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Thompson Sub-basin Plan
City of Sammamish

Table 4. Thompson Sub-basin Wetlands

Approximate

Wetland Size Cowardin Hydrogeomorphic Mitigation Current
Name?® (acres) Characteristics Classification Classification Hydrology Impacts Opportunities Buffers Quick Rating
1 8 Little habitat interspersion, Forested, Depressional Groundwater, New residential ~ Limited on-site Lawn and Moderate
some connectivity to other scrub-shrub, seasonally development due to park use; minimal
habitat types, detains emergent flooded/saturated, fragments may have forested,
overland runoff, detention stormwater habitat opportunities on somewhat
pond adjacent parcels disturbed
2 <0.1 Isolated, no interspersion of  Emergent Depressional Surface water, Grazing, Reconnect with Lawn and Low
habitats, low plant diversity seasonally historically Wetland 1 minimal
flooded/saturated connected to forested,
Wetland 1 somewhat
disturbed
3 At the base of the slope Emergent Depressional Groundwater, Agriculture and Improve Herbaceous Low
near Lake Sammamish, seasonally some connection with —native
detains some overland flooded residential wetland to the vegetation,
runoff, no habitat dispersion, development south by removing  somewhat
few connections to other driveway disturbed
habitat types
4 <0.1 Likely artificial pond, drains Emergent, Depressional Groundwater, Lawn and Low
via a ditch to wetland south palustrine permanently forested,
of Wetland 3, few habitat unconsolidated flooded somewhat
features present, some bottom disturbed
connection to other habitat
types, detains overland
runoff
5 0.1-1 Likely a number of wetlands  Forested Riverine Surface water Agriculture and  Enhance wetland Lawn and Low
along Ebright Creek, detains (Ebright Creek), some and buffer forested,
minimal overland runoff, seasonally residential somewhat
little interspersion of flooded/saturated development disturbed
habitats, moderate plant
diversity
6 (17) >10 Headwater wetland, habitats ~ Forested, Riverine, Surface water Residential Restore/enhance Herbaceous High
highly interspersed, high scrub-shrub, Depressional, (Ebright Creek), development, pasture area —native,
plant diversity, high emergent Flow-through seasonally and roads through generally
vegetation structure permanently the wetlands undisturbed
flooded/saturated
7 <0.1 Low plant diversity, no Scrub-shrub Depressional Groundwater, Residential Minimal Lawn and Low
interspersion of habitats, seasonally development forested,
few connections to other saturated somewhat
habitats disturbed
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Table 4. Thompson Sub-basin Wetlands (continued)

Approximate

Wetland Size Cowardin Hydrogeomorphic Mitigation Current
Name? (acres) Characteristics Classification Classification Hydrology Impacts Opportunities Buffers Quick Rating

8 Ditches in wetland likely Scrub-shrub, Depressional Groundwater, Residential Existing plantings Lawn, Moderate
historical agricultural emergent seasonally development around ditches in herbaceous
drainage ditches. flooded/saturated, wetland appear —native
Surrounded by new surface water dead and
residential development. forested,
Detains minimal overland somewhat
runoff, isolated system disturbed
associated with ephemeral
surface water, few habitat
features present, few
connections to other
habitats

9 <0.1 Detains overland flow, Emergent Depressional Groundwater, Residential Minimal Lawn and Low
isolated system, no seasonally development forested,
interspersion of habitats, flooded primarily
low plant diversity, few disturbed
connections to other
habitats

10 <0.1 In road right-of- way, Scrub-shrub, Depressional Surface water, Residential Minimal Lawn, Low
isolated system associated emergent seasonally development primarily
with ephemeral surface flooded/saturated disturbed
water, no interspersion of
habitats, low plant diversity,
few connections to other
habitat types

11 (61) Detains some overland Forested, Depressional Groundwater, Residential Enhancement, Herbaceous Moderate

runoff, some habitat scrub-shrub, surface water, development creation, —native,
interspersion, moderate emergent seasonally and preservation scrub-shrub
plant diversity, some permanently
connections to other flooded/saturated
habitats, moderate
vegetation structure

12 1-5 Little or no interspersion of Scrub-shrub, Riverine Surface water, Residential Herbaceous Moderate
habitats, low plant diversity, emergent seasonally and development —native

some connections to other
habitats, moderate
vegetation structure

permanently
flooded/saturated

& If the wetland was previously named, this name was used. If the wetland was not named, wetlands were numbered beginning with 1 and ending with 18. Previous wetland names (e.g., Wetland 17) were not used
to avoid two wetlands having the same name.

3-32
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Thompson Sub-basin Plan
City of Sammamish

3.5.1.1 Record of Data

The 8-year data record has an 8-month gap in 2005 during the construction of The Crossings
at Pine Lake. Recordings of Wetland 17 also do not occur on a consistent time interval. This
factor may result in missing variations in the wetland level that would affect the overall
observed trend.

3.5.1.2 Precipitation Data

An automated King County rain gauge located on the Sammamish Plateau has a data record
of daily precipitation totals from October 1, 2000 to present and was used to compare the
Wetland 17 elevation with precipitation. Table 5 shows annual minimum wetland levels
compared to rainfall data from 1 and 2 months prior to the recorded date. The upward trend in
wetland elevation could be due in part to increased precipitation.

Table 5. Minimum Wetland Levels Compared to Precipitation

Previous 1-Month  Previous 2-Month

Rain Total Rain Total Wetland
Date (inches) (inches) Elevation
10/29/2008 2.29 3.6 347.64
3/4/2009 23 7.53 347.18
10/5/2007 3.75 6.03 346.76
6/11/2004 3.06 4.69 346.37
9/28/2006 2.95 3.08 346.2
9/8/2001 2.06 3.8 346.16
8/31/2003 0.31 0.31 345.4
9/16/2002 0.12 0.12 345.37

3.5.1.3 Beavers

Beavers have been observed in Wetland 17, particularly on the downstream end of the
wetland, and may play a large role in the changed hydrology within the wetland. Beavers are
persistent rodents that build dams to control water levels. This may affect the residence time
within the wetland, slowing the natural output and increasing the water level.

3.5.1.4 Increased Organic Accumulation

Another factor in the increased water levels observed in Wetland 17 may be due to increasing
levels of organic debris. The wetland is highly vegetated and the accumulation of organic
debris may be higher than the degradation of the debris. This accumulation may reduce the
storage volume available in the wetland.

3.5.1.5 Development

Two developments drain into Wetland 17. The Meadow at Redford Ranch was constructed in
2000 and The Crossings at Pine Lake was constructed in 2005. New developments do not
increase peak discharges into the wetland because of stormwater detention facilities that
control peak flows, but do increase the volume of stormwater. An increased volume of
stormwater may be contributing to an increased elevation in the wetland.
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3.5.1.6 Output vs. Input

Multiple factors contribute to the input and output of water in a wetland. It could be that an
increased input from stormwater and a decreased output may be contributing to the higher
wetland elevation. Outputs from Wetland 17 include culverts conveying water downstream,
infiltration, evaporation, and plant uptake. Any of these outputs, along with decreased storage
from organic accumulation and longer residence time from beaver dams, could affect the
wetland elevation.

3.6 STREAM AND HILLSLOPE GEOMORPHOLOGY

In the early 1990s King County conducted field studies of Ebright Creek and the Thompson
Sub-basin. Results of these efforts are documented in the King County Basin and Nonpoint
Action Plan for the East Lake Sammamish Basin (King County 1995) as well as the East
Lake Sammamish Basin Conditions Report—Preliminary Analysis (King County 1990).
Based on a comparison of Parametrix field efforts in 2008 and the field work conducted by
King County in the early 1990s, Ebright Creek has experienced very minor stream
degradation in the intervening years and has improved in a few areas. The primary direct
changes in the stream channel include a new stormwater outfall and dissipation structure that
extends to Ebright Creek downstream of 212th Street, and improved channel conditions in
Ebright Creek Park due to restoration efforts. The observed hillslope seeps and frequency of
slope failures appear to be fairly consistent between observations in 1990 and in 2008.
Appendix D summarizes conditions observed in 1990 and 2008, which are documented
downstream to upstream.

3.7 FISH HABITAT AND USE

Ebright Creek is a Type F, Class 2S, salmon-bearing creek fed by two tributaries originating
in wetlands on the Sammamish Plateau. Stream flow in Ebright Creek is fed primarily by
cool groundwater springs, which likely provide year-round temperature conditions suitable to
support salmonids.

3.7.1 Kokanee Salmon

3-38

The Lake Sammamish kokanee salmon (Oncorhynchus nerka) consist of three distinct runs
(stocks) differentiated by their spawning timing (early, middle, and late runs). Ebright Creek
supports what is perhaps one of the last viable wild, native Lake Sammamish late-run
kokanee population in the Lake Sammamish Basin.. Late-run kokanee are currently known to
spawn in only six Lake Sammamish tributary streams. In addition to Ebright Creek, they
spawn primarily in Lewis and Laughing Jacobs creeks, with limited spawning in Vasa, Pine
Lake, and East Fork Issaquah creeks (Berge and Higgins 2003; Young et al. 2004; Jackson
2006). The Ebright, Laughing Jacobs, and Lewis creek populations are genetically unique to
Lake Sammamish (Warheit and Bowman 2008) and warrant consideration for protection
under the Endangered Species Act (USFWS 2008). Because of the limited distribution of this
species and the extensive land development occurring throughout its current distribution,
protecting or expanding the spawning habitat in these three drainages should be a priority.

Kokanee salmon are landlocked sockeye salmon that spend their entire lives in freshwater
lakes and tributaries. Lake Sammamish kokanee spawn from August into January, although
the late run spawns from late October into January (Berge and Higgins 2003; Jackson 2006).
In contrast, anadromous sockeye salmon are born in freshwater, but migrate to salt water as
young fish to grow and mature before returning to freshwater to spawn from October and
November (Newell and Quinn 2005). Adult kokanee are 10 to 20 inches in length, which is
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smaller than other salmon. Sockeye salmon are also known to spawn in Ebright Creek, as do
coho salmon (O. kisutch), cutthroat trout (O. clarki), and rainbow trout (O. mykiss)
(King County 1990).

3.7.2 Aquatic Habitat Conditions

Aquatic habitat conditions were assessed by fish biologists during field reconnaissance
surveys conducted on December 3 and 4, 2008. In general, habitat conditions were
considered to be generally good throughout much of the stream. Three recent kokanee salmon
redds (nests), and two spawning adult kokanee, were observed in the lower 0.22 mile of the
creek during the survey. In addition, survey flagging from the King County Department of
Natural Resources and Parks identified the location of seven other kokanee redds in this same
reach. Based on available information, salmon spawning appears to be limited to the lower
0.22 mile of stream, where the stream gradient is low, and appropriate spawning habitat
occurs (Photograph 1) (King County 1990). Between river mile (RM) 0.25 and RM 1.3, the
stream gradient sometimes approaches 5 percent through a deep ravine, forming tiered or
staircase features that result in patchy gravel areas and small volume pools that are favored by
trout (King County 1990).

="

Photograph 1. Typical stream reach in the lower Ebright Creek, just upstream of East
Lake Sammamish Parkway, consisting of an extended riffle habitat within a defined
channel with few pools, flowing through a moderately functioning riparian corridor.

3.7.3 Culverts

Despite the generally good quality habitat occurring through much of the surveyed portion of
the stream, there are some potential problem areas. The culverts under the East Lake
Sammamish Trail and East Lake Sammamish Parkway appear to provide adequate fish
passage conditions (partially submerged at relatively low flows), although the fish passage
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conditions would likely deteriorate at both high and low flows. The two 36-inch-diameter
culverts under the trail have enough capacity to convey the 100-year flood event, although
King County previously identified a CIP to replace these culverts with a bridge to improve
fish passage (King County 1994). A detailed fish passage assessment was not included as part
of the reconnaissance survey. The two 36-inch-diameter culverts under the parkway are in
similar condition. An additional 24-inch-diameter culvert at about RM 0.25 is likely a
complete barrier to fish (Ecology 1994), as is the 30-inch-diameter culvert located at
SE 12th Street (about RM 1.1).

The reach just downstream of the steeper gradient stream reaches (about RM 0.3) showed
some accumulations of sediment and stream channel braiding (Photograph 2). Although the
Parametrix biologists reviewed historical aerial photographs, they were unable to determine
the degree to which the stream channel braiding is a recent development or if this particular
reach has been historically braided due to the low gradient in this area. However, the braided
area was relatively short (about 300 feet), with the remainder of the stream typically
occurring in a well-defined channel. Although this channel braiding has resulted in a wider
and shallower stream channel and floodplain (as compared to the majority of the lower
stream reach), this area contained about half of the observed or previously identified
spawning redds. Therefore, it is uncertain how much the erosion and sedimentation is
affecting salmonid production in the stream.

Photograph 2. Area of braided channel in the lower Ebright Creek, located about
0.2 mile upstream from East Lake Sammamish Parkway. The pink ribbon in the
background indicates the location of a kokanee spawning redd.

Appendix E provides a sequence of photographs of Ebright Creek, starting at the mouth and
proceeding upstream. The photographs are representative of the general habitat conditions in
the various portions of the stream. Overall, the riparian buffers appear to be functioning
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properly and the stream channel is generally stable. Aside from the issues discussed above,
the one aquatic habitat feature that appeared to be lacking in Ebright Creek is good quality
pool habitat. Photograph 3 shows typical habitat in the upper reaches of Ebright Creek where
riparian condition is good and pool habitat is lacking. King County (1990) also reported that
the pool quality in the stream was more representative of trout habitat than salmon habitat.
Limited pool sizes also reduce the quantity and quality of salmon spawning habitat, which
typically consists of substrate at the downstream end of pools. Limited pool habitat would
also restrict the capacity of the stream for supporting juvenile fish (both salmon and trout).

Photograph 3. Typical habitat in the steeper reaches of Ebright Creek, upstream of
about RM 0.3.

3.8 WATER QUALITY

King County has been monitoring the ecological health of Ebright Creek in several ways
including the collection and analysis of water, sediment, and benthic invertebrate samples.
Beginning in 1996, monthly water quality samples have been collected from Station A685,
located downstream at East Lake Sammamish Parkway SE. From 1987 through 2002, surface
sediment samples were collected from Ebright Creek as part of the Streams Sediment
Monitoring Program. Benthic invertebrates were also sampled from the creek in 2002
and 2003.

3.8.1 Ebright Creek

Water quality samples from Ebright Creek are analyzed monthly for temperature, dissolved
oxygen, pH, conductivity, turbidity, total suspended solids, ortho-phosphorus, total
phosphorus, ammonia, nitrate-nitrogen, total nitrogen, and fecal coliform bacteria. Results are
compared to state water quality standards, which are designed to protect public health and
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aquatic life. Under the 2006 rules, Ebright Creek is categorized as “Core Summer Salmonid
Habitat” for aquatic life use and “Primary Contact” for recreational use. According to the
2008 Ecology 303(d) list, Ebright Creek is listed as a Category 1 waterbody (meets tested
standard for clean waters) for pH and ammonia-nitrogen, Category 2 (water of concern) for
dissolved oxygen, and Category 5 (polluted waters that require a water quality cleanup plan)
for fecal coliform bacteria.

3.8.2 Stream Sediments

Sediment data were collected from Ebright Creek as part of the King County Stream
Monitoring Program starting in 1987. Data were compiled and analyzed for 1987 through
2002. Data were analyzed for trends and correlations, and were compared to freshwater
sediment quality guidelines. No significant trends were identified during data analysis for any
of the parameters tested. The results indicated that Ebright Creek sediments did not exceed
any sediment quality guidelines. Of the 27 streams monitored in King County, Ebright Creek
had the lowest metals concentrations.

3.8.3 Benthic Invertebrates

3-42

King County also monitors stream health by collecting samples of benthic invertebrates from
selected streams as part of its Benthic Invertebrate Program. Benthic invertebrates are an
important link in the food chain for fish in the creek and are an excellent indicator of stream
health. In both 2002 and 2003, benthic invertebrate samples were collected and analyzed, and
benthic invertebrate index scores were calculated for Ebright Creek.

Benthic invertebrate index scores from Ebright Creek indicated poor conditions for benthic
invertebrates. For both years, between 40 and 78 percent of the species present were tolerant
of degraded conditions. It is unclear why this difference in percentage makeup is so great
between the two years. Future monitoring will be necessary to determine if this indicates an
improving trend, or if it can be explained by other phenomena such as sampling variability.
During both years when monitoring was conducted, very few individuals of species that are
long-lived or sensitive to degraded conditions were found to be present. Longer-lived species
typically take longer to reproduce and, along with sensitive species, are among the first to
disappear when a stream ecosystem is altered by human activity such as urbanization.
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4. RECOMMENDED STRATEGIES

Specific features that define the Thompson Sub-basin and are important considerations in the
development of projects and strategies are as follows:

Basin Topography—Basin topography is characterized by a relatively flat plateau
bisected by a steep ravine that funnels water directly into the well-defined stream
channel of Ebright Creek and outlets into Lake Sammamish. The wetland complexes
on the top of the plateau attenuate flow to Ebright Creek and should be protected.

Development—The current level of development in Thompson Sub-basin is less
than many other suburbs east of Lake Washington, with less impervious surfaces and
a more rural character. There is more to preserve here than restore.

Geology—The underlying geological features on the plateau of Thompson Sub-basin
consist mostly of compacted till, representing a challenge for infiltrative stormwater
best management practices. However, the steep ravines are located in erosive
advanced outwash and are prone to landslides. It is important to manage stormwater
runoff close to the top of the basin to minimize impacts downstream, particularly in
large high quality wetlands.

Kokanee Salmon—Ebright Creek supports one of perhaps the last viable, native
Lake Sammamish late-run kokanee populations in the greater Lake Sammamish
Watershed.

The projects and strategies recommended below are designed to preserve ecological function
in areas that are currently functioning well, solve existing problems, and prevent future
degradation as the Thompson Sub-basin is further developed. Specific projects identified are
presented in more detail in Appendix F.

4.1 PRESERVATION AND ENHANCEMENT OF ECOLOGICAL FUNCTION

The natural areas (Ebright Creek and associated wetlands) in the Thompson Sub-basin are
largely protected through existing ordinances and, as such, the aquatic resources in the basin
are in fairly good condition. Through the City’s Critical Areas Ordinance, areas adjacent to
stream corridors and wetlands are protected with buffers up to 150 feet. Additionally, a large
percentage of Ebright Creek is located in an erosion hazard area that consists of a special
district overlay requiring a no disturbance zone on the slope and specific stormwater
management requirements to reduce the risk of landslides. Zoning surrounding Ebright Creek
and Wetland 17 is R-1 (one dwelling unit per acre), which is fairly low density and will help
in the maintenance of the natural resources in this area. It is important to maintain these
zoning patterns and ordinances related to the protection of streams, wetlands, and erosion
hazard areas for the long-term preservation of these natural resources in the Thompson
Sub-basin.

Table 6 lists additional strategies to preserve and enhance existing ecological function in the
Thompson Sub-basin. Full descriptions and planning level cost estimates are provided in
Appendix F.
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Table 6. Strategies to Preserve or Enhance Ecological Function in the Thompson Sub-basin

Type of Strategy

Project Potential
Strategy Identification Planning Education Capital Description Partners
Acquire high Cons-1 X Partner with land
quality conservancy
property for organizations to
conservation acquire undeveloped,
forested tracts of land
near the headwaters of
Ebright Creek to
preserve wetland
functions and wildlife
corridors
Replace Culv-1 X Upgrade private Private property
private culvert culvert on Ebright owner, King
on Ebright Creek to County, grant
Creek provide/improve fish organizations
passage to upstream
spawning habitat for
kokanee salmon
Enhance Enh-1 and Enh-2 X Restore/enhance Private property
Wetland 17 pasture area in owners,
Wetland 17 developers in
need of potential
mitigation,
conservancy
groups
Enhance Enh-3 and Enh-4 X Enhance Wetlands 1 Sammamish
Wetlands 1 and 2 in and adjacent Parks
and 2 to Ebright Creek Park Department,
private citizens,
conservancy
groups
Conduct Ed-1 X Sponsor wetland tours = Audubon
wetland tours to foster appreciation Society, non-
and stewardship of profit
Sammamish wetlands environmental
groups
Promote Ed-2 X Encourage campaign School groups,
kokanee to increase awareness | environmental
salmon of kokanee salmon organizations
awareness and the importance of
Ebright Creek to the
continued existence of
this population of fish
Implement Plan-1 X X Implement beaver Private citizens,
beaver management WDFW
management strategies where
program necessary, including

Wetland 17

4.1.1 Capital Projects

4.1.1.1 Acquire High Quality Property for Natural Resource Conservation (Cons-1)

Extensive development has occurred at the headwaters of Ebright Creek on 228th Avenue
SE. Stormwater runoff from most of the development is being treated prior to discharge into
Ebright Creek and its associated wetlands; future development would be treated as well.
However, current stormwater regulations are geared toward preventing erosion from
increased flow rates, and do not address increased volumes of stormwater. In addition to the
planned Town Center development, many of the under-developed properties at the top of the

42
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basin could significantly increase the volume of stormwater runoff to the wetlands and
Ebright Creek if developed to their full capacity of R-6 (six dwelling units per acre).
Acquisition of one or more large, undeveloped parcels located south of Wetland 17 could
continue to provide a greater buffer to the upstream development that has already occurred,
and prevent future stormwater volume-related impacts (altered wetland hydroperiod) that
may occur with future development. Figure 17 shows potential parcels for acquisition
for preservation.

4.1.1.2 Replace Private Culvert on Ebright Creek (Culv-1)

A culvert located approximately 0.25 mile upstream of the mouth of Ebright Creek is either a
partial or full barrier to fish passage. Replacing this culvert with a box culvert with natural
streambed gravel would facilitate fish passage and provide upstream spawning opportunities
for kokanee salmon.

4.1.1.3 Implement Wetland Enhancements

Washington State and federal regulatory agencies require that mitigation efforts follow the
prescribed sequence below:

e Avoiding the impacts altogether by not taking a certain action or parts of an action.

e Minimizing impacts by limiting the degree or magnitude of the action and its
implementation, by using appropriate technology, or by taking affirmative steps to
avoid or reduce impacts.

e Rectifying the impact by repairing, rehabilitating, or restoring the affected
environment.

e Reducing or eliminating the impact over time by preservation and maintenance
operations during the life of the action.

e Compensating for the impact by replacing, enhancing, or providing substitute
resources or environments.

e Monitoring the impact and taking appropriate corrective measures.

In light of these requirements, preservation of existing wetlands is recommended, specifically
Wetland 17. This can be done through enforcement of existing critical areas regulations
(SMC 21A.50), outright purchase of properties, or establishment of conservation easements.
Outright purchase of these properties is likely cost prohibitive; however, the City of
Sammamish could consider using funds from their critical areas mitigation fee program
(SMC 21A.50.360) to secure properties consistent with a watershed-based mitigation
strategy. Alternatively, these projects could act as stand-alone watershed management
projects.

In situations where mitigation is required to compensate for impacts, four potential mitigation
projects are suggested. The proposed projects are based on limited field observations from
publicly accessible sites and photograph interpretation. Other mitigation opportunities likely
exist but are not visible from the road. The proposed mitigation options listed below would
require a wetland delineation and further evaluation of the wetland for mitigation potential.
Mitigation would require either purchase of the property, or establishment of a conservation
easement, and cooperation of the landowner.
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4.1.1.4 Enhance Wetland 17 (Enh-1 and Enh-2)

Wetland 17 is a high quality riverine wetland associated with Ebright Creek. It is very large,
has several habitat types, and attenuates high flows to Ebright Creek. There are opportunities
to enhance and enlarge this wetland through incorporation of native vegetation in areas that
currently consist of pasture. This action would involve a partnership with the property owner
or purchase by the City or other interested party.

A portion of two properties—one at the corner of SE 13th Place and 217th Avenue SE (parcel
9188) and the other at 21341 SE 13th Place (parcel 9196)—has been cleared for pasture and
lawn. Some of this area, approximately 20,000 to 40,000 square feet, could be re-established
or rehabilitated to wetland habitat on these properties. The area would require excavation of
fill materials (where present) and grading as well as the removal of artificial structures and
non-native species. The area would be planted with species similar to those in the adjacent
forested wetland (black cottonwood, red alder, and willows). Permanent signs would be
installed to identify the wetland as a protected area. There are likely other similar re-
establishment and/or enhancement opportunities along Wetland 17 where pastures and lawns
abut Wetland 17.

4.1.1.5 Enhance Wetlands 1 and 2 (Enh-3 and Enh-4)

Wetlands 1 and 2 are located north and south of Ebright Creek Park, respectively, and could
be incorporated into the park.

The pasture could be planted with species similar to those in the adjacent scrub-shrub and
emergent wetland (red alder, salmonberry, Nootka rose, red osier dogwood, panicled bulrush,
and slough sedge). The site may require excavation of fill materials and removal of artificial
structures and non-native species. Permanent signs would be installed to identify the wetland
as a protected area.

4.1.2 Educational Strategies

4.1.2.1 Conduct Wetland Tours (Ed-1)

The Thompson Sub-basin has some high quality wetlands that provide important ecological
functions, including attenuation of stormwater runoff and habitat for terrestrial and aquatic
species. One of the best ways to educate citizens about stewardship of their natural
environment is to show them. Wetland tours that feature Wetland 17 in the Thompson
Sub-basin, as well as other unique wetland environments on the Sammamish Plateau, would
be one way to promote environmental stewardship and increase understanding as to the
importance of wetlands.

4.1.2.2 Kokanee Awareness Campaign (Ed-2)

44

The City of Sammamish is fortunate to have Ebright Creek, one of the last viable late-run
kokanee salmon spawning streams in Lake Sammamish, within its jurisdictions. Most citizens
are aware of other types of salmon and the effects of ordinary activities on their habitat.
However, many people are not aware of kokanee salmon, or their status in the greater
Sammamish Watershed and Ebright Creek. A campaign to increase awareness of kokanee
salmon would give citizens a tangible reason for protecting Ebright Creek and the Thompson
Sub-basin. One way to do this would be to create a city mascot that is a kokanee salmon to
help people become aware of this species and give them something to rally around. The
mascot would be a fun way to educate children and adults and increase awareness.
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4.1.3 Planning Strategies

4.1.3.1 Implement Beaver Management Plan (Plan-1)

Beavers play an important role in the ecology of aquatic systems; however, this role can
conflict with urban development and cause flooding, changes to wetland hydrology, and
deforestation. There is evidence of beaver activity in Wetland 17 and beavers may be
responsible for increased water elevations. A beaver management plan would help the City
respond to citizens’ complaints and incorporate non-lethal actions to minimize beaver-related
impacts. Specific actions, such as installation of a beaver deceiver on Wetland 17, may be
appropriate.

4.2 STRATEGIES TO REDUCE ONGOING STORMWATER DISCHARGE EFFECTS
FROM EXISTING DEVELOPMENT

The area of inundation and wetland elevations in Wetland 17 has been increasing over the
past decade and may be partially due to increased stormwater volumes from upstream
development that mitigate peak flows and durations, but not the volumes of stormwater.
Additionally, many single-family residences and roadways in the city of Sammamish do not
mitigate stormwater runoff because they were developed prior to current stormwater
regulations. Parametrix recommends focusing on educational strategies that citizens could
employ on a volunteer basis to mitigate stormwater runoff from their residences, rather than a
basin-wide stormwater retrofit program. The basin is still relatively undeveloped and
conditions have not been significantly affected by stormwater runoff; therefore, the primary
focus for strategies should be to preserve the good ecosystem functions that currently exist
and prevent future problems.

Water quality monitoring indicates that fecal coliform bacteria is a pollutant of concern in
Ebright Creek and is responsible for impairing water quality. Recent water quality data are
not available to determine whether water quality conditions have improved or declined,
however, local residents expressed interest in knowing more about manure management for
their small farms at public meetings (personal communication, Erin Nelson, Engineer,
Parametrix, 2010).

Table 7 lists educational strategies to reduce the effects of ongoing stormwater discharges in
Thompson Sub-basin. Full descriptions and planning level cost estimates are provided in

Appendix F.
Table 7. Strategies to Reduce Ongoing Stormwater Impacts
Project Type of Strategy Potential
Strategy Identification Planning Education Capital Description Partners
Low Impact Ed-3 X Provide informational Washington
Development brochures and technical State University
(LID) assistance to residents Extension,
Educational interested in private
Strategies implementing LID residents
techniques such as
rainwater harvesting or
rain gardens
Manure Ed-4 X Provide informational King County,
Management brochures and technical King County
Strategies assistance to residents Conservation

interested in improving
manure management on
their properties

District, private
residents
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4.2.1 Educational Strategies

4.2.1.1 Low Impact Development Educational Opportunities (Ed-3)

Educational opportunities include encouraging LID retrofits for local homeowners through
demonstration projects with informational kiosks, and development of “How to” brochures
for rainwater harvesting, rain gardens, and other LID techniques. Additionally, the
development of the Town Center provides opportunities for demonstration LID projects.

4.2.1.2 Manure Management Educational Opportunities (Ed-4)

As requested by the citizens, opportunities include providing educational information and
local farm tours to demonstrate effective manure management techniques for homeowners
that keep farm animals.

4.3 PLAN FOR FUTURE IMPACTS AND MINIMIZING EFFECTS

4-8

The Thompson Sub-basin would likely undergo significant changes in the next several
decades, including development of the proposed Town Center and conversion of forested
parcels to denser development in accordance with current zoning. Impacts related to
stormwater runoff would be partially mitigated through flow control and water quality
treatment as required by state and local regulations. However, mitigation is not a guarantee
that the natural resources such as Ebright Creek and its associated wetlands would not be
affected. Stormwater management techniques and strategies are constantly evolving;
currently, the regional emphasis is on LID techniques to minimize the effects of stormwater
runoff. This is the recommended approach for the Town Center (Parametrix 2009a), and is
one of the only ways to mitigate stormwater volume resulting from land conversion.

The Town Center Comprehensive Stormwater Plan recommended using the LID techniques
listed in Table 8 to mitigate stormwater runoff.

Table 8. Summary of Stormwater Treatment Requirements and Preferred Choices

Treatment Required

Type of
Impervious Water Second
Surface Quality Flow Control First Choice Choice Third Choice
Rooftops S Rainwater Green Roofs Bioretention
Harvesting
and Reuse
Roads and \ \ Minimize Bioretention Pervious
Parking Lots Surfaces Pavement
Sidewalks S Pervious Full Dispersion Bioretention
and Patios Pavement

The City of Sammamish has adopted an LID ordinance in which LID is provided incentives
for new development. There has been little opportunity to test the effectiveness of this
ordinance for encouraging use of LID because the economic slowdown of 2009 to 2010 has
resulted in little to no development in the city. Although the LID ordinance is voluntary, LID
would likely be mandatory (to the extent feasible) in the Town Center (City of Sammamish,
2009). As development activity begins again in the city, it will be important for the City to
monitor the success of both approaches to stormwater management using LID and make
adjustments as necessary to achieve its goals.
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In addition to the use of technical methods to accomplish stormwater management goals,
such as LID, there are other implementation mechanisms that could be explored in the future.
Some of these implementation strategies are described in the Draft Non-Traditional
Stormwater Approaches Memorandum (Parametrix 2009b) and the sub-sections below as
recommended future planning strategies.

Table 9 lists planning, educational, and monitoring strategies to plan for future impacts and
minimize the effects of stormwater runoff in the Thompson Sub-basin. Full descriptions and
planning level cost estimates are provided in Appendix F.

Table 9. Strategies to Plan for and Reduce Effects of Future Stormwater Runoff

Project Type of Strategy Potential

Strategy Identification | Planning | Education @ Capital Description Partners
Investigate use of Study-1 X Conduct a hydrogeological Sammamish

injection wells analysis to determine whether = \Water and

deep underground injection of | Sewer
treated stormwater is feasible | District
within the Thompson

Sub-basin
Evaluate potential Study-2 X Evaluate success of existing
modifications to LID ordinance and make
ordinance modifications as necessary
Install new flow Mon-1 X Replace flow gauge located
gauge on Ebright on private property upstream
Creek from Lake Sammamish. The

gauge would help in
hydrologic model calibration
and effects of stormwater
management measures
implemented in Town Center.

Collect wetland Mon-2 X Continue to collect wetland
elevation data on elevation data for Wetland 17,
Wetland 17 which will also be important

for evaluating potential
changes resulting from
upstream development.

Collect wetland Mon-3 X Install a new wetland gauge in
elevation data on Wetland 61 to monitor the
Wetland 61 wetland hydroperiod and

evaluate potential changes
resulting from development of
the Town Center.

Conduct channel Mon-4 X Evaluate physical channel
cross-section conditions on an annual basis
monitoring on Ebright to monitor potential effects
Creek from upstream land use
changes.

Conduct water Mon-5 X Consider monitoring water
quality monitoring on quality on Ebright Creek to
Ebright Creek continue program that started

with King County.
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4.3.1 Planning Strategies

4.3.1.1 Investigate Use of Injection Wells to Reduce Stormwater Runoff (Study-1)

There are many emerging approaches to managing stormwater as a resource rather than a
waste stream. In the city of Sammamish, in particular, municipal water sources are partially
developed from groundwater sources, which must be replenished through surface infiltration
of rainwater. When development prevents infiltration through the construction of impervious
surfaces, groundwater aquifers can be affected as well. Many Pacific Northwest communities,
including the City of Portland, use underground injection control wells to “dispose” of
stormwater. This could be a viable option for the City of Sammamish, but would require
thoughtful planning and consideration of potential consequences.

4.3.1.2 Evaluate Options for Potential Modification of LID Ordinance (Study-2)

The existing City of Sammamish LID ordinance has not been tested to determine if this
voluntary program would be effective in changing stormwater management strategies in the
stormwater community. Once development resumes, the success of the ordinance should be
evaluated to determine if modifications should be made.

4.3.2 Monitoring and Performance Strategies

In order to recognize watershed degradation and understand the consequences of future
development, it is important to have adequate monitoring data. In the development of this
plan, Parametrix relied on previous water quality monitoring data from King County, wetland
elevation data collected as mitigation for The Crossings at Pine Lake development, and field
information documented in previous basin planning efforts. Flow gauge data were not
available for calibration of the hydrologic model. Prior to development of the Town Center,
Parametrix recommends monitoring several baseline parameters so that the effectiveness of
stormwater management techniques employed at the Town Center can be adequately
evaluated and/or adjusted as development occurs.

4.3.2.1 Install New Flow Gauge near the Mouth of Ebright Creek (Mon-1)

A flow gauge was previously installed on Ebright Creek, upstream of East Lake Sammamish
Parkway. The company that recorded the data went out of business and the gauge data were
not available for this study. Parametrix recommends installing a new gauge or reactivating
the existing gauge to collect flow data so that the hydrologic model can be better calibrated
and future flows can be monitored.

4.3.2.2 Continue Collecting Wetland Elevation Data in Wetland 17 (Mon-2)
Barghausen Engineers has been collecting wetland elevation data from Wetland 17 at the
SE 212th Street road crossing since 2000. Parametrix recommends that the collection of
water level data continue through development of the Town Center to evaluate trends.

4.3.2.3 Collect Wetland Elevation Data in Wetland 61 (Mon-3)
Parametrix recommends installing a water level gauge in Wetland 61 so that wetland
elevations can be monitored through development of the Town Center.

4.3.2.4 Conduct Channel Cross-Section Monitoring in Ebright Creek (Mon-4)

One of the primary goals of the flow control standards promulgated by King County and
Ecology is to minimize erosion from high flows and durations in stream channels. Parametrix
recommends installing two permanent cross-section flow gauges on Ebright Creek
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(one downstream of 212th Street and one upstream of East Lake Sammamish Parkway) to
monitor physical changes in channel conditions that could be a result of stormwater runoff.

4.3.2.5 Monitor Ebright Creek Water Quality Downstream of Wetland 17 (Mon-5)

Parametrix recommends implementing a monitoring strategy to continue the work of King
County in their stream monitoring program, which collected data on fecal coliform bacteria,
temperature, and dissolved oxygen.

September 2011 | 558-3847-002 (01/07) 4-11






Thompson Sub-basin Plan
City of Sammamish

5. PROJECT PRIORITIZATION

The projects recommended above represent a variety of issues and strategies to protect the
Thompson Sub-basin. Because the basin is relatively undeveloped compared to its zoning
potential, there are few capital projects to fix existing problems. The most pressing need in
the basin is to preserve the existing natural resources and prevent future harm. Many of the
recommended projects would be eligible for grant funding, which is discussed below. Other
projects could be largely accomplished with volunteers or community and environmental
groups. Funding strategies would likely need to be multi-faceted, taking advantage of
opportunities as they arise. None of the projects recommended is critical to the short-term
health and safety of the community, but these projects are more important to the long-term
sustainability of natural resources in the Thompson Sub-basin. Parametrix prioritized the
projects using several criteria, including (1) likelihood of success at achieving the desired
outcome, (2) degree to which project meets multiple objectives, (3) degree to which project
alleviates threats to wildlife and habitat or property, and (4) cost.

5.1 CRITERIA

Table 10 lists the criteria and ranks the scores associated with a high, medium, or low ranking
for each criterion.

Table 10. Criteria and Scoring for Project Prioritization

Rank scores

Criteria High (5 points) Medium (3 points) Low (1 point)
Likelihood of Success Proven in other cases = Mixed results in other = Unproven
cases
Number of Issues Addressed = More than three Two to three One
Habitat Protection Protects both habitat Protects habitat OR Protects neither
and property property
Cost Category (first 5 years) < $20,000 (20,000 — $50,000) (> $50,000)

The combined scores of individual criteria were ranked according to the following
total points:

Low priority (6 to 8 total points);
Medium priority (10 to 12 total points); and
High priority (over 12 total points).

5.2 MATRIX OF PROJECTS

Table 11 lists the recommended projects according to strategy, cost, and project criteria from
highest to lowest priority. The monitoring projects were not prioritized, as they do not
address specific goals, but involve collection of data that is important for making decisions
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Table 11. Matrix of Recommended Projects

Type of Strategy Project Criteria

0 — o
c = — © o © 17 =
s 8§ £ =3 g o < -
Project 5§ 2 2 £o E23 8 8
Strategy Identification o w O Description Potential Partners Cost 3% Z90<g o T O Priority

Acquire high Cons-1 X Partner with land conservancy $87,000 High High High Low High
quality property organizations to acquire per acre
for conservation undeveloped, forested tracts of

land near the headwaters of

Ebright Creek to preserve

wetland functions and wildlife

corridors
Replace private | Culv-1 X Upgrade private culvert on Private property $118,000 High Medium High Low High
culvert on Ebright Creek to owner, King County,
Ebright Creek provide/improve fish passage to | grant organizations

upstream spawning habitat for

kokanee salmon
Encourage Ed-3 X Increase awareness of effect of City of Sammamish, $800 High Low High High High
manure bacteria from manure in streams | King County, private
management and utilize resources available citizens, King
strategies from King County to aid in Conservation District

manure management
Implement Plan-1 X Implement beaver management | Private citizens, $10,000 H L M H High
Beaver strategies where necessary, WDFW plan, ~
Management including Wetland 17 $12,000
Program Beaver

Deceiver

Injection of Study-1 X Evaluate if injection of treated To be L M L H Medium
treated stormwater in deep wells is determined
stormwater feasible.
Conduct Ed-4 X Conduct campaign to increase School groups, $13,000 Medium Low Low High | Medium

kokanee salmon

awareness and
mascot
campaign

awareness of kokanee salmon
and the importance of Ebright
Creek to the continued existence
of this population of fish

environmental
organizations
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Figure 3 — Inglewood and Thompson Basins, Future Land Use, Developed from City of
Sammamish Zoning and Town Center Plan

ms v Engineering Consultants, Inc. P ag e 8




GEOLOGY

The Inglewood Basin consists of a broad till-capped plateau drained by gently sloping
channels. The watershed geology was obtained from King County Department of
Natural Resources® (Figure 4). The main stream channel flows across recessional
outwash deposits incised into the till. Runoff generated on the adjacent till areas must
migrate through the outwash before reaching the stream channel. In locations where the
perched water table remains near the surface, several wetlands have formed. In the
central portion of the watershed (Subbasins 12, 13, and 14), the groundwater is relatively
deep, and the stream channel remains dry the majority of the time. Downstream of this
point, the stream flows through an incised ravine and drops approximately 300 feet in
less than a mile to Lake Sammamish. The lower stream reaches in Subbasin 11 receive
discharge from the regional groundwater, which provides a reliable source of base flow to
the stream throughout the year.

The Thompson basin is similar to Inglewood in that it originates in uplands of the
Sammamish Plateau and drains through a ravine to Lake Sammamish. The lower reaches
of the stream also intersect the regional groundwater table, which supports a nearly
constant base flow. The Thompson Basin differs geologically from Inglewood in that it
does not have a deep outwash deposit that infiltrates runoff upstream of the ravine. The
runoff response in Ebright Creek is dominated by a surface and interflow response,
similar to many other watersheds in the Puget Lowland that are underlain by glacial till .

For hydrologic modeling purposes, each geologic association in the watershed was
assigned to one of three categories; till, outwash, or wetland according to the HSPF
modeling methodology developed by the USGS®’. These were combined with surface
cover categories consisting of urban grass, forest, wetland/saturated soils, and impervious
to form the PERLND groups shown in Table 2.

Table 2 — HSPF Land Cover/Geology (PERLND) Combinations

HSPF PERLND Land Characteristics
Till Forest Glacial till soils mature cover, all slopes
Glacial till soils urban grass, all slopes
Till Urban Grass Includes impervious surfaces not directly connected
to the drainage network.
Outwash Forest Glacial outwash soils mature cover, all slopes
Glacial outwash soils urban grass, all slopes.
Outwash Urban Grass Includes impervious surfaces not directly connected
to the drainage network.
Wetland/Saturated Soils Wetlands or areas with saturated soils
Impervious (HSPF IMPLND) Impervious surfaces t_hat are directly connected to
the drainage network.

ms v Engineering Consultants, Inc.
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HSPF MODEL CONFIGURATION

INGLEWOOD BASIN
The geology of the Inglewood Basin consists of till in the uplands with glacial
outwash in the ravine that carries the stream channel. Surface runoff and interflow
produced in the upland till areas is infiltrated as it flows across the outwash deposit
and results in a markedly attenuated runoff response from the watershed.

To mimic the infiltration of runoff from the uplands into the outwash deposit as they
flow through George Davis Creek, a separate outwash Pervious Land Segment
(PERLND) was defined for each subbasin that represents moisture inputs from both
precipitation falling on the surface of the outwash and from lateral inflow from the
till uplands. The area of these groundwater PERLNDS is equal to the area of
outwash within the subbasin. The surface runoff and interflow from the adjacent
upland till areas were then connected to each groundwater PERLND which were then
connected to the stream channel.

Several large residential developments were constructed in the upper watershed in the
time since the King County East Lake Sammamish Basin Plan was completed. The
stormwater detention facilities associated with these developments were included in
the HSPF model developed for the present analysis. Subbasin I15B, I6A, and I7A
were added and define the tributary area to each stormwater pond associated with the
new residential development. The ponds were designed according to the King
County® Level 2 standard and HSPF routing tables (FTABLES) were developed for
each subbasin such that they represented the detention pond discharge characteristics
in the subbasin. A schematic of the Inglewood Basin HSPF model configuration is
shown in Figure 5.

The USGS calibrated the HSPF model to the Inglewood Basin as part of a study to
develop and validate regionalized parameters for the HSPF model for use in western
Washington®’. The USGS simulated the flow attenuation caused by the outwash
using the HSPF channel routing (RCHRES) routine. They added flood storage
volume to the stream reaches in each subbasin until the simulated and gaged
streamflows matched. This approach produced a reasonable calibration but was not
used in the present analysis because it was thought to be less physically
representative of the watershed than the approach used (described above). The flood
storage volume in the USGS model totaled approximately 7,000 acre-feet, which
indicates that 7,000 acre-feet of stormwater detention storage would be required to
replicate the flood storage and attenuation provided naturally by the outwash deposit.

Because of the high level of flood attenuation provided by the outwash deposit, the
flow attenuation resulting from on-site detention in the future land use scenario
would be indistinguishable after routing through the outwash deposit. In addition,

ms  Engineering Consultants, Inc. Page 11



connecting upstream stormwater ponds to the downstream groundwater PERLNDS
can produce erroneous results in HSPF. Therefore, on-site detention mitigation was
only included for the Town Center subbasins in the HSPF model. This does not
mean that on-site detention should not be required in future developments in the
Inglewood Basin; on the contrary, on-site detention should be required for future
developments to ensure that discharge rates reaching the outwash do not increase to
the point where they overwhelm the infiltration rate of the outwash deposit. This
would result in a dramatic increase in the discharge rate in George Davis Creek as
surface runoff in excess of the outwash infiltration rate discharged downstream.

The MGSFlood model was developed with routing reaches to account for the
infiltration into the groundwater. The hydraulic characteristics of the routing reaches
were defined to produce a response similar to the groundwater PERLNDS developed
for the HSPF model. This approach allowed for detention to be included in all
subbasins in the MGSFlood Inglewood model. For this reason, peak flow and
duration results in the future land use scenario are slightly lower in the MGSFlood
model than the HSPF model.
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THOMPSON BASIN
The Thompson Basin is similar to Inglewood in that it originates in uplands of the
Sammamish Plateau and drains through a ravine to Lake Sammamish. The
Thompson Basin differs geologically from Inglewood in that it does not have a deep
outwash deposit that infiltrates runoff upstream of the ravine. The runoff response in
Ebright Creek is similar to many other watersheds in the Puget Lowland that are
underlain by glacial till. Thus, routing through the outwash deposit was not included
for this basin. While Ebright Creek does not possess the natural infiltration and
storage of the outwash, it does have a large wetland (Wetland 17) situated at the top
of the ravine. This 30-acre wetland provides substantial flood attenuation and
buffering of flows entering from the uplands before discharging to the ravine.

Several existing developments in the upper washed were broken out as separate
subbasins (Subbasins t16 and t17) and detention was included using the King
County® Level 2 standard. A schematic of the Thompson Basin HSPF model
configuration is shown in Figure 6.
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STORMWATER DETENTION SIMULATION

Future land use was simulated with detention according to the City’s proposed on-
site detention standard. This standard is based on the current King County design
manual®, which requires that the post development runoff duration is controlled to
the predeveloped forest duration from % of the predeveloped 2-year to the 50-year.
Two detention ponds were included for each subbasin; one for areas on glacial till
and one for areas on outwash. The outwash areas were sized as infiltration basins
and only the overflow was connected to the receiving stream.

To account for uncertainty due to design, construction, and maintenance, detention
mitigation simulated with the future land use scenario was assumed to be 90-percent
effective. This was accomplished by sizing detention for only 90-percent of the
developed area and routing 90-percent of the area to the pond. The remaining 10-
percent of the developed area bypassed the pond. The exception was in the Town
Center area where the bypass was not applied because this is a master planned
development, and the design, construction, and maintenance will likely be more
reliable than a typical development.
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HSPF MODEL CALIBRATION

INTRODUCTION

Calibration of the HSPF model was performed to ensure that the hydrologic
processes simulated by the model were representative of the conditions in the
watershed. Calibration is the process whereby the model input parameters are
adjusted until simulated and recorded discharge data match to the greatest extent
possible.

CALIBRATION DATA

The model parameters were refined through calibration using streamflow data
collected near the mouth of George Davis Creek and concurrent precipitation
collected near the headwaters (City of Sammamish Gage 18Y) for the period October
2001-May 2003. Daily evaporation data were developed from data collected at the
Puyallup 2 West Experimental Station (station number 45-6803). Flow data at the
mouth of Ebright Creek were not of sufficient quality to use in model calibration.

Streamflow data for Ebright Creek was collected at a gage operated by commercial
firm, Geotivity under contract to the City of Sammamish. Geotivity went bankrupt
several years ago, and maintenance of the gage and quality checking of the data
ceased at that time. The flow gage consisted of a sensor that tracked, among other
things, the flow depth and velocity. Flow rate was computed using a functional
relationship that included the recorded depth and velocity. This metering approach is
commonly used in storm and sanitary sewers where the velocity varies across the
flow area in a predictable manner. In stream channels, the cross section is irregular
in shape and the velocity varies in a much less predictable manner.

The relationship used by Geotivity to derive streamflow from the depth and velocity
measurements was not known. The data were analyzed and several relationships
were tried to convert the depth and velocity measurements to discharge. The
resulting flow data did not appear reasonable when compared with precipitation data
recorded in the watershed.

An apparent shift in the depth recordings was also noted following a large storm that
occurred in December 2007. Following the storm, the base flow depth recorded by
the meter was higher, and resulted in a 1-2 cfs increase in the flow data than prior to
the storm.

Because of the issues cited above, the recorded streamflow at the mouth of Ebright
Creek were not used to calibrate the models. Parameters derived from the Inglewood
Basin calibration were used for the Thompson Basin. Plots comparing simulated and
recorded streamflow at the Ebright Creek gage are presented in the next section. The
flow rate at the Ebright gage was derived by multiplying the recorded velocity times
the cross sectional area corresponding to the recorded depth.
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HSPF MODEL CALIBRATION RESULTS

Existing land use (year 2006) was used for model calibration. Model parameters for
the pervious land segments (PERLNDS) were adopted from the 2004 Inglewood
Basin Plan update'’. Hourly streamflow data recorded by the City of Sammamish
from October 2001-May 2003 near the outlet of George Davis Creek was used to
verify that the current model with updated land use and subbasins produced results
similar to the original calibration.

A comparison of simulated and recorded discharge at the outlet of George Davis
Creek during water years 2002 and 2003 is shown in Figure 7. In general, the
simulated and recorded magnitude and timing of discharge compared well. The
general shape of simulated winter storm flows and the magnitude of summer base
flows matched well with the recorded streamflow for this period. Several large
runoff spikes in the streamflow record (December 2001, October 2002, and March
2003) were attributed to gage malfunction or poor quality data and were discounted
in the model calibration. The streamflow record was not of sufficient quality to
compute runoff volume or other statistics. The calibration was therefore judged
qualitatively by the goodness of fit between simulated and recorded streamflow
shown in Figure 7.
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Figure 7 — HSPF Model Calibration, George Davis Creek

As discussed in the previous section, flow data at the mouth of Ebright Creek were
deemed of insufficient quality to warrant use in the model calibration. Despite the
uncertainty with the recorded streamflow data, there is a fairly close correspondence
between the simulated and recorded flows (Figure 8), especially the storm that
occurred in December 2007 (Figure 9).
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TOWN CENTER ANALYSIS USING THE MGSFLOOD MODEL

MGSFlood? is a continuous rainfall runoff model used for stormwater facility analysis
and design. The model uses the same rainfall-runoff algorithms as HSPF but includes
routines for sizing stormwater detention facilities and simulating LID measures.
MGSFlood model input was developed for both the Inglewood and Thompson Basins
using the same land use, soil type, hydraulic routing, and runoff parameters used in the
HSPF model. This approach allowed for numerous stormwater mitigation measures to be
analyzed, especially in the Town Center basins. Simulation results for the Town Center
alternatives are presented in the Town Center Comprehensive Stormwater Plan.

An additional benefit of the MGSFlood model is that it is much easier to use compared
with HSPF. The MGSFlood model can be used in the future by City staff or their
consultants to analyze changes to the Town Center plan or other developments in the
watersheds and analyze the effects of the changes in a basin-wide context.

HSPF WATERSHED MODEL — ANALYSIS/PREDICTION APPROACH

SIMULATION PERIOD
Following the calibration phase, the model may be used for analysis and prediction
of streamflows for various land use conditions. For this application, long-term,
high-quality, precipitation timeseries are needed that are representative of the
hourly, daily, weekly and monthly precipitation characteristics that have occurred
in the past, and can be expected to occur in the future.

The Washington State Department of Transportation, Extended Precipitation
Timeseries for Continuous Hydrologic Modeling'**® was used as input for the
analysis of the Inglewood and Thompson Basins. This timeseries has a 1-hour
timestep, is 158-years in length, and represents the rainfall characteristics of the
basins (48 inches mean annual precipitation).

PEAK FLOW MAGNITUDE-FREQUENCY STATISTICS
Peak discharge magnitude-frequency estimates were computed at locations of
interest in the watersheds using the HSPF model. The annual maxima discharge
rates were saved at each location from the 158-years simulated. Peak flow and

elevation magnitude-frequency relationships were computed using the
14,15

Gringorten plotting position formula (Equation 1).
[ = N + 012
i - 044 (1)

Where: Tr is the recurrence interval of the peak flow,
i is the rank of the annual maxima peak flow ordered from highest to lowest,
N is the total number of years simulated (158 in this case).
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FLOW DURATION STATISTICS
Modifications to the land surface during urbanization increase both the runoff peak
rate and volume. The increase in runoff volume is the result of the loss of water
storage in the soil column because of the compaction of the soil and the
introduction of impervious surfaces. Figure 10 compares the allocation of
precipitation falling on a forested and an urban watershed. In the forested
watershed, the precipitation ends up nearly all evaporation and infiltration with very
little surface runoff. With an urban watershed, the evaporation and infiltration are
reduced significantly, and a much higher percentage of the rainfall ending up as
surface overland flow.
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Figure 10 — Mean Annual Precipitation Water Budget for a Forested and Urban Site

The increase in runoff volume combined with the increase in runoff rate results in
higher stream discharges occurring for a longer duration. The increase in duration
of a given flow rate results in more erosive work on the stream channel over time,
particularly when the discharge rate exceeds the threshold for streambed movement
in the receiving channel.

Flow duration statistics provide a convenient tool for characterizing streamflow
computed with a continuous hydrologic model. Duration statistics are computed by
tracking the fraction of time that a specified flow rate is equaled or exceeded.

HSPF does this by dividing the range of flows simulated into discrete increments
and then tracks the fraction of time that each flow is equaled or exceeded. The
fraction of time that a particular flow is equaled or exceeded is called exceedance
probability. It should be noted that exceedance probability for duration statistics is
different from the annual exceedance probability associated with flood frequency
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statistics and there is no practical way of converting/relating annual exceedance
probability statistics to flow duration statistics.
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FLOOD FREQUENCY AND FLOW DURATION RESULTS

INTRODUCTION

Precipitation timeseries 158-years in length at a 1-hour timestep and daily evaporation
derived from the Puyallup 2 West Experimental Station (station number 45-6803) were
used as input to the model, which resulted in a 158-year, 1-hour timeseries of flow at the
outlet of each subbasin simulated. Flood magnitude-frequency and duration analyses
were subsequently performed on the flow timeseries at locations of interest in the
watershed.

The future land use scenarios were simulated with stormwater mitigation designed
according to the City’s proposed stormwater detention ordinance™. The simulation
results presented in this section provide an assessment of the performance of stormwater
mitigation in a basin-wide context. Details on mitigation options for the Town Center
that includes Low Impact Development as well as traditional stormwater detention, is
presented in the Town Center Comprehensive Stormwater Plan.

FLooD PEAK DISCHARGE RESULTS
Increases in peak discharge rates under future conditions in the Inglewood Basin
are negligible in most areas and actually decrease other areas relative to the existing
land use scenario (Figures 11a, 11b, and Tables 3a, 3b, and 3c). The reason for the
small change in discharge rate is the presence of the glacial outwash deposit, which
infiltrates the majority of surface runoff produced in the till capped uplands. As
discussed in the model calibration section, the outwash deposit is equivalent to
approximately 7,000 acre-feet of stormwater detention storage in the Inglewood
Basin.

While natural infiltration of the outwash in the central portion of the watershed
provides substantial natural buffering of the runoff under the future land use, on-
site detention and LID controls are still necessary to ensure that runoff rates
associated with future development do not overwhelm the infiltration capacity in
the channels underlain by outwash.

Peak runoff rates in the Thompson Basin show a greater reduction in the future
flows relative to existing conditions (Figures 12a, 12b and Tables 4a and 4b). This
Is because there are many developments in the basin with little or no stormwater
controls and the Thompson Basin does not contain the infiltrative outwash present
in the Inglewood Basin to mitigate runoff from existing development.

Peak runoff rates in the Town Center subbasins show a dramatic reduction in peak
flows under future conditions relative to existing conditions in the majority of
subbasins (Figures 13a, 13b, and Tables 5a, and 5b). In most areas, the peak
discharge under future land use conditions is reduced to rates comparable to the
forested land use condition.
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Table 3a - Inglewood Basin Flood Magnitude-Frequency Estimates (cfs)

Existing Land Use (2006) (Discharge is Referenced to Subbasin Outlet)

Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN I1 17 24 30 36 40 44
SUBBASIN 12 15 20 26 31 35 38
SUBBASIN I3 0.9 1.1 1.4 1.7 1.8 1.9
SUBBASIN 4 12 16 20 24 27 29

SUBBASIN I3A 1.9 25 3.1 3.7 4.0 4.2
SUBBASIN I4A 10 14 17 21 23 25
SUBBASIN I5 8.3 11 14 17 18 20
SUBBASIN 16 6.1 7.8 10 12 13 14
SUBBASIN 17 4.9 6.4 8.3 10 11 12
Table 3b — Inglewood Basin Flood Magnitude-Frequency Estimates (cfs)

Future Land Use with Mitigation (Discharge is Referenced to Subbasin Outlet)

Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN 11 15 21 27 33 35 40
SUBBASIN I2 12 18 22 28 29 37
SUBBASIN I3 0.5 0.7 1.1 2.4 2.6 4.3
SUBBASIN 14 10 13 16 19 20 22
SUBBASIN I3A 0.2 0.3 0.4 2.1 2.6 3.2
SUBBASIN 14A 10 13 16 18 20 22
SUBBASIN I5 7.7 10 12 15 16 18
SUBBASIN 16 6.6 8.7 11 14 14 15
SUBBASIN 17 5.8 7.7 10 12 12 13

Table 3c — Inglewood Basin Flood Magnitude-Frequency Estimates (cfs)
Forested Land Use (Discharge is Referenced to Subbasin Outlet)
Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN I1 14 21 28 34 36 42
SUBBASIN 12 12 17 23 29 31 36
SUBBASIN I3 0.7 0.9 1.3 1.6 1.7 1.9
SUBBASIN 14 11 14 19 23 24 27
SUBBASIN I3A 1.6 2.1 2.8 35 3.8 4.1
SUBBASIN I4A 8.9 12 16 19 21 23
SUBBASIN 15 6.6 8.8 12 14 15 17
SUBBASIN 16 4.4 5.8 7.9 10 11 12
SUBBASIN 17 3.3 4.3 5.9 7.4 8.0 8.9

M}S v Engineering Consultants, Inc.

Page 27




Table 4a — Thompson Basin Flood Magnitude-Frequency Estimates (cfs)
Existing Land Use (2006) (Discharge is Referenced to Subbasin Outlet)

Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN t1 16 26 36 43 45 51
SUBBASIN t2 15 25 34 39 42 47
SUBBASIN t3 13 19 24 30 35 38
SUBBASIN t4 11 15 21 27 30 31
SUBBASIN t5 WL17 10 13 19 24 26 28
SUBBASIN t8 6.4 10 15 20 21 22
SUBBASIN t9 2.2 3.1 4.2 6.0 6.4 6.8
SUBBASIN t12 WL61 2.1 2.9 3.9 5.6 6.0 6.3
SUBBASIN t7 3.0 4.2 54 7.1 7.4 7.7
SUBBASIN t15 3.5 5.4 7.1 10 11 13

Table 4b — Thompson Basin Flood Magnitude-Frequency Estimates (cfs)
Future Land Use with Mitigation (Discharge is Referenced to Subbasin Outlet)
Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN t1 10 15 21 27 30 31
SUBBASIN t2 10 15 20 27 29 30
SUBBASIN t3 8.6 13 17 23 25 26
SUBBASIN t4 7.7 11 15 20 22 24
SUBBASIN t5 WL17 6.8 10 13 18 20 21
SUBBASIN t8 2.7 4.2 5.4 7.3 8.3 8.5
SUBBASIN t9 1.2 1.9 2.6 35 3.8 4.2
SUBBASIN t12 WL61 1.1 1.8 2.4 3.3 3.6 4.0
SUBBASIN t7 1.8 2.7 3.8 4.9 5.4 5.6
SUBBASIN t15 2.3 3.2 4.4 5.6 5.9 6.3

Table 4c — Thompson Basin Flood Magnitude-Frequency Estimates (cfs)
Forested Land Use (Discharge is Referenced to Subbasin Outlet)
Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN t1 10 16 20 27 28 32
SUBBASIN t2 10 15 19 26 26 31
SUBBASIN t3 7.9 12 16 21 22 26
SUBBASIN t4 6.9 10 14 18 20 22
SUBBASIN t5 WL17 6.1 8.7 12 16 17 20
SUBBASIN t8 2.8 4.5 5.8 7.9 8.1 9.0
SUBBASIN t9 1.2 1.6 2.5 3.3 3.6 4.2
SUBBASIN t12 WL61 1.1 1.6 2.3 3.1 3.4 3.9
SUBBASIN t7 2.0 2.7 3.7 4.7 5.0 5.6
SUBBASIN t15 2.1 3.7 4.6 6.2 7.3 8.8
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Table 5a — Town Center Flood Magnitude-Frequency Estimates (cfs)
Existing Land Use (2006) (Discharge is Referenced to Subbasin Outlet)

Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN 18 0.72 1.19 1.63 2.52 2.61 3.22
SUBBASIN 19 1.37 2.12 2.88 3.84 4.03 4.91
SUBBASIN 110 1.52 2.40 3.25 5.10 5.47 6.43
SUBBASIN 111 0.61 1.02 1.47 1.87 2.03 2.32
SUBBASIN 112 1.20 1.89 2.52 3.86 4.08 4.96
SUBBASIN 113 3.41 5.16 6.84 9.78 10.37 12.93
SUBBASIN 114 0.52 0.84 1.02 1.35 151 1.87
SUBBASIN t9 0.46 0.69 0.91 1.35 1.56 1.70
SUBBASIN t10 2.14 3.24 4.27 6.78 7.53 8.51
SUBBASIN t11 0.47 0.76 1.05 1.60 1.70 2.04
SUBBASIN t12 0.64 0.92 1.11 1.37 1.52 1.93
SUBBASIN t13 1.28 2.08 2.85 4.60 5.02 5.77

Table 5b — Town Center Flood Magnitude-Frequency Estimates (cfs)
Future Land Use with Mitigation (Discharge is Referenced to Subbasin Outlet)
Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN 18 0.20 0.35 0.50 0.66 0.73 0.74
SUBBASIN 19 0.47 0.75 1.09 1.41 1.54 1.56
SUBBASIN 110 0.38 0.61 0.87 1.22 1.36 1.43
SUBBASIN 111 0.28 0.44 0.64 0.82 0.91 0.98
SUBBASIN 112 0.73 0.89 1.04 131 1.37 151
SUBBASIN 113 0.87 1.42 1.88 2.61 2.89 3.25
SUBBASIN 114 0.32 0.46 0.60 0.78 0.87 1.00
SUBBASIN t9 0.27 0.33 0.39 0.46 0.49 0.50
SUBBASIN t10 0.61 0.88 1.20 1.61 1.66 1.78
SUBBASIN t11 0.46 0.76 1.05 1.61 1.71 2.05
SUBBASIN t12 0.66 0.94 1.14 1.39 1.55 1.98
SUBBASIN t13 0.64 0.81 1.09 1.37 1.44 1.47
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Table 5¢ — Town Center Flood Magnitude-Frequency Estimates (cfs)
Forested Land Use (Discharge is Referenced to Subbasin Outlet)

Flood Magnitude-Frequency Estimates (cfs)

Subbasin 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
SUBBASIN I8 0.34 0.54 0.67 0.91 0.99 1.14
SUBBASIN 19 0.62 1.01 1.25 1.71 1.85 2.15
SUBBASIN 110 0.61 0.96 1.19 1.63 1.76 2.04
SUBBASIN 111 0.37 0.59 0.73 1.00 1.08 1.25
SUBBASIN 112 0.49 0.82 0.97 1.32 1.45 1.70
SUBBASIN 113 1.45 2.42 2.84 3.91 4.31 5.03
SUBBASIN 114 0.45 0.73 0.85 1.19 1.29 1.55
SUBBASIN t9 0.12 0.19 0.23 0.32 0.34 0.40
SUBBASIN t10 0.69 1.08 1.34 1.84 1.99 2.31
SUBBASIN t11 0.19 0.32 0.38 0.52 0.57 0.67
SUBBASIN t12 0.63 0.90 1.09 1.34 1.49 1.87
SUBBASIN t13 0.50 0.79 0.98 1.34 1.45 1.68
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FLow DURATION RESULTS
Flow duration statistics provide an indication of the relative amount of erosive work
performed on the stream channel. The increase in duration at a given flow rate
results in more erosive work being performed on the stream channel over time. As
urbanization occurs in the watershed, the frequency of discharge that exceeds the
historic bedload movement threshold increases. This results in greater erosive work
on the stream channel leading to an expansion in the channel cross section and
leads to larger sized stream gravel as the smaller gravel fraction is carried
downstream.

Figures 14a and 14b compare flow duration statistics in the ravine area of George
Davis and Ebright creeks, respectively and show a relatively small change in the
flow duration statistics for future relative to existing land use. This suggests that
under build-out conditions, the potential for increased stream channel erosion is
relatively small. Again, this is due to the presence of highly infiltrative outwash in
the central part of the watershed, which greatly reduces the surface runoff response
from the watershed. Flow duration statistics for each subbasin are summarized in
Tables 6a -6¢ for the Inglewood Basin and Tables 7a -7¢ for the Thompson Basin.
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Figure 14a — Comparison of Simulated Flow Duration, Existing, Future, and Forest Land Use
George Davis Creek, Inglewood Basin, Subbasin 12, Ravine
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Figure 14b — Comparison of Simulated Flow Duration, Existing, Future, and Forest Land Use
Ebright Creek, Thompson Basin, Subbasin t4, Ravine

Table 6a — Inglewood Basin Flow Duration Analysis Results, Existing Land Use

Existing Land Use

Discharge Corresponding to

Exceedance Probability (cfs)
Subbasin 90% 50% 20% 10%
11 0.10 0.78 3.47 5.78
12 0.06 0.39 2.29 4.16
13 0.02 0.11 0.25 0.35
14 0.07 0.47 2.52 4.36
15 0.06 0.41 1.64 2.83
16 0.05 0.34 1.26 2.13
17 0.05 0.32 1.03 1.74
I3A 0.03 0.19 0.45 0.70
14A 0.07 0.45 2.14 3.64
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Table 6b — Inglewood Basin Flow Duration Analysis Results, Future Mitigated Land Use
Future Land Use

Discharge Corresponding to
Exceedance Probability (cfs)

Subbasin 90% 50% 20% 10%
11 0.10 0.84 3.54 5.64
12 0.06 0.40 2.25 3.91
13 0.01 0.07 0.17 0.24
14 0.08 0.50 2.42 3.94
15 0.07 0.46 1.86 3.11
16 0.06 0.39 1.61 2.56
17 0.06 0.37 1.38 2.19
I3A 0.01 0.04 0.08 0.12
14A 0.07 0.49 2.36 3.83

Table 6¢ — Inglewood Basin Flow Duration Analysis Results, Forested Land Use
Future Land Use
Discharge Corresponding to
Exceedance Probability (cfs)

Subbasin 90% 50% 20% 10%
11 0.08 0.58 2.79 4.81
12 0.05 0.31 1.65 3.28
13 0.01 0.09 0.21 0.30
14 0.06 0.37 1.90 3.46
15 0.05 0.32 1.23 2.09
16 0.04 0.24 0.68 1.40
17 0.03 0.22 0.51 1.04
I3A 0.02 0.16 0.37 0.55
14A 0.05 0.35 1.62 2.89
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Table 7a — Thompson Basin Flow Duration Analysis Results, Existing Land Use
Existing Land Use
Discharge Corresponding to
Exceedance Probability (cfs)

Subbasin 90% 50% 20% 10%
t1 0.08 0.53 2.48 4,24

t2 0.08 0.50 2.39 4.09

t3 0.07 0.45 2.05 3.52

t4 0.07 0.45 1.91 3.26

t5 Wetland 17 0.07 0.44 1.77 3.01
8 0.04 0.24 0.60 1.09

19 0.03 0.17 0.40 0.61

t12 Wetland 61 0.03 0.16 0.38 0.58
t7 0.03 0.21 0.49 0.90

t15 0.03 0.19 0.43 0.77

Table 7b — Thompson Basin Flow Duration Analysis Results, Future Mitigated Land Use
Future Land Use
Discharge Corresponding to
Exceedance Probability (cfs)

Subbasin 90% 50% 20% 10%
tl 0.09 0.80 3.29 4.89

t2 0.09 0.79 3.20 4.75

t3 0.09 0.72 2.82 4.17

t4 0.09 0.68 2.58 3.77

t5 Wetland 17 0.08 0.64 2.32 3.38
8 0.05 0.31 0.80 1.15

9 0.03 0.18 0.42 0.58

t12 Wetland 61 0.03 0.17 0.40 0.56
t7 0.04 0.27 0.63 0.90

115 0.03 0.22 0.50 0.66

Table 7c — Thompson Basin Flow Duration Analysis Results, Forested Land Use

Future Land Use

Discharge Corresponding to

Exceedance Probability (cfs)
Subbasin 90% 50% 20% 10%
tl 0.05 0.35 1.54 2.75
2 0.05 0.34 1.47 2.64
t3 0.05 0.30 1.17 2.17
t4 0.04 0.29 1.07 1.95
t5 Wetland 17 0.04 0.29 0.98 1.75
t8 0.02 0.16 0.38 0.59
19 0.02 0.11 0.25 0.36
t12 Wetland 61 0.02 0.11 0.24 0.35
t7 0.02 0.14 0.33 0.47
t15 0.02 0.12 0.28 0.40
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SUMMARY AND RECOMMENDATIONS

A hydrologic analysis of the Inglewood and Thompson Basins was performed using the
HSPF and MGSFlood models in support of the Inglewood Basin Plan Update, the
Thompson Basin Plan, and the Sammamish Town Center Comprehensive Stormwater
Plan. HSPF models developed for earlier analyses were updated to reflect changes in
land use and to include additional subbasins in the proposed Town Center development
area. The HSPF model was calibrated to streamflow data collected over a 20 month
period from October 2001 through May 2003 at the outlet of George Davis Creek
(Inglewood Basin). Flow data collected at the mouth of Ebright Creek was not of
sufficient quality to use for model calibration; however, comparisons of simulated flows
showed a fairly close match with the recorded data for Ebright Creek.

The MGSFlood model uses similar computational algorithms as HSPF, but also includes
routines for analyzing stormwater detention and LID mitigation techniques. Watershed
input data and runoff parameters used in the HSPF model development and calibration
were used to create MGSFlood model input. The MGSFlood model was used to analyze
treatment alternatives at Town Center that included detention and LID measures.

The presence of glacial outwash in the central part of the Inglewood Basin infiltrates the
majority of surface flow produced in the upper parts of the watershed and results in little
or no flow in the stream immediately upstream of the ravine (Subbasin 12). Downstream,
the stream intersects the groundwater table (Subbasin 11) and receives the majority of
flow via groundwater discharge. The groundwater discharge also produces year around
base flow in the lower reaches of the stream. The outwash deposit infiltrates and stores
runoff from the upper watershed and is equivalent to approximately 7,000 acre-feet of
stormwater detention storage. Flows in the lower stream reach are relatively low
(attenuated) during floods because of the storage that occurs in the outwash deposit.

The Thompson Basin does not have the same infiltrative outwash deposit as the
Inglewood Basin, but does have a large wetland (Wetland 17) situated at the top of the
ravine. This 30 acre wetland provides substantial flood attenuation and buffering of
flows entering from the uplands before discharging to the ravine.

Existing and future build-out conditions were simulated with the HSPF model and flood
peak and flow duration statistics computed. Little or no increases in runoff rates relative
to existing conditions were predicted under future land for the Inglewood Basin. In the
Thompson Basin, future peak flow rates were predicted to decrease relative to existing
conditions. These results show that stormwater mitigation designed according to the
City’s stormwater detention standard, which seeks to control runoff rates to forested
conditions, is effective at mitigating increased runoff due to development. Because of
this, the rates of erosion and flooding should not increase in the future and in areas of the
Thompson Basin, may actually decrease provided that the facilities are properly
maintained in the future.
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RECOMMENDATIONS

1. Maintenance of OQutwash Infiltration Areas —The glacial outwash deposit in the
central part of the Inglewood Basin is currently infiltrating the majority of
surface runoff from the upper watershed. Maintaining the infiltration function
of this area is critical to ensuring a stable flow regime and the health of George
Davis Creek in the future.

Infiltration of stormwater with pretreatment should be encouraged for new
developments located in areas with outwash deposits. A general map of the
geology of the Inglewood Basin showing the extent of the outwash deposit is
shown in Figure 4. Local site conditions will dictate whether infiltration is
feasible on an individual development site and must be evaluated by the site
development engineer. Stormwater conveyance should also be maintained in
open channels to the greatest extent possible to promote infiltration into the
outwash deposit.

2. On-Site Detention and Low Impact Development Methods — The City’s
detention standard, which is consistent with the 2005 Ecology Stormwater
Management Manual'®, is effective at mitigating the increased potential for
flooding and erosion associated with development. Stormwater detention
facilities designed according to this standard are large and often expensive to
construct. Low Impact Development (LID) methods provide a means to
reduce the rate and volume of runoff associated with development, and
increases the amount of potential groundwater recharge. LID methods should
be encouraged to the greatest extent practical for new construction in the
Inglewood and Thompson watersheds.

3. Streamflow Monitoring — Streamflow gages have been operated and
maintained by a third party contractor in the past at the mouth of George Davis
and Ebright creeks. These gages should be reestablished and data collected
from them quality checked and validated on an on-going basis.
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APPENDIX A - LAND USE DATA
Table A-1 — Inglewood Basin Forested Land Use (acres)

Till Till Outwash | Outwash

Subbasin Impervious Forest Grass Forest Grass Wetland | Total
11 0.0 81.8 0.0 121.8 0.0 0.0 203.7
110 0.0 20.5 0.0 3.2 0.0 0.0 23.7
111 0.0 12.6 0.0 0.2 0.0 0.0 12.8
112 0.0 13.7 0.0 5.5 0.0 0.0 19.2
113 0.0 39.2 0.0 1.2 0.0 35 43.9
114 0.0 9.9 0.0 0.0 0.0 1.7 11.7
12 0.0 188.5 0.0 62.9 0.0 0.0 251.4
13 0.0 39.4 0.0 12.4 0.0 5.1 56.9
I3A 0.0 4.3 0.0 24.0 0.0 27.0 55.4
14 0.0 3.1 0.0 10.1 0.0 0.0 13.2
14A 0.0 164.9 0.0 187.7 0.0 21.9 374.6
15 0.0 8.3 0.0 48.3 0.0 19.3 76.0
I5A 0.0 49.9 0.0 6.3 0.0 14.6 70.8
I15B 0.0 54.4 0.0 0.0 0.0 0.0 54.4
16 0.0 421 0.0 13.9 0.0 0.0 56.0
I6A 0.0 21.2 0.0 0.1 0.0 0.0 21.3
17 0.0 216.5 0.0 5.4 0.0 17.5 239.4
I7A 0.0 17.7 0.0 0.3 0.0 0.0 18.0
18 0.0 11.4 0.0 0.0 0.0 0.0 114
19 0.0 20.8 0.0 3.1 0.0 0.2 24.1
Total 0.0 1020 0.0 506 0.0 111 1637.7
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Table A-2 — Inglewood Basin Existing (year 2006) Land Use (acres)

Subbasin Impervious F;)rrlrelst G-I;glss O;g‘;:ih O('iltr\';:l:h Wetland | Total
11 20.0 325 41.3 43.1 66.8 0.0 203.7
110 1.3 4.2 15.2 0.0 3.0 0.0 23.7
111 0.5 7.9 4.2 0.0 0.2 0.0 12.8
112 0.9 1.7 11.3 3.4 1.8 0.0 19.2
113 4.5 11.9 22.9 0.0 1.0 3.5 43.9
114 0.1 8.4 1.4 0.0 0.0 1.7 11.7
12 27.7 63.0 104.7 12.0 44.0 0.0 251.4
13 5.7 2.1 33.0 14 9.6 5.1 56.9
I3A 35 1.0 2.9 0.0 21.0 27.0 55.4
14 0.8 2.9 0.0 0.6 8.9 0.0 13.2
14A 102.9 28.7 88.1 36.9 96.1 21.9 374.6
15 255 2.1 2.5 7.0 19.6 19.3 76.0
I5A 1.0 27.5 21.5 3.2 3.0 14.6 70.8
15B 10.7 5.1 38.6 0.0 0.0 0.0 54.4
16 2.3 13.7 26.7 2.9 10.4 0.0 56.0
I6A 4.9 0.0 16.3 0.0 0.1 0.0 21.3
17 315 77.9 107.9 4.6 0.0 17.5 239.4
I7A 4.0 0.4 13.3 0.0 0.2 0.0 18.0
18 0.5 3.5 7.4 0.0 0.0 0.0 11.4
19 2.1 115 7.5 0.0 2.8 0.2 24.1

Total 251 306 567 115 289 111 1637.7

ms v Engineering Consultants, Inc.

Page 40




Table A-3 — Inglewood Basin Future Build-Out Land Use, According to City of Sammamish Zoning

and Sammamish Town Center Plan (acres)

Subbasin Impervious F;)rll:alst G-I;glss O;;\;:ih OétrV;?SSh Wetland | Total
11 58.3 0.0 59.5 0.0 85.9 0.0 203.7
110 4.5 0.0 16.8 0.0 2.4 0.0 23.7
111 6.7 0.0 6.1 0.0 0.1 0.0 12.8
112 8.7 0.0 6.0 0.0 3.4 1.0 19.2
113 15.4 0.0 24.9 0.0 0.2 3.5 43.9
114 2.7 0.0 7.0 0.0 0.0 1.9 11.7
12 74.5 0.0 130.3 0.0 46.6 0.0 251.4
13 12.6 0.0 26.2 0.0 9.0 9.0 56.9
I3A 4.5 0.0 0.3 0.0 11.1 39.5 55.4
14 3.5 0.0 2.2 0.0 7.5 0.0 13.2
14A 168.2 0.0 92.7 0.0 98.2 15.5 374.6
15 30.0 0.0 5.5 0.0 10.8 29.6 76.0
I5A 11.6 0.0 41.0 0.0 5.3 12.9 70.8
15B 17.3 0.0 35.7 0.0 0.0 1.4 54.4
16 12.0 0.0 32.8 0.0 10.9 0.2 56.0
I6A 7.9 0.0 13.3 0.0 0.0 0.0 21.3
17 63.9 0.0 153.8 0.0 3.8 17.8 239.4
I7A 5.4 0.0 11.8 0.0 0.2 0.7 18.0
18 5.2 0.0 6.2 0.0 0.0 0.0 11.4
19 10.8 0.0 11.8 0.0 15 0.0 24.1

Total 524 0 684 0 297 133 1637.7
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Table A-4 — Thompson Basin Forested Land Use (acres)

Subbasin Impervious F;)rll:elst G-I;glss O;g‘;:ih O('iltr\';:l:h Wetland | Total
t01 0.0 15.2 0.0 1.0 0.0 0.0 16.2
t02 0.0 66.4 0.0 1.6 0.0 0.0 68.0
t03 0.0 45.8 0.0 3.3 0.0 3.3 52.4
t04 0.0 445 0.0 15 0.0 0.0 46.0
t05 0.0 85.9 0.0 48.1 0.0 28.3 162.3
t06 0.0 26.0 0.0 51.9 0.0 3.8 81.7
t07 0.0 235 0.0 33.6 0.0 7.7 64.7
t08 0.0 65.2 0.0 43.8 0.0 0.0 109.0
t09 0.0 4.0 0.0 7.3 0.0 0.0 11.3
t10 0.0 23.2 0.0 0.1 0.0 0.0 23.3
t11 0.0 5.4 0.0 4.2 0.0 0.4 10.0
t12 0.0 0.4 0.0 0.3 0.0 5.7 6.4
t13 0.0 16.8 0.0 4.4 0.0 0.0 21.2
t14 0.0 18.5 0.0 12.0 0.0 0.0 30.5
t15 0.0 5.9 0.0 24.6 0.0 0.0 30.5
t16 0.0 27.5 0.0 0.0 0.0 0.0 275
t17 0.0 36.9 0.0 0.2 0.0 0.0 37.1

Total 0.0 511.1 0.0 237.7 0.0 49.2 798.0
Table A-5 — Thompson Basin Existing Land Use (acres)

Subbasin Impervious F;)rllol'elst Gt!lss O#;\:gih Ogtr\';?:h Wetland | Total
t01 1.0 2.8 11.5 0.0 0.9 0.0 16.2
t02 2.5 32.6 315 1.2 0.3 0.0 68.0
t03 1.0 30.8 14.1 3.2 0.0 3.3 52.4
t04 1.6 24.0 19.0 0.0 15 0.0 46.0
t05 7.7 19.8 61.1 16.5 28.8 28.3 162.3
t06 5.7 5.6 18.5 25.0 23.1 3.8 81.7
t07 2.5 14.8 1.7 15.3 16.8 1.7 64.7
t08 5.6 26.0 35.9 11.1 30.4 0.0 109.0
t09 0.7 0.0 3.7 35 3.3 0.0 11.3
t10 2.3 0.0 20.9 0.0 0.1 0.0 23.3
t11 0.2 0.2 5.0 0.1 4.0 0.4 10.0
t12 0.0 0.1 0.3 0.2 0.1 5.7 6.4
t13 0.3 0.5 16.1 0.6 3.7 0.0 21.2
t14 114 3.6 8.0 1.2 6.3 0.0 30.5
t15 1.4 2.7 3.0 14.3 9.1 0.0 30.5
t16 9.3 0.5 17.6 0.0 0.0 0.0 27.5
t17 10.4 1.3 25.3 0.0 0.1 0.0 37.1

Total 63.5 165.2 299.2 92.3 128.7 49.2 798.0
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Table A-6 — Thompson Basin Future Build-Out Land Use, According to City of Sammamish Zoning
and Sammamish Town Center Plan (acres)

. . i Till twash twash
Subbasin Impervious F;)rr”elst Grass Ollélorezi Og ra:lss Wetland | Total
t01 2.4 0.0 12.9 0.0 0.9 0.0 16.2
t02 11.0 0.0 55.6 0.0 1.4 0.0 68.0
t03 5.2 0.0 41.0 0.0 2.9 3.3 52.4
t04 7.6 0.0 375 0.0 1.0 0.0 46.0
t05 30.6 0.0 63.5 0.0 39.8 28.3 162.3
t06 18.2 0.0 21.2 0.0 38.6 3.8 81.7
t07 11.2 0.0 19.6 0.0 26.3 7.7 64.7
t08 24.2 0.0 49,5 0.0 35.2 0.0 109.0
t09 1.8 0.0 3.2 0.0 6.3 0.0 11.3
t10 7.8 0.0 15.4 0.0 0.1 0.0 23.3
t11 0.1 0.0 5.4 0.0 4.1 0.4 10.0
t12 0.1 0.0 0.4 0.0 0.3 5.6 6.4
t13 7.0 0.0 10.0 0.0 4.2 0.0 21.2
t14 15.5 0.0 8.5 0.0 6.4 0.0 30.5
t15 7.2 0.0 45 0.0 18.8 0.0 30.5
t16 13.3 0.0 14.2 0.0 0.0 0.0 27.5
t17 14.4 0.0 22.6 0.0 0.1 0.0 37.1
Total 177.4 0.0 384.9 0.0 186.6 49.2 798.0
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Thompson Sub-Basin Plan
City of Sammamish

APPENDIX B
CULVERT CAPACITIES

Parametrix evaluated the hydraulic capacity of 13 culverts (Figure 14 of main report) in the
Thompson Basin. This appendix describes the culvert capacity evaluation process; provides
results of the existing culvert capacities; and provides recommendations for culvert
modifications.

METHODS

Three elements were evaluated to determine existing culvert capacities: (1) minimum
conveyance requirements for existing culverts, (2) existing culvert capacities, and (3) existing
flows at a culvert location. This section discusses each evaluation element.

Minimum Requirements

City of Sammamish uses the 2009 King County Surface Water Design Manual (KCSWDM)
for all design requirements. Section 1.2.4.2 of the manual states that an existing conveyance
system is required to have sufficient capacity to convey and contain at least the 10-year peak
flow. In addition, the 100-year peak flow rate cannot cause sever flooding or severe erosion
problems.

Existing Culverts

To determine the existing culvert capacities, Parametrix surveyed the culvert invert elevations
at 13 road crossings during a field visit on December 3, 2008. The field team gathered the
following data at each road crossing: number of culverts, culvert diameter, length, material,
and slope. The field data was entered into Manning’s Formula to calculate the maximum flow
capacity at each of the 13 culvert locations. Table B-1 summarizes culvert characteristics and
flow capacity at each of the 13 locations.

Existing Flow Rates

Hydrologic modeling results for the Thompson Basin are presented in Appendix A
(Thompson Basin in Hydrologic Analysis of the Inglewood Basin, Thompson Basin and
Sammamish Town Center Using the HSPF presented by MGS Engineering Consultants,
Inc.). Parametrix used the existing land use peak flow rates from Table 4a in Appendix A to
determine whether the existing culverts are adequately sized for the contributing flow. The
10-year and 100-year peak flow rates for each culvert location are included in the Table B-1.
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Thompson Sub-Basin Plan
City of Sammamish

Table B-1. Thompson Basin Culvert Capacities

Number Slope, Capacity
Culvert of Diameter(s) Percent Length, Qtull Q1o Q100
Road Name Culvert Location No. Pipes (feet) Material (%) (feet) (cfs) (cfs) (cfs)
SE 12th Street aBr?(;dgr of Reaches 4 1 1 2.8 cMP 9.6% 58.5 100.2 21.0 31.0
SE 8th Street and Lancaster Border of Reaches 7 5 5 3.0 CMP 1.29% 60.0 84.7 4 6.8
Way and 11
Driveway S of o
218th Ave SE Along Reach 7 3 1 3.0 CMP 3.0% 40.5 67.0 15.0 22.0
218th Avenue SE, Along Reach 7 4 1 3.0 HDPE 0.9% 30.0 98.5 15.0 22.0
private road
212th Avenue SE Wetland 17, Reach 6 11 4 1.0 HDPE 0.1% 38.0 28.1 19.0 28.0
217 Avenue SE Wetland 17, Border of 5 1 2.0 CMP 0.9% 59.0 12.5 5.4 5.6
Reaches 6 and 9
SE 13 Place Wetland 17, Reach 6 6 1 25 cMP 0.2% 60.0 10.3 15.0 22.0
north fork
Driveway NW of o
73 Avenue SE Reach 10 7 1 2.0 CMP 1.7% 30.0 17.1 7.1 13.0
223 Avenue SE Reach 10 8 2 2.0 CMP 1.5% 24.0 34.6 7.1 13.0
Driveway E of Beneath Wally's o
E Lake Sammamish Pkwy hot tub 9 1 2.0 Concrete 8.1% 21.0 69.6 34.0 47.0
E Lake Sammamish Pkwy At Wally's driveway 10 2 25 Concrete  1.7% 60.0 243.8 36.0 51.0
entrance
222nd Place SE (?) Reach 11 near border 12 2 3.0 CMP 1.0% 40.0 155.8 3.9 6.3
with Reach 8
223 Avenue SE North of twin culverts 13 1 1.0 CMP 2.5% 33.0 33 39 6.3

on 223rd

Note: The Capacity is the velocity that the number of pipes at a road crossing can handle when flowing full.
cfs = cubic feet per second
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Thompson Sub-Basin Plan
City of Sammamish

RESULTS AND RECOMMENDATIONS

The culvert capacity evaluation summary in Table B-1 shows that 11 of the 13 culvert locations
have enough capacity to contain the 100-year peak flow rate. These culverts do not need
modification to increase flow capacity. There are two culvert locations (culverts 6 and 13, shown
on Figure 14 of the report); however, that have a maximum flow capacity that is less than the
10-year peak flow rate. Although the calculated flow capacity of these culverts is less than the
modeled 10-year peak flow rate, we do not recommend culvert modifications at this time. More
detail is provided below.

Culvert 6

The 24-inch CMP at Culvert 6 drains Wetland 17 beneath SE 13th Place (Figure 14 of main
report). During the site visit, the culvert was submerged in 12-inches of water; however, the
roadway surface was approximately 3 feet higher than the water surface. This elevation difference
acts like a reservoir, preventing the water from over-topping the road, while the culvert drains the
wetland. It is our understanding that there is no history of flood problems in this location. Based
on this information, Parametrix does not recommend culvert replacement of Culvert 6.

Culvert 13

The 12-inch CMP at Culvert 13 is located near the head waters of Ebright Creek. Table B-1
shows that the 10-year peak flow rate is 0.6 cfs greater than the culvert capacity. During the site
visit, the culvert was conveying less than six inches of flow, and the roadway surface was
approximately 3 feet higher than the water surface. This elevation difference acts like a reservoir,
preventing the water from over-topping the road while the culvert conveys stream flow. It is our
understanding that there is no history of flood problems in this location. Based on this
information, Parametrix does not recommend culvert replacement at Culvert 13.
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Sammamish Basin Plans
Wetland Field Data Form

Date: /2 -07-8%

Llosed
5-10 >10 '>§ 7

Wetland No: / Location: YA’KK- IEF oF SE }L"&-

Sub- Cowardin HGM

basin: The mancon Class: F$ % /]75'/1/[ W Class: Dﬂ{)/t} sional
} 7 . 7

Estimated Wetland Size (ac): <0.1 0.1-1 15 7

Identified by: VNS

Photo No.

7

Wetland Condition

Evidence of hydrologic alterations? If yes,

Apparent impacts/threats to wetland from human use? If yes, indicate type.

a. dredging e.
b. filling f.
¢. draining c.
d. clearing

Yes | ] No[ x|

indicate type.
drainage ditches/diversions
crop production

other

v [ | mo[ |

a. clearing X | d. recreational overuse bules
b. grazing/agriculture \C | e- residential development
c. litter f. other

Hydrology

Water sources and hydroperiod:

Ground water (perched water table,
>< through flow...)

Surface water

Seep

Inlet/outlet: f;hes = ialer

| a constrained, size

b. unconstrained

c. natural channel

Indicators of wetland hydrology:
. inundation $wa¥ pockefs

X

a
b. saturated in upper 127

c. water marks

[a B

. drift lines

Soil
Is the wetland mapped on hydric soil?
Soil profile: N\

Hydrologic connectivity to other wetlands and streams?

N Seasonally flooded/saturated>

Permanently flooded/saturated

e Other

Stmenientes [m—»- P G endient 1o iy G-eas
7

ée.?. ") w}w\:/«'r /4}'\5

> | d. none  Ms octtetr ohscoced

e. could not locate

Yes No :l

Conmed | 7)'\1»7“»—- er.?

e. sediment deposits

f. drainage patterns in wetlands

h. water-stained leaves

i. other

Yes [ ] No[ |

January 2007

1 - Wetland Data Form_Samm Basin Plans.doc



Sammamish Basin Plans
Wetland Field Data Form

Vegetation
.Dominant Species: Invasive Species? Yes (%) X No

UUCF /-hznsﬂs othe. qms;es FIM/K §PD6 L LAOR Li1ve, ALRU RusP

Phww( vey M(JUMJ /asc }Zo/W, THPL :ELA CKM

Approximate age of dominant woody vegetation (years)? <50 P 50-80 ' >80 ‘
# of habitat types: ‘ 1 2 S >3 X ‘
Degree of interspersion: Low | x Mod High
Vegetation connectivity to other habitats? Yo U ,42,,“,_ St bt Arsho ek vt 4, -
Food sources or habitat features for wildlife? 25 L.; Lo ., Sk rer e pet Fuey lerses |
) v ldpitrnf  Aovelopimett—
Buffer Besles | » ™
Does the wetland have a buffer anywhere along its perimeter? Yes $<‘ No
N( | a grass-lawn X | d. forested ( V. nmwB
7 .
b. herbaceous-native f. other

c. scrub-shnib

If yes, what percentage of the wetland edge is protected by buffers of the width categories listed below? (Note
total should add to 100%) -

a. % no buffer d. % 50-100 ft
b. % <25 ft e. %>100 ft
c. % 25-50ft
Mitigation Opportunities ‘
Are any mitigation opportunities present nearby? - Yes I:Zl No |:|
a. restoration c. ‘enhancement Lbavked on—wre dee 1o pak  uie. 7
b. creation d. preservation ot et as ol Wliuct  puceels.
Notes: Vorviors o 0L Lyt hesa  enhonced / Mo el o Jesk -—(7/1¢:r 7
W treecechobs.  Mew  pnidetrnl r{w&la/zmnf-' ke neti Lﬂrqmwtdl(

"V hihtt bhobee

Nove - Studiv witer + coty wted  so'l M Lot O oF Cof . (tater
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Sammamish Basin Plans
Rapid Qualitative Function Assessment Form

Wetland No. [ Observer(s): C l;f,, ceo Date: |2 -93-0F
CRITERIA
FUNCTION LOW RATING MODERATE RATING HIGH RATING -
Water Quality rapid flow through wetland moderate flow through wetland little or no flow present
Improvement — — __K
<50% vegetation density 50-80% vegetation density‘ )( >80% vegetation density
10 proximity to pollutants K downstream from non-point downstream from point
- ) pollutants — discharges
Evaluation: detains <25% overland runoff detains 25-50% overland runoff )( detains >50% overland
T ‘ — runoff

Flood/Storm Water Control

Evaluation:

size <5 acres

riverine, shallow depression

size 5-10 acres

mid-sloped wetland

e size >10 acres

x_ ke Epresions
— headwatfers, bogs

Groundwater Recharge

size <5 acres

temporarily saturated/inundated

size 5-10 acres

seasonally saturated/inundated

size >10 acres

<

permanently inundated

Evaluation: . o

springs present outflow>inflow outflow=inflow Ve outflow<inflow
Natural Biological Support size <5 acres size 5-10 acres K size >10 acres

ot (5ol wied .
isolated systems associated with associated with permanent surface associated with permanent
X . ephemeral surface watet water ‘ open water
one habitat type X two habitat types three or more habitat types
little or no interspersion of some habitat interspersion habitats highly interspersed
X habitats
low plant diversity moderate plant diversity high plant diversity
few, if any habitat features some habitat features present " several habitat features
¥ present present
adjacent buffers primarily buffers somewhat disturbed - buffers generally
disturbed and/or developed and/or developed undisturbed native
X g as/ lewn 'vegetation and undeveloped

few connections to other habitat some connection to other habitat significant connections to

types X types high quality habitat types
Evaluation: ’

Agricultural land or low X moderate vegetation structure high vegetation structure

~  vegetation structure —

Erosion/Shoreline sparse grass/forbs or not sparse woody vegetation or dense dense woody vegetation
Protection vegetation X herb vegetation
Evaluation:

Wetland Functions_Sanm Basin Plans.doc
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Sammamish Basin Plans .. .

Wetland Field Data Form

Wetland No: 7 Location: C, ¢ pere Al of SE /ﬁ’m"— ’ Date: ;o -o3-0¢
Sub- Cowardin HGM
basin: Thchp b Class: PEM Class: Dypesiona| (losed
Estimated Wetland Size (ac): 01 % 0.1-1 15 " 510 >10 '
Identified by: CH. fu ) Photo No.
Wetland Condition
Evidence of hydrologic alterations? If yes, indicate type. " Yes l: No !Z'
a. dredging e. drainage ditches/diversions
b. filling f. crop production
¢. draining g. other
d. cleariﬁg :
Apparent impacts/threats to wetland from human use? If yes, indicate type. Yes I:Z! No D
a. clearing d. recreational overuse '
M | b- g@agriculture e. residential development
c. litter {. other '
Hydrology
Water sources and hydroperiod:
Ground water (perched water table, Seasonally@ ’
through flow...) X . ,
X | Surface water ' : Permanently flooded/saturated
Seep Other
Inlet/outlet:
a. constrained, size_ e d. none
b. unconstrained e. could not locate

c¢. natural channel

Hydrologic connectivity to other wetlands and streams?

Indicators of wetland hydrology:

Yes l:] No

Y | a. inundation e. sediment deposits
b. saturated in upper 12” ' f. drainage patterns in wetlands
c. water marks . " | h. water-stained leaves
d. drift lines ‘ i. other
Soil
Is the wetland mapped on hydric so0il? Yes :l No l:
Soil profile:
Janwary 2007 ]
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