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This chapter describes the characteristics of the Lewis Creek basin in terms of water flow, water quality, and
habitat together with its runoff characteristics and stormwater infrastructure. The basin delineation was taken from
the Willowmoor Project calibrated HSPF model for lake Sammamish (King County, 2019), where the delineation
accounted for only topography, and modified to account for the City’s stormwater infrastructure redirecting flow
from one basin to another. Known issues pertaining to each of these subjects are listed in Sections 1.2 for water
flow, 1.3 for water quality, and 1.4 for habitat. For each subject, a management strategy based on the Puget
Sound Watershed Characterization Project (Ecology, 2016) is identified to guide selection and design of
stormwater management solutions to the known issues. The influence of stormwater flows on Lewis Creek from
the portion of the basin under the City of Issaquah’s control is assessed. The basin characterization uses
previously prepared studies, documents, data, models, and reports which are listed in a separate bibliography.

1. Lewis Creek Conditions
1.1. Overview and Setting
Lewis Creek is a perennial stream at the far western edge of the City of Issaquah. Its headwaters and the majority
of its basin are located in the City of Bellevue. The basin is non-contiguous within City limits.
Soils range from Alderwood gravelly sandy loam and Alderwood and Kitsap soils, which are slow draining to
moderately well-draining soils.
Lewis Creek discharges to Lake Sammamish, a large lake with an urbanized watershed that continues to develop
east of Seattle. Surface water in the region eventually makes its way to Puget Sound. Puget Sound is recognized
as an estuary of national significance under the National Estuary Program established in the 1987 amendments of
the Clean Water Act. Washington State established the Puget Sound Initiative to protect and restore Puget
Sound.

1.1.1.

Physical Characteristics

Lewis Creek is a relatively small stream system (1,243 acres) running in a roughly south-north direction. Within
City limits, the Lewis Creek basin is 117 acres, or 9.41 % of the entire basin. The Lewis Creek basin is the
smallest basin in the City of Issaquah. The main stem of Lewis Creek flows through approximately 19,096 feet in
total, with 4,974 feet within City limits.
Outside the City limits, Lewis Creek forms an aquatic corridor within a landscape matrix composed of a
combination of undisturbed forest and residential development. Lewis Creek passes through a steep canyon near
Lakemont Blvd upstream of the City. Within the City, it crosses under Interstate 90 (I-90) and West Lake
Sammamish Pkwy SE, and then meanders through residential areas and the protected area in the Meadowbrook
point plat before reaching the mouth.
The basin within the City of Issaquah is presented in Figure 1.

Topography
Topography of the Lewis Creek basin is generally mountainous, consisting of the Eastern Puget uplands and
Western Cascade lowlands. Within City limits, elevations range from 900 feet in the Montreux subdivision and 400
feet at the City limits along Lakemont Blvd SE to 32 feet at the mouth. The basin slopes northeast toward Lake
Sammamish. Grades greater than 15% are present in the upstream quarter of the basin, with the slopes abruptly
flattening out north of I-90.
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Headwaters and Tributaries
The headwaters of Lewis Creek occur south of the City limits within the City of Bellevue’s Lakemont residential
development and Lewis Creek Park. Lakemont is located along the northern slope of Cougar Mountain. The
primary source of flow to Lewis Creek is groundwater recharge from the pervious area of the development in
combination with the outfall from the development’s flow control and water quality treatment facility, located off of
Village Park Dr. SE. The water quality and flow control facility consists of a large wet vault, two sand filters and a
dry pond to treat and detain runoff from 252 acres of primarily residential land use. The facility was constructed in
the early 1990s as a demonstration project to remove phosphorus loading into Lake Sammamish from nonpoint
urban runoff. The headwaters of the unnamed tributary system that confluences with the main stem in Lakemont
Park begin in the City of Issaquah’s Montreux neighborhood and in forested areas north of Cougar Mountain
Wildlife Park.
Several small tributaries confluence with the main stem of Lewis Creek from the south within the City of
Bellevue’s Lakemont Park and Open Space.
Within the City of Issaquah there are no major tributaries.

Soils
The majority of soils in the basin are classified as glacial till. Within City limits, the soil types for hydrologic
modeling in the Lewis Creek basin include till and saturated. Till soils are from the Alderwood and Kitsap series.
The distribution of these soil types within the Lewis Creek basin is shown in Figure 2. (USDA-NRCS, 2020)
The saturated segments are located in the bottomland or depressional areas with a seasonally high-water table
that can generate substantial amounts of saturated overland flow. These segments generally include only those
areas that are seasonally inundated; perennial wetlands, along with ponds and lakes, are included as part of the
drainage network of the basin.

1.1.2.

Land Use and Development

Existing Land Use and Land Cover
Land Use
The existing land uses in the Lewis Creek basin within City limits are conservancy and low density residential.
Currently, open space and forested areas are mostly present along the creek and located predominantly in the
southern portion of the basin on the lower slopes of Cougar Mountain. Forested conservancy is located also near
the City’s Timberlake Park. Forested, open spaces associated with the stream are located mostly on private
property within Native Growth Protection Easement (NGPE) areas.
Land Cover
The percentage of impervious surface within a watershed relates closely to the assessed degree of water body
degradation. Using the National Land Cover Database 2016, which estimates the percent of imperviousness by
examining satellite imagery, all lands in the basin within City limits have been placed into categories based on
degree of imperviousness, ranging from the most impervious – “developed: high intensity” – to the least – “forest,”
as derived from the NLCD 2016 (Figure 3).
Percentages of each land cover type within the portion of Lewis Creek basin within City limits are presented in
Table 1.
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Table 1: Land Cover Percentages
Lewis Creek Basin - Land Cover Percentages
Barren Land
Developed, Open Space
Developed, Low Intensity

0%
15%
34%

Developed, Medium Intensity

26%

Developed, High Intensity

0%

Forest

25%

Lawn

0%

Wetland

0%

Open Water

0%

Future Land Use
Based on review of the Central Issaquah District Plan, the City’s 2020-2025 Capital Improvement Plan, and the
City’s 2019-2024 Transportation Improvement Plan (TIP) planning documents, future development in the
combined Schneider Creek and Lewis Creek basins is planned primarily along the Newport Way NW corridor.

Critical Areas
Critical areas, such as streams, wetland, lakes, steep slopes, protective buffers, watersheds, aquifer recharge
areas, as well as areas subject to erosion, flooding and landslides, play an important role in maintaining the
hydrology, water quality and habitat in a basin. In accordance with the Issaquah Municipal Code Section Chapter
18.10 Environmental Protection, environmentally critical areas are currently protected and will continue to be
protected within the City of Issaquah.
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1.2. Water Flow Characteristics
In this sub-section, the key water flow characteristics which are defined by the hydrologic and hydraulic processes
at work in the basin and the existing stormwater infrastructure within the basin are described. Selected water flow
characteristics are depicted on Figure 4.

1.2.1.

Upland Hydrologic and Hydraulic Processes

Potential Evapotranspiration
Evaporation is a major factor in the hydrologic cycle. The Lewis Creek basin receives approximately 62 inches of
precipitation each year, based on averaging annual precipitation data for King County gage 63y used in the
calibrated HSPF model prepared for the Willowmoor Project (NHC, 2019). Of these 62 inches, approximately 17
inches returns to the atmosphere as evaporation or transpiration as calculated from the HSPF model.
Precipitation intercepted by vegetation that transpires is accounted for as evaporation in the hydraulic model. The
amount of water lost to evaporation versus transpiration is nearly impossible to establish so, they are typically
grouped together as potential evapotranspiration (PET) when defining parameters used for modeling runoff.

Infiltration/Soil Moisture Capacity
The type of soil within the basin drives the amount of precipitation that can infiltrate and what happens to the
infiltrated water. Infiltrated water can be stored, lost to deep infiltration, or delivered to a stream as shallow
groundwater.
The entire Lewis Creek basin is estimated to be 75 percent pervious and 25 percent impervious based on the
Willowmoor HSPF model (NHC, 2019). The underlying soils within the pervious area are six percent outwash, 87
percent till and seven percent exposed rock or bed rock. While till soils provide an infiltration of about 12 inches
per year, outwash soils infiltrate any precipitation which is not lost to evapotranspiration, and exposed rock or bed
rock has infiltration ranging between 12 and 24 inches per year.

Groundwater
Groundwater is the portion of precipitation that moves into the soil profile due to gravity and the capacity of the
soil to support infiltration. The groundwater elevation within a stream corridor can vary depending on season,
proximity to the stream, and subsurface characteristics. A gaining stream is one that is recharged or fed by
groundwater (intercepts groundwater table), whereas a losing stream is one that is above the groundwater table
and loses volume to infiltration. An aquifer is an area where the soil is permeable and saturated enough to
transmit adequate water supply to wells and springs.
No direct studies of groundwater in the Lewis Creek basin were located.
As part of the Lake Sammamish basin HSPF model calibration, parameters associated with groundwater were
altered to account for overestimation of annual runoff volume for the summer and spring flows by the model as
compared to flows observed at the stream gage (NHC, 2019). Groundwater lost to deep infiltration is calculated
as a difference between total precipitation and sum of evapotranspiration and runoff. Approximately 35% of the
total precipitation input is lost to groundwater from the system as deep infiltration. In general, recharge areas do
not contribute to Lewis Creek flows and the stream is considered a losing stream.
Although Lewis Creek is considered a losing stream based on the hydrologic model, no lands in the basin are
classified as critical aquifer recharge areas (CARAs).
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1.2.2.

Stream Corridor Hydrologic and Hydraulic Processes

Across Stream Corridor
Tributary Flow
As previously discussed, Lewis Creek begins with headwater streams on the slopes of Cougar Mountain. Several
small tributaries confluence throughout its upper and middle reaches.
Overland Flow
Due to the urbanized watershed within City limits, precipitation travels as overland flow for only short distances
before it is collected in a conveyance system. This leads to faster travel times for water entering the tributaries,
less opportunity for infiltration, and only shallow groundwater flow. The overall result is higher volumes and peak
rates of runoff compared to a more natural system.
Stormwater Inflow
The majority of flow in the tributaries and the main stem within City limits is from stormwater inflow, since Lewis
Creek is a losing stream. There are piped stormwater connections to the tributaries and main stem channel along
the length of Lewis Creek. Given the small portion of the basin within City limits, much of the stormwater inflow to
Lewis Creek originates outside of the City.

Along Stream Corridor
Natural Channel Constrictions within the City
Natural constrictions in the channel tend to dampen peak flows by storing water and releasing it slowly. The
constrictions are typically woody debris dams resulting from beaver activity or downed trees. City staff have not
identified beaver dams in Lewis Creek (City Staff, 2020).
Open Flow/Pipe Sections
Except for road crossings at SE Newport Way, I-90, West Lake Sammamish Pkwy SE, and 187th Ave SE, the
4,974-foot main stem of Lewis Creek is predominantly open channel flow within the City of Issaquah.
Water Surface Slopes
Water surface slopes follow the ground surface slope under low flows. As flows increase during storm events,
backwater behind natural and human made constrictions flatten the water surface slopes. See Table 2 below for
ground surface slopes for the main stem of Lewis Creek within the City of Issaquah.

Table 2: Slopes of Stream Channels
Slope of Stream Channel
Reach
Lewis Creek main stem within City of
Issaquah
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1.2.3.

Storm Conveyance System

The majority of stormwater infrastructure located in the Lewis Creek basin, within the City limits, is included in the
City’s GIS database. This includes primarily collection and conveyance, with limited flow control and water quality
treatment. The GIS database shows that the Lewis Creek basin has approximately 2.2 miles (11,760 feet) of
stormwater conveyance conduits with 91 connecting catch basins, one flow control facility and one water quality
treatment facility.
Table 3 presents the counts of stormwater infrastructure in the Lewis Creek basin within the City of Issaquah.
Table 4 presents pipe lengths by diameter, and Figure 5 presents pipe lengths by material.

Table 3: Stormwater Infrastructure
Stormwater Infrastructure in Lewis Creek
Basin within City of Lewis
Type

Count*

Catch Basins

91

Manholes

31

Flow Control Structures**

5

Treatment Facilities/BMPs**

1

Flow Control Facilities

1

Stormwater Pump Stations

0

* Counts include both City-owned and private/other jurisdiction-owned system elements
** The number of private facilities for flow control and treatment may be higher than that shown
in the GIS database. The numbers in this table are from the City of Issaquah’s GIS database.

Table 4: Pipe Lengths by Diameter
Diameter of Pipe (d)

Length of Pipe
(miles)

Less than 12 inches

0.59

Greater than or equal to 12 and less than 18 inches

1.30

Greater than or equal to 18 and less than 30 inches

0.27

Greater than or equal to 30 and less than 54 inches

0.07

Greater than or equal to 54 inches
Total length

0
2.23

* The numbers in this table are from the City’s GIS database.
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Figure 5: Pipe Lengths by Material
Portions of the South Cove and the Montreux neighborhoods fall with the Lewis Creek basin.
The South Cove neighborhood lies north of I-90. Much of it was developed in the 1970s and early 1980s,
consisting mostly of single-family homes. Approximately half of the acreage is wooded and deeded to
homeowners as common areas. It has some connections to a small stormwater system along 185th Pl, and a pipe
system serves West Lake Sammamish Pkwy SE. No flow control or treatment facilities are located in this
neighborhood within the Lewis Creek basin.
The Montreux neighborhood lies south of I-90. Much of it was developed in the early 1990s. Greater than half of
the Montreux acreage is classified as conservancy land use and is within Native Growth Protection Easements.
The southern-most portion of Montreux that lies within the Lewis Creek basin is well-connected with catch basins,
stormwater pipes and mains, and a flow control facility.

1.2.4.

Summary of Water Flow Characteristics and Identified Issues

The process for identifying water flow issues involved reviewing available existing reports, GIS information, and
drainage complaints from the City’s database; requesting input from City Stakeholders; meeting with City staff
from the Public Works Engineering and Public Works Operations Departments; and conducting an online public
survey using a web map.
Table 5 lists the water flow issues identified for Lewis Creek basin within the preceding five-year period. Figure 4
presents the water flow and maintenance issues. All reported issues within the City are presented in a map in
Appendix A.

Table 5: Identified Flow Issues
Table 5 - Identified Flow Issues
Location

Lewis Creek

Issue ID

Description

Source

57

Videos of flooding and turbidity within streams were recorded
during the December 20th 2019 rain event.(entrance of culvert
at 187th Ave SE)

Local resident
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Table 5 - Identified Flow Issues
Location

Issue ID

Description

Source

58

Videos of flooding and turbidity within streams were recorded
during the December 20th 2019 rain event. (entrance of culvert
at SE 34th Place)

Local resident

59

Videos of flooding and turbidity within streams were recorded
during the December 20th 2019 rain event. (At SE 44th Street.)

Local resident

The majority of flow in the Lewis Creek basin within the City limits is from tributary areas upstream of the City of
Issaquah and from stormwater inflow. The known issues documented in Table 5 are all related to the December
20, 2019 rain event, when a resident observed turbidity in the stream and flooding of the stream over its banks.
The observed flooding issues each were within the stream channel in the South Cove neighborhood subdivision
of Timberlake Village at three culverts: 187 Ave SE, SE 34 Pl, and SE 44th St. The lands adjacent and just
upstream of these culverts lack flow control, and the observed flooding occurred in the low gradient reaches
downstream of the steep ravine in the Montreux neighborhood. Although no specific recurring maintenance issues
have been flagged by the City in the Lewis Creek basin, additional surveillance and cleaning of leaves at catch
basin grates during storms and the fall season along West Lake Sammamish Pkwy is mentioned.
No reports of localized street flooding in the basin within City limits were located, including upstream, suggesting
that conveyance capacity of existing conveyance infrastructure in the neighborhoods of Montreux and South Cove
are appropriate.

1.2.5.

Basin Management Strategy for Water Flow

The Puget Sound Watershed Characterization (Ecology, 2016) selects a water flow basin management strategy
for each of numerous assessment units it identifies in the Puget Sound region. In this SSWMP, the water flow
management strategy for Assessment Unit (AU) 8150 is used as the basis for selecting and prioritizing
stormwater management options (SMOs) in the Lewis Creek basin. The basin management strategies are shown
in Table 6 and listed in the Definitions of this plan. The concepts of the watershed characterization that inform the
selection of the basin management strategy are discussed in Chapter 2 of this plan. In general, importance is
related to the importance of the natural process during pre-historic conditions. Degradation, on the other hand, is
related to existing conditions and how the said natural process has been degraded by changes in land use and
land cover. Table 6 shows the basin management strategies for water flow for Lewis Creek.

Table 6: Basin Management Strategy for Water Flow
Table 6 - Lewis Creek Watershed Characterization – Water Flow
(AU 8150)1
Levels of Importance
Overall

Low

Delivery

High

Surface Storage

Low

Recharge

Low

Discharge

Low

Level of Degradation
Overall
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Table 6 - Lewis Creek Watershed Characterization – Water Flow
(AU 8150)1
Delivery
Surface Storage

Moderate High
Moderate

Recharge

Moderate High

Discharge

High

Management Strategy
Overall
Delivery

1

Development/Restoration
Restoration

Surface Storage

Conservation

Recharge

Development

Discharge

Development

Most of this AU lies outside of the City of Issaquah
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1.3. Water Quality Characteristics
In this sub-section, the key water quality characteristics of the basin are described. Selected water quality
characteristics are depicted on Figure 6.

1.3.1.

Selected Water Quality Standard

Waterbody Designated Uses
The Washington Department of Ecology (DOE) sets designated and beneficial uses for each surface water of the
state under authorities of the federal Clean Water Act and the State’s Water Pollution Control Act. Uses are the
bases upon which water quality standards are established (see next section). The designated uses for Lewis
Creek set forth in Washington Administrative Code (WAC) Chapter 173-201A Water Quality Standards for
Surface Waters of the State of Washington include:










Core summer salmonid habitat1
Primary contact recreation
Domestic, industrial, and agricultural water supply 1, 2
Wildlife habitat 2,3
Stock watering 4
Harvesting4
Commerce and navigation 4
Boating 2
Aesthetic values 2, 3

1

This use is designated for all streams that discharge to Lake Sammamish (WAC 173-201A-600(1)(a).
This designated use is not covered in this report.
3
Suggested parameters (next section) should be appropriately protective for wildlife habitat and aesthetic values.
4
This designated use does not occur in the City.
2

Water Quality Criteria
Washington State has developed criteria for the protection of surface waters of the state. Criteria are intended to
measure whether a water body can be used for its designated uses as described above. The criteria are set forth
in Washington Administrative Code (WAC) Chapter 173-201A Water Quality Standards for Surface Waters of the
State of Washington.
Several studies document sublethal effects on salmonids at lower pollutant concentrations than indicated by the
state criteria. Sublethal effects may include behavioral avoidance of stream reaches, olfactory interference,
predation avoidance, and reduction of reproductive success (Baldwin et al., 2003; Hecht et al., 2007; Svecevicius,
2007; Baldwin et al., 2011). Lewis Creek has a documented presence of salmon (see Section 1.4). Therefore,
where water quality criteria that are more protective of salmonid life and reproduction have been suggested in
scientific literature, the standard selected in this SSWMP is the more protective.
This report characterizes water quality in Lewis Creek by comparing stream monitoring data to water quality
criteria for a variety of parameters, as described in Section 1.3.4. For each parameter, a set of criteria derived
either from the state’s Water Quality Standards or from more protective standards derived from scientific literature
has been selected and is presented in Table 7. In all cases, the most protective standard has been selected.
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Table 7: Selected Water Quality Criteria
Table 7 - Lewis Creek Water Quality Criteria
Parameter

Temperature

Applicable
Designated
Use

Aquatic Life:
Core
Summer
Salmonid
Habitat

State Water Quality Standard Criteria
(WAC 173-201A)
Shall not exceed 16°C (60.8°F)
measured by the 7-day average of
the daily maximum temperatures (7DADMax),
Supplemental Spawning and
Incubation Protection temperature
criteria of 16 °C to portions of Lewis
Creek

Dissolved
Oxygen

Aquatic Life:
Core
Summer
Salmonid
Habitat

9.5 mg/L (lowest 1-Day minimum)

Turbidity

Aquatic Life:
Core
Summer
Salmonid
Habitat

Shall not exceed 5 NTU3 over
background when the background is
50 NTU or less; or A 10 percent
increase in the turbidity when the
background turbidity is more than 50
NTU

Total
Suspended
Solids

pH

Fecal
Coliform

Aquatic
Life
Aquatic Life:
Core
Summer
Salmonid
Habitat

Primary
Contact
Recreation

No State criteria

Selected
Water Quality
Standard

< 16 °C 1-day
Max

Selected Water Quality Standard
Rationale
Because instantaneous grab
samplings were used in collecting
samples, and they were not
suitable for direct comparison to
the state criteria, the selected
standard is based on 1-day
Maximum1

> 9.5 mg/L

Because instantaneous grab
samplings were used in collecting
samples, and they were not
suitable for direct comparison to
the state criteria, the selected
standard is based on 1-day
Minimum2

< 7 NTU

Since no background data was
available to compare to, a criterion
based on high level of protection
for salmonids has been selected
(Lloyd, 1987; Lloyd et al. 1987)

< 25 mg/L

The selected criterion for a high
level of protection for salmonids
(Lloyd, 1987; Lloyd et al. 1987)

Shall be within the range of 6.5 to
8.5 pH units4, with a human caused
variation within the range of less than
0.2 units

6.5 – 8.5

Based on state water quality
standard

Fecal Coliform5 organism levels must
not exceed a geometric mean value
of 100 CFU6 or MPN6 per 100 mL,
with not more than 10 percent of all
samples (or any single sample when
less than 10 sample points exist)
obtained for calculating the geometric
mean value exceeding 200 CFU or
MPN per 100mL

Geometric
Mean < 100
CFU/100mL
and
< 10%
exceeding 200
CFU/100mL

Based on state water quality
standard

E. coli organism levels within an
averaging period must not exceed a
geometric mean value of 100 CFU or
MPN per 100 mL, with not more than
10 percent of all samples (or any
single sample when less than ten
sample points exist) obtained within
the averaging period exceeding 320
CFU or MPN per 100 mL

None
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Table 7 - Lewis Creek Water Quality Criteria
Applicable
Designated
Use

State Water Quality Standard Criteria
(WAC 173-201A)

Selected
Water Quality
Standard

Aquatic Life:
Toxic
substances

Acute and chronic criteria copper
concentration formulas incorporating
water hardness (calculated baseflow
criteria for Lewis Creek were 11.3
μg/L for Acute and 7.8 μg/L for
Chronic; calculated stormflow criteria
for Lewis Creek were 8.1 μg/L for
Acute and 5.8 μg/L for Chronic)

< 4 μg/L

Aquatic Life
– most
sensitive
biota: Toxic
substances

Acute and chronic criteria lead
concentration formulas incorporating
water hardness (calculated baseflow
criteria for Lewis Creek were 40.2
μg/L for Acute and 1.6 μg/L for
Chronic; calculated stormflow criteria
for Lewis Creek were 27.1 μg/L for
Acute and 1.1 μg/L for Chronic)

Dissolved
Zinc

Aquatic Life
– most
sensitive
biota: Toxic
substances

Acute and chronic criteria zinc
concentration formulas incorporating
water hardness (calculated baseflow
criteria for Lewis Creek were 79.3
μg/L for Acute and 72.5 μg/L for
Chronic; calculated stormflow criteria
for Lewis Creek were 58.7 μg/L for
Acute and 53.6 μg/L for Chronic)

< 8.6 μg/L

AmmoniaNitrogen

Aquatic Life

No State criteria

< 2 mg/L

Nitrate +
NitriteNitrogen

Aquatic
Life

No State criteria

< 10 mg/L for
Nitrate and < 1
mg/L for Nitrite

Total
Phosphorus

Aquatic
Life

No State criteria for stream

Parameter

Dissolved
Copper

Dissolved
Lead

Selected Water Quality Standard
Rationale

Based on values to minimize
sublethal effects to salmonids
derived from scientific studies or
on more protective State
standards

< 1.24 μg/L

(Baldwin et al., 2003; Baldwin et
al., 2009; Eisller, 1988 [copper])
(WA State chronic aquatic life
threshold protection threshold
[lead])
(Sprague, 1968; WSDOT, 2011
[zinc])

< 10 μg/L

Based on the criteria for chronic
exposure to salmonid species
(EPA, 2013)
Based on EPA regulations for
drinking water
(https://www.epa.gov/groundwater-and-drinking-water/nationalprimary-drinking-waterregulations)
Based on the EPA criteria for
streams in Ecoregion II, which
contains western Washington

1

The single available stream temperature was considered as 1-day Maximum in each event,
The single available stream dissolved oxygen was considered as 1-day Minimum in each event,
3
NTU—unit of measurement for turbidity; Nephelometric Turbidity Units,
4
pH Unit—measurement of pH is expressed as the negative logarithm of the hydrogen ion concentration,
5
Fecal Coliform standard expires 12/31/2020,
6
CFU and MPN—units of measurement for number of bacteria; Colony Forming Unit and Most Probable Number, respectively.
2

1.3.2.

Water Quality Assessment for Washington State

Section 303(b) of the Clean Water Act requires Washington State to prepare a list of all waters in the state for
which designated uses are impaired by pollutants. These water bodies do not meet surface water quality
standards and are not expected to improve within the next two years. In addition, Section 305(b) of the Clean
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Water Act requires an assessment of the status of all the State’s waters. Ecology has combined these
requirements in the Water Quality Assessment; Category 5 of the Assessment is the 303(d) listing.
Within the City limits, Lewis Creek does not meet surface water quality standards for dissolved oxygen (DO),
temperature, and bacteria, based on Ecology’s 2016 Water Quality Assessment. The assessed waters are placed
into one of five water quality categories that describe the status of water quality in Lewis Creek. Categories are
presented in Table 8.

Table 8: Water Quality Assessment Reporting
Table 8 - Department of Ecology Water Quality
Assessment Reporting
Parameter

Listing

Temperature

51
51

Bacteria

51

pH

22

Mercury

22

Arsenic

13

Copper

13

Selenium

13

Ammonia-N

13

Dissolved Oxygen (DO)

1

Category 5 (303(d) list) means Ecology has data showing water quality standards have been violated and no Total Maximum Daily Load
(TMDL) or pollution control plan is in place.
2
Category 2 means that some evidence of a water quality problem exists, but not enough to show persistent impairment.
3
Category 1 means a water body meets the state water quality standards. Being placed in this category does not necessarily mean that a
water body is free of all pollutants.

Watershed-Related Reports
For impaired waterbodies (303(d) list), Ecology is required to develop water quality improvement projects, or
TMDLs, to determine the amount of pollutant loading that a given waterbody can receive and still meet water
quality standards. Where waterbodies do not meet water quality standards for a particular pollutant, TMDLs are
implemented through Waste Load Allocations, inserted as pollutant limits in permits to point source dischargers,
and through Load Allocations and non-regulatory programs for nonpoint sources, to bring water quality up to
standards.
At present, there are no TMDLs in effect for Lewis Creek, despite Category 5 impairments for DO, temperature,
and bacteria.
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1.3.3.

Pollutant Sources

Pollutant sources are generally referred to as either point sources or nonpoint sources. Point sources are
discharges of pollutants from a point source, such as pipes, outfalls, and conveyance channels. Nonpoint source
pollution typically comes from diffuse sources. This section contains a general discussion of stormwater pollutant
sources. Section 1.3.6 provides a more detailed assessment of pollutants based on water quality sampling.

Point Sources
The 1972 Federal Water Pollution Control Act amendments require that all industrial, wastewater, and municipal
point source dischargers of pollutants obtain a National Pollutant Discharge Elimination System permit (NPDES).
Historically, this permit was issued to industrial and wastewater treatment facilities. The 1987 Clean Water Act
amendments expanded the permitting system to include municipal stormwater discharges.
Ecology has been delegated the authority to administer the NPDES permitting program by the Environmental
Protection Agency (EPA). Ecology issues several categories of general NPDES Permits, including:







Construction General Permit
Industrial Stormwater General Permit
Sand & Gravel (mining) Stormwater General Permit
Wastewater Treatment General Permit
Phase II Municipal Stormwater General Permit
Phase I Municipal Stormwater General Permit

Construction General Permit
The Construction General Permit requires best management practices to control sources of sediment and
pollutants from construction sites. Development sites involving ground-disturbing activity of one acre or more are
required to obtain this permit from the Department of Ecology for the duration of land-disturbing activities. This
permit is currently employed at one construction project in the basin.
Industrial Permit and Sand and Gravel Stormwater General Permits
There are no active Industrial or Sand and Gravel (mining) Stormwater General Permits within the Lewis Creek
basin.
Municipal Stormwater General Permits
The City of Issaquah holds a Phase II Municipal Stormwater Permit. This permit allows the City to discharge
stormwater from its Municipal Separate Storm Sewer System (MS4) to surface and groundwater. The Washington
Department of Transportation (WSDOT) holds a Phase I Municipal Stormwater General Permit to discharge
stormwater from WSDOT facilities in areas covered by a Phase I or Phase II Municipal Stormwater Permit.
WSDOT facilities discharge stormwater from I-90 in the Lewis Creek basin.
Wastewater Treatment General Permit
Issaquah's wastewater is sent to King County’s South Wastewater Treatment Plant in Renton, which discharges
to the Green River. Therefore, there is no Wastewater Treatment Permit issued to City of Issaquah.

Non-Point Sources
The term "non-point source" (NPS) is defined to mean any source of water pollution that does not meet the legal
definition of "point source" in section 502(14) of the Clean Water Act. That definition states:
The term "point source" means any discernible, confined and discrete conveyance, including but
not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,
concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are
or may be discharged. This term does not include agricultural storm water discharges and return
flows from irrigated agriculture.
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Unlike pollution from industrial and sewage treatment plants, NPS pollution comes from many diffuse sources.
NPS pollution is caused by stormwater moving over the ground. As the stormwater runoff moves, it transports
natural and human-made pollutants into receiving waterbodies.
A general discussion of urban and non-urban sources of nonpoint pollution in the Lewis Creek basin follows. An
analysis of specific parameters and potential sources within the Lewis Creek basin follows in Section 1.3.6.
Urban Sources
Urban watersheds have many types of impervious surfaces, including buildings, sidewalks, highways, roads,
driveways, and parking lots. Sediment and other pollutants accumulate on these surfaces between storm events
and may be washed off into storm drains or directly into streams during storms. Thus, surface water runoff is a
method by which pollutants are transported to Lewis Creek. Urban development may expose the area to a wide
variety of chemical substances from commercial, residential, and industrial activities. Pollutant types may become
more complex and variable with increasing urbanization. Typical pollutants found in surface water runoff in
urbanized watersheds include sediment, nutrients, pathogens, metals, petroleum products, and organics.
Lewis Creek receives stormwater from residential neighborhoods. Pollutants associated with residential activities
include metals and hydrocarbons from vehicle use and maintenance, bacteria and nutrients from pet waste,
soaps and toxics from vehicle washing, nutrients and toxics from fertilizers and pesticides, and sediment from
erosion. On-site septic systems can be a source of bacteria in streams (Ecology, 2004). No on-site septic systems
are identified in the Lewis Creek basin within City limits (City Staff, 2020).
In areas with sewers, such as Lewis Creek, fecal coliform is most often from animals like beavers, raccoons,
dogs, rats, and birds. (EPA, 2001).
Lewis Creek and its tributaries receive stormwater from roadway runoff within City limits. An interstate freeway (I90) and several City roads (West Lake Sammamish Pkwy SE, SE Newport Way, SE 44th St, SE 43rd PI, and 185th
PI SE), cross over Lewis Creek. Much of the stormwater runoff from these pollution generating surfaces enters
Lewis Creek without treatment. Highway runoff is described as a significant source of bacteria to streams in
literature sources (Ecology, 2004).
Additional roadway pollutant loading into Lewis Creek may consist of metals such as copper and zinc typically
associated with vehicular traffic as well as hydrocarbons from roadway surfaces (Ophar and Friedler, 2010).
Urban development often reduces vegetated riparian stream buffers. The reduced buffers can contribute to a
reduction of shading that affects the temperature and oxygen levels within the drainage system and stream.
Non-Urban Sources
No studies on non-urban sources of pollutants in the Lewis Creek basin were identified for this report.

1.3.4.

Waterbody Monitoring Data—Water Quality Data

Water quality monitoring data and summaries provided by the City’s Aquatic Resource Monitoring Program have
been analyzed and compared in this SSWMP.
Since 2006, the City has collected samples at the Lewis Creek Downstream (LC-D) monitoring station as
illustrated on Figure 6. The most recent ten years of water quality data are analyzed in this SSWMP. These
samples were collected from 2009 to 2018 from the LC-D station.
A brief summary of the City’s previous findings as documented in the 2011 State of Our Waters Report, and
based on samples collected from 1998 to 2010, is also presented in this SSWMP.
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Sampling Events
Grab samples were taken during baseflow and stormflow conditions by City of Issaquah staff. A total of 63 events
were sampled including 33 and 30 events for baseflows and stormflows, respectively from 2009 to 2018.
Baseflow samples were mostly collected during spring and summer while stormflow samples were mostly
collected during fall and winter. Storm samples were collected during significant rainfall events (greater than 0.25
inches/24 hours) that result in urban runoff and/or stream erosion, and baseflow samples represent dry weather
flows in the streams.

Data Evaluation Methods
This report utilizes water quality standards as presented in Table 7 to evaluate existing stream water quality
conditions in the Lewis Creek basin. Water quality summary data are presented in tables to compare base and
stormflow data with the selected water quality standards for each constituent.

Summary of Storm and Baseflow Water Quality Data
Table 9 summarizes the baseflow and stormflow data collected from 2009 to 2018; both the average and range of
values are provided for each parameter. The selected water quality criterion (see Table 7) is also displayed for
reference.

Table 9: Comparison of Baseflow and Stormflow Data with Water Quality Criteria
Table 9 - Comparison of Lewis Creek Baseflow and Stormflow Data with Water Quality Criteria
Lewis Creek Downstream
Parameter

Criteria*

(LC-D)
Baseflow
(2009-2018)
Average
Range

Lewis Creek Downstream
(LC-D)
Stormflow
(2009-2018)
Average
Range

Conventional
Temperature; °C

<16

12.2

5.8-20.1

10.7

5-18.1

pH, pH units

6.5 – 8.5

7.3

6.7-8.6

7

6.3-8.1

Dissolved Oxygen, mg/L

>9.5

9.8

4.5-13

9.6

6.1-13

Conductivity, μohms/cm

No criteria

179.7

112-380

124.2

70-440

Total Suspended Solids, mg/L

<25

3.2

0.5-17

50.6

0.5-430

Turbidity, NTU

<7

3

0.8-7.6

43.4

1.8-356

Hardness, mg/L

No criteria

64.9

9.8-160

45.5

33-110

Geometric
Mean** <100 and

48.7

1-820

395.4

10-8,000

Bacteria

Fecal Coliform, CFU/100mL
<10% exceeding
200

No

No

Nutrients
Nitrate + Nitrite -Nitrogen, mg/L
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Table 9 - Comparison of Lewis Creek Baseflow and Stormflow Data with Water Quality Criteria
Lewis Creek Downstream
(LC-D)
Baseflow
(2009-2018)
Average
Range

Lewis Creek Downstream
(LC-D)
Stormflow
(2009-2018)
Average
Range

Parameter

Criteria*

Total Phosphorus, μg/L

No State criteria
for stream (for
the Lake <10)

51.7

16-133

85.8

19-524

Ammonia -Nitrogen, mg/L

<2

0.01

0-0.08

0.02

0-0.07

Copper, dissolved μg/L

<4

1.2

0.4-7

3.6

1.2-26

Lead, dissolved μg/L

<1.24

0.12

0.03-0.5

0.13

0.03-0.5

Zinc, dissolved μg/L

<8.6

2.6

0.25-6.6

5.5

0.5-23.2

Metals

* Lewis Creek Selected Water Quality Criteria (Table 7).
**

Geometric mean calculated by taking the nth root of the product of n observations during storm events within the reporting period.

Table 10 summarizes the exceedances of the selected water quality standards from 2009 to 2018. The number of
exceedances is compared to the number of samples (e.g. “1/32” means 1 of 32 samples exceeded the selected
water quality standard) and is used to calculate the percent of exceedances.
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Table 10: Summary of Exceedances (2009-2018)
Summary of Exceedances of Water Quality Standards, Lewis Creek 2009-2018 Data
(Baseflow and Stormflow)
Location/Station ID
Parameter

pH

Temperature

DO

Fecal Coliform

Turbidity
Total Suspended Solids
Total Phosphorus 1
Dissolved Copper
Dissolved Lead
Dissolved Zinc

Type of flow

Lewis Creek Downstream (LC-D)

Baseflow

1/32 (3%)

Stormflow

1/28 (4%)

Baseflow

7/32 (22%)

Stormflow

3/28 (11%)

Baseflow

14/32 (44%)

Stormflow

15/28 (54%)

Baseflow

5/33 (15%)

Stormflow

17/29 (59%)

Baseflow

2/31 (6%)

Stormflow

25/30 (83%)

Baseflow

0/33 (0%)

Stormflow

10/30 (33%)

Baseflow

33/33 (100%)

Stormflow

30/30 (100%)

Baseflow

1/33 (3%)

Stormflow

5/30 (17%)

Baseflow

0/33 (0%)

Stormflow
Baseflow
Stormflow

0/30 (0%)
0/33 (0%)
6/30 (20%)

Key: Green 0-15%; Yellow 15%-35%; Red ≥35% of time the standard was not met.
1

There is no state-based criterion for phosphorous levels in non-lake freshwater systems, so exceedance color coding was not applied to
these cells. Data in these cells represent measurements of phosphorous greater than 10 μg/L—which is an exceedance level of
phosphorous for oligotrophic lakes per WAC 173-201A-230 and per EPA stream criterion for western Washington.

1.3.5.

Macroinvertebrate Data

Benthic macroinvertebrates are monitored because they are good indicators of the biological health of stream
systems and play a crucial role in the stream ecosystem. An analysis of the macroinvertebrate community
structure can be used to determine the ecological health of streams. The Benthic Index of Biotic Integrity (B-IBI) is
a standardized scoring system that can be used to compare and rank the health of streams.
Three macroinvertebrate sampling sites have been given B-IBI scores by various agencies in the Lewis Creek
basin from 2001 and 2013. All three are within City limits. Within City limits, B-IBI scores have been generated for
the locations listed in Table 11 and illustrated on Figure 7.
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Table 11: B-IBI Station IDs
Lewis Creek B-IBI Station IDs
A617 Lewis
LewisBelRM0.3
WAM06600-020391

Overall B-IBI scores for these samples range from poor to fair, indicating a stream system that has been impacted
by human activity. B-IBI scores and comments for the three most recent Lewis Creek samples within City limits
are summarized in Table 12 below.

Table 12: Summary of Lewis Creek B-IBI Scores

Location

Sample Date,
Sampled by

8/7/2001, King
County DNRP

Lewis
Creek

Summary of Lewis Creek B-IBI Scores1
Overall
Site
B-IBI
Score2

8/8/2011, City
of Bellevue

7/24/2013, King
County - DNRP

A617 Lewis

27.3/100,
Poor

LewisBelRM0.3

26.7/100,
Poor

WAM06600020391

41.5/100,
Fair

Comment

Overall taxa richness is very poor. The site had very
poor scores for mayfly, caddis fly, percent predator, and
pollution-intolerant richness. Stonefly and clinger taxa
richness is poor.
Overall taxa richness is poor. The site scored very poor
for stonefly, mayfly, pollution-intolerant, and percent
predator taxa richness. Caddis fly and clinger richness
scored fair.
Overall taxa richness is poor. Mayfly and pollutionintolerant taxa richness scored very poor. Stonefly and
percent predator taxa richness sored poor. The overall
metric is lifted by a fair score for clinger richness and a
good score for caddis fly taxa richness.

1

Source : Puget Sound Stream Benthos website (https://www.pugetsoundstreambenthos.org/Default.aspx), sampling conducted by King
County – DNRP, and City of Bellevue.
2

Scoring is based on Fore and Wisseman 2012.

1.3.6.

Analysis of Stream Health

This sub-section analyzes stream health based on water quality data for individual parameters and suggests
pollutant sources derived from literature.
Physical and chemical parameters of Lewis Creek indicate several water quality issues frequently, but not always,
are expressed during stormflow events. Data suggests that water quality is not degraded during baseflow events
for total suspended solids, dissolved copper, and dissolved zinc but mostly degrades for these pollutants during
storm events. DO is degraded during both baseflow and stormflow, and temperature is degraded during baseflow.
The Department of Ecology estimates that one-third of all the polluted waters in Washington State are polluted
through stormwater runoff (King County, 2016). Below is a discussion of the physical, chemical, and biological
health of Lewis Creek based on existing studies and water quality data collected from 2009 to 2018 by the City of
Issaquah.
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Where water quality samples are referenced, all references are to the sole sampling station at Lewis Creek
Downstream.

Dissolved Oxygen (DO)
Existing DO Condition
The standard for DO as described in 1.3.1 is greater than 9.5 mg/L. Lewis Creek has a Category 5 303(d) listing
for DO (Table 8), and it is considered impaired. Impaired stream reaches are illustrated on Figure 6.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that averages of baseflow and stormflow
DO concentrations were above the 9.5 mg/L standard. The low range of the data dropped below the 9.5 mg/L
standard during baseflow and stormflow conditions (Table 9), primarily during warmer summer/early fall
conditions from June to early October. Averages of DO concentrations were 9.8 mg/L and 9.6 mg/L during
baseflow and stormflow, respectively.
Table 10 summarizes the exceedances of the DO standard during baseflow and stormflow from 2009–2018. DO
concentrations fell below the water quality standard during 14 of the 32 total baseflow sampling events (44%
samples not meeting standard) and during 15 of the 28 total stormflow sampling events (54%). Lewis Creek did
not meet the DO standard during numerous sampling events, most often during storms. Low DO is a parameter of
concern in Lewis Creek under both flow conditions.
Historical DO Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows Lewis Creek fell below
the standard selected for DO in this SSWMP in half of the samples (City of Issaquah, 2011). Since this drainage
is considered a kokanee system close to its confluence with Lake Sammamish, DO was pinpointed as a
parameter to watch and track in future monitoring (City of Issaquah, 2011).
Potential DO Pollutant Sources
DO concentrations generally decrease throughout the summer months when temperatures increase and flows
decrease (City of Issaquah, 2011). Temperature increases can impact DO concentrations in water, as levels of
DO are reduced in the water under higher temperatures (EPA, 2016).
In addition, low DO is commonly the result of excess nutrients (City of Issaquah, 2011). Nutrients in streams lead
to faster and denser growth of aquatic plants such as algae and aquatic macrophytes. These aquatic plants may
provide oxygen to the water as a result of photosynthesis during the day, but require oxygen during the night for
respiration and result in a depletion of DO when they decompose (Ecology, 2002). Nutrients may contribute to
algal and aquatic plant growth and tend to be highest from sources such as fertilized landscapes, yard waste, and
pet waste. Nutrient results are presented on page 35.

Temperature
Existing Temperature Condition
The selected standard for temperature, described in Section 1.3.1, is less than 16º C. Lewis Creek has a
Category 5 303(d) listing for temperature (Table 8), and it is considered impaired. Impaired stream reaches are
illustrated on Figure 6.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that averages of temperature were below
water quality criteria in the sampling station during both baseflow and stormflow conditions. Averages of
temperature were 12.2º C and 10.7º C during baseflow and stormflow, respectively. Lewis Creek experienced a
lower temperature during stormflows compared to baseflows.
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Table 10 summarizes the exceedances of temperature standard during baseflow and stormflow from 2009–2018.
Lewis Creek exceeded the selected temperature standard during a portion of each monitoring year. Temperature
exceedances happened less often during storm events compared to baseflow conditions. Temperature is of
moderate concern, as the temperature standard was exceeded in 22% of samples during baseflow condition.
Historical Temperature Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows that Lewis Creek had
some events that did not meet the temperature standard selected for this SSWMP, but temperature was not
among parameters of concern (City of Issaquah, 2011).
Potential Temperature Pollutant Sources
In addition to climate and seasonality having a strong and marked influence on a stream’s temperature over time,
stream temperature can be influenced by many other factors including changes to land cover in the watershed,
industrial discharges as well as changes to local hydrology such as construction and operation of dams and
channels (EPA, 2016). Stream temperature increases can be a result of increased climate temperatures, reduced
baseflow, reduced flows from lack of snowmelt, and impaired hydrologic and hydraulic functions of the basin, as
well as decreased forest and riparian vegetative shading. Certain aspects of water quality can be impacted by
increased temperatures. For example, levels of DO are reduced under higher temperatures, and a persistent
warm stream temperature can accelerate natural chemical reactions and release of excess nutrients through
increased rates of decay of organic material (EPA, 2016).
Stream temperature may increase as a result development activities and replacement of native vegetation in non‐
riparian areas. The loss of shade due to removal of streamside canopy is mentioned as a well-established
mechanism leading to elevated stream temperatures (Ecology, 2015). In the Lewis Creek basin 60 percent of the
land cover is classified as developed - low intensity and developed - medium intensity (Table 1), with levels of
imperviousness that suggest replacement of vegetation could contribute to warmer stream temperatures. The
census blocks in which the Lewis Creek basin lies (0234041 to the north, and 0250033 to the south) show a 10%
and 5% positive change, respectively, in urban tree canopy from 2011 to 2017 (PlanitGeo, 2019).

pH
Existing pH Condition
The selected standard for pH, described in 1.3.1 is between 6.5 to 8.5. Lewis Creek has a Category 2 listing for
pH (Table 8), and it is not considered persistently impaired.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that averages of pH were within the
standard range of 6.5 to 8.5 in the sampling station during baseflow and stormflow conditions. Averages of pH in
Lewis Creek were 7.3 and 7 during baseflow and stormflow, respectively. Lewis Creek experienced a lower
average of pH during stormflows compared to baseflows (Table 9).
Table 10 summarizes the exceedances of water quality standards of baseflow and stormflow for the pH in Lewis
Creek basin from 2009–2018. Downstream Lewis Creek exceeded the pH standard only one time under each
flow condition. pH is not a parameter of concern in Lewis Creek during either flow condition.
Historical pH Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows that Lewis Creek met
the standards selected for pH in this SSWMP, and pH was not among parameters of concern (City of Issaquah,
2011).
Potential pH Pollutant Sources
As pH is not a pollutant of significant concern based on current and historical water quality data, potential
pollutant sources are not reviewed.
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Total Suspended Solids
Sediment is a parameter of concern mainly because when sediments enter water, they usually carry other
pollutants with them, including nutrients, bacteria, oils, and metals. Uncontrolled sediment can cause many
problems including flooding problems, clogging of storm drains, and increased private and public maintenance
costs (King County, 2016).
Existing TSS Condition
The standard for TSS as described in 1.3.1 is less than 25 mg/L. The State Water Quality Assessment (Table 8)
does not list a TSS impairment in Lewis Creek.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that averages of TSS were below the
selected criterion in Lewis Creek during baseflow. However, they fell above the selected standard during
stormflow events. Lewis Creek had elevated average concentrations of TSS during stormflow events (50.6 mg/L)
compared to baseflows (3.2 mg/L).
Table 10 summarizes the exceedances of the TSS standard during baseflow and stormflow from 2009–2018.
TSS exceeded the selected standard only during storm events. TSS is of moderate concern in downstream Lewis
Creek during storm events (Table 10).
Historical TSS Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows Lewis Creek had events
that were above the fisheries sublethal limit for TSS. TSS in Lewis Creek was reported to be highly responsive to
storms. During storms, the stream channel had a significant sediment load that impacted invertebrates.
Potential TSS Pollutant Sources
Suspended sediment and turbidity are one of the most common pollutants associated with nonpoint pollution in
urban areas (Ecology, 2014). Pollutant sources of suspended sediments have been documented to occur from
agricultural activities, forest practices, urban and residential development, and hydromodification (Ecology, 2015).
Typical sources of TSS in urban and residential areas are erosion from construction or landscaping, road runoff,
road maintenance, and bank erosion from increased peak flows (Ecology, 2015). King County indicates that
cleared construction sites and exposed earth are the greatest contributors of soil particles in surface waters (King
County, 2016).
Several of these factors are applicable in the basin but may be mitigated by best management practices. One
construction site larger than one acre is active and is permitted under the NPDES CGP. In the City of Issaquah,
erosion and sediment controls are required for all new development and redevelopment projects to prevent
transport of sediment and other pollutants to downstream discharge facilities, water resources, and adjacent
facilities (City of Issaquah PWED, 2016). The Lewis Creek basin hosts I-90 and West Lake Sammamish Pkwy
SE, with no evident stormwater treatment facilities serving them in the basin within City limits.
As documented in the 2011 State of Our Waters report, in-stream erosion is a likely mechanism of TSS levels in
Lewis Creek. The report states, “Lewis Creek passes through a steep canyon at Cougar Mountain (near
Lakemont Boulevard). Reports of high turbidity in the stream, resulting in plumes in Lake Sammamish, have been
reported by a lakeshore resident during large storm events. The City of Bellevue operates a large detention pond
at the top of the hill, and high flows in the creek are influenced by a trash rack at the upper end of the culvert that
passes under I-90. During major storms this trash rack can become clogged with debris; a surge of water is
released into lower Lewis Creek when State crews remove the debris with a grappling hook. Elevated total
suspended solids and turbidity concentrations during storm events are the result of this active stream system.
Elevated sediment concentrations correlate naturally to elevated phosphorus concentrations” (City of Issaquah,
2011, p. 29).
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Turbidity
Existing Turbidity Condition
The standard for turbidity, described in 1.3.1, is less than 7 NTU. The State Water Quality Assessment (Table 8)
does not list a turbidity impairment in Lewis Creek.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that average of turbidity levels in Lewis
Creek were below the turbidity standard in Lewis Creek during baseflows; however, they were above the turbidity
standard during storm events. Lewis Creek was more turbid during stormflows (43.4 NTU) compared to baseflows
(3 NTU).
Table 10 summarizes the exceedances of the turbidity standard during baseflow and stormflow from 2009–2018.
Lewis Creek had 25 of 30 events that did not meet the water quality standard for turbidity during storm flows.
Exceedances were always associated with storm events. Turbidity is a parameter of concern in Lewis Creek
during storm events.
Historical Turbidity Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows that Lewis Creek had
events that were above the fisheries sublethal limit for turbidity.
Potential Turbidity Pollutant Sources
Turbidity and TSS are highly correlated – the greater the amount of TSS in the water, the higher the measured
turbidity.

Bacteria
Existing Bacteria Condition
The selected standard for bacteria, described in 1.3.1, is less than a geometric mean value of 100 CFU/100mL.
Lewis Creek has a Category 5 listing for bacteria (Table 8) and is considered impaired. Impaired stream reaches
are illustrated on Figure 6.
A summary of the data collected from 2009 to 2018 (Table 9) indicates that geometric means of fecal coliform
concentrations in Lewis Creek exceed water quality criteria during storm events.
Fecal coliforms are very responsive to storm events and the largest concentrations were measured during storms
in the months of July, August, and September. High stormflow concentrations were mostly associated with firstflush runoff events. First-flush events usually carry higher than average concentrations of contaminant because of
the long period between storms. In the Puget Sound Lowlands, first-flush runoff events are not common most of
the year because of the weather patterns, but typically occurs in late summer to early fall (City of Issaquah, 2011).
Table 10 summarizes the exceedances of the bacteria standard during baseflow and stormflow from 2009–2018.
Lewis Creek had 22 of 62 events that did not meet the water quality standard for fecal coliform. Exceedances
were largely, but not always, associated with storm events. Fecal coliform is of moderate concern during baseflow
conditions; however, it is more of a concern during storm events.
Historical Bacteria Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows that Lewis Creek had
events that did not meet the water quality standard for fecal coliform. Fecal coliform was a parameter of concern
in downstream Lewis Creek (City of Issaquah, 2011).
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Potential Pollutant Sources
Fecal coliform is one of the most common pollutants associated with nonpoint pollution in urban areas (Ecology,
2014).
A Microbial Source Tracking Study conducted in 2006 indicated that the highest bacterial loadings in Johns Creek
in King County came from residential areas, with avian sources accounting for 50% and human sources
accounting for 7% (Herrera, 2006). A positive correlation between fecal coliform levels and the amount of
imperviousness in sub-watersheds in an urbanizing Puget Sound watershed was also reported (Ecology, 2014).
I-90 and West Lake Sammamish Pkwy SE bisect the basin. Highway runoff is described as a significant source of
bacteria to streams in literature sources (Ecology, 2004). The exact sources of bacterial pollution from road runoff
are unknown, but general bacteria sources may generally come from roadside litter, wildlife, and unsecured loads
(Ecology, 2004).

Nutrients
Existing Nutrients Condition
Nutrients are essential chemicals needed by plants or animals for growth. Excessive amounts of nutrients can
lead to degradation of water quality and algal blooms. Some nutrients can be toxic at high concentrations.
Nutrients include organic compounds such as ammonia, nitrates and nitrites, and phosphorus. Phosphorous is
discussed in detail.
Total Phosphorus
King County and other jurisdictions surrounding Lake Sammamish have taken actions beginning in 1968 to
reduce phosphorus in Lake Sammamish. The lake is impacted by direct runoff from shoreline development and
by nutrients carried to it from streams in its large watershed. Therefore, phosphorus is a pollutant of concern in
the Lewis Creek basin. Although there are no Washington State criteria for phosphorus in streams, the in-lake
action value for which a lake-specific study in the Puget Sound Lowlands is recommended for oligotrophic lakes is
an average of 10 µg/L (WAC 173-201A-230). In addition, the EPA recommends a 10 µg/L phosphorus
concentration for freshwater streams and rivers for western Washington (EPA, 2000).
A summary of the data collected from 2009 to 2018 (Table 9) indicates that average of total phosphorus
concentrations in Lewis Creek were above the 10 µg/L standard for oligotrophic lakes under both flow events.
Average stormflow total phosphorus concentrations in downstream Lewis Creek were 51.7 µg/L and 85.8 µg/L,
respectively. This suggests that phosphorus in Lewis Creek may contribute to the phosphorus loadings in Lake
Sammamish. Total phosphorus appeared to be responsive to storm events. Concentrations of total phosphorus
are closely tied to concentrations of TSS, which increase significantly during storm events, because phosphorus
is naturally present in soil minerals or easily binds to sediment (City of Issaquah, 2011).
Table 10 summarizes the exceedances of the selected standard during baseflow and stormflow from 2009–2018.
The standard was exceeded in 100% of measurements collected during both flow conditions. Total phosphorus is
a parameter of concern under both baseflow and stormflow conditions.
Historical Total Phosphorus Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows Lewis Creek had events
above the 10 µg/L standard for total phosphorus (City of Issaquah, 2011).
Potential Phosphorus Pollutant Sources
Nutrients are among the most common pollutants associated with nonpoint pollution in urban areas (Ecology,
2015). The major sources of nutrients in urban stormwater are urban landscape runoff (fertilizers, detergents,
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plant debris), atmospheric deposition, improperly functioning septic systems, commercial or industrial spills, pets
and urban wildlife, and road runoff (Terrene Institute, 1996; Ecology, 2015).
Within City limits in the Lewis Creek basin, low-density residential land use with relatively large landscaped areas
are present as well as road runoff. No commercial or industrial areas are present.
The City of Issaquah adopts the phosphorus treatment standard when stormwater from a development or
redevelopment project discharges to surface water (City of Issaquah, 2016); however, many of the developments
in this basin were constructed prior to this requirement.

Metals
The toxicity of metals on aquatic organisms depends on the form the metal takes and the availability of the metal
to be toxic (bioavailability). The metal toxicity criteria are based on the dissolved fraction of the metal and the
hardness of the water. Hardness of the water is a measure of the mineral content. Rainwater is generally very
soft, and as the water comes into contact with the soils, minerals are dissolved in the water. Metals are toxic to
aquatic organisms at lower concentrations in soft water (low hardness).
The level of hardness is primarily determined by the amounts of calcium and magnesium along with a variety of
other non-heavy metals. Analytically, hardness is represented in milligrams per liter (mg/L) as calcium carbonate
(CaCO3). According to the U.S. Geological Survey (USGS) general classifications for water hardness are 0 to 61
mg/L as soft, 61 to 120 mg/L as moderately hard, 121 to 180 mg/L as hard and more than 180 mg/L as very hard.
Based on a summary of the data collected from 2009 to 2018, Lewis Creek has moderately hard water during
baseflows and has fairly soft water during stormflows; the average baseflow and stormflow hardness are 64.9
mg/L and 45.5 mg/L, respectively (Table 9).
Existing Metals Condition
The standards for dissolved metals, described in Section 1.3.1, are less than 4 µg/L, 1.24 µg/L, and 8.6 µg/L for
dissolved copper, dissolved lead, and dissolved zinc, respectively. Lewis Creek has Categories 1 and 2 listings
for copper and mercury, respectively (Table 8).
A summary of the data collected from 2009 to 2018 (Table 9) indicates that average concentrations of dissolved
metals fell below concentrations correlated with behavioral or physiological effects. Relatively low concentrations
of dissolved copper and dissolved zinc were measured in Lewis Creek during baseflows while their
concentrations increased during stormflows.
Table 10 summarizes the exceedances of the selected standards during baseflow and stormflow from 2009–
2018. Lewis Creek exceeded the selected standards for dissolved copper and dissolved zinc, most often during
storms. There was no exceedance of the selected standard for dissolved lead under either flow condition.
Dissolved copper and dissolved zinc are of moderate concern in Lewis Creek during storm events.
Historical Metal Patterns
The City of Issaquah produced the State of Our Waters report in 2011 summarizing collected data during storm
and baseflow conditions since 2006. A review of the summarized 2006-2010 data shows that Lewis Creek had
events that did not meet the selected standard for dissolved copper and dissolved zinc. The exceedances
coincided with first flush events. Dissolved copper and dissolved zinc were among parameters of concern in
downstream Lewis Creek (City of Issaquah, 2011). Mercury was not analyzed in the 2011 State of Our Waters
study, nor further discussed in this SSWMP as it is not a typical stormwater pollutant.
Potential Pollutant Sources
Sources of metals include weathering of soils and rocks and a variety of human activities involving roadway and
vehicular traffic, structural development, and the mining, processing, or use of metals and/or substances that
contain metal pollutants. Toxic chemicals including heavy metals such as copper and zinc are among the most
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common pollutants associated with nonpoint pollution in urban areas (Ecology, 2015). Primary sources of metals
in urban stormwater are industry and automobiles. These dissolved metals are generally washed off during
storms and may not be present in baseflow samples.
In the Lewis Creek basin, I-90, West Lake Sammamish Pkwy SE, and several City streets cross over streams.
Although the City of Issaquah adopts an enhanced (metals) stormwater treatment standard for development and
redevelopment of industrial project sites, commercial project sites, multi-family project sites, and high-traffic roads
that discharge directly to fresh waters or conveyance systems tributary to fresh waters (City of Issaquah, 2016),
most of these land uses are not present in the basin.

1.3.7.

Summary of Water Quality Characteristics and Identified Issues

The Lewis Creek basin is affected by numerous specific issues related to water quality. Parameters of concern
include temperature, DO, fecal coliform, TSS, turbidity, dissolved copper and dissolved zinc based on 2009-2018
data. Phosphorus is a concern to support recovery of Lake Sammamish.
The process for identifying water quality issues in Lewis Creek basin involved evaluating available water quality
data between 2009-2018, reviewing available existing reports, GIS information, and water quality complaints from
the City’s database; conducting an online public survey using a web map; requesting input from City
Stakeholders; and meeting with City staff from the Public Works Engineering and Public Works Operations
Departments.
Table 13 lists the water quality issues identifies for Lewis Creek within the preceding 10-year period, with one
exception of a B-IBI issue document in 2001. All reported issues within the City are presented in a map in
Appendix A.

Table 13: Identified Water Quality Issues
Table 13 - Identified Water Quality Issues in Lewis Creek Basin
Issue ID

Issue Description
Per 2011 State of our Waters Report, Lewis Creek
downstream exceeded water quality standards for DO,
temperature, fecal coliform, turbidity, and dissolved
copper. Sample point had poor BIBI scores in 2009.

84

Per water quality data (2009-2018), Lewis Creek
downstream sampling site exceeded water quality
standards for pH, temperature, DO, fecal coliform, total
suspended solid, turbidity, dissolved copper, dissolved
Zinc most often during storm events.

Source

2011 State of Our Waters Report
and
Water Quality Data (2009-2018)

57

Videos of high turbidity within streams were recorded
during the December 20th 2019 rain event.

Water quality complaints from the
City’s database

58

Videos of high turbidity within streams were recorded
during the December 20th 2019 rain event.

Water quality complaints from the
City’s database

59

Videos of high turbidity within streams were recorded
during the December 20th 2019 rain event.

Water quality complaints from the
City’s database

298

Site WAM06600-0203911 received fair BIBI score in
2013.

Puget Sound Benthos Website

299

Site LewisBelRM0.31 received poor BIBI Score in 2011.

Puget Sound Benthos Website
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Table 13 - Identified Water Quality Issues in Lewis Creek Basin
Issue ID

Source

Site A617 Lewis1 received poor BIBI Score in 2001.

300
1Water

Issue Description

Puget Sound Benthos Website

quality issues related to recent B-IBI scores are duplicated from Table 10 above.

Th data analysis indicates that a majority of the water quality exceedances occurred during storm events. The
identified water quality issues in Lewis Creek basin are associated with exceedances of water quality standards at
both the historic and the active sampling stations, the locations with overall lower B-IBI score, and the locations
where storm events caused turbidity issues in the stream.
Public concerns have been raised about high levels of turbidity in Lewis Creek at the following locations:
 185th PI SE,
 SE 43rd PI, and
 SE 44th St.

1.3.8.

Basin Management Strategy for Water Quality

The Puget Sound Watershed Characterization (Ecology, 2016) selects a water quality basin management
strategy for each of numerous assessment units it identifies in the Puget Sound region. In this SSWMP, the water
quality management strategy for Assessment Unit (AU) 8150 is used as the basis for selecting and prioritizing
stormwater management options (SMOs) in the Lewis Creek basin. The basin management strategies are shown
in Table 14 and listed in the Definitions of this plan. The concepts of the watershed characterization that inform
the selection of the basin management strategy are discussed in Chapter 2 of this plan. In general, export
potential is related to the potential of natural processes to export specific water quality constituents during prehistoric conditions. Degradation, on the other hand, is related to existing conditions and how the export potential
has been degraded by changes in land use and land cover.

Table 14: Basin Management Strategy for Water Quality
Lewis Creek - Watershed Characterization – Water Quality
(AU 8150)1
Export Potential
Sediment
Phosphorus

High
Moderate High

Metals

High

Nitrogen

High

Pathogens

High

Level of Degradation
Sediment

High

Phosphorus

High

Metals

High

Nitrogen

High

Pathogens

High

Management Strategy
Sediment
Phosphorus

Restoration of Source Processes
Restoration of Source Processes

Metals

Restoration of Source Processes
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Lewis Creek - Watershed Characterization – Water Quality
(AU 8150)1
Restoration of Source Processes
Nitrogen
Restoration of Source Processes

Pathogens
1

Most of this AU lies outside of the City of Issaquah.

1.4. Habitat Characteristics
In this sub-section, the key characteristics of the stream system relating to habitat are described. Selected habitat
characteristics are depicted on Figure 7.

1.4.1.

Stream Characteristics, Regulatory Context

Stream typing of Lewis Creek is available from Washington State Department of Natural Resources. The reported
stream typing is shown in Table 15.

Table 15: Stream Typing
Regulatory Agency

Lewis Creek Stream Typing
Watercourse Name

Stream Type

Washington State Dept. of Natural Resources

Lewis Creek

Type F – Fish habitat

Washington State Dept. of Natural Resources

Tributaries to Lewis Creek

Type N – Non-fish habitat

Lewis Creek is classified as a perennial, Type F system. The Lewis Creek system within the Issaquah City limits
provides flow and habitat for fish species as described in Section 1.4.4, Aquatic Ecosystems.

1.4.2.

Stream Characteristics, Geomorphic Context

Lewis Creek flows north from its headwaters in the City of Bellevue at 900 feet within residential neighborhoods
and 600 feet elevation at the Lakemont Park and Open Space forested areas. Many small tributaries feed the
main stem of Lewis Creek in a low gradient area near Lakemont Park, outside City limits. The stream then flows
north through a steep, forested ravine that abruptly flattens out at the I-90 corridor. Downstream of I-90, Lewis
Creek flows through a narrow, low-gradient reach between residential neighborhoods before discharging to Lake
Sammamish (Washington Conservation Commission, 2001).

1.4.3.

Riparian Ecosystems

Riparian habitat for the basin, within the City of Issaquah, consists of a very narrow deciduous and coniferous
forested corridor within residential neighborhoods. Riparian habitats have been impacted by residential
encroachment. The riparian canopy is in relatively good condition, with approximately 75 percent shading by
mixed deciduous and coniferous trees. However, the forested understory is characterized by invasive Himalayan
blackberry (Washington Conservation Commission, 2001). The census blocks in which the Lewis Creek basin lies
(0234041 in the north and 0250033 to the south) show a 10% and 5% positive change, respectively, in urban tree
canopy from 2011 to 2017 (PlanitGeo, 2019). Areas of relatively undisturbed forested riparian habitat with limited
residential encroachment occur within the upper reaches of Lewis Creek, outside of the City limits.
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The terrestrial and riparian vegetative community has been impacted and altered over time resulting in a loss of
complexity in both the vertical and the horizontal axis. Studies have documented a loss of channel complexity and
connectivity caused by bank hardening in the residential areas downstream of I-90 (Washington Conservation
Commission, 2001). However, no quantitative data regarding stream channel loss has been identified for Lewis
Creek for this report.

1.4.4.

Aquatic Ecosystems

A number of habitat parameters important for fish and other aquatic biota can be used to determine the ability of
the physical components to support biological functions of the stream system. Such parameters include stream
substrate composition and embeddedness, large wood, pool frequency, fisheries resources, fish barriers,
wetlands, aquatic invertebrates, and riparian vegetation and fauna. These parameters are summarized below,
based on available studies and data for the Lewis Creek basin.

Overall Condition
Recent studies and reports regarding aquatic habitat conditions and functions in the Lewis Creek basin are
sparse. Typical impacts to aquatic habitat in Puget Sound urban areas include narrowing of the riparian
vegetation corridor with resultant decreases in organic input to the aquatic system, decreases in vegetative cover
and shading, and decreases in the water quality buffering and filtering of runoff into the stream system. Bank
armoring and fish passage barriers are also typical.
Lewis Creek is on the 303(d) list for poor water temperature conditions.
Based on evaluation of aerial imagery, the lower reaches of Lewis Creek provide little to no off-channel and
refugia habitat.

Substrate Composition and Embeddedness
No data or studies on substrate composition and embeddedness were identified for Lewis Creek.

Large Wood
Upper reaches within the City of Issaquah have been identified as lacking in large woody debris (LWD). This area
has been identified as having a dense forested canopy, but limited recruitment due to lack of floodplain
connectivity. Installed large wood is present in several areas within the lower reaches of Lewis Creek (Heller,
2019).
Due to the surrounding urbanized landscape and narrow forested riparian buffer, it is likely that large wood is
limited in overall quantity, frequency of introduction, and future recruitment potential within the City limits;
however, no studies on recruitment were identified for this report.

Pool Frequency
No studies with quantitative data on pool frequency or depth were identified for this report.
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Fishery
The Washington Department of Fish and Wildlife’s (WDFW) SalmonScape mapping tool documents the presence
of fall-run Chinook salmon (Oncorhynchus tshawytscha), winter-run steelhead trout (O. mykiss), sockeye and
kokanee salmon (O. nerka), and resident coastal cutthroat trout (O. clarkii) in Lewis Creek. Coho (O. kisutch) are
documented as using the system for rearing.
Salmonid use in Lewis Creek can be segregated into two distinct reaches; one reach is downstream of a total fish
passage barrier at I-90, at river mile 0.75, and the other reach is above the migratory barrier (Washington
Conservation Commission, 2001). Kokanee are known to spawn in the lower 4,125 feet of Lewis Creek, up to
West Lake Sammamish Parkway (Lake Sammamish Kokanee Working Group, 2014). Lamprey and sculpin have
also been observed in Lewis Creek (Washington Conservation Commission, 2001). Fish distribution information
by stream system is provided in Table 16.

Table 16: Fish Distribution
Fish Distribution in Lewis Creek
Data
Source

WDFW1

WDFW1

WDFW1

Lake Sammamish
Kokanee Working
Group (2014)

WDFW1

WDFW1

Species

Sockeye

Fall-run
Chinook

Life Stage

Documented
presence

Documented
presence

Distribution
(approximate river
mile)

Notes

0-0.90

Distribution extends from mouth
to 0.90 river mile. Mapped
distribution extends
approximately 600 feet beyond
City limits.

0-0.90

Distribution extends from mouth
to 0.90 river mile. Mapped
distribution extends
approximately 600 feet beyond
City limits.

Kokanee

Documented
presence

0-0.80

Distribution extends from mouth
to 0.80 river mile. Mapped
distribution extends
approximately 130 feet beyond
City limits.

Kokanee

Spawning

0-0.78

Spawning presence recorded up
to 4,125 feet upstream of mouth.

0-0.59

Distribution extends from mouth
to 0.59 RM. Distribution
transitions from rearing to
documented presence upstream
of RM 0.59.

0.59-0.86

Distribution transitions from
spawning presence at RM 0.59
to documented presence.
Mapped distribution ends at
approximately 585 feet beyond
City limits.

Coho

Coho
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Fish Distribution in Lewis Creek
Species

Life Stage

Distribution
(approximate river
mile)

WDFW1

Winter-run
steelhead

Documented
presence

0-0.20

WDFW1

Cutthroat
trout

Documented
presence

0-1.84

Washington
Conservation
Commission
(2001)

Pacific
Lamprey

N/A

N/A

Lamprey have been observed in
Lewis Creek.

Washington
Conservation
Commission
(2001)

Sculpin

N/A

N/A

Sculpin have been observed in
Lewis Creek.

Data
Source

Notes
Distribution extends from mouth
to 0.20 RM.
Distribution extends from mouth
to beyond City limits.

1

Data accessed from SalmonScape ( https://apps.wdfw.wa.gov/salmonscape/). SalmonScape merges fish and habitat data
collected by state, federal, tribal, and local entities.

Fish Barriers
Fish passage barriers are documented in Lewis Creek.
Within the City, two fish passage sites have been assessed by WDFW in Lewis Creek (WDFW, 2020). Of the
assessed sites, one is identified as a total fish passage barrier and one is identified as a partial barrier. Barriers
include one culvert and one dam. Fish passage has been identified by the Washington Conservation Commission
(2001) as a key habitat limiting factor for salmonids in Lewis Creek.
The fish barriers in the basin within the City are listed in Table 17.

Table 17: Fish Barriers
Fish Barriers
Crossing Location

Barrier Type (Barrier ID)

Barrier Status (Percent
Passable) Type

North of SE 44th Street near 184th
Avenue SE

Concrete dam (ID #994076)

Partial barrier (67%). Drop.

I-90

Precast concrete culvert (992798)

Total barrier. Slope.

Wetlands
No studies or data on wetlands within the Lewis Creek basin have been identified. The presence of wetlands
within the basin is likely limited due to surrounding residential development and paved areas. Small wetlands may
occur within the immediate vicinity of the stream corridor, but have yet to be identified, and would likely be
impacted by nearby land use practices.
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Vegetation
Riparian vegetation is lacking overall in the Lewis Creek drainage corridor and has been identified as a habitat
limiting factor for salmonids (Washington Conservation Commission, 2001).
Riparian vegetation is more abundant in the upper reaches of the Lewis Creek drainage corridor north of I-90,
outside City limits. Generally, throughout the stream corridor, the riparian vegetative layers are made up of mixed
deciduous forest and shrub. Within City limits, Lewis Creek passes through residential environments where the
riparian zone is fairly narrow.
WDFW’s Priority Habitat Species on the Web (PHS) identify biodiversity corridors between NW Village Park Drive
and Lakemont Boulevard in large undisturbed forested areas. Four priority bat species are also identified as
having communal roosts within the same township as the Lewis Creek basin (WDFW, 2020).
Invasive Species
No studies or data have been found regarding invasive species in the Lewis Creek basin. Typical invasive plant
species in Puget Sound urban communities include Himalayan blackberry, reed canary grass, American holly,
and English ivy. These species, particularly Himalayan blackberry and reed canary grass, can dominate in
disturbed areas of the riparian corridor, creating virtual monocultures of invasive plant communities.

Benthic Macroinvertebrate Data—Biological Indicators
Benthic (bottom-dwelling) aquatic invertebrates are useful as biological indicators of stream and riparian health, in
part due to their life history connections to aquatic and riparian habitat, the sample sizes that can be collected,
and how well they function as direct biological indicators of stream habitat. Stream invertebrates can provide
highly relevant support data to other useful habitat metrics such as pool habitat, large wood, sediment, etc.
Macroinvertebrate data were collected from three sites in the Lewis Creek basin. Samples were collected by the
City of Bellevue and King County Department of Natural Resources (KCDNRP) which included samples from
2001, 2011, and 2013. All three sampling sites are located in the downstream reaches of Lewis Creek, within
residential neighborhoods.
Utilizing the B-IBI multiparametric series of measurements, the collection and analyses of aquatic invertebrates
allows for qualitative assessments of taxa abundance and richness, pollution tolerant taxa, and ecological guild
types, e.g. predators, clingers, shredders, and collectors. Additionally, an overall score allows for a qualitative
assessment of stream conditions ranging from poor to fair. Overall poor and fair scores for these taxa from
samples indicate that the stream systems are not providing the level of ecological diversity and in-stream habitat
complexity expected in a healthy, undisturbed stream system. Low scores for stonefly, mayfly, and caddisfly taxa
richness are strongly correlated with human-induced impacts to stream systems, suggesting that areas of the
Lewis Creek basin have been negatively impacted by human activities. Overall taxa richness and diversity in the
samples was rated as very poor to poor indicating a general lack in diversity of in-stream habitat. Benthic
macroinvertebrate information summaries and information for this sampling is provided above in Table 12.
Long-lived and pollution-intolerant taxa also varied from very poor to poor in the three sampling locations —
indicating impacts by pollutant loading or poor water quality in the system.
The combined, overall B-IBI score appears to indicate that aquatic habitat is functioning at a low level for
invertebrates compared to more pristine systems, most likely due to a combination of habitat loss and
simplification, potential sediment loading, potential flow, and riparian and in-stream habitat disturbances and loss.
However, no data has been collected in recent years and conditions for benthic aquatic invertebrates may have
changed since previous sampling.
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1.4.5.

Summary of Habitat Characteristics and Identified Issues

The process for identifying habitat issues involved reviewing available existing reports; requesting input from City
stakeholders; conducting an online public survey using a web map; and meeting with City staff from the Public
Works Engineering and Public Works Operations Departments.
Table 18 lists the habitat issues identified for Lewis Creek within the preceding 10-year period. Figure 7 maps the
habitat issue locations. All reported issues within the City are presented in a map in Appendix A.

Table 18: Identified Habitat Issues
Table 18 - Identified Habitat Issues in Lewis Creek Basin
Issue ID

Issue Description

Source

1A

Email correspondence between Christa Heller and Allen Quynn
(City Staff) regarding large woody debris quantities within specific
reaches of Lewis Creek. Reach 4 was identified as being in need of
wood. Email includes LWD data and some analyses.

Heller, 2019

83

I-90 at Lakemont Blvd - WSDOT PHD (2023). Need additional
information. May be the same as Issue ID 130.

130

Total barrier. Surveyed 2012. Barrier type: Drop.

WDFW

131

Partial barrier. Surveyed 2000. Barrier type: Drop.

WDFW

City Operations Staff

Although few specific studies of habitat within Lewis Creek were identified for this report, typical urban impacts on
stream habitats are thought to be likely. Within the City limits, land use in the Lewis Creek basin is primarily
residential. Loss of riparian and terrestrial habitat has occurred in the system, with associated impacts to aquatic
habitats. B-IBI scores as reported in Table 12 show a loss of diversity in aquatic organisms. Based on the stream
habitat survey data for Lewis Creek, land use patterns, and other available information, the following general
habitat characteristics pertain to this system:








Aquatic in-stream habitat loss consists of limited large woody debris and lack of channel complexity.
Forested riparian reserves are limited to narrow belts along Lewis Creek within residential
neighborhoods. The narrow-forested buffers provide some shade and canopy, and limited large wood
input to the system.
Overall canopy cover appears to be increasing.
Invertebrate data suggests degradation or loss of in-stream habitat within the downstream reaches.
Two fish passage barriers exist less than one mile from the mouth.
Wetlands within the basin are unknown and likely limited.

1.5. Basin Runoff Characteristics
1.5.1.

Basin Modeling and Peak Flows

A calibrated hydrologic model for Lake Sammamish was developed by Northwest Hydraulic Consultants (NHC) as
part of the Willowmoor Project (NHC, 2019). The subbasins in this model which fall within the City of Issaquah
were re-delineated to account for current stormwater data obtained from the City. The Lewis Creek basin was
extracted from this model. The model was not re-calibrated.

Lewis Creek Basin
Baseline Conditions Assessment Report

46

Otak

It was used to determine flows at the mouth of Lewis Creek. The modeled existing peak flows based on existing
land use and historic precipitation record are presented in Table 19. The Lewis Creek basin is shown in Figure 1.
The summarized peak flows provide an order of magnitude of flows at the mouth of Lewis Creek. These flows are
not site specific; they should not be used to diagnose stormwater issues or design stormwater infrastructure.

Table 19: Existing Peak Flows
Existing Peak Flows Based on Current Land Use and Precipitation (CFS)

Main Stem Lewis Creek
1
2

2-year
(FF)1,2

5-year
(FF)1,2

10-year
(FF)1,2

25-year
(FF)1,2

261

367

443

543

50-year 100-year
(FF)1,2
(FF)1,2
622

704

FF: Flood Frequency return interval
Peak Flows are recorded for the location that represents the downstream end of the RCHRES

2. Stormwater Management Influence
In this section, the combined influence of anthropogenic land cover changes and discharges from the City’s
municipal storm sewer on Lewis Creek is evaluated and given a “stormwater management influence” score. Both
hydrology and water quality influences within the City are reviewed. Scoring rationale are informed both by
Ecology’s 2019 Stormwater Management Action Planning Guidance and available studies. Influence factors are
assessed using a qualitative approach with available data, and a combined influence score was calculated and
compared against water flow, water quality, and habitat observations and analyses as described in Sections 1.2,
1.3, and 1.4. Stormwater management influence factors for Lewis Creek are presented in Figure 8.
The assessment concludes that conditions in Lewis Creek may be influenced by the City’s land use patterns and
its municipal storm sewer system (MS4) to a medium degree, described below. See Table 20 and Table 21 for
individual scores.
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2.1. Stream Hydrology Factors
City of Issaquah’s land uses and stormwater system may have a high influence on Lewis Creek’s hydrology.
Factors and scores are presented in Table 20.

Table 20: Influence on Stream Hydrology
Hydrology Factor
Flow Control Status of
Receiving Water

Stream Typing and
Hydrology

Groundwater
Influence

Land Cover Intensity

Average Hydrology
Influence

Table 20 – Influence on Stream Hydrology
Influence Score* Rationale
Rating
High

High

High

High

High

3

3

3

3

3

Streams with low expected influence on hydrology from the MS4 are
flow-control exempt streams (Ecology, 2019).
Lewis Creek is not a flow-control exempt water body. Because Lewis
Creek is not flow control exempt, surrounding land uses and stormwater
systems may have a high influence on stream hydrology.
Streams with low expected influence on hydrology from the MS4 are
ephemeral streams (< one square mile watershed) (Ecology, 2019).
Lewis Creek is a perennial stream with a total watershed of 1.9 square
miles. Because Lewis Creek is a perennial stream and has a watershed
greater than one square mile, surrounding land uses and stormwater
systems may have a high influence on stream hydrology.
Streams with low expected influence on hydrology from the MS4 are
those primarily influenced by groundwater flows (Ecology, 2019).
Lewis Creek is a “losing” stream and is not primarily influenced by
groundwater flows. Because Lewis Creek is not primarily influenced by
groundwater flows, surrounding land uses and stormwater systems may
have a high influence on stream hydrology.
At 10% total impervious area (TIA), impacts to urban stream stability
may be present in Pacific northwest streams (Booth, 1991). B-IBI scores
may begin to decrease, indicating impacts to habitat related to stream
hydrology, at 15% impervious surface in a basin (May, 1997).
TIA has not been calculated for Lewis Creek basin. As a surrogate,
coverage of low-intensity land covers is calculated. Within City limits, low
intensity land covers – including barren land; developed, low intensity;
developed, open space; forest; lawn; and wetland – make up
approximately than 74% of the basin area (assuming open water is
omitted from total area), as presented in Figure 9, below. Only one area
of the upper basin appears to be served by a flow control facility, the rest
of the basin is not. The flow control facility is depicted in Figure 8.
Because Lewis Creek has less than 85% low-intensity land cover,
surrounding land uses and stormwater systems may have a high
influence on hydrology of the stream.
Average Hydrology Influence score is the mean of the four influence
components. A score below 2.25 is low, 2.25 to 2.75 is considered
medium, and above 2.75 is high.

*High influence rating = 3, Low influence rating = 1, Combined score = mean
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100%

Developed, High
Intensity, 0%

90%

26%

80%
70%

Developed, High Intensity
Developed, Medium Intensity

60%

34%

Developed, Low Intensity
Developed, Open Space

50%

Barren Land
Forest

40%

Lawn

15%

30%

Wetland
Barren Land, 0%

20%
25%

10%
Lawn, 0%
0%

Wetland, 0%
Total

Figure 9: Land Cover Percentages
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2.2. Pollutant Factors
The City of Issaquah’s land uses and stormwater systems may have a low influence on Lewis Creek’s water
quality conditions. Factors are presented in Table 21.

Table 21: Influence on Stream Pollutants
Pollutant Factor
Pollutant-Generating
Surfaces

Influence
Rating

Score*

Low

1

Scoring Rationale
Streams with low expected pollutant loads from the MS4 and
surrounding land uses are those with a high percentage of nonpollutant generating surfaces (Ecology, 2019).
The Lewis Creek basin includes 0 percent commercial and 0
percent mixed-use (the areas which are presumed to contain a
large portion of pollutant-generating surfaces) for a total pollutantgenerating land use of 0 percent as presented spatially in Figure
8 and as a pie-chart in Figure 10. Thus, pollutant-generating
surfaces may have a low influence on pollutant loads in the
stream.

Roadway Pollutants

High

3

Streams with low expected pollutant loads from the MS4 and
surrounding land uses are those having roads with average daily
traffic (ADT) up to 7,500 and highways with ADT up to 15,000
(Ecology, 2019).
Two roads and highways through Lewis Creek basin have ADT
higher than 10,000, with limited or no stormwater BMPs, as
presented in Figure 8. Consequently, roadway pollutants may
have a high influence on pollutant loads in the stream.

Point Sources

Low

1

Streams with low expected pollutant loads from the MS4 and
surrounding land uses receive runoff from other land uses where
runoff is already treated by stormwater BMPs (Ecology, 2019).
Issaquah contains no industrial and mining businesses with point
source discharges to surface waters in the Lewis Creek basin.
Because industrial and mining point sources are permitted by
Ecology and are presumed to be controlled with source control
and treatment BMPs, they may have a low influence on pollutants
in the stream.

Average Stormwater
Influence on
Pollutants

Low

1.7

Average Stormwater Influence on Pollutants score is the mean of
the three scores. A score below 2.25 is low, 2.25 to 2.75 is
considered medium, and above 2.75 is high.

The analysis of stream health presented in Section 1.3.7. suggests anthropogenic causes of pollution in Lewis Creek exist.
However, the Low average pollutant influence score is supported by the small portion of the basin that is within the City of
Issaquah and the City’s position (downstream) in the basin.
*High influence rating = 3, Low influence rating = 1, Combined score = mean
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COMMUNITY
FACILITIES 6%
CONSERVATION
34%

RESIDENTIAL
60%

Figure 10: Zoning Percentages

3. Summary of Basin Management Strategies
In this section, the previously listed basin management strategies for water flow and water quality, derived from
the Puget Sound Partnership, are compiled and summarized. Basin management strategies are used to guide the
selection of stormwater management options for a basin. A summary of basin management strategies for Lewis
Creek is presented in Table 22. The strategies are discussed in Chapter 2 of this plan.

Table 22: Summary of Basin Management Strategies
Summary of Basin Management Strategies
(AU) 81501
Basin Management Strategies for Water Flow
Overall

Development

Delivery

Restoration

Surface Storage

Conservation

Recharge

Development

Discharge

Development

Basin Management Strategies for Water Quality
Sediment

Restoration of Source Processes

Phosphorus

Restoration of Source Processes

Metals

Restoration of Source Processes

Nitrogen

Restoration of Source Processes

Pathogens

Restoration of Source Processes

1 The

majority of the Assessment Unit is located outside of the City of Issaquah.

3.1. Water Flow
The overall management strategy for flow processes should be development. Headwater and upland tributary
areas within the upper basin are relatively less impacted by land uses, and the delivery processes within these
areas should be restored. Within City limits, the Lewis Creek basin is largely built-out by residential
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neighborhoods. As such, there are limited flow recourses to restore, protect, or conserve. The management
strategy for water flow should continue to focus on development, while restoring available delivery processes and
conserving remaining surface storage areas. (Puget Sound Partnership, 2016)

3.2. Water Quality
Lewis Creek is surrounded by residential neighborhoods which contribute pollutants to the system. Lewis Creek is
on Ecology’s 303(d) list for DO, bacteria, and temperature. Sediment and high turbidity have been reported in
Lewis Creek during heavy rain events. Because the built landscape that surrounds Lewis Creek is contributing to
many of the identified water quality issues, the management strategy for Lewis Creek should focus on the
restoration of areas that are sources of metals, phosphorus, nitrogen and pathogens. (Puget Sound Partnership,
2016)

3.3. Typical Restoration Strategies
The Puget Sound Partnership suggests that each basin management strategy may be best implemented through
selection of appropriate stormwater management options (SMOs) and habitat restoration techniques. This subsection describes the recommended SMOs and habitat restoration techniques that may be appropriate in an
urban/suburban setting such as Issaquah.
Typical SMOs and habitat improvements that apply to all management strategies include maintaining
stream/wetland physical integrity, restoring floodplains and wetlands, restoring riparian zones, and protecting
aquifer recharge areas. Typical opportunities that apply to the conservation and the development management
strategies include all of the above plus emphasizing dispersion and on-site infiltration. Typical opportunities that
apply to the protection management category include all of the above plus increasing buffer widths, reducing
groundwater withdrawals, reducing interception of shallow groundwater in ditches, and revegetating uplands.
Typical opportunities that apply to the restoration management category include all of the above plus retrofitting
structures and roads for greater infiltration, and reconstructing stream reaches or artificial wetlands. (Puget Sound
Partnership, 2016).

4. Summary of Identified Issues
Basin issue locations were identified through the basin characterization and evaluation of process for water flow,
water quality, and habitat. All known issues within the Lewis Creek basin documented in Sections 1.2, 1.3, and
1.4., and the issue locations associated with public right-of-way and infrastructure systems throughout the City,
are presented on a map in Appendix A.
The reported flow issues were associated with the December 20, 2019 storm event.
Water quality issues stem primarily from stormwater runoff and high turbidity during storm events. Stormwater
pollutants include bacteria and contaminants from impervious areas. Multiple water quality standards are
exceeded in the watershed. Notable water quality issues in the Lewis Creek basin include low DO concentration;
and elevated levels of fecal coliform, turbidity, and total phosphorus.
Habitat issues are not well-documented, but they are thought to be typical of urban stream systems in the Puget
Sound Lowlands. Two fish passage barriers are identified.
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Appendix A
City-wide Known Issues Maps
(Under Separate Cover)

