions where wetlands
extended to road rights-of-way.

Stream Hydrology

The mean flows during the 3 days of the field reconnaissance, as measured at the King County gage, were 1.7,
1.6, and 1.4 cfs on April 29, April 30, and May 2, 2019, respectively (King County, 2019). Although no visible
change was observed over this time period in flow levels downstream of Laughing Jacobs Lake, the East
Tributary to Laughing Jacobs Lake and several reaches of the upper reaches of the upper mainstem (adjacent to
SE 24" Street and below the headwaters in Klahanie Park) went partially dry between April 30 and May 2.

Upper Subbasin Assessment

Land Cover and Built Environment

Land use patterns in the Upper Subbasin are built out to the west of the mainstem Laughing Jacobs Creek and to
the south of SE 24 Street. This area, extending above Issaquah-Pine Lake Road, includes the highest intensity
development anywhere in the subbasin, with commercial retail uses anchored around the QFC grocery store. The
Madison Sammamish Apartment development at 230" Lane SE is immediately east of this and adjoins the Sunny
Hills Elementary School campus. The remainder of this area is built-out with detached single-family
neighborhoods, all at approximately four units per acre (consistent with R-4 zoning). These neighborhoods were
platted in the 1990s.

The portion of the Upper Subbasin to the east of the mainstem, between SE 32™ Street to the south and SE 24®
Street to the north, shows an older pattern of larger lot residential platting, with detached single-family homes on
1-acre lots. The south portion of this area, closer to SE 32™ Street, is actually within the Middle Subbasin and
drains south toward Queens Bog. Significant forest cover remains across this neighborhood, which extends east to
the basin boundary. All of this area is zoned R-4, so some amount of residential short platting is anticipated in the
foreseeable future. Because of the existing pattern of many owner-occupants, platting and redevelopment in this
area will most likely occur incrementally (as has been the case in recent years, with only a handful of short plats
apparent from review in King County iMap). That said, over time redevelopment will likely result in reduced
forest cover and increases in total impervious cover.

To the north of SE 24" Street in the northeast portion of the Upper Subbasin, one larger residential subdivision
was built-out in the early 2000s (the Laurels neighborhood at 242 Ave SE). Otherwise, the upper limits of the
subbasin surrounding 238™ Ave SE, SE 18" Street, SE 18™ Place, and 245" / 233™ Avenue SE occur on large (1+
acre) residential lots, consistent with a platting pattern from 40 or more years ago. These lots generally occur at a
density that is below City zoning, such that short plats could likely occur in the future. In all of these areas, the
larger residential lots are predominantly built with homes, and the residential structures are typically assessed as
“Good” or better by King County assessor data. In addition, lots are predominantly owner-occupied, so are not
assembled under common ownership. Because of this existing pattern, platting and redevelopment in these arecas
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will most likely occur incrementally. That said, over time redevelopment will likely result in reduced forest cover
and increases in total impervious cover.

Geomorphic and Instream Habitat

The upper mainstem reach of Laughing Jacobs Creek extends from the headwaters down to where Issaquah-Pine
Lake Road SE crosses Laughing Jacobs Creek. The headwaters of Laughing Jacobs Creek flow over glacial till
and recessional outwash deposits, which are a source of stream gravels and sand (Figure 4a; Booth et al., 2012).
The headwaters also drain finer-grained glacial ice-contact deposits. The stream is seasonal with the middle
reaches going dry between April 30 and May 2, 2019.

Upstream of 224™ Avenue SE in Beaver Lake Park, Laughing Jacobs Creek emerges from Long Lake, the second
in a chain of lakes below Beaver Lake, on the upstream end of Beaver Lake Park. Upstream of 244™ Avenue SE,
in Beaver Lake Park, Laughing Jacobs Creek is wide (bankfull width to approximately 31 feet) and appears to
widen even farther upstream, up to nearly 50 feet in places (Photo 1 [photos are presented in Appendix B]). In
this area, streambanks are low and gentle, and the creek is well connected to its floodplain. The gradient is
gradual (less than 1% slope) and is dispersed over a wide area, including rooted trees through the forest in the
park, which appear to be dying from regular inundation. The cause of the wide flow-path was not determined, but
stream bed substrate (sand to 4-inch cobbles, with an average gravel diameter of about 1.5 inches) is dispersed
throughout. One possible explanation is the deposition of sediment in the low-gradient reach from high flows
originating in Long Lake mobilizing upstream sediment. During low flows, the 244" Avenue SE culvert
backwaters the creek for about 40 feet upstream, which encourages the deposition of fine sediment in this area,
including an area dominated by spawning-gravel sized materials near where the stream emerges from the forest.

A 3-foot diameter pre-cast culvert (WDFW Site ID 920035, see Appendix C for details) under 244™ Avenue SE is
classified by WDFW (2019¢) as having unknown barrier status. The roadway crossing over the stream appears to
have been replaced relatively recently; however, this work was conducted over the top of the culvert crossing,
which does not appear to have been altered.

Immediately downstream of the 244™ Avenue SE culvert, water is pooled, and the substrate is fine (silt/sand) with
few gravels (Photo 2). Below the ponded area, natural streambanks are about 1.5 feet tall and the creek transitions
to pool-riffle morphology for a short distance before entering a series of two inline ponds (approximately 60 by
80 feet). After flowing through the ponds, the creek flows north through the backyards of numerous residences,
with a riparian zone consisting of a mix of forested, shrub, lawn, ornamental plantings, and developed land.

The mainstem flows north under SE 24 Street through a 5-foot-wide by 2-foot-high pre-cast concrete box
culvert (WDFW Site ID 920034, see Appendix C for details), which is classified by WDFW (2019c¢) as having
unknown barrier status. During the site visit, the freeboard was 0.2 foot at both the inlet and outlet (the culvert has
slight negative slope). The culvert is partially full of channel material, primarily cobble, with a maximum water
depth of 1.4 feet at the culvert inlet. The structure appears to be backwatering the stream, as the channel upstream
of the inlet is fully wetted upstream, to a width of 6 to 8 feet. This crossing could present a flooding problem,
based on the limited freeboard under low-flow/no-flow conditions, although no scour was observed at the inlet or
outlet during the site visit.

Immediately downstream of the small pool at the culvert outlet, the stream was dry on May 2, 2019, with a
bankfull width on the order of 9 to 10 feet and a slope of approximately 2 percent. This reach appears to be
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vertically stable, with moderately sloped banks and a substrate dominated by sand and small gravel, with a
smaller amount of large gravel and cobbles. The riparian understory of willow, salmonberry, and vine maple
provides shade and cover to the stream channel, as does the deciduous forest comprising the overstory.

The next road crossing downstream is the culvert crossing of 242" Avenue SE. Between this area and 242™
Avenue SE, the stream flows through a vine maple and salmonberry-dominated riparian wetland, with a
combination of pool-riffle morphology and uniform glide habitat. There is minor erosion of the natural
streambanks upstream and downstream of the 242" Avenue SE culvert. Large wood in the stream is largely
absent, although there are small amounts of small wood. Floodplain connectivity is generally moderate to good.
Upstream of the culvert, substrate is finer, with sand to small gravels upstream of the culvert and minor amounts
of silt.

A large two-cell stormwater pond, associated with the Laurels development, is located north of the stream, just
downstream of 242" Avenue SE. The pond discharges into another pond, which is physically connected to the
stream and has wetland characteristics. Stormwater from another constructed pond on the northeast side of the
242" Avenue SE and SE 24" Street intersection also discharges to the stream on the left bank in the vicinity of
the stormwater wetlands. The reach downstream of 242™ Avenue SE has an understory of willow, salmonberry,
and vine maple, which provides shade and cover to the stream channel, as does the deciduous forest comprising
the overstory. Prior to the stream crossing back to the south side of SE 24" Street, it enters a large scrub-shrub
wetland dominated by willow. This wetland appears to have piped connections with a stream channel/ditch on the
south side of the roadway, which also appears to receive stormwater runoff from several catch basins. The ditched
portion of the stream, essentially stagnant during the site visit, runs for about 250 feet on the south side of SE 24
Street and is confined (4-feet-wide) and entrenched approximately 4 feet and is completely lined with heavy

riprap.

Two stream crossings were noted in this reach. The first, to the east, is a round culvert (WDFW Site ID 920032,
see Appendix C for details), classified by WDFW (2019c¢) as having unknown barrier status. The second is a box
culvert crossing from the wetland to near the driveway on the south side of the roadway (at 24007 SE 24" Street)
that has not been evaluated by WDFW. Both culverts appear to drain the general wetland area, which may serve
as a flood retention area, as no defined channels were observed in the vicinity of the inlet locations. At the east
terminus of the roadside ditch, near the outlet of the box culvert, a 36-inch-diameter corrugated metal pipe (CMP)
crosses under a driveway at 24007 SE 24" Street. This structure has not been evaluated by WDFW; however,
based on the large size and limited length (15 feet), it is unlikely that it is a fish passage barrier. Downstream of
the driveway, the channel is entrenched approximately 4 to 5 feet, and some bare banks are present, although
major signs of active erosion are absent. Stream substrate is sand to 3-inch cobbles, with a median size of about 1
inch near the culvert, and fining to sand to 2-inch gravel with a median size of half-inch gravel farther
downstream. The stream slope is approximately 4 percent upstream of the 239™ Avenue SE. Riparian conditions
are comprised of medium-age mixed forest, with a native understory of salmonberry and swordfern. A few pieces
of large wood and a moderate amount of small wood are present within the reach. This portion of the stream was
almost completely dry between April 30, 2019 and May 2, 2019.

At 239" Avenue SE, the stream flows under the roadway through three parallel 4-foot-diameter round corrugated
steel culverts. WDFW has classified this crossing (WDFW Site ID 920031, see Appendix C for details) as a total
fish barrier based on culvert slopes (WDFW, 2019c). A large amount of brush and woody debris is present at the
culvert outfall.
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The 300 feet of stream downstream of 239" Avenue SE and extending to a private road crossing south of SE 24"
Street has a bankfull width of approximately 9 to 10 feet and a stream gradient of about 1.5 percent, as the stream
flows through mature mixed native riparian forest (Photo 3). This reach appears to have incised previously and
has approximately 3-foot-tall banks with poor floodplain connectivity, but it does not appear to be actively
incising now. There is some minor erosion of natural banks. The creek has pool-riffle morphology, with only
small amounts of woody debris. Bed material in this area is generally sand or granules to 3-or 4-inch cobbles with
a median size of approximately one-half-inch gravel. The gravel has low embeddedness.

The stream crosses under the private driveway located 300 feet east of 239" Avenue SE through a box culvert,
which has not been assessed for fish passage by WDFW (2019c¢). Immediately downstream of the driveway, the
stream enters the 24™ Avenue sphagnum bog wetland (Photo 4). Although the stream reaches in the bog were not
examined, aerial photos from 1936 indicate the bog area was previously drained by a series of linear excavated
channels that now serve as the mainstem stream channel and several tributaries that join the mainstem in the
wetland. The historic channelization extends downstream to Issaquah-Pine Lake Road.

The stream flows through the bog to a point approximately 800 feet south of where the mainstem enters the bog.
Here, the wide wetland floodplain (up to 700 feet wide) becomes more confined within an 80-foot-wide valley,
with bog habitat transitioning to forested riparian wetlands. From this point, flow was present in the stream to
Laughing Jacobs Creek downstream to SE 32™ Way, bankfull width is approximately 9 feet, and the stream is
confined due to 3 to 4 feet of channel incision, which severely limits floodplain connectivity (Photo 5). Although
incised, the stream banks show signs of only minor bank erosion. Stream slope varies from about 1 to 2 percent.
Bed materials range from sand to 3-inch-diameter cobbles with low embeddedness.

Riparian conditions are good, with 120 to over 200 vertical feet of mature conifers (primarily western red cedar
and Douglas fir) on both banks providing almost complete canopy closure. Overhanging vegetation, primarily
vine maple, provides some overhead cover. The stream displays pool-riffle channel morphology, combined with
reaches of uniform depth (0.5- to 1.0-feet-deep) run habitat. Several pools with a depth of between 1 and 2 feet
were noted. Although large wood is not plentiful, there are several larger logs (approximately 1.5 to 2 feet in
diameter) both within and spanning the entrenched channel. In addition, a single 3- to 4-foot-diameter conifer,
with rootwad attached, has fallen in the stream and collected several other pieces of large wood to form a jam.

Within the confined reach upstream of SE 32" Way, the stream flows through the front yard of a single residence
at 23622 SE 32" Way in a trapezoidal-shaped channel. Although the stream is approximately 15 to 20 feet from
the residence in a grass yard, the residents have planted native streamside shrubs to enhance the riparian
condition. Stream substrate is excellent in this reach, consisting of well-sorted small and large gravel. The stream
crosses under the driveway to the residence, in dual 24-inch diameter CMP culverts, which have not been
evaluated by WDFW for fish passage (WDFW, 2019c¢).

The stream crosses under SE 32™ Way in 6.5-foot by 5.-foot corrugated aluminum squash culvert (WDFW Site
ID 920029, see Appendix C for details) that is 100 percent passable (WDFW, 2019¢). Downstream of SE 32
Way, the stream has a bankfull width of approximately 26 feet (Photo 6). The stream appears to be stable and
bank erosion was not observed. Morphology downstream is primarily a glide, although some riffles and pools are
present. Small stream-side riparian wetlands are present downstream of the culvert. Low, gradual banks provide
floodplain access, and there are some high flow channels. Stream substrate is generally silt and sand with a few
gravels smaller than three-quarters of an inch in diameter, with a median grain size of sand. Riparian habitat for

45



Draft Watershed Characterization for Laughing Jacobs Basin

the reach extending from SE 32" Way to a point approximately 600 feet downstream is fair and consists of
moderate-aged mixed forest, extending from 50 to 100 feet from the streambanks. Some overhanging vegetation,
primarily bigleaf maple and vine maple, provides instream cover.

From SE 32" Way, the stream flows south, where it crosses under Issaquah-Pine Lake Road SE between 234"
Avenue SE and SE 36" Lane. The crossing (WDFW Site ID 920028, see Appendix C for details) consists of a
4.5-foot wide by 3-foot corrugated steel squash culvert that is considered a total fish passage barrier (0%
passable) due to slope (WDFW, 2019c). Immediately upstream of the crossing for a distance of approximately
240 feet, the stream is channelized between a residence and the Lakeside Montessori School (Photo 7). Here, the
banks consist of vertical riprap/concrete, and the stream is entrenched approximately 3 feet with a 9-foot-wide
bankfull width. The stream has a substantial amount of aquatic vegetation within the wetted channel, which
consists of uniform, 1-foot-deep run morphology. Slopes upstream and downstream of the culvert are
approximately 1 percent or less. Erosion was not observed upstream of Issaquah-Pine Lake Road SE at this
location, and stream substrate consists of granules to 2-inch gravels.

Riparian and Wetland Conditions

Two large wetland areas are mapped within the Upper Subbasin: the wetlands within Beaver Lake Park, and the
wetland complex occurring to the north and south of SE 24 Street.

The depressional wetland area within Beaver Lake Park occurs near the headwaters of Laughing Jacobs Creek.
The wetland slopes slightly from the west to the east along the alignment of the upper mainstem of the stream
(Photo 8). In addition to overflow from the stream, hydrological inputs include precipitation and a high
groundwater table. The wetland has been bisected by a powerline corridor and associated trail. The east and west
portion of the wetland were likely connected before fill was placed to support the powerline corridor. Water flows
through a culvert under the trail and into the west portion of the wetland. Based on an analysis of aerial imagery,
it appears that inundation occurs to the east of the culvert, resulting in an area of open water and emergent cover.
The remainder of the wetland is forested and dominated by species such as western red cedar and Oregon ash.
The outflow enters Laughing Jacobs Creek, which flows through an area of mowed lawn, before being piped
under 224" Avenue SE.

The shrub-dominated, depressional wetland complex along SE 24 Street (Photo 9) has been documented as a
bog by the 1990 King County Wetland Inventory (King County, 1990b). The wetland is bisected by SE 24
Street, as well as several access roads and driveways. Based on an analysis of aerial photos, several ditches have
been dug through the wetland and the area appears to have been used for agriculture purposes in the past.
Additionally, stormwater outfalls into the wetland are mapped as occurring in several areas along SE 24" Street
(Storm Bandit, 2019). Past agricultural pollutants, in addition to current pollutants from the roadway, have likely
changed the chemistry of the water so the wetland now supports fewer bog species. This is supported by the large
monoculture of Douglas’ spirea that covers most of the bog. However, the central portion of the bog was
observed as being dominated by bog-tolerant species such as bog cranberry, bog laurel, and Labrador tea, as
recently as December 2017 (ESA, 2018).

Both of these wetland complexes provide a moderate to high water quality function as they both are largely
vegetated with plants that persist throughout the year and aid in filtering out pollutants. Additionally, the uptake
of dissolved phosphorus and toxic compounds is highest when soils are high in organic content (Mitsch and
Gosselink, 1993), such as those present in bogs. These wetlands also provide a high hydrologic function as they

46



Draft Watershed Characterization for Laughing Jacobs Basin

store water during times of high flow and reduce or prevent flooding downstream. Both wetland areas also
provide moderate habitat function. However, the habitat function of the bog is slightly higher due to the structural
diversity of the wetland, which optimizes the potential for breeding areas, escape, cover, and food production
(Hruby, 2014).

Middle Subbasin

Land Cover and Built Environment

Land use patterns are generally built-out consistent with underlying zoning in the Middle Subbasin. The large
majority of this subbasin is built out with lower density detached single-family residential. To the east of
Issaquah-Pine Lake Road and to the south of Queens Bog, the subbasin includes a large portion of the Klahanie
Neighborhood, a large residential development built in the late 1980s at a density of approximately four to six
dwelling units per acre (majority of zoning is R-6). Farther south along Issaquah-Pine Lake Road surrounding the
South Tributary, areas outside of the large wetland corridor also support residential neighborhoods, platted at
densities consistent with underlying zoning ranging from R-4 to R-12. A larger property, to the southwest of the
Issaquah-Pine Lake Road / SE 42™ Street Intersection, was developed in the early 2000s as the Jacobs Creek
Condominium community. This is a clustered development, with a series of attached condo structures grouped in
one portion of the property and a large majority retained as vegetated open space (including stream corridors
around the convergence of the South Tributary with Laughing Jacobs Creek).

Immediately around Laughing Jacobs Lake, construction and full buildout of the Meadow Leaf residential
subdivision is currently underway. This large residential subdivision is one of the most recent to break ground
within the City of Sammamish, with approximately 5,000 square foot detached single-family residential lots
grouped near Issaquah-Pine Lake Road. Significant other portions of the property have been retained as native
growth / open space tracts around the lake, and some portions of the large property are maintaining the previously
rural residential character. Some ongoing livestock agriculture is still occurring (all of the property around the
lake was formerly a horse farm).

Immediately west of Laughing Jacobs Lake, larger lot detached single-family residential is associated with the
Sammamish Highlands and Kempton Downs neighborhoods, platted in the late 1970s and late 1980s,
respectively. Lots in these neighborhoods are generally more than 15,000 square feet in size, with underlying
zoning at R-1 (the City of Sammamish’s lowest residential density) and R-4. Pine Lake Middle School is to the
north of these neighborhoods (between Issaquah-Pine Lake Road and 228" Avenue SE). The school and
associated athletic and parking lot facilities are sited on the north portion of the property, maintaining a large
forested corridor associated with the tributary stream that drains to the west side of Laughing Jacobs Lake.

Across 228" Avenue SE to the west, a portion of Issaquah’s jurisdiction extends north into the Middle Subbasin,
which is primarily developed with the clustered Providence Point neighborhood (which extends into the lower
subbasin) as well as the Sammamish Christian School campus. Farther north along the west side of 228" Avenue
SE, City of Sammamish zoning is R-4. Over the last decade, a previous pattern of approximately 1- to 3-acre lots
in this neighborhood have been platted into smaller detached single-family residential homes. Some additional
opportunity for short platting appears to be present in this area, especially between 225" Avenue SE and 228"
Avenue SE.
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To the east of Laughing Jacobs Lake and to the north of the Klahanie neighborhood, predominant land uses are
Klahanie Park (including Queens Bog and the surrounding forested buffer open space), Beaver Lake Middle
School, and Challenger Elementary School. For both the City-owned park and the Issaquah School District
campus properties, large areas of undeveloped forested open space remain.

Geomorphic and Instream Habitat Conditions
Middle Mainstem

The middle mainstem reach of the Middle Subbasin extends from Issaquah-Pine Lake Road SE downstream to
near the Laughing Jacobs Creek culvert crossing under Providence Point Place SE. The creek flows through
recessional outwash deposits and then through wetland deposits in the vicinity of Laughing Jacobs Lake before
flowing again through recessional outwash deposits, which are a source of stream gravels and sand (Figure 4a;
Booth et al., 2012). It also drains areas of glacial till, ice-contact deposits, and recessional outwash deposits,
amongst others (Figure 4a; Booth et al., 2012).

Downstream of the Issaquah-Pine Lake Road SE culvert, bankfull widths are on the order of 10.5 to 12 feet.
Some bank erosion occurs immediately downstream of the culvert, where there are incised, steep banks and
erosion has undercut tree roots (Photo 10). Morphology downstream of the culvert is pool-riffle and only small
amounts of large wood are present. Once outside of the culvert influence, streambanks are approximately 2 feet
tall and provide some floodplain connectivity (Photo 11). Stream substrate is generally pebble to up to 6-inch
cobbles with a median diameter of about 1 inch. Embeddedness is generally low. A second culvert conveys the
creek downstream of the Issaquah-Pine Lake Road SE culvert. Substrate below this lower culvert is generally
sand to three-quarter-inch gravel, with low to moderate embeddedness. Prior to entering Laughing Jacobs Lake,
the stream flows through a large wetland complex on the northeast side of the lake.

Laughing Jacobs Lake has a surface area of approximately 8 acres and is surrounded on the north and west sides
by large wetland complexes. No control structure is present at the lake outlet, which drains to a 10- to 12-foot-
wide straight channel flowing 600 feet due south through a wetland that constitutes the 200-foot-wide riparian
zone on either side of the stream and consists of a reed canarygrass monoculture. Pond lily is also present within
the channel, which due to channelization completely lacks habitat heterogeneity with continuous run-type habitat
and no large wood.

Based on a review of 1936 historic aerial photographs, the 1,350 linear foot reach of stream between the lake
outlet and SE 42™ Street was dredged and channelized sometime prior to 1936, likely for agricultural drainage.
Furthermore, the northernmost 600 feet of this reach was again relocated slightly to the east, to its present
location, sometime between 1936 and 1998. The channelization was likely conducted to improve drainage and
reduce flooding risk in the agricultural fields that were historically present.

At a private driveway 600 feet south of the lake outlet, a culvert is present that has not been inventoried by
WDFW (2019c¢) and should be evaluated for fish passage status. Downstream of the driveway to SE 42" Street,
the reach is still channelized, but has a narrow (10 to 20 feet on each bank) riparian zone of 15- to 30-foot -high
willows and alders that provide some stream shading, although the understory consists mostly of reed
canarygrass, which also dominates most of the riparian area. A moderate aged mixed forest riparian zone is
present within 250 feet of SE 42" Street. The channel is trapezoidal with uniform depth run habitat and water
depths of 1 to 2 feet. Some pieces of small wood were present, but large wood was sparse to absent.
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The stream crossing under SE 42™ Street (WDFW Site ID 920026, see Appendix C for details) consists of twin
round metal pipes and has been assessed by WDFW as having unknown barrier status (WDFW, 2019¢) (Photo
12). In the vicinity of the crossing, the stream typically has a bankfull width on the order of approximately 12 to
13 feet, but was approximately 17 feet downstream of the SE 42" Street culvert. The creek has a gentle gradient
in this reach, typically less than 1 percent, and is generally a slow-moving glide or run (Photo 13). Upstream of
the SE 42" Street culvert, the reach is incised with a poor connection to its floodplain due to channelization. The
connection to the floodplain is generally better downstream of the SE 42™ Street culvert. Large wood is present in
minor amounts and is typically less than 4 inches in diameter. One small wetland was observed near the
pedestrian bridge next to the road.

Streambanks are composed of natural materials. Just upstream of the SE 42™ Street culvert, the creek has a sandy
bed with some gravels up to approximately 1 inch in diameter. Immediately downstream of the SE 42" Street
culvert, the stream is partially impounded by a small beaver or debris dam, which has caused deposition and a
silty streambed in the impounded area downstream of the culvert. Other evidence of beaver activity (chewed
stump, etc.) was also observed. The channel had a 1- to 2-foot uniform wetted depth with very soft sediments
comprised of silt and organic material up to 2 feet deep. Both live and dead willows are growing both adjacent to
and within the stream channel, which also had reed canarygrass and blackberry on the banks and within the
riparian areas. A large wetland complex, vegetated primarily with reed canarygrass, is present just downstream of
SE 42" Street at the confluence of the South Tributary and the mainstem. The wetland extends downstream of the
mainstem for several hundred feet and upstream along the South Tributary for approximately 900 feet.

The lower portion of the middle mainstem, in the vicinity of 230" Way SE, has a bankfull width on the order of
approximately 15 feet and a gentle gradient typically less than 1 percent. The culvert crossing (WDFW Site ID
920025, see Appendix C for details) is a large bottomless half pipe, which is fully fish passable (WDFW, 2019c)
(Photo 14). Two years ago, there was a beaver dam on the upstream side of the 230" Way SE culvert, although it
is no longer present (personal communication, Danika Globokar, City of Lake Sammamish, April 29, 2019). This
reach appears to be stable and only minor erosion of the natural streambanks was observed. Upstream of the
crossing, the stream flows through a broad (50-foot-wide) valley bottom reed canarygrass wetland that extends
several hundred feet upstream of the crossing (Photo 15). The valley bottom wetland shows signs (dead trees and
wrack) indicating at least somewhat frequent overbank inundation.

There is pool-riffle morphology immediately downstream of the SE 230" Way SE culvert, with high quality
spawning habitat, but it transitions back to glide morphology shortly downstream (Photo 16). There is very little
wood, and it is generally small wood less than 2 inches in diameter. In this area, the stream is well connected to
its floodplain; banks are generally 1 to 2 feet high. There are two minor high water channels shortly downstream
of the 230" Way SE culvert. Bed material generally ranges from sand to small gravels up to approximately three-
quarters of an inch in diameter. Gravels are approximately 50 percent embedded in sand. An exception to this is
that coarser cobbles up to 8 inches in diameter are present immediately downstream of the 230" Way SE culvert.

The lowest portion of the reach, between 230" Way SE and Providence Point Place SE, was not examined
because of access issues. However, it appears that between these two crossings, the gradient transitions from very
flat to slightly steeper moving downstream, with channel morphology changing from wetland-type glide and run
habitat closer to 230" Way SE to slightly steeper (1% slope) pool and riffle habitat near Providence Point Place
SE. The culvert under Providence Point Place SE was recently replaced with a new large, bottomless half pipe
that is fully fish passable, although this crossing does not appear on the WDFW (2019c¢) fish passage inventory.
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West Tributary

The West Tributary in the Middle Subbasin is intermittent. It emerges from a wetland near the western watershed
boundary and flows across mapped recessional outwash deposits, which are a source of sand and gravel, and then
across wetland deposits into the northwest corner of Laughing Jacobs Lake (Figure 4a; Booth et al., 2012). The
West Tributary also drains areas of glacial till. Observations below are from the vicinity of 228" Avenue SE and
SE 35" Street. Bankfull width in the vicinity of the 228" Avenue SE culvert is on the order of 2.5 to 3 feet with a
steeper stream slope (2—3%) upstream of the roadway (Photo 17) and more gradual stream slope (less than 1%)
downstream of the roadway (Photo 18).

Based on the small size of the stream channel and the amount of vegetation in the channel, this upper segment
flows on an irregular basis. Shortly downstream of the culvert, the creek splits into four distinct braided channels,
then a little farther downstream converges to one channel within a wetland with a bankfull width on the order of 1
to 3 feet. All of these channels were dry on April 30, 2019. This reach appears to be stable. The creek
morphology is generally pool-riffle and minor small wood is present. The creek has good floodplain access, with
natural banks on the order of 6-inches-tall. Bed material ranges from sand to 3-inch cobbles, with half-inch gravel
being dominant.

Although the reach between 228" Avenue SE and 234™ Avenue SE was not examined, aerial photographs and
observations from near the two roadways indicate that at a minimum, the stream flows through a wetland for a
large portion of the stream length, including the 600 feet immediately upstream of 234™ Avenue SE. There was
not a discernable channel through this wetland, which was broad and likely provides some flood storage during
large storm events. The culvert conveying the stream under 234" Avenue SE has not been inventoried by
WDFW, but is nonetheless a fish passage barrier due to the small 12-inch diameter concrete pipe. A large
standpipe overflow structure is located along the toe of the road prism, approximately 30 feet south of the culvert
inlet.

The cross culverts discharge flow into the large wetland complex on the east side of 234™ Avenue SE. It appears
that no defined channel is downstream; rather, sheet flow enters the large wetland complex northwest of
Laughing Jacobs Lake, providing hydrology to the wetland until the dispersed flow enters the lake as either
surface water or groundwater.

East Tributary

The East Tributary in the Middle Subbasin is intermittent, originating from Queens Bog and flowing east and
south, before discharging into Laughing Jacobs Lake. It is unclear if this feature was present prior to 1936, as no
channel is visible in historic aerial photos and no outlet to the bog is apparent. Currently, the headwaters are
located in the large wetland, Queens Bog, in Klahanie Park and flows across wetland deposits, then flows
downstream across recessional outwash deposits which are a source of gravel and sand to join Laughing Jacobs
Lake in an area of wetland deposits (Figure 4a; Booth et al., 2012). The East Tributary also drains areas of glacial
till and ice-contact deposits.

Queens Bog, a high quality wetland, also detains City stormwater from adjacent areas. An 8-foot-diameter
standpipe with a debris rack (birds nest) controls the flow of water from Queens Bog west into the upper reaches
of the stream (Photos 19 and 20). Although the barrier status of this crossing has not been assessed by WDFW
(2019¢), the structure is a barrier due to the standpipe. Between the standpipe and 241% Avenue SE, the East
Tributary is shallow and wide (ranging from 10 to 20 feet) just downstream of the outlet and not well defined in
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places, with angular cobbles in places and (Photo 21). Upstream of 241%" Avenue SE, the channel narrows some to
a bankfull width of 9 to 10 feet and the channel becomes more confined.

The culvert under 2415 Avenue SE has not been assessed by WDFW (2019c¢) and the barrier status is unknown.
Downstream of 241 Avenue SE, the stream is more confined and has an average bankfull width of
approximately 9 feet. The slope is estimated to be approximately 1 to 2 percent. In this vicinity, the creek has
pool-riffle morphology and has a low amount of small wood. The creek has good floodplain connectivity with 6-
inch-tall, natural, gentle streambanks. Bed material generally ranges from sand up to one-and-a-half-inch gravel,
with minor silt. Gravel is approximately 50 percent embedded in sand.

Farther downstream, immediately upstream of Issaquah-Pine Lake Road SE, the East Tributary has a very low
(less than 19%) gradient and is ponded, forming an open water wetland with organic matter and silt deposition in
the ponded area. This wetland appears to be associated with the stream for at least 1,000 feet upstream of the road
crossing and is present along most of the stream length from 241 Avenue SE to Issaquah-Pine Lake Road SE.
The stream channel upstream of Issaquah-Pine Lake Road SE is generally aggrading because of its ponded
nature. Large wood amounts are low and the wood that is present is generally smaller than 3 inches in diameter.
Streambanks are gradual. A stormwater pond adjacent to SE 37" Place discharges via a pipe on the left bank of
the stream, near the culvert inlet. The East Tributary is entirely piped from the east side of Issaquah-Pine Lake
Road SE downstream to the lake. This culvert is a complete fish passage barrier, due to length alone, although it
does not appear on the WDFW (2019c) fish passage inventory.

South Tributary

The headwaters for the seasonal South Tributary in the Middle Subbasin are a series of three open-water wetlands
/stormwater ponds on the east side of Issaquah-Pine Lake Road SE between SE Klahanie Boulevard to the north
and extending south of 238" Way SE (Photo 22). In the vicinity of SE Klahanie Road, the stream crosses
Issaquah-Pine Lake Road SE in a culvert, then flows northeast through a large wetland complex prior to entering
the mainstem Laughing Jacobs Creek, just downstream of SE 42™ Avenue.

The culvert under Issaquah-Pine Lake Road SE (WDFW Site ID 920027, see Appendix C for details), which
drains the large wetland/ stormwater pond and discharges into a defined channel, is classified as a partial fish
passage barrier (33% passable) based on WDFW (2019c¢) professional judgement. The inlet of the road culvert,
enclosed by a makeshift wire screen, passively regulates the level of the wetland pond and can dewater the stream
when pond levels drop below the culvert inlet level in the summer months. A second culvert, under an abandoned
road, is located approximately 10 feet downstream of the road culvert outlet. The fish barrier status of this pipe
has not been evaluated.

As described above, historical aerial photographs from 1936 indicate that the South Tributary was completely
channelized at some point prior to 1936, likely for agricultural drainage. In addition, none of the three large open-
water wetlands currently present on the east side of Issaquah-Pine Lake Road SE and now serving as the
headwaters of the West Tributary, were present in 1936. Instead, the channelized stream extended upstream
(south) in this location, originating in agricultural fields near the present-day location of 238" Way SE.

The uppermost headwaters of the South Tributary are in glacial till and wetland deposits, while the majority of
the South Tributary flows across recessional outwash deposits before joining the mainstem (Figure 4a; Booth et
al., 2012). Downstream of Issaquah-Pine Lake Road SE, bankfull width is on the order of approximately 8 feet
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and the stream gradient is less than 1 percent (Photo 23). This reach is stable and is primarily a glide that flows
for approximately 900 feet through a wetland. Large wood is generally absent, although some small wood is
present. Streambanks are natural with an accessible floodplain, and dense native shrub vegetation is present
adjacent to the stream, providing overhead cover. Substrates in this reach are primarily fine sediments and
organic matter, with some scattered cobbles and gravel.

Riparian and Wetland Conditions
Middle Mainstem

Wetlands within this portion of the subbasin are limited to an emergent wetland area at the downstream end of
Laughing Jacobs Lake (Photo 24). The middle mainstem of Laughing Jacobs Creek flows north to south, from the
lake, through the wetland, and into a forested area on the south side of SE 42" Street. The stream north of SE 42"
Street is highly channelized and appears to have been ditched. The surrounding wetland and upland areas are
primarily maintained lawn.

Because of the channelization of the stream within the wetland, water likely rapidly flows through the system.
Because of the low residence time in the wetland, as well as a lack of impoundment of water, the wetland has
little opportunity to improve water quality or detain flow. Additionally, because most of this wetland is mowed
lawn with little species diversity, structural diversity, or habitat features, it also exhibits a low habitat function.

No additional wetlands are mapped within this subbasin. Downstream of SE 42" Street, basin topography is at a
higher gradient, which can impede the formation of depressional wetlands; however, smaller, riverine wetlands
along the mainstem may exist.

West Tributary

The West Tributary begins within a forested wetland area on the east side of 223" Avenue SE. Water flows from
west to east and into a large wetland associated with Laughing Jacobs Lake. Most of the wetland area within this
subbasin is part of this wetland complex. The West Tributary flows through the wetland from the northwest to the
southeast, and into the northeast extent of the lake. The wetland includes forested, scrub-shrub, and emergent
cover. Forested portions of the wetland are dominated by Sitka spruce. Native roses, willows, and Douglas’ spirea
are the dominant vegetation in the shrub class; according to the East Lake Sammamish Basin and Nonpoint
Action Plan (Issaquah/ELSWMC, 1994), the scrub-shrub portion of the wetland has bog-like characteristics with
Sphagnum moss. Dominant emergent vegetation includes small-fruited bulrush, lady fern, and rush. Duckweed is
present in inundated portions of the wetland (King County, 1990a).

Residential developments are adjacent to its northwestern and southwestern sides, and 234™ Avenue S bisects the
wetland and separates it from Laughing Jacobs Lake. A stormwater facility, associated with Pine Lake Middle
School, is upslope and approximately 250 north of the northern extent of the wetland. Based on the City’s
stormwater mapping, it appears that water from the stormwater pond is released into the wetland buffer and/or
wetland at the northeastern extent of the wetland (Storm Bandit, 2019). Other stormwater outfalls into the
wetland are mapped as occurring along 234" Avenue S and from the residential developments on the southwest
side of the wetland.

The wetland has a high water quality function based on the presence of persistent vegetation that can aid in the
filtering of pollutants. Additionally, because of the presence of bog species, soils in the wetland are assumed to be
largely organic, which also contributes to a high water quality function. A high water quality function is valuable
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to the subbasin based on the proximity of development as well as the stormwater inputs. This wetland area also
has a high hydrologic function based on its size. The area of the basin is comparable to the area of the wetland
(less than 10 times) and, therefore, the wetland has the ability to slow and store water before it enters downstream
area that likely have flooding problems. The habitat function of the wetland is also high because it exhibits a high
diversity of vegetation structures, hydroperiods, and habitat features.

East Tributary

The headwaters to the East Tributary begin in Queens Bog, within Klahanie Park. The East Tributary flows west
to east through the bog, which contains most of the wetland area in this subbasin. The East Tributary is culverted
under 241 Avenue SE. On the east side of 241%" Avenue SE, the stream flows southwest through two additional
wetlands before joining Laughing Jacobs Lake.

Queens Bog is a depressional wetland that includes primarily scrub-shrub and emergent cover (Photo 25). Several
bog-tolerant shrub species occur within the wetland including bog laurel, Labrador tea, and bog cranberry.
Emergent species present include soft rush and dulichium. Peat moss also occurs in the wetland (King County,
1990a). According to the East Lake Sammamish Basin and Nonpoint Action Plan, this moss subclass is very
sensitive to hydrologic and chemical disturbance (Issaquah/ELSWMC, 1994). A gas line bisects the wetland near
its western extent and has formed an area of open water through the trenched area.

The bog has an intact forested buffer dominated by Douglas fir around most of its perimeter. However, residential
developments are immediately adjacent to the buffer to the southwest; and a park, transmission line corridor, and
school are adjacent to the east. Based on the City’s stormwater mapping, two stormwater outfalls on the south
side of the bog convey stormwater from the residential development into the bog. Two additional drainage
easements are mapped on the southwest side of the bog. However, no pipes or flow are mapped. An additional
stormwater detention area is east of the bog within Klahanie Park (Storm Bandit, 2019). However, during the site
visits, no connection between this site and the bog was observed. City stormwater mapping further supports this.

Similar to other bogs in the area, the presence of organic soils, coupled with high vegetative cover, contributes to
the wetland having a high water quality function. A high water quality function is valuable to the subbasin based
on the proximity of development as well as the stormwater inputs. The bog also has a high hydrologic function
because comparably, the area of the basin is relatively small to the area of the wetland (less than 10 times) and,
therefore, can help reduce flooding problems downstream. The bog also provides a moderate habitat function; it
provides structural diversity and habitats that could provide cover. However, because of its location in a highly
developed landscape, connections to other high quality habitats are limited.

The two wetlands downstream of Queens Bog were both included in the King County Wetlands Inventory (King
County, 1990b). The northern wetland is described as exhibiting primarily scrub-shrub cover. Dominant shrub
species include cascara, willow, and Douglas spirea. Labrador tea, a common bog species, is also listed.
However, the report does not identify this wetland as a bog. The wetland to the south is also classified as a scrub-
shrub wetland with cascara and Douglas spirea. Other noted wetland species include twinberry, small-fruited
bulrush, and reed canarygrass. A small area of open water is located in the southern extent of this wetland. The
East Tributary runs north to south through the two wetlands. A forested corridor dominated by Douglas fir and
upland shrubs separates them.
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The wetlands are bordered by high-density residential development to the east, west, and south, and SE 32"
Street to the north. One stormwater outfall is mapped as discharging into the east side of the northern wetland
from 41* Avenue SE. An additional outfall discharges from 41 Avenue SE into the southern wetland. It also
appears that stormwater collected along 239" Avenue SE, a residential street to the west, also discharges to the
southern wetland. Additionally, the East Tributary is mapped as flowing through a stormwater pond, immediately
upstream of the Issaquah Pine Lake Road SE crossing. During the site visit, however, a large fill berm was
observed surrounding the wetland area. Based on site conditions, a review of mapped topography, and an analysis
of aerial photos, it is unlikely that a hydrologic connection exists between the wetland and the stormwater pond.

Both wetlands are almost completely covered by persistent vegetation, which can help remove pollutants.
Vegetation present is also multistructural and includes scrub-shrub, emergent, and some tree species. This,
coupled with several hydrologic regimes present, provides habitat for various species and results in a higher
habitat function.

South Tributary

Most of the wetland area within the South Tributary is associated with a wetland at its headwaters. The wetland is
a depressional wetland that exhibits both forested and scrub-shrub cover. Western red cedar and willows are
dominant species in most of the wetland. An open water area at the north portion of the wetland contains some
aquatic bed cover, primarily duckweed and yellow pond lily. Other species observed include small-fruited
bulrush.

The wetland (Photo 26) is bordered by Issaquah Pine Lake Road SE to the southwest, 238" Way SE to the
northwest, residential development to the northeast, and SE Issaquah—Fall City Road to the southeast. A private
east-west driveway bisects the middle of the wetland. Based on a review of aerial imagery, it appears that most of
the wetland is inundated throughout the year. However, more inundation appears to occur north of the private
drive. This is supported by the large amount of down wood visible throughout the wetland. The wetland buffer is
narrow and is primarily disturbed by roads and residences. Based on the City’s stormwater mapping, four
stormwater outfalls discharge to this wetland, all north of the private drive. Two of the outfall discharge into the
open water area to the north. This area is mapped as a stormwater pond, suggesting that the wetland may have
been excavated in this area to support additional stormwater storage.

The South Tributary flows through the wetland, is culverted under 238" Way SE, and enters a large vegetated
swale. Neither the City nor King County map any wetland in this area. However, large wetland areas dominated
by reed canarygrass can be seen throughout the stream alignment, until the stream reaches a pond south of SE 44"
Street.

Because of the high inundation observed, it appears that this wetland likely has a high hydrologic function and
can assist in holding back floodwaters to residences downstream during times of high flow. The wetland also
provides a water quality function as it is covered largely with persistent vegetation. The wetland provides a
moderate habitat function; it provides structural diversity and habitat features such as snags and down wood.
However, similar to other wetlands in proximity to a developed landscape, connections to other high quality
habitats are limited.
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Lower Subbasin

Land Cover and Built Environment

Land use patterns in the Lower Subbasin are predominantly built-out consistent with underlying zoning. The
large majority of this subbasin is densely forested open space, with large properties owned and managed by (from
downstream to upstream) Washington State Parks, WDNR, and as native growth protection tracts associated with
surrounding residential development. Within the City of Issaquah, the privately owned areas are predominantly
within the Providence Point residential neighborhood, which was developed with a clustered development
approach (attached single-family / townhouse structures grouped in portions of the larger property, with
surrounding open space). This neighborhood was constructed in the mid-1990s, and the overall density per
Issaquah’s Single Family Small Lot zoning designation is 7.26 dwelling units per acre. Residential uses within
the City of Sammamish portion of the Lower Subbasin were platted as detached single-family lots in the early
2000s (Highland Ridge development) and the early 2010s (Tremont development). These developments are
consistent with underlying R4 (4 residential units per acre) and R-6 (6 residential units per acre) zoning.

Geomorphic and Instream Habitat Conditions

Upper Reach of Lower Mainstem

The upper reach of the lower mainstem of Laughing Jacobs Creek extends from near the Laughing Jacobs Creek
culvert crossing under Providence Point Place SE downstream to a natural fish passage barrier falls at RM 0.9.
While Laughing Jacobs Creek flows across mapped recessional outwash deposits in the uppermost portion of this
reach, the underlying geology soon transitions to till, deposits of pre-Fraser glaciation age, and then to bedrock
(Blakeley Formation) as it flows through a ravine (Figure 4a; Booth et al., 2012). This reach is unique due to its
steep slope and confinement as it flows into and through the ravine. Bankfull width is variable and is on the order
of 15 to 30 feet. This reach generally steepens as it flows downstream; it generally has pool-riffle morphology
downstream of the Providence Point Place SE culvert, then steepens to step-pool and then bedrock morphology
with multiple waterfalls (Photo 27). Several falls, consisting of steep bedrock chutes, are present above the larger
barrier falls (see details below), ranging in gradient from approximately 15 to 25 percent. Much of the channel in
this reach is bare bedrock with numerous step pools (Photo 28). Large wood is abundant, with some jams of
channel-engaged wood and also some channel-spanning logs that have lodged in the narrow canyon reaches.
Wood that appears to have been in place for a long period (based on lack of bark and coloration) is forming
additional pocket pools in places. Overhanging vegetation is prevalent within this stream reach, primarily western
red cedar, vine maple, and salmonberry. High quality riparian conditions are present, as the riparian zone is 200
feet or greater in width and is dominated by mature conifer overstory with mature western red cedars of up to 30
to 36 inches in diameter. The understory is also well developed, with native shrubs and little to no invasive
species.

Where streambed sediment is present, it is mostly gravel with some pebbles and sand. There is potential for
sediment delivery to the creek due to uprooting trees and mass wasting on the steep ravine walls; however, in
general, the steep ravine slopes are well vegetated, which helps to reduce erosion and sediment delivery to the
stream. In the upper part of the reach, the creek has a developed, accessible floodplain, but once the creek enters
the ravine and becomes bedrock dominated, the floodplain is not well developed.

At the lower end of this stream reach, a natural fish passage barrier (WDFW Site ID 892023, see Appendix C for
details) is present, consisting of a series of mostly vertical waterfalls, carved into the bedrock, with sections of
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high gradient sheet flow with stream gradients far exceeding 20 percent (WDFW, 2019c¢). The largest of the falls
is approximately 30 feet high and lacks a plunge pool, with water falling directly onto boulders and large wood.

Middle Reach of Lower Mainstem

The middle reach of the lower mainstem of Laughing Jacobs Creek extends from the impassable barrier falls at
RM 0.9 to the stream crossing of the East Lake Sammamish Parkway SE and is almost entirely within Lake
Sammamish State Park. This reach starts in bedrock (Blakeley Formation) in the ravine, and then transitions to
flowing across fan deposits as it flattens and approaches East Lake Sammamish Parkway SE (Figure 4a; Booth et
al., 2012). The lower portion of this reach has been impacted by a previous stream reroute that placed the stream
adjacent to East Lake Sammamish Parkway SE.

In the upper portions of this reach, downstream of the impassable barrier falls at RM 0.9, the gradient gradually
flattens, with some bedrock-formed pools present that represent the upstream extent of anadromous fish use (J.
Bower, personal communication). Farther downstream, in the middle portions of this reach, one or more high-
flow channels are present. Bankfull width in this reach varies; measurements ranged from approximately 27 feet
to approximately 51 feet including both the main channel and high flow channel. The stream slope is
approximately 3 percent. This reach of the stream is stable to aggrading and is characterized by riffles with some
pools. There are moderate amounts of large wood, especially compared to downstream reaches (Photo 29). The
creek is well connected to the floodplain, especially on the right bank where streambanks are lower (about 1 foot
tall). Streambanks are natural, and minor erosion is present in some locations along the left bank. Streambed
material ranges from sand up to 5-inch diameter cobbles, but is dominated by rounded 1- to 3-inch diameter
material and low embeddedness, with somewhat coarser sediment (2-inch to 5-inch cobbles) in the vicinity of a
several log jams.

The habitat quality was documented with a stream survey of approximately 290 linear feet of stream in a reach
between the park pedestrian bridge and a natural barrier falls at RM 0.9. Table 12 summarizes the results of the
survey, and the survey form is provided as Appendix D. This reach represents high-quality fish habitat with a
stable stream; un-armored stream banks; an unconfined channel that has high-flow channels in some locations;
morphological heterogeneity (riffles and pools); well-developed riparian conditions which overhang the channel
providing both shade and cover for fish; moderate amounts of large wood, including several jams, that provide
both cover for fish and invertebrate habitat; and well-sorted substrate that includes small gravel, large gravel, and
cobbles. The riparian zone is dominated by mature western red cedar and bigleaf maple, with a well-developed
understory of native shrubs that overhang the stream banks, providing cover and refugia for fish. In addition,
fringe wetlands are present on floodplain benches that have formed along portions of the stream. The stream is
unconfined in this location and in places, the stream’s bankfull width is up to 50 feet wide, as compared to 12 feet
in the confined reaches downstream.

There were an equal number (seven) of pool and riffle habitat units in the surveyed reach, with riffles constituting
69 percent of the habitat area and pools 31 percent (Table 9). The pools consisted of lateral scour pools, as well as
mid-channel large wood formed plunge pools, with water drops of up to 2 feet and plunge pool depths of up to
1.6 feet.
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Table 12. Measured Stream Habitat Components in Lower Laughing Jacobs Creek

Habitat Parameter Result
Slope (%) 3
Bankfull Width (Feet) 27 to 51
Pool:Riffle Ratio (by Number of Features) 1to1
Pool:Riffle Ratio (by Area) 1t02.2
Large Wood Frequency? (Pieces per 1,000 Feet) 45
Small Wood Frequency® (Pieces per 1,000 Feet) 27
Average Maximum Pool Depth (Feet) 1.0
Average Pool Tailout Depth (Feet) 0.3
Average Pool Area 118
Dominant Substrate Cobble
Sub-Dominant Substrate Large Gravel
Substrate Embeddedness Moderate

2Defined as a piece of wood, at least partially engaged with the active channel, that is greater than 10 feet in length and greater than 1.0 feet
in diameter.
® Defined as a piece of wood that does not meet the requirements for large wood, but is greater than 6 feet in length and greater than 0.4 feet
in diameter.

The fish habitat description above is indicative of conditions upstream of a fish-passable pedestrian bridge in the
Hans Jensen Group Area (within Lake Sammamish State Park). The reach from the bridge to a point
approximately 400 feet downstream still contains well-sorted gravels, riffles, and pools; however, riparian
conditions are considerable poorer than upstream with few trees (shrubs are dominant) and more prevalence of
invasive plant species, such as blackberry.

Upstream of the parkway, the stream has been straightened and channelized along the east side of the parkway,
where it flows from south to north with a stream gradient of about 1 percent. Approximately 50 percent of the
banks in this reach have riprap armoring (Photo 30). Although this bank armoring has led to some downcutting of
the stream, signs of severe erosion are minimal. Less severe bank erosion is present in some localized areas
without bank armoring. Where the creek banks are armored, the creek’s connection to its floodplain is limited,
although it has a better connection to its floodplain in unarmored sections. Habitat morphology is present in the
form of plunge pools and scour pools, formed by the occasional large wood piece or small jam present in the
reach; however, run habitat is also present where habitat complexity is lacking. Stream substrate consists of
cobbles and gravels, with some areas of suitable salmonid spawning habitat at the tailouts of pools. Although the
riparian condition is fair, the width of the left bank riparian buffer is limited to approximately 50 feet, due to the
presence of East Lake Sammamish Parkway SE. A moderate amount of invasive species (e.g., Himalayan
blackberry and English ivy) is also present in the buffer.

A restoration feasibility study of lower Laughing Jacobs Creek, that seeks to improve the middle and lower
reaches of the stream, is currently being conducted by Washington Trout. The study will evaluate options for
improving the quality and quantity of fish habitat, including improving fish passage at the East Lake Sammamish
Parkway SE culvert, a potential realigning of the stream on public property, and the addition of habitat features,
such as bank softening, spawning gravels, pool formation, and wood placement (LSKWG, 2014).
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Lowest Reach of Lower Mainstem

The lowest reach in the lower mainstem of Laughing Jacobs Creek extends from East Lake Sammamish Parkway
SE downstream to the mouth of Laughing Jacobs Creek where it enters Lake Sammamish; this area is mapped as
alluvium (Figure 4a; Booth et al., 2012). At the mouth of the stream, just north of the boat launch at Lake
Sammamish State Park, a small delta has formed, composed primarily of approximately 1-inch diameter gravel
(Photo 31). The lower-most reaches are on private property, and have limited riparian vegetation and some bank
armoring that has led to a moderate level of entrenchment. Bed material generally varies from sand to 3-inch
cobbles and is partially embedded in the vicinity of the East Lake Sammamish Parkway SE crossing and fines
downstream to a mixture of fines, sand, and minor gravel. At the upstream end of the private property reach, the
abutments of a private driveway bridge have been undermined, resulting in the application of large riprap to
protect the bridge. The East Lake Sammamish Trail Bridge is immediately downstream of the East Lake
Sammamish Parkway SE culvert. The corrugated steel squash culvert crossing under East Lake Sammamish
Parkway SE (WDFW Site ID 920054, see Appendix C for details) is classified as a 0 percent passable fish barrier
due to a steep slope (2.7%) (WDFW, 2019c¢) adjacent to a second parallel culvert conveying Many Springs Creek,
classified as a partial fish passage barrier (WDFW Site ID 920058).

Riparian and Wetlands Conditions

Several small riparian wetlands are present upstream of the steep bedrock middle reach, approximately 100 to 200
feet downstream of Providence Point Place SE. Several riparian wetlands are also present in the well-forested
lower gradient reaches within the Hans Jensen Group Area. These wetlands are likely inundated during large
stormflows and provide some amount of flood storage and hydrologic roughness.

Outside of the City boundary, a large wetland complex is located within Lake Sammamish State Park. The
wetland mosaic is bordered by Lake Sammamish to the north and northwest and State Park lands to the west.
Commercial developments border the wetland mosaic to the east, NW Sammamish Road lies to the south, and
East Lake Sammamish Parkway SE is adjacent to the northeast edge of the wetland. Another wetland lies to the
northeast side of the parkway, suggesting that the two wetlands were likely connected before the development of
the parkway. Laughing Jacobs Creek flows between these two wetlands within a roadside ditch along the
northeast side of East Lake Sammamish Parkway, before crossing under the parkway through a culvert. The
stream then enters a private parcel where it flows to the southwest and into Lake Sammamish. Issaquah Creek
meanders to the northwest through the wetland complex, before meeting with Lake Sammamish. King County
interactive mapping (iMap) maps an additional unnamed creek flowing through the wetland, north of Issaquah
Creek (King County, 2019c).

According to the King County Wetland Inventory (1990b), the wetland mosaic exhibits forested, scrub-shrub,
emergent, and aquatic bed classes. Based on the 1994 inventory and analysis of aerial imagery, forested areas are
primarily located along the shoreline and are dominated by western red cedar and red alder. Shrub cover is
primarily located along Issaquah Creek. Dominant shrubs species within the wetland include red-osier dogwood,
Pacific ninebark, and willow species. Emergent cover is interspersed throughout the forest and shrub classes, and
also occurs along the lakeshore. Dominant emergent species include small-fruited bulrush, rush species, ladyfern,
and broadleaf cattail. The aquatic bed class is located within the lake, near the shoreline and is primarily yellow
pond lily (Photo 32).
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To improve salmonid habitat, a study is currently in the design phase that would reroute the lower reach of
Laughing Jacobs Creek away from the private parcel, and instead into the wetland mosaic at Lake Sammamish
State Park. All flow would be rerouted away the roadside ditch along the parkway and through a new culvert
under the parkway. The stream would then travel through the wetland in a naturalized, meandering channel. A
floodplain bench would be excavated through the wetland to provide refuge and cover for salmonids, and native
riparian plants would be installed along the length of the constructed channel (AMEC, 2011; LSKWG, 2014).

Conclusions

The Laughing Jacobs Basin supports unique and somewhat rare natural habitats, such as sphagnum-dominated
peatland (bog) wetlands, as well as unique species, such as the imperiled late-run Lake Sammamish Kokanee.
These elements are present despite substantial single- and multi-family residential and commercial development
within the basin, particularly in the 25 years since the previous Basin Plan was prepared. While development has
occurred, critical areas such as wetlands and riparian buffers have generally been excluded from development and
thus are relatively intact, with forested conditions in over half of the streams buffer areas. Effective impervious
areas within a watershed can lead to degradation of stream hydrology, aquatic and terrestrial habitats, and degrade
water quality. Although basin-wide impervious surfaces, as indicated by developed land cover types, are at or
near thresholds for degradation as discussed in the scientific literature, the basin generally does not show
significant stream channel erosion and downcutting or increased peak flow magnitudes, durations, and
frequencies.

This lack of a significant negative ecological response to development is likely due to a number of factors,
including the prevalence of several wetlands and wetland complexes within the basin, including some complexes
over 20 acres and a predominance of riparian wetlands, combined with the presence of Laughing Jacobs Lake.
These elements can all serve to mitigate hydrologic and water quality effects. Furthermore, the geology and
topography of the streams in the basin, which with the exception of the canyon reaches in the Lower Subbasin,
are generally low gradient with streams having relatively good connections to the floodplains. In the several areas
where slight to moderate downcutting was observed, channel degradation is likely related to historic (>80 years)
stream channelization and straightening for agricultural drainage purposes.

Although a natural fish passage barrier, in the form of a waterfall, limits anadromous salmonid access to the
lower mile of the stream, the habitat that is accessible ranges in quality from fair to excellent, with the reaches
upstream of the East Lake Sammamish Parkway offering high-quality spawning and rearing habitat, which will
be further improved by an ongoing restoration effort. Much of the stream network upstream of the barrier also
offers good quality spawning and rearing habitat, which is utilized by resident cutthroat trout. Excessive peak
flows, and associated streambed erosion, do not appear to be limiting factors for anadromous fish in the basin;
however, low summer stream flows, which contribute to high summertime temperatures, are conditions that are
present in the basin and could have effects on salmonids. However, the timing of high temperature and low flows
would primarily affect coho salmon in the lower reaches and cutthroat trout in the upper reaches, as the timing of
kokanee utilization of Laughing Jacobs Creek occurs later in the fall when streamflows have increased and stream
temperatures have dropped. Furthermore, the temperature regime may be a natural phenomenon due to the
presence of Laughing Jacobs Lake and numerous open-water wetlands in the basin.
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Laughing Jacobs Basin supports land use patterns that are predominantly built-out consistent with established
Comprehensive Plan Land Use Designations and zoning (under jurisdictions of both the City of Sammamish and
the City of Issaquah). Dominant land uses in the basin include lower intensity residential, publically owned park
lands, and protected open space. Based on a review of current land use patterns that shows limited areas where
existing lot size could result in subdivision and associated intensification of use, it is anticipated that pressure for
future intensification of land use is generally low, and that changes would occur incrementally over many years.
Within this established pattern of use, the majority of large wetland areas (including the full extent of Queens
Bog) are protected either as designated native growth protection areas, or as publically owned open space lands.
However, past land use activities and infrastructure development have degraded these wetland areas, with key
alterations including fill (and excavation cut) for roadway and utility crossings, discharge of untreated (or
undertreated stormwater), and ditching with linear swales intended to facilitate drainage. Current degradation
provides an opportunity for wetland restoration, including a focus on water quality enhancement, additional
canopy and shading, and improvement of habitat functions.
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