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I. Purpose and Background
This final watershed-scale stormwater plan for Little Bear Creek
(“Basin Plan”) was developed in accordance with Special Condition S5.C.5.c
of the 2013-2018 Phase I Municipal Stormwater Permit (“the Permit”).
The Permit requires a data collection and modeling process and the development of a plan to meet future water quality standards for fecal coliform,
temperature, dissolved copper, and dissolved zinc. Aquatic biologic health,
as measured by B-IBI (benthic index of biotic integrity), must also be
evaluated. The Permit requirements include the use of a calibrated continuous runoff model and the development of stormwater management strategies,
cost estimates, and an implementation plan. The Little Bear Creek Basin Plan
has been developed in fulfillment of these requirements using the methods
prescribed by the Permit.
Study Area: Little Bear Creek drains more than fifteen square miles in south
Snohomish County and northern King County and is one of four major tributaries to the Sammamish River. The Little Bear Creek watershed is an important resource for fish, recreation, and open space. Compared to other nearby
Snohomish County watersheds undergoing urbanization, Little Bear Creek has
relatively good water quality and stream habitat conditions. However, land
development over time has affected water quality and flow patterns in the
watershed. Even with increased stormwater treatment associated with redevelopment, Little Bear Creek will fall short of certain water quality standards
and targets.
This Little Bear Creek Basin Plan addresses the upper 90 percent (about
8,550 acres or 13.4 square miles) of the basin within unincorporated
Snohomish County. This study area is located east of the cities of Bothell and
Mill Creek and north of the City of Woodinville. Small areas in Bothell and
Woodinville drain into tributaries to Little Bear Creek at the county line
(see Figure ES-1). These areas were included in the analysis of watershed
conditions, but they were excluded from potential future actions to
implement stormwater management strategies because they are outside
county jurisdiction and the study area.
Figure ES-1: Study Area Location Map

Snohomish County
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II. Technical Analysis
The County followed the Permit-specified methodology for evaluating
dissolved copper, dissolved zinc, temperature, fecal coliform, and impacts
of modified flow patterns on aquatic habitat in the study area.
Data collection: A Current Conditions Assessment of water quality and
stream flow conditions in the study area was conducted, as described in
detail in Appendix A to this Basin Plan. The County used a combination of
existing and new data from a network of ambient water quality and longterm streamflow monitoring sites in the study area. From 2014 to 2015, the
County collected additional flow and storm-related water quality data from
four automated sampling sites installed for the purposes of this study. The
County also used long-term B-IBI data (invertebrate species data) sampled
between 2002 and 2015 at ten mainstem Little Bear Creek sites
(two within King County). These were supplemented with new data collected for this study from 12 sites in 2014 and 16 sites in 2015. In addition,
staff conducted fieldwork in portions of Little Bear Creek in the study area
to determine stream and habitat-related health conditions. Lastly, many
of the stormwater detention facilities were inspected and evaluated in the
field. This information was used to evaluate current flow, water quality, and
habitat conditions.
Modeling: A computer model was developed and calibrated to reflect
existing conditions. That model was then used to predict future conditions
under the County’s existing comprehensive plan (through 2035), as well as
to assess the conditions that may have been present before any development in the watershed. More discussion of the computer modeling effort
is given in the Watershed Modeling Report attached as Appendix B to this
Basin Plan.
Results: The predicted future conditions, as determined by the computer model, were compared to water quality standards and targets. Water
quality standards are set by the state for dissolved zinc, dissolved copper,
and temperature, which if exceeded can be harmful to fish. Fecal coliform
standards are also established to protect human health. The model showed
that water quality standards for dissolved metals would be met, but water
quality standards for temperature and fecal coliform would not be met. The
study area would also fall short of the targeted 90 percent of forested values
for B-IBI, which was estimated from the modeling using relationships to
flow characteristics established by scientists in the Puget Sound region. The
Permit requires the County to develop and evaluate stormwater management
strategies (projects and actions) likely to improve water quality in the study
area so that water quality standards and targets are met.

Component

Dissolved zinc
Dissolved
copper
Temperature

Future
Buildout
Under
Current
Code
P
P

Fecal coliform
B-IBI (aquatic
health)
Table ES-1: Predicted Future Results
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III. Implementation Plan
A variety of stormwater management strategies were considered to meet
standards for water quality and flow. Structural best management practices (BMPs), i.e. constructed stormwater facilities, were generally modeled
in groups referred to as “BMP sequences.” The BMP sequences included
traditional stormwater facilities such as detention, infiltration, and wet
ponds, as well as Low Impact Development (LID) practices, such as filter
strips, bioretention, permeable pavement, and rain gardens. Other strategies
(riparian buffer restoration and water quality biofiltration) were modeled
specifically to provide enhanced temperature or fecal coliform benefit. Optimization modeling was used to identify a balance of efficient and effective
improvements that would meet flow, temperature, and fecal coliform
standards and targets.
Continuation and potential expansion of program activities that target
reduction of fecal coliform sources—such as education and outreach,
inspections, and maintenance—were considered but not explicitly
modeled. The benefit provided by existing programs cannot be quantified
but is reflected in the modeling through the data used for model calibration. Instream improvement strategies were also considered as allowed by
the Permit (but not modeled), as a means of enhancing habitat and biological conditions. Both fecal reduction programs and instream projects may
supplement or reduce the potential need for structural facilities, subject to
further evaluation as proposed in the implementation plan.
Strategy Selection and Cost Estimates: The Permit requires that the Basin
Plan include strategies to achieve water quality standards and targets, cost
estimates, potential funding mechanisms, responsible parties, and schedule.
Table ES-2 below summarizes the total amount and estimated cost of the
various modeled strategies that would be needed to achieve water quality
standards and targets, grouped by type of best management practice (BMP).
The modeled BMP costs total about $289 million.

Costs are planning level, in 2016 dollars (PV)

Table ES-2. Modeled Strategies
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Figure ES-2 below illustrates the relative distribution of BMP types in terms
of size (approximate footprint area, left) and cost (right). It is clear from
the graphs that detention and filtration are more expensive strategies,
relative to their footprint, compared to LID and voluntary buffer restoration
(which has no associated land cost).

Figure ES-2. Modeled Strategies Distribution

Instream strategies—such as streambank stabilization, channel reconnection, and wetland restoration—are an optional component of the Permit
and were not modeled as part of this study, with the exception of buffer
restoration to provide stream shading and temperature reduction. Instream
strategies could be implemented as supplemental projects, to be applied
adaptively over the course of plan implementation, with the potential to
offset some of the need for flow management from structural facilities.

Component

New

Modeled
Strategies
Non-Modeled
Strategies
Support

$288.6 M

On-Going

Total
$288.6 M

$13.5 M

$2.5 M

$16.0 M

$2.3 M

$1.3 M

$3.6 M

Total

$308.2 M

Costs are planning level, in 2016 dollars (PV)
Table ES-3. Basin Plan Estimated Costs

Current program activities, such as fecal coliform source control and storm
drain system maintenance, were not explicitly modeled but are assumed to
provide some benefit. Ongoing costs for these and other support activities,
as well as potential new costs for Plan administration and management,
such as model refinement, fecal source study, monitoring and evaluation,
are also included in the implementation of the Basin Plan. The additional
costs for supplemental strategies and support activities total about $20 million, and when added to the modeled cost, the total cost of the Basin Plan
is about $308 million.

Component

Dissolved
copper

Future
Buildout
with Plan
P

Dissolved zinc

P

Temperature

P

Fecal coliform

P

B-IBI

P

Table ES-4. Predicted Water Quality
Results with Plan Implementation
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Implementation Cost and Schedule: The Basin Plan recommends a variety
of capital projects and non-capital maintenance, education and inspection
programs, which are projected to cost approximately $308 million (in 2016
dollars) over a 30-year period. This figure is an estimate and would be
subject to change as stormwater management strategies are adaptively
managed, as proposed in the implementation plan. Implementation is
proposed to occur in four phases over the 30-year period; however, actual
timing and extent of work would depend on funding availability. There is
currently no requirement in the Permit for the County to implement the
Basin Plan.
Funding: The Basin Plan projects the need for significant additional projects
and programs in order to meet state water quality standards and targets.
While existing County programs are assumed to continue as long as existing
local funding is available, funding for and timing of implementation of the
remainder of the Basin Plan is projected to be dependent on grants.

IV. Public Process
The involvement of stakeholders, including Little Bear Creek residents, was
integral to the development of the Basin Plan. Outreach began in 2015 with
letters informing streamside property owners about the planning process
and requesting permission to conduct stream walks to collect data. A public
open house to introduce the basin planning study was held in April 2016.
Between 2016 and early 2017, the County conducted three meetings and
technical workshops for stakeholders and project partners to present progress and methodology, and to gather ideas and input on stormwater management strategies. In June 2017, the County held a public open house to
present the draft Basin Plan to the community for comment.

V. Summary and Conclusions
This Basin Plan presents an overall blueprint for stormwater management
activities in the Little Bear Creek study area to meet state water quality
standards and targets. It proposes capital projects, maintenance and inspection programs, follow-up studies to target solutions, and outreach programs.
It allows the flexibility to identify suitable project locations and to work
with partners to implement specific projects or programs, incorporating
principles of adaptive management.

For more information
see www.littlebearcreek.
surfacewater.info

Restoring water quality is an expensive, long-term process that carries with
it elements of uncertainty, such as the limitations of current science and
analysis, and limitations of available data. This Basin Plan was developed
using the most robust methods, data and science available for the study.
This large effort in a limited geographic area presents unique challenges,
and it will take participation and cooperation from federal, state and local
agencies, as well as local residents, to meet projected water quality standards and targets.
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