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Sustainable Development Study: R-1 Zone 
Executive Summary 

Issue
The City of Woodinville determined that a review of zoning densities needed to occur on lands 
currently classified as R-1, where the minimum size for new parcels is one unit per acre.  Under 
current Woodinville Municipal codes, the R-1 zone density can be increased to R-4 only upon 
approval of a rezone. R-1 to R-4 in the Woodinville’s Comprehensive Plan is considered Low 
Density.  This document is called the Sustainable Development Study and includes four individual 
studies: environmental, neighborhood character, transportation, and capital facilities. The study was 
initiated after a Moratorium was established to limit development until the results of the study were 
available.  The Moratorium is anticipated to end in March 2007.  

The residential zones in the city make-up approximately 60% of the city’s 3,500 acres, with the R-1 
zone encompassing approximately 30% or 1,100 acres.  One of seven major neighborhoods, the R-1 
neighborhood is located on the northeastern uplands of the city (see Figure ES-1), and is referred to as 
the Leota and Wellington Neighborhoods.   R-4, R-6, R-8, and five multifamily residential 
designations comprise the remainder of the city’s residential area. 

Viewed in the abstract, R-1 zoning has been inconsistent with past decisions by the Central Puget 
Sound Growth Management Hearings Board (Board)  regarding minimum urban densities, but recent 
Court and Board decisions indicate that such densities are not necessarily required in all urban areas 
as an absolute rule.  The Board and related case law guide decisions where densities may be allowed 
other than those the Board considers “compact urban.”   In addition, the GMA calls for ensuring “the 
vitality and character of established residential neighborhoods,” and past Board decisions have 
explicitly authorized lower urban densities when they provide added or necessary protection for 
critical areas that are large in scope, complex in structure and function, and of a high rank order.
(These criteria are known as the “Litowitz test,” following the name of the plaintiff in the case where 
they were first identified1.) Factors used in supporting lower densities are the same as those evaluated 
in this Sustainable Development Study: 

Environmental – what levels of density can the land support and maintain and protect important 
critical areas? 

                                                     

1 Litowitz v. Federal Way, CPSGMHB Case No. 96-3-005 (July 22, 1996). 



Figure ES-1. Zoning Map 
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Neighborhood Character – what areas of the R-1 zoned land have a distinct character that requires 
recognition through zoning? 

Transportation – how would growth at different densities affect transportation systems? 

Capital Facilities and Services – are infrastructure systems and public services capable of growth 
at different densities? 

In addition to the above, the following are relevant contextual factors that must be evaluated when 
determining densities and are specifically discussed in the neighborhood character report of this 
study: 

The percentage of the overall land in the City where lesser densities may be permitted, 

Whether the City is meeting its assigned growth target, the City’s overall average density, what 
density and designations are applied to undeveloped/unplatted areas of the City, and whether, 
overall, the City’s planning record indicates that it is meeting its obligations under the Growth 
Management Act (GMA).   

The Sustainable Development Study examines each individual factor, and then based on a range of 
these factors, provides zoning alternatives/options for consideration by City decision-makers.  Four 
options are proposed in this study.  Policy and code amendments will be prepared supporting the 
City’s preferred option.  Such policy and code amendments could include adding environmental, 
design, road, and capital facility based development standards. 

Introduction and Background 
The City of Woodinville is one of thirty-nine cities in King County and is adjacent to Snohomish 
County’s boundary. In 2002, the City compared its demographics to King County as a whole and 
several Eastside and other nearby cities.  Compared with Seattle, Mill Creek, Bothell, Kirkland, 
Redmond, Bellevue, and Issaquah, the City had the largest household size, the most population under 
age 19, the least growth between 1990 and 2000, and the smallest population. The City, since its 
inception has promoted the desire to maintain a “Northwest Woodland Character,” identifying that 
desire in numerous places, including its Comprehensive Plan goals, Land Use LU-1, Community 
Design Goal CD-2, and Environmental Goal ENV-6. Houses in the R-1 zone are mostly homes built 
in the 1960’s through the 1980’s on large lots, but in other R-zoned areas they are newer homes on 
smaller lots.

Growth Management Act Goals 
The GMA established 13 goals for the comprehensive planning process.  Per RCW 36.70A.020, the 
following goals are not listed in order of priority and shall be used exclusively for the purpose of 
guiding the development of comprehensive plans and development regulations: 
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Urban growth.  Encourage development in urban areas where adequate public facilities and 
services exist or can be provided in an efficient manner. 

Reduce sprawl.  Reduce the inappropriate conversion of undeveloped land into sprawling, low-
density development. 

Transportation.  Encourage efficient multi-modal transportation systems that are based on 
regional priorities and coordinated with county and city comprehensive plans. 

Housing. Encourage the availability of affordable housing to all economic segments of the 
population of this state, promote a variety of residential densities and housing types, and 
encourage preservation of existing housing stock. 

Economic development.  Encourage economic development throughout the state that is consistent 
with adopted comprehensive plans; promote economic opportunity for all citizens of this state, 
especially for unemployed and for disadvantaged persons; promote the retention and expansion of 
existing businesses and recruitment of new businesses; recognize regional differences impacting 
economic development opportunities; and encourage growth in areas experiencing insufficient 
economic growth, all within the capacities of the state's natural resources, public services, and 
public facilities. 

Property rights. Private property shall not be taken for public use without just compensation 
having been made. The property rights of landowners shall be protected from arbitrary and 
discriminatory actions. 

Permits. Applications for both state and local government permits should be processed in a 
timely and fair manner to ensure predictability. 

Natural resource industries.  Maintain and enhance natural resource-based industries, including 
productive timber, agricultural and fisheries industries. Encourage the conservation of productive 
forestlands and productive agricultural lands, and discourage incompatible uses. 

Open space and recreation.  Retain open space, enhance recreational opportunities, conserve fish 
and wildlife habitat, increase access to natural resource lands and water, and develop parks and 
recreation facilities. 

Environment.  Protect the environment and enhance the state's high quality of life, including air 
and water quality, and the availability of water. 

Citizen participation and coordination.  Encourage the involvement of citizens in the planning 
process and ensure coordination between communities and jurisdictions to reconcile conflicts. 

Public facilities and services. Ensure that those public facilities and services necessary to support 
development shall be adequate to serve the development at the time the development is available 
for occupancy and use without decreasing current service levels below locally established 
minimum standards. 

Historic preservation.  Identify and encourage the preservation of lands, sites and structures that 
have historical or archaeological significance. 
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Of particular interest in the R-1 study are goals to reduce sprawl, protect the environment, and 
provide housing choices.   

Growth Management and Urban Densities 
In 1995, the Central Puget Sound Growth Management Hearings Board established a “general rule” 
of four net dwelling units per acre as a minimum density for urban areas under the GMA.  Calling this 
standard a “bright line,” the Board stated: 

Any residential pattern at that density, or higher, is clearly compact urban development and 
satisfies the low end of the range required by the Act.  Any larger urban lots will be subject to 
increased scrutiny by the Board to determine if the number, locations, configurations and 
rationale for such lot sizes complies with the goals and requirements of the Act, and the 
jurisdiction’s ability to meet its obligations to accept any allocated share of County-wide 
population.  Any new residential land use pattern within a UGA [Urban Growth Area] that is 
less dense is not a compact urban development pattern, constitutes urban sprawl, and is 
prohibited. 

The next year, the Central Board identified the criteria it would use to determine whether 
environmental factors could justify a lower density in urban areas: 

The Board holds that when environmentally sensitive systems are large in scope (e.g. a 
watershed or drainage sub-basin), their structure and functions are complex and their rank 
order value is high, a local government may also choose to afford a higher level of protection 
by means of land use plan designations lower than 4 du [dwelling units]/acre. 

These criteria have come to be known as “the Litowitz test,” following the name of the plaintiff in the 
case.  The criteria have not changed, nor have they been substantially clarified, under subsequent 
Growth Board decisions.  This leaves many important details somewhat ambiguous.  Watersheds and 
drainage sub-basins can be identified across a wide range of sizes, from a large river system like the 
Columbia River to an individual wetland or small stream.  To some degree, the structure and 
functions of nearly all natural systems are complex.  The meaning of “rank order value” is also 
unclear and depends on scale.  A particular stream or wetland, for example, could rank of high 
importance within a small jurisdiction or small drainage basin but of much less importance when 
considered at larger geographic scales.  Nevertheless, it is clear that critical areas that are not of high 
relative value within the larger natural systems in the surrounding vicinity or within an individual 
jurisdiction would be unlikely to pass the Litowitz test. 

In a later case, Fuhriman v. Bothell, the Board acknowledged “a possible expansion of Litowitz
analysis,” where lower densities might be allowed to protect critical areas that do not, strictly 
speaking, meet the Litowitz test.  It noted that critical areas that are linked hydrologically could have 
“unique geologic or topographical features that would also require the additional level of protection 
of lower densities in those limited geologically hazardous landscapes.”  Such areas might, for 
example, provide sources of cool water for streams and rivers, wildlife habitat, and other ecological 
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functions.  The Board has never explicitly addressed whether it would support reduced densities 
solely to reduce the public safety threat of geologic hazards, which generally can be addressed 
through other means (e.g., setbacks, vegetation retention, appropriate stormwater management, and 
site-specific conditions on development). 

Complicating this legal context further, in 2005 the Washington State Supreme Court held that the 
Growth Boards do not have the legal authority to set “bright line” rules that are not contained within 
the GMA. And, it suggested that local conditions, such as the existence of private covenants 
restricting density, could be taken into account by local governments in planning under the GMA.  In 
March 2006, a King County Superior Court judge cited this Supreme Court ruling in voiding a 
Central Board decision against the City of Normandy Park, where the City had adopted a GMA plan 
which retained the existing zoning which is generally well below four units per acre.  Judge Bruce 
Hilyer found that, both under the Supreme Court case and under his own independent reading of the 
GMA, Growth Boards do not have the authority to impose “bright line” rules of their own 
construction, heightened scrutiny tests, or uniform minimum residential densities.  Judge Hilyer 
emphasized that, under the GMA, deference must be given to a local government’s decision regarding 
appropriate urban densities, based on local circumstances. The fact that the City’s plan met its growth 
allocations and that the City had no UGA appear to have been among key factors in the Normandy 
Park case.

Several parties have appealed and asked the Supreme Court to accept direct review of Judge Hilyer’s 
decision.  Thus, it is not absolutely certain what criteria might be applied to judge the validity of 
Woodinville’s R-1 zoning, should it be challenged to the Central Board or the courts.  It is worth 
noting, however, that the GMA provides for a “broad range of discretion” in local planning.  The 
Act’s housing goal explicitly promotes “a variety of residential densities and housing types, and 
encourage[s] preservation of existing housing stock.” (RCW 36.70A.020(4))  The Act also calls for 
housing elements in local Comprehensive Plans that ensure “the vitality and character of established 
residential neighborhoods” (RCW 36.70A.070(2)). 

While there may be less certainty about urban and rural densities, the GMA goals that must be 
balanced remain.  By reviewing a range of important planning issues – environmental, neighborhood 
character, transportation, and capital facilities – the City intends to achieve a balance of GMA goals 
appropriate to local conditions in Woodinville. 

Growth Targets 
In addition to meeting GMA goals, the City must plan for its fair share of population growth in 
accordance with GMA provisions.  Under the King County population allocation process performed 
under the GMA, the City of Woodinville is required to provide up to 1,869 new housing units by the 
year 2022.  In an extensive public process, the City has strategically evaluated where and how it could 
locate its population growth with the goal of preserving its woodland community character.  The City 
did this through creation of a Central Business District zone for the downtown, which allows a base 
density of 36 units per acre, up to a maximum of 48 units per acre.  With development standards that 
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encourage high density housing and transit- oriented design, the City’s buildable land analysis shows 
that the City has sufficient capacity under its current zoning to accommodate at least 1,947 new 
housing units, 78 more than are needed to meet its 2022 population allocation (see Attachment B for 
more information).  Therefore, during review of the R-1 zone, the primary concern is protecting 
critical areas without concern for the City’s ability to meet its growth forecast.  

Public Participation 
Another GMA goal involves ensuring public participation.  To that end, a citizen’s advisory panel 
was appointed.  In addition, the Planning Commission conducted meetings.  As of February 20, 2007,
the following meetings have been conducted: 

CAP Meetings 
July 12, 2006: Discussion of Issues & Scope of Work; Develop Tentative Meeting Schedule 
July 19, 2006: Introduction of Subject Experts; Technical Expert Presentations; Stormwater, Hydrogeology, Limnology, 
Other
August 2, 2006: Legal Issues; Technical Experts Continued; Data Needs; Critical Areas Definitions; Goals Discussion 
August 23, 2006: Goals Discussion; Data Needs; Critical Areas; Neighborhood Character 
September 6, 2006: Discussion Of One Sentence Purpose of Being a Member; Continuation of Goals Discussion 
September 14, 2006: Continuation Of Goals Discussion 
September 19, 2006: Continuation of Goals Discussion 
October 12, 2006: Environmental Studies Presentation, Consultants; Miscellaneous; Continuation of Goals Development; 
Transportation Issues Mailed  
November 15, 2006: Draft Environmental Report Presentation; CAP Final Goals and Policies Recommendation 
December 27, 2006: Draft Environmental Report Status; Housing-Neighborhood Character Study; Comp. Plan & Regulatory 
Amendment Strategies 
January 3, 2007: Draft Environmental Report Status; Housing-Neighborhood Character Study; Comp. Plan & Regulatory 
Amendment Strategies 
January 10, 2007: Open House Sustainable Development 
January 18, 2007: Open House Sustainable Development: ·Schedule Of Sustainable Development Project: Housing-
Neighborhood Character Study: Other Reports of Project 
January 24, 2007: Review Draft Sustainable Development Report with Consultants 
January 30, 2007: Review Draft Sustainable Development Report 

Planning Commission Meetings 
June 7, 2006: Appointment of CAP Members 
August 16, 2006: Status Report On Environmental Studies 
September 20, 2006: Status Report On Sustainable Development 
November 15, 2006: Joint Meeting With CAP & Consultants Re: Environmental Report 
January 3, 2007: Comprehensive Plan, Zoning Code And Regulatory Amendment Proposal Discussion 
January 18, 2007: Open House Sustainable Development 
January 24, 2007: Joint Meeting with CAP and Consultants; Review Draft Sustainable Development Report 
January 31, 2007: Public Hearing 
February 14, 2007: Public Hearing and Deliberation 

The City Council is conducting additional public meetings and hearings through March 2007. Please 
see www.ci.woodinville.wa.us for more information. 



Sustainable Development Study – R-1 Zone: Executive Summary 

City of Woodinville
8

Analysis
Table ES-1 outlines the reports prepared and used for this Study. Each report is summarized below 
and in Table ES-2.  In addition, each report is provided as an attachment to this Executive Summary. 

Table ES-1. Report Preparation Matrix 
Attachment Report Name Prepared By: 

Attachment A: 
Environmental Report 

City of Woodinville Sustainable 
Development Project: R-1 Area 
Environmental Report  

Steward & Associates 
and City of Woodinville 

Attachment A: 
Appendix A 

Hydrogeologic Analysis for City Of 
Woodinville Sustainable Development 
Program 
and Preliminary Assessment of Hillside 
Drainages Infiltration 

Golder Associates, Inc. 

Attachment A: 
Appendix B 

Lake Leota Analysis for City Of 
Woodinville Sustainable Development 
Program 

C. Michael Falter, Ph.D 

Attachment A: 
Appendix C 

City of Woodinville R-1 Zone Wetland 
Inventory 
C-1. Woodinville Additional Wetland 
Reconnaissance Survey 
C-2. Woodinville Wetland Survey 
C-3. Citizen Advisory Panel Supplied 
Map

C-1 Jones & Stokes 
C-2. Cooke Scientific 
C-3. Citizens Advisory Panel 

Attachment A: 
Appendix D 

Woodinville Sustainable Development 
Study 

Perteet Inc. 

Attachment B: 
Neighborhood Character in 
the R-1 Zone Report 

Neighborhood Character in the R 1 
Zone, City of Woodinville 

City of Woodinville 
Development Services Department 

Attachment C: 
Transportation Report 

Transportation, City of Woodinville City of Woodinville 
Public Works 
Perteet Inc. 

Attachment D: Capital 
Facilities and Utilities 
Report

Capital Facilities and Utilities in the R-1 
Area

City of Woodinville 
Development Services Department 

Attachment E: Moratorium 
Ordinances 

Moratorium Ordinances 419, 424, and 
427

City of Woodinville 

Attachment F: Other 
Information/Errata 

Reserved for added or corrected 
information by various authors as 
appropriate 

Various Authors 
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Environmental
Two critical areas in the R-1 zone appear to meet the Litowitz test that allows for lower densities in 
urban areas to protect large scope, complex and high rank order critical areas – Cold Creek and Lake 
Leota.  These two critical areas are linked: the Lake Leota basin is the primary headwaters for Cold 
Creek.  The outlet stream of Lake Leota is, in fact, Cold Creek, but for the majority of time the lake 
does not flow out through this stream, but instead discharges into groundwater, which reaches Cold 
Creek through seeps and springs to the east of the R-1 zone.  Cold Creek’s unusual reliance on 
groundwater is why it provides a steady flow of cold, clean water to the Bear Creek system 
downstream.  Bear Creek is a large producer of naturally spawned salmon for a stream its size in 
western Washington, and, according to the Environmental Report, Cold Creek plays a very important 
role in that.  The Lake Leota basin comprises approximately 40% of the entire R-1 zone (see Figure 
ES-2 for a map of drainage basins in the R-1 zone).    

The Environmental Report (Attachment A) recommends that the Lake Leota basin is best suited for 
lower densities that preserve and protect Lake Leota and Cold Creek. For the most part, R-1 is 
expected to produce the best results. The report also mentions a number of other recommendations for 
the lake’s protection, including stormwater and channel improvements upstream, continuance of the 
current no-engine rule for boats, best management practices for lakeside property owners and others 
in the wider lake basin, improvements in monitoring, and changes in how the lake’s outlet is 
controlled.  For the long-term, the Environmental Report recommends a lake management plan. 

In the School Basin, which drains directly to Cold Creek and is immediately east of the Lake Leota 
Basin, the Environmental Report recommends extensive use of low-impact development regulations 
(LID) and improved mapping of streams and wetlands, to help protect the creek.  The basin does not 
require the need for R-1 densities. 

In the Upper Woodin Creek Basin in the southwestern portion of the R-1 zone, the Environmental 
Report identifies geologic hazard areas that require specific engineering and geotechnical protection. 
In addition and where appropriate, careful use of LID (which, if inappropriately constructed, could 
destabilize hazard areas) could provide beneficial effects.  In the Golf Course Basin, and the Hillside 
Drainages Basin, which ultimately flow to Little Bear Creek, and in the Upper Woodin Creek Basin, 
the Environmental Report recommends tightlining stormwater in fuse-welded pipe (e.g. HDPE pipe) 
near geologic hazards to below areas of instability.  The Environmental Report also includes a 
hydrogeologic modeling of a worst-case scenario to determine how the geologic hazards in both of 
these areas may be affected by stormwater infiltration and what setback would be required if the 
worst case actually existed. Such infiltration might provide benefits to Lake Leota but could increase 
potential threats to these hazards. The southwest portion of the Upper Woodin Creek basin has 
complex, steep terrain that would best be served by lesser density, but the upper flatter portion of the 
basin could allow for greater density. (See Figure ES-3 for a topography map based on LIDAR 
imaging; note that the red boundary identifies the areas of 15% slopes or greater.) 
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Based on environmental factors, the conclusions of this study differ for different areas of the R-1 
zone, primarily because of complex patterns of surface water drainage and groundwater flow and the 
special needs to protect Leota Basin and Cold Creek that cannot be accomplished by the standard 
requirements of the city’s Critical Areas Ordinance.  The data collected for this study has been used 
to determine a broader planning level analysis that identifies whether or not different zoning densities 
could improve the protection of important critical areas in the city. Taking into account that 
individual developments are required to protect on-site critical areas such as streams, wetlands, steep 
slopes, aquifer recharge areas, and others by complying with the Woodinville Municipal Code, 
Critical Areas Ordinance, Chapter 21.24, the conclusions of this study determined that Lake Leota 
and Cold Creek required additional protection through decreased densities.  In summary, the 
Environmental Report finds that one particular basin encompassing much of the R-1 zone area, the 
Lake Leota Basin, meets the CPSGMHB Litowitz criteria allowing for additional environmental 
protection through zoning densities.  Other implementing development regulation measures are 
recommended in other basins to protect environmental quality. 

Neighborhood Character 
Based on urban design principles, 12 theoretical neighborhoods were identified and evaluated for 
distinct neighborhood characteristics in the “Neighborhood Character in the R-1 Zone Report” found 
in Attachment B.  These conceptual neighborhoods are identified on Figure ES-4 and below: 

Northwest Wellington. The neighborhood is heavily wooded, has excellent spatial order and 
building texture, cohesive circulation, and is visually cohesive in terms of buildings, block 
patterns, and streets that together crisply define neighborhood boundaries. 

Southwest Wellington. Accessibility and lot configuration largely define this neighborhood.  
External access is limited, which makes for an enclave-like place.  The wooded setting adds 
immensely to a sense of place. 

North Wellington. With few exceptions, this neighborhood is defined by its location in a 
physiographic plain and by the degree of road connectivity.  External accessibility also defines 
boundaries and encloses the neighborhood. 

Central Wellington. There is only one major access into this neighborhood, NE 195th Street.  
Other minor roads connect from different directions and are closed off or dead end.  Central 
Wellington is somewhat more defined by adjacent neighborhoods than it is unto itself. 

South Wellington. This area is commonly accessed off of 156th Avenue NE.  It contains many 
unimproved or private roads that are the result of short plat activity.  Its boundaries, similar to 
those of Central Wellington, are easily defined by adjacent neighborhoods. 

Northeast Wellington. This is a neighborhood defined primarily by the constricted nature of 
access.  There is only one way in and one way out via 168th Avenue NE.  It is further isolated by 
school property occupying the major portion of its southern extremity. 
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North Leota. North Leota is characterized by its adjacency to Woodinville-Duvall Road and by its 
broad range of lot sizes.  There is no connectivity in any sense of the term, but this neighborhood 
occupies the greatest extent of the Leota outwash plain niche. 

Leota. This neighborhood is the best defined in the study area.  Common views, common access, 
lot configuration enclosure, and wooded nature make this one of Woodinville’s most distinct 
places.

South Leota. This is a well-defined neighborhood, all on an even grade, facing northeast, shaded 
in the afternoon, wooded slope.  Political boundaries and transportation network provide strong 
elements to boundary definition. 

Laurel Plateau. Terrace-flat topography defines this neighborhood.  Steep slopes and formal 
subdivision boundaries confine this area into one neighborhood. 

Woodway-Laurel Hills. This neighborhood predominantly consists of two formal subdivisions that 
have similar street networks and topography.  Ridge and slope topography characterize its 
common physiographic niche, and its richly manicured landscape amidst tall woods creates a 
common definitive sense of place. 

Lower Woodway. This neighborhood located in the southwest fringe of the study area has 
common access off of NE 173rd Street.  Steep slopes are common throughout.  Its identity is 
defined by its adjacency to its neighbor and by its isolation because of topography and access 
limitations. 

Each neighborhood was evaluated by methods of character identification that included visual surveys 
and overlay mapping iterations of human-made, physical, and environmental phenomena. See the 
Neighborhood Character Report (Attachment B) for details.  This analysis was performed with the 
intent of identifying neighborhood character and validating its importance as a vital element in certain 
neighborhoods of Woodinville.   

Based on the evaluation, the Neighborhood Character report identifies five neighborhoods with 
distinctive character that could be diminished if redevelopment occurred within them at different than 
existing densities, whether lower or higher: 

Northwest Wellington 

Southwest Wellington 

North Wellington 

Leota

Woodway-Laurel Hills 

These five neighborhoods were recommended to receive “neighborhood character recognition” 
through maintaining existing common density in the neighborhood.  The neighborhood analysis 
concluded that neighborhood character has an important place along with environment, 
transportation, and capital facilities in the Woodinville R-1 Area. 
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Transportation
The R-1 study area was reviewed for transportation conditions; please see Attachment C.  Results 
show the majority of the roadways within the R-1 zone were developed under King County prior to 
the City’s incorporation.  With the exception of newer roads constructed under the City’s design 
requirements, the local streets in the R-1 zone do not meet the City’s road cross-section standards.  
Under the Fire Department Access standard, requiring a minimum paved width of 20 feet, only a few 
short sections of roadways do not meet this standard. 

Future road improvements, for the arterial and collector classified roads, have been identified in the 
City’s long-range capital improvements program (CIP) and will be systematically reviewed and 
considered for improvements.  It is likely improvements will be performed in several phases along 
each of these classifications of roadways and as need dictates and development warrants.  On local 
streets, these are likely to occur under special projects (such as a special district for sidewalks) or 
under development mitigation. 

The 156th Avenue NE corridor in the R-1 area was used to review operational projections for LOS at 
public road intersections.  Using a very conservative traffic circulation model (with 50% of the 
existing R-1 zone redeveloping at a higher density, an annual growth of 2.5%, and assuming no road 
improvements) the analysis identified two intersections that would exceed the City’s adopted LOS E 
by 2028.  At both locations, the LOS could be brought back into compliance with widening 
improvements within the existing public right-of-way. The analysis assumptions included the Institute 
of Transportation Engineers (ITE) Trip Generation manual, 7th edition.  It is an international guideline 
used by traffic engineers and other professionals who are responsible for meeting mobility and safety 
needs.

For vehicle capacity, both the City’s “Low-Density” and “High-Density” road standards, provide the 
same vehicle trip capacity.  If additional capacity were needed, due to physical restrictions within the 
roadway (such as the need to address a narrow road section), adequate right-of-way currently exists to 
allow for any needed improvement to address deficiencies.   

Several local streets, and one minor arterial, have been identified with vertical sight distance 
conditions.  These instances are under review by the City for possible mitigation measures. Road 
grades within the entire R-1 zone are all within the City’s acceptable standards (under 15%). 

Pedestrian and bike facilities are very limited within the entire R-1 zone area.  Only Woodinville-
Duvall Road has designated shared pedestrian and bike facilities along both sides of the roadway.  
Most of the developments following incorporation of the City (in 1993) do provide pedestrian 
facilities.  However, these make up a very small portion of the R-1 zone.  Of the remaining streets, it 
is estimated that less than 20% have any type of pedestrian facility and travel by non-motorized 
means must utilize the edge of the pavement or shoulder area.   

In summary, transportation conditions can be mitigated under different densities, and transportation is 
not a distinguishing factor in the R-1 study. However, one area in the southwest portion of the Upper 
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Woodin Creek Basin, with particularly difficult terrain for transportation improvements, may be a 
candidate for less density (pers. com. Mick Monken, Public Works Director, January 19, 2007).   

Capital Facilities 
A range of capital facilities and services are evaluated in the Capital Facilities report (see Attachment 
D).  Results are similar for all R-1 zoned areas for police and fire services, schools, and water 
services.  Differences are found in relation to sewer services as described below. 

Police and Fire Services. Projected increases in housing units due to zoning ranging from R-1 to 
R-4 would not affect response time for the police and fire service providers.  Population and 
housing increases may require additional personnel and facilities (vehicles), but response time is 
not expected by increases in density, unless access is restricted. 

Schools. Student populations are currently in the decline and an excess capacity exists in the R-1 
area; therefore,  increasing density would not create an effect on schools. 

Water. Increases in R-1 area zoning to R-4 over buildable parcels, would result in an increase in 
demand for 4,312 gallons per day in the entire study area, considered by Water District officials 
to have no major impact to the current capacity of supply or facilities. 

Sewer. The western portion of the R-1 zone has gravity access to the existing sewer facilities and 
is physically better suited for R-4 zoning. The eastern area of the basin is more difficult to serve 
due to severe grade changes that would involve pump stations and major expenses.  The Capital 
Facilities report indicates that the eastern portion is better suited for lower densities only as it 
relates to sewer until such time as sewer facility economics becomes feasible. Figure ES-5 
identifies the “break” between the areas more easily sewered than those areas less easily sewered 
at the present time. 

Overlay of All Study Topics 
Based on each individual study topic, the following results were found: 

Environmental: Two critical areas in the R-1 zone appear to meet the Litowitz test that allows for 
lower densities in urban areas to protect large scope, complex and high rank order critical areas – 
Cold Creek and Lake Leota.  These two critical areas are linked: the Lake Leota basin is the 
primary headwaters for Cold Creek.  Applying these environmental study results alone, this 
would mean that R-1 zoning is an appropriate application in the Lake Leota Basin in addition to 
existing critical areas regulations.  Other implementing development regulation measures are 
recommended in other basins to protect environmental quality.  The Lake Leota basin appears on 
Figure ES-2 in green shading, and is also identified in Figure ES-6.  A zoning option that focuses 
on the environmental results alone is presented later in this report – Figure ES-8 illustrates R-1 
zoning for the Lake Leota Basin.  See Attachment A for more information. 
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Neighborhood Character: Based on the evaluation, the Neighborhood Character report identifies 
five neighborhoods with distinctive character that could be diminished if redevelopment occurred 
within them at different than existing densities, whether lower or higher: Northwest Wellington; 
Southwest Wellington; North Wellington; Leota; and Woodway-Laurel Hills. These five 
neighborhoods were recommended to receive “neighborhood character recognition” through 
maintaining existing common density in the neighborhood.  These neighborhoods are identified 
on Figure ES-4 as well as highlighted on Figure ES-6. If considering the Neighborhood Character 
analysis by itself, the densities that would help maintain existing common density patterns vary in 
the five neighborhoods from R-1, R-2 and R-3.  See Attachment B, Figure 19, for more 
information. 

Transportation:  Transportation conditions can be mitigated under different densities, and 
transportation is not a distinguishing factor in the R-1 study. However, one area in the southwest 
portion of the Upper Woodin Creek Basin, with particularly difficult terrain for transportation 
improvements, may be a candidate for less density.  Figure ES-6 illustrates the portion of the 
Upper Woodin Creek Basin where the slope system would likely inhibit more transportation 
improvements. 

Capital Facilities:  Generally, public safety (police and fire services), school services, and water 
services can accommodate additional growth under R-1 or R-4 densities.  The western portion of 
the R-1 zone has gravity access to the existing sewer facilities and is physically better suited for 
R-4 zoning. The eastern area of the basin is more difficult to serve due to severe grade changes 
that would involve pump stations and major expenses.  The Capital Facilities report indicates that 
the eastern portion is better suited for lower densities only as it relates to sewer until such time as 
sewer facility economics becomes feasible. Figure ES-5 identifies the “break” between the areas 
more easily sewered than those areas less easily sewered at the present time. Figure ES-6 also 
shows sewer accessibility in conjunction with the other environmental, neighborhood, and 
transportation conclusions. 

Figure ES-6 presents an overlay map showing environmental basins, neighborhood subareas 
identified as having high character, an area where future transportation improvements would be more 
difficult due to complex steep slopes, and areas where sewer service is more or less accessible. The 
zoning options presented below emphasize one or more of the four topics – environmental, 
neighborhood character, transportation, and capital facilities. 
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Density Options
Based on the environmental, neighborhood character, transportation, and capital facilities reports, 
a range of zoning options for the R-1 study area were prepared for Planning Commission, City 
Council, and public review:   

R-1 Only – Retains existing R-1 zoning for entire study area without the option for R-4 (or 
could have option R1(a):  No Action with allowance for rezone to R-4); 

R- Litowitz (Based on current Growth Management Hearings Board Decisions) – Retain R-1 
zoning only for the Lake Leota Basin.  R-4 zoning surrounding Leota drainage basin; 

R- Multiple Factors – Combination of R-1, R-2 and R-4 zoning based upon the combination 
of the Litowitz test, neighborhood character analysis to ensure the vitality and character of 
existing residential areas, transportation and capital facilities; and 

R-4 Only – R-4 zoning for the entire study area. 

Figures 7 through 10 present the options.  A summary of the effects of each option is provided in 
Table ES-3.  Each option considers the four study topics differently as described in the table. 

After a Planning Commission public hearing on January 31 and February 14, 2007, the Planning 
Commission recommended that R-1 be retained in the study area and that development 
regulations be considered regarding infill development, including but not limited to, density 
transfers to downtown, and shadow platting to ensure the ability to develop to greater densities in 
the future if warranted.  The City Council will consider the Planning Commission 
recommendations together with the above options at public meetings and a hearing as well. 



Figure ES-7. Zoning Option 1
All R-1

Draft Zoning



Figure ES-8.  Zoning Option 2
R-Litowitz

Draft Zoning





Figure ES-10. Zoning Option 4
All R-4

Draft Zoning
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Executive Summary 
This report was commissioned by the City of Woodinville in June 2006 to help the City evaluate 
environmental conditions that could potentially affect zoning densities and development standards in 
its R-1 zone.  The Growth Management Act (GMA) (RCW 36.70A.070(2)) calls for ensuring “the 
vitality and character of established residential neighborhoods” and past Central Puget Sound Growth 
Management Hearings Board (Board) decisions have explicitly authorized lower urban densities 
when they provide added or necessary protection for critical areas that are large in scope, complex in 
structure and function, and of a high rank order.  (These criteria are known as the “Litowitz test,” 
following the name of the plaintiff in the case where they were first identified1.) This environmental 
report is one of four reports included in the analysis of Sustainability Study. The other three parts 
include neighborhood character, transportation, and capital facilities.  

The city’s R-1 zone, where the minimum size for new parcels is one acre, encompasses 
approximately 30% of the City’s area and is located in the City’s northeast corner. Under current 
codes, the R-1 zone density can be increased to R-4 only upon approval of a rezone. R-1 to R-4 in 
Woodinville’s Comprehensive Plan is considered Low Density. 

Viewed in the abstract, R-1 zoning has been inconsistent with past decisions by the Board regarding 
minimum urban densities, but recent Court and Board decisions indicate that such densities are not 
necessarily required in all urban areas as an absolute rule.  The following are relevant contextual 
factors when determining densities and are specifically discussed in the neighborhood character 
report:

The percentage of the overall land in the City where lesser densities may be permitted; and 

Whether the City is meeting its assigned growth target, the City’s overall average density, what 
density and designations are applied to undeveloped/unplatted areas of the City, and whether, 
overall, the City’s planning record indicates that it is meeting its obligations under the Growth 
Management Act (GMA).   

One of the purposes of this environmental report is to evaluate whether there are any critical areas—
including wetlands, fish and wildlife habitat conservation areas, geologically hazardous areas, and 
critical aquifer recharge areas—in or adjacent to the R-1 zone that meet the Litowitz test and if so, 
how they likely would be affected by different zoning densities.  This report also advises the City on 
how it can best meet its overall environmental goals in this zone under a variety of densities, from R-
1 to R-4. It is important to note that this study evaluates environmental issues at a planning level. At 
any future density, developments would be required to protect critical areas through the provisions of 
the Critical Areas Ordinance (WMC 21.24) and the Stormwater Manual (WMC 14.09), e.g., 
protective buffers, detention and discharge to safe locations.  

In summary, we identify two critical areas in the R-1 zone that meet the Litowitz test: Cold Creek and 
Lake Leota.  These two critical areas are linked via the Lake Leota drainage basin, which is the 
primary headwaters for Cold Creek.  The outlet stream of Lake Leota is, in fact, Cold Creek, but for 
the majority of time the lake does not flow out through this stream, but instead infiltrates into 
groundwater, which reaches Cold Creek through seeps and springs to the east of the R-1 zone.  Cold 
Creek’s unusual reliance on groundwater is why it provides a steady flow of cold, clean water to the 

                                                     
1 Litowitz v. Federal Way, CPSGMHB Case No. 96-3-005 (July 22, 1996). 
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Bear Creek system downstream.  Bear Creek is the largest producer of naturally spawned salmon for 
a stream its size in western Washington, and Cold Creek plays a very important role in that. 

Maintaining R-1 zoning within the 505-acre basin that drains to Lake Leota would help protect the 
lake from increasing phosphorus inputs from stormwater, which is crucial for the lake’s future water 
quality.  The Lake Leota basin comprises approximately 40% of the entire R-1 zone (see Figure ES-1 
for a map of drainage basins in the R-1 zone).  See Table ES-1 for a more detailed summary of our 
recommendations and technical findings. 

Overall Conclusions
Based on environmental factors, the conclusions of this study differ for different areas of the R-1 
zone, primarily because of complex patterns of surface water drainage and groundwater flow and the 
special needs to protect Leota Basin and Cold Creek that cannot be accomplished by the standard 
requirements of the city’s Critical Areas Ordinance.  The areas include six approximate drainage 
basins identified in Figure II-2: Lake Leota Basin; the School Basin; the small part of the R-1 zone 
that drains to Daniels Creek; the upper Woodin Creek Basin; the Hillside Drainages along the slopes 
of the northwest section of the zone; and the Golf Course Basin in the far northwest corner of the 
zone. The data collected for this study has been used to determine a broader planning level analysis 
that identifies whether or not different zoning densities could improve the protection of important 
critical areas in the city. Taking into account that individual developments are required to protect on-
site critical areas such as streams, wetlands, steep slopes, aquifer recharge areas, and others by 
complying with the Woodinville Municipal Code, Critical Areas Ordinance, Chapter 21.24, the 
conclusions of this study determined that Lake Leota and Cold Creek required additional protection 
through decreased densities.
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I. Introduction 
This report, commissioned by the City of Woodinville in June 2006, evaluates potential impacts on 
critical areas from different zoning densities in the City’s R-1 zone (see Figure I-1) and provides 
recommendations to protect the functions and values of those areas.  It also provides general 
recommendations concerning how the City can best meet its overall environmental goals in this zone 
under a variety of potential densities, from R-1 to R-4.  The GMA (36.70A.070(2)) calls for ensuring 
“the vitality and character of established residential neighborhoods” and past Central Puget Sound 
Growth Management Hearings Board (Board) decisions have explicitly authorized lower urban 
densities when they provide added or necessary protection for critical areas that are large in scope, 
complex in structure and function, and of a high rank order.  (These criteria are known as the 
“Litowitz test,” following the name of the plaintiff in the case where they were first identified2.) This 
environmental report is one of four reports included in the analysis of Sustainability Study. The other 
three parts include neighborhood character, transportation, and capital facilities.  

At 1,258 acres, the R-1 zone is the largest contiguous residential area in the City, encompassing 30% 
of the City’s total geographic area.  Based on current zoning, it represents about 11% of the future 
residential development capacity in the City (B. Wuotila, City of Woodinville, personal 
communication). “R-1” refers the minimum size of one acre for new parcels in the zone.  Past 
subdivision has created some smaller parcels than this; the median existing parcel size in the zone is 
0.9 acre (Wuotila, personal communication). The City inherited one-acre zoning in this area from 
King County, when Woodinville incorporated in 1993.  Most homes in the zone are twenty to thirty 
years old and were built under King County regulations. According to the City’s 2002 
Comprehensive Plan, 89% of the housing stock in the R-1 zone is ranked as either “good” or “very 
good.”  Most roads in the R-1 zone have narrower widths of 20 feet, no shoulders, and no sidewalks.  
All homes in the zone are served by septic systems.  The zone is within the Woodinville Water 
District. In the eastern part of the study area, sewer service would be more expensive given 
topographic constraints, distance from existing sewer mains, and need for pump stations, which is 
generally more costly.  (See Attachment D of the overall R-1 review report, “Capital Facilities and 
Utilities in the R-1 Area.”) Under WMC 21.04.080(1)(a), development can proceed in the R-1 zone at 
densities up to R-4 (four units per acre) if adequate infrastructure can be provided.  Change from the 
R-1 zone classification to R-4 would require a rezone. 

The R-1 zone contains the following critical areas: 

Lake Leota, the largest lake in the City and part of the headwaters of Cold Creek, an important 
tributary to Bear Creek, a large producer of naturally spawned salmon for a stream its size in 
Western Washington; 

Steep slopes and other geologic hazards, which run along much of the zone’s western border;  

Probably more wetlands than any other part of the City, although no Category I wetlands or 
wetlands with high habitat value; 

The headwaters of Woodin Creek, a salmon-bearing tributary to the Sammamish River; 

Aquifer recharge areas, some of which are designated as highly susceptible to pollution.   

                                                     
2 Litowitz v. Federal Way, CPSGMHB Case No. 96-3-005 (July 22, 1996). 
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The R-1 zone also contains the most mature and dense tree canopy in a City that prides itself on its 
“Northwest woodland character” (for example, see goal LU-1 in Woodinville’s Comprehensive Plan 
in the Land Use Element). This tree canopy helps protect all of the critical areas mentioned above, 
and also provides habitat for birds and other wildlife that are an important part of the quality of life in 
the R-1 neighborhoods and the City as a whole. 

By City Ordinances 419, 424, and 427, there is currently a moratorium on most new building and 
land use permits in the R-1 zone, with the exception of some construction related to existing 
structures, public facilities, accessory living quarters, and vested development (see Attachment E of 
overall R-1 review).  This moratorium was first adopted on March 20, 2006 and has been extended 
through March 20, 2007.  The purpose of the moratorium is to provide time for this environmental 
report to be completed, as well as for the City to perform other studies and actions that are part of its 
Sustainable Development project, which are necessary to ensure that development proceeds in the R-
1 zone in a manner consistent with the Growth Management Act and the City’s goals, policies, and 
legal requirements. 

Regulatory Basis: Growth Management and Urban Densities 
In 1995, the Central Puget Sound Growth Management Hearings Board established a “general rule” 
of four net dwelling units per acre as a minimum density for urban areas under the Growth 
Management Act.3  Calling this standard a “bright line,” the Board stated: 

Any residential pattern at that density, or higher, is clearly compact urban 
development and satisfies the low end of the range required by the Act.  Any larger 
urban lots will be subject to increased scrutiny by the Board to determine if the 
number, locations, configurations and rationale for such lot sizes complies with the 
goals and requirements of the Act, and the jurisdiction’s ability to meet its 
obligations to accept any allocated share of County-wide population.  Any new 
residential land use pattern within a UGA [Urban Growth Area] that is less dense is 
not a compact urban development pattern, constitutes urban sprawl, and is prohibited. 

The next year, the Central Board identified the criteria it would use to determine whether 
environmental factors could justify a lower density in urban areas: 

The Board holds that when environmentally sensitive systems are large in scope (e.g. 
a watershed or drainage sub-basin), their structure and functions are complex and 
their rank order value is high, a local government may also choose to afford a higher 
level of protection by means of land use plan designations lower than 4 du [dwelling 
units]/acre. 

These criteria have come to be known as “the Litowitz test,” following the name of the plaintiff in the 
case.  The criteria have not changed, nor have they been substantially clarified, under subsequent 
Growth Board decisions.  This leaves many important details somewhat ambiguous.  Watersheds and 
drainage sub-basins can be identified across a wide range of sizes, from a large river system like the 
Columbia River to an individual wetland or small stream.  To some degree, the structure and 
functions of nearly all natural systems are complex.  The meaning of “rank order value” is also 
unclear and depends on scale.  A particular stream or wetland, for example, could rank of high 
importance within a small jurisdiction or small drainage basin but of much less importance when 
                                                     
3 Bremerton v. Kitsap County, CPSGMHB Case No. 95-3-0039c (October 9, 1995). 



Woodinville Sustainable Development Project: Environmental Report on R-1 Area

15 February 20, 2007

considered at larger geographic scales.  Nevertheless, it is clear that critical areas that are not of high 
relative value within the larger natural systems in the surrounding vicinity or within an individual 
jurisdiction would be unlikely to pass the Litowitz test. 

In a later case, Fuhriman v. Bothell4, the Board acknowledged “a possible expansion of Litowitz
analysis,” where lower densities might be allowed to protect critical areas that do not, strictly 
speaking, meet the Litowitz test.  It noted that critical areas that are linked hydrologically could have 
“unique geologic or topographical features that would also require the additional level of protection 
of lower densities in those limited geologically hazardous landscapes.”  Such areas might, for 
example, provide sources of cool water for streams and rivers, wildlife habitat, and other ecological 
functions.5  The Board has never explicitly addressed whether it would support reduced densities 
solely to reduce the public safety threat of geologic hazards, which generally can be addressed 
through other means (e.g., setbacks, vegetation retention, appropriate stormwater management, and 
site-specific conditions on development). 

Complicating this legal context further, in 2005 the Washington State Supreme Court found that the 
Growth Boards do not have the legal authority to set “bright line” rules that are not contained within 
the GMA.6  In March 2006, a King County Superior Court judge found that this Supreme Court ruling 
voided a Central Board decision against the City of Normandy Park, where much of the existing 
zoning is well below four units per acre.7  Judge Bruce Hilyer found that, both under the Supreme 
Court case and under his own independent reading of the GMA, Growth Boards do not have the 
authority to impose “bright line” rules of their own construction, heightened scrutiny tests, or uniform 
minimum residential densities.  Judge Hilyer emphasized that, under the GMA, deference must be 
given to a local government’s decision regarding appropriate urban densities, based on local 
circumstances. 

The Superior Court case is currently on appeal.  Thus, it is not absolutely certain what criteria might 
be applied to judge the validity of Woodinville’s R-1 zoning, should it be challenged to the Central 
Board or the courts.  It is worth noting, however, that the GMA provides for a “broad range of 
discretion” in local planning.  The Act’s housing goal explicitly promotes “a variety of residential 
densities and housing types, and encourage[s] preservation of existing housing stock” (RCW 
36.70A.020(4)).  The Act also calls for housing elements in local Comprehensive Plans that ensure 
“the vitality and character of established residential neighborhoods” (RCW 36.70A.070(2)). 

Under the King County population allocation process performed under the GMA, the City of 
Woodinville is required to provide up to 1,869 new housing units by the year 2022.  In an extensive 
public process, the City strategically evaluated where and how it could locate its population growth 
with the goal of preserving its woodland community character.  The City did this through creation of 
a Central Business District zone for the downtown, which allows a base density of 36 units per acre, 
up to a maximum of 48 units per acre.  With development standards that encourage high density 
housing and transit oriented design, the City’s buildable land analysis shows that the City has 
sufficient capacity under its current zoning to accommodate up to 1,947 new housing units, 78 more 

                                                     
4 Fuhriman v. Bothell, known as “Fuhriman II,” CPSGMHB Case No. 05-3-0025c (August 29, 2005). 
5 This decision drew on Kaleas v. Normandy Park, CPSGMHB 05-3-0007c (July 19, 2005). 
6 Viking Properties v. Holm, et al, 155 Wn.2d 112, 118 P.3d 322 (2005). 
7 City of Normandy Park v. Central Puget Sound Growth Management Hearings Board et al, King County No. 
05-2-27090-0 KNT (March 30, 2006). 
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than are needed to meet its 2022 population allocation. (See Attachment B for more information on 
the City’s land capacity analysis.) 

Refined Goals of This Report 
At a minimum, this report evaluates and applies the Litowitz test and takes into account refined goals 
expressed by the City Council, City staff, the Planning Commission and the Citizen Advisory Panel 
(CAP). The following refined goals were evaluated for their achievability and appropriateness at a 
planning level analysis. During a City Council meeting, staff explained that completing a detailed 
“survey” of all wetlands and steep slopes could costs in the millions of dollars and would not provide 
proportionate benefit. The council determined that the level of analysis being proposed by staff was 
adequate to defend a planning level of analysis.  Parentheses indicate the council’s acceptance  

Inventorying critical areas that are in the R-1 zone or may be influenced by development in the 
R-1 zone (without conducting detailed surveys or identifying all wetlands); 

Identifying those critical areas that are “large in scope, complex in structure and function, and 
of a high rank order;” 

Evaluating how those critical areas may be impacted by different potential development 
densities in the R-1 zone, and the degree to which those impacts could be mitigated; 

Evaluating sustainable and low-impact approaches to development in the R-1 zone that could, 
under different potential densities, provide the greatest environmental benefits to residents of 
the R-1 zone, the City of Woodinville, and the ecosystems of which they are a part, at a 
reasonable public and private cost; and 

Developing recommendations to the City based upon environmental issues for appropriate 
development densities and regulations in the R-1 zone, to help the City meet its legal 
responsibilities and the full range of goals for the R-1 zone. 

Chapter II of this report, together with Appendices A, B, and C, addresses the first three of these 
goals.  A comprehensive inventory of all critical areas within the R-1 zone was not possible to the 
level of detail required of all development proposals. Chapter II also includes a detailed review of 
those critical areas in or adjacent to the R-1 zone that, in our judgment, meet the Litowitz test.  The 
current status of these critical areas and potential threats to their functions and values from future 
development at different zoning densities were evaluated.  This provides the technical basis for 
further discussion of recommended actions later in the report. 

Appendix D addresses the fourth goal listed above for the report.  It reviews different techniques and 
approaches to site and building designs, construction materials, and stormwater management that can 
reduce the environmental impacts of new development and redevelopment.  This report collectively 
defines these techniques and approaches as “low-impact development” or “LID.”  Different zoning 
densities with different environmental constraints provide different capacities for LID, affecting the 
degree of benefit that LID techniques can provide, individually and collectively.  We reviewed the 
feasibility and appropriate expectations for a wide range of LID techniques under different zoning 
densities.  We also review special considerations for LID techniques to minimize impacts on specific 
critical areas within the R-1 zone. 

Chapter III concludes with our recommendations, which are organized by drainage basin within the 
R-1 zone.
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Public involvement opportunities have been numerous and are listed in the Executive Summary of the 
overall R-1 Sustainable Development Review report. 
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II. Critical Area Review 

Inventory
Four different types of critical areas are found in or adjacent to the R-1 zone: fish and wildlife habitat 
conservation areas (which include streams); wetlands; geologically hazardous areas; and critical 
aquifer recharge areas.  The other type of critical area that is identified in the Growth Management 
Act, frequently flooded areas, is not found in the zone.  Our inventory discusses each of the other four 
types of critical areas in turn. 

Fish and Wildlife Habitat Conservation Areas 
The most important fish and wildlife habitat conservation area (FWHCA) in or adjacent to the R-1 
zone is Cold Creek, a tributary to Cottage Lake Creek within the Bear Creek basin, which is 
predominantly to the east of the R-1 area.  While Cold Creek’s functions and values are affected by 
conditions in the R-1 zone, just how much they are affected is less clear.  As discussed in Appendix 
A, groundwater from most of the R-1 zone appears to flow to the west, away from Cold Creek (see 
Figure II-1).  The Lake Leota basin is part of the headwaters of Cold Creek, but the lake’s outlet 
stream (which directly connects to Cold Creek, and on some maps is named Cold Creek) flows only 
intermittently, when the lake is high.  Cold Creek is primarily fed by groundwater from a large 
receiving area to the north, as well as by groundwater discharge from Lake Leota, as discussed in 
Appendix A.  Cold Creek’s steady flow of cold water is most important to the Bear Creek system in 
the summer and early fall, when Cold Creek currently has little if any surface connection with Lake 
Leota.  The lake is growing shallower, however, through a natural process of eutrophication, which 
has been dramatically accelerated by development within its drainage area.  The implications of this 
change for Cold Creek are discussed later in this chapter.  Appendix B describes the status and trends 
for the lake in detail. 

There are three inlets to Lake Leota, from the south, north and west.  The inlets from the north and 
south are essentially stormwater channels.  They carry significant volumes of water and sediment 
during storms, but otherwise appear to be dry most of the year.  The City has not mapped these inlets 
as intermittent streams, but based on their substrate and channel characteristics, they could potentially 
be mapped as such.  The City has mapped the inlet to the west as a Type 4 (non-fish-bearing, 
intermittent) stream.  This stream is called “Cold Creek” on at least one City map.  The riparian 
corridor originates at the corner of 152nd Avenue NE and NE 195th Street and proceeds in a 
southeasterly direction before entering Lake Leota at its far western end (see Figure II-2).  There is 
evidence that water flows through this corridor during the winter rainy season (no water was obvious 
in any stretch we could observe in August) to at least the area north of NE Woodinville-Duvall Road.  
Downstream of the road, the creek appears to have been dry for many seasons.  There were no recent 
scour marks, algae layers, or any other indication that water had flown through this area in the recent 
past.  The channel on the lot adjacent to the lake did show some patches of gravel habitat, but the 
channel was dry in August.  The resident of the lot (Verna Zander) did not know if water flowed in 
the channel in the past few years.  Prior to the 1980’s, she reported it had flowed quite regularly for 
the entire year. 

Woodin Creek, a Type 2 (fish-bearing, perennial) tributary to the Sammamish River, also has its 
headwaters at least partly within the R-1 zone.  The mainstem of the creek originates near NE 177th

Drive, in the southwest corner of the R-1 zone.  The drainage basin for this upper reach of Woodin 
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Creek extends further into the R-1 zone, including a substantial Native Growth Protection Area8 that 
is established on either side of NE 177th Drive.  Headwaters for the creek also include a larger area of 
unincorporated rural lands outside of the City boundary as well as an R-6 zone within the City that 
comprises most of the headwaters area for the two forks of Woodin Creek’s North Tributary.  No fish 
are found in the portions of Woodin Creek within the R-1 zone, due to substantial blockages 
downstream (Adolfson Associates 2004).  Pileated woodpeckers, Pacific chorus frogs, and many 
other wildlife species are found in forested headwater areas (Adolfson Associates 2004).  One of the 
largest developable parcels in the R-1 zone is part of the headwaters for the North Tributary. 

Small, at least seasonal streams appear to be located at the base of some of the ravines along the 
northwest edge of the R-1 area.  The largest of these streams, which may be perennial, is located in 
the far northwest corner of the R-1 zone, at the base of a particularly steep ravine that extends into the 
Wellington Hills Golf Course in Snohomish County.  While this stream is unnamed, for purposes of 
this report we refer to it as “Golf Course Creek.” This creek and the other streams along the northwest 
slope of the R-1 zone are piped under the industrial area to the west before entering Little Bear Creek.  
Golf Course Creek appears to be a significant source of water for wildlife in the vicinity.  The other 
streams provide some localized habitat value within the ravines and presumably have some effect on 
flows and water quality in Little Bear Creek, but this effect is likely minor and not greatly impacted 
by development in the R-1 zone. While Golf Course Creek is the largest of all these streams, it likely 
also has only minor effects on flow and water quality in Little Bear Creek.  However, small landslides 
or heavy erosion in the steep ravine in which Golf Course Creek is located could be a significant 
source of fine sediments in lower Little Bear Creek. 

The City has designated Native Growth Protection Easements as FWHCAs, in recognition of their 
habitat value.  By far the largest concentration of these easements in the R-1 zone is in the headwater 
drainage area for Woodin Creek discussed above.  These easements cannot be developed, even if the 
underlying zoning is changed (D. Crawford, City of Woodinville, personal communication).  Outside 
of upper Woodin Creek, there are only a few other such easements in the R-1 zone, in some cases 
associated with wetlands. 

The R-1 zone contains the most extensive and mature tree canopy in Woodinville, a City that prides 
itself on its northwest woodland character.  Forested areas in the R-1 zone include a mixture of 
coniferous and deciduous, young to middle-aged, second- to third-growth trees.  Common species 
include western red cedar (Thuja plicata), western hemlock (Tsuga heterophylla), big-leaf maple 
(Acer macrophyllum), red alder (Alnus rubra), Douglas fir (Pseudotsuga menziesii), and bitter cherry 
(Prunus emarginata).  Most appear to be approximately 60’ to 70’ tall and 15-19 inches in diameter 
at breast height (dbh).  There is typically 40 to 75 percent canopy closure in the denser forested tracts. 
Our field review, although not exhaustive, noted 13 “heritage trees” (identified mostly by girth) 
dispersed across the north central portion of the R-1 zone.  The density of homes and narrow streets 
made a determination of tree height difficult.   

                                                     
8 WMC 21.06.406 Native growth protection area (NPGA). Native growth protection area (NPGA): an area 
where native vegetation is preserved for the purpose of preventing harm to property and the environment, 
including, but not limited to, controlling surface water runoff and erosion, maintaining slope stability, buffering 
and protecting plants and animal habitat. 
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The most significant tract of undeveloped forest in the R-1 zone is found along the slopes of the 
northwestern edge of the zone, including the western portion of the Wood Trails Preliminary Plat and 
Rezone site and extending north of the City into the Wellington Hills Golf Course.  This 
approximately 75-acre parcel is generally covered with second- to third-growth trees, as described in 
the preceding paragraph.  There is some downed wood, but snags are uncommon (City of 
Woodinville 2006).  The size and character of the site, adjacent to a noisy industrial area and 
highway, limit its ability to support wildlife species that are not tolerant of substantial human 
disturbance.  Mule deer (Odoceoileus hemionus) and coyote (Canis latrans) traverse the site in a 
north-south direction.  Pileated woodpeckers (Dryocopus pileatus) have been observed on the site, 
and may possibly nest there (City of Woodinville 2006).  Pileated woodpeckers are a “State 
Candidate” species, but without specific or designated protections issued by the Washington 
Department of Fish and Wildlife. 

Wetlands
Appendix C provides a map of wetlands in the R-1 zone, that were identified with corrections and 
additions developed as a part of this study.  This study focused on wetlands that were part of the area 
draining to Lake Leota, particularly those that have a direct hydrologic connection to the lake, at least 
seasonally.  We also examined some of the larger wetlands in the vicinity of Leota Junior High 
School, where the City’s maps generally show the greatest concentration of wetlands in the R-1 area.  
Lastly, we examined a large wetland in the northwestern part of the R-1 area (identified as BBC127 
in Appendix C). 

While we did not calculate formal rating scores on these wetlands using the Washington Department 
of Ecology’s latest rating system (WDOE 2004), we did describe the vegetation community observed 
for each wetland studied and we made estimates of the likely ratings the wetlands would have 
received.  Details are in Appendix C.  In general, all of the wetlands we observed have been 
substantially degraded by past alterations and impacts from surrounding development.  We found no 
Category I wetlands and none that were likely of great significance to fisheries resources downstream.  
No wetland in the R-1 zone has high habitat values, based on the Washington Department of 
Ecology’s rating system (Hruby 2004); most have low habitat scores, but some around Lake Leota 
would likely be rated as having moderate habitat values (scores between 20 and 28 in Ecology’s 
system).  Wetlands in the Lake Leota basin are still important for protecting the lake’s water quality, 
both through filtration of pollutants and detention of stormwater to reduce erosion downstream. 

Lake Leota is surrounded by a narrow band of wetland vegetation, which expands further in the 
vicinity of the lake’s three inlets and one outlet and in other localized areas, particularly along the 
southwestern edge of the lake.  Dominant plants observed in this band are: Douglas spirea (Spirea
douglasii), willows (Salix sitchensis, Salix lucida, and Salix scouleriana), Nootka rose (Rosa
nutkana), Soft rush  (Juncus effusus), Yellow flag iris (Iris pseudacorus), reed canarygrass (Phalaris
arundinaceae), marsh cinquefoil (Potentilla palustris) Slough sedge (Carex obnupta), sawbeak sedge 
(Carex stipata), creeping buttercup (Ranunculus repens), Common horsetail (Equisetum arvense), 
giant horsetail (Equisetum telmateia), redtop (Agrostis gigantea).  It is common to see western red 
cedar (Thuja plicata), red alder (Alnus rubra), black cottonwood (Populus trichocarpa), and Oregon 
ash (Fraxinus latifolia) near the shoreline.  Bullfrogs appeared to be plentiful in the adjacent shallow 
water.

A portion of the wetland area along the lake’s southwestern edge, as well as some of the riparian 
wetlands along the seasonal tributary to the lake from the northwest, have been delineated within the 
past decade.  We have reviewed those delineations (Shapiro and Associates 1999; Pentec 
Environmental 2000) and found them still to be generally accurate.  Appendix C provides more detail 
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from our further review of these two areas, which comprise two of the three largest extensions of the 
Lake Leota shoreline wetland system.  We did not have access to the third large wetland area, along 
the lake’s seasonal outlet stream. 

We investigated the wetland at the toe of the slope in the northwestern portion of the R-1 zone 
(identified as BBC127 in Appendix C) from the uphill and downhill edges.  We could not determine 
its toe-of slope boundaries because of a very dense thicket of blackberries that ran along both the 
upslope and downslope edges.  We did verify the east-to-west portion of the wetland.  This portion of 
the wetland is located within a steep-walled ravine and there is a stream in the bottom of the ravine.  
The vegetation in this corridor consists of devil’s club (Oplopanax horridus), skunk cabbage 
(Lysichiton americanum), Cooley hedgenettle (Stachys cooleyea), piggy-back plant (Tolmeia 
menziesii), lady fern (Athyrium filix-femina), with an overstory of salmonberry (Rubus spectabilis), 
red alder (Alnus rubra), vine maple (Acer circinatum), and paper birch (Betula paperifera).

Geologic Hazards 
The primary geologic hazards in and adjacent to the R-1 zone occur along the slopes of the zone’s 
western edge, which extend into adjacent land use zones.  Currently, City maps designate much of the 
slopes north of the intersection of NE North Woodinville Way and NE Woodinville-Duvall Road as 
an erosion hazard area, based on soil and slope conditions.  They also indicate scattered steep slopes 
in the R-1 zone that would qualify as potential landslide hazards.  More recent data, however, indicate 
that landslide hazards due to steep slopes may be more prevalent than this in the area north of NE 
North Woodinville Way, and that both erosion and landslide hazards likely extend along the slopes 
from NE North Woodinville Way south to the City limits.  As discussed in more detail in Appendix 
A, these more recent data sources include an updated regional geology map developed through the 
University of Washington, topographical maps based on LIDAR, and citizen comments, with some 
brief visual confirmation we have made in the field.  These data are further corroborated by geologic 
analysis performed for the Wood Trails/Montevallo FEIS (Nelson Geotechnical Associates 2006). 

Groundwater seepage occurs in many locations along the slopes and ravines of the areas just 
described.  While much of the R-1 zone and lands immediately to its north likely serve as sources for 
this groundwater, the most important sources are likely relatively close to the slopes, particularly 
where soils are porous.  Activities that alter the hydrologic regime in these areas, such as increased 
infiltration or inappropriate storm water management practices, can cause changes to the 
hydrogeologic conditions that could destabilize slopes and enhance erosion. 

Critical Aquifer Recharge Areas 
The City has identified part of the area north of Lake Leota and Woodinville-Duvall Road as an area 
of high susceptibility to groundwater contamination, apparently based on earlier King County 
analysis (Wuotila, personal communication).  However, the more recent University of Washington 
analysis identifies a considerably larger, V-shaped area with its base in the vicinity of Lake Leota as 
having porous glacial outwash geology (see Figure II-1 and II-3).  This geology extends in a narrow 
band approximately along NE Woodinville Way until it reaches the western slopes of the R-1 zone, 
where glacial outwash geology is also characteristic.  The southwestern edge of the “V” of porous 
geology and most of the porous geology in the Woodin Creek basin is also characterized by 
“somewhat excessively drained soils,” based on maps from the Natural Resource Conservation 
Service (see Figure II-2).  Where excessively drained soils overlie glacial outwash geology, aquifer 
recharge areas have a particularly high susceptibility to groundwater contamination.   
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Much of the rest of the “V” area with glacial outwash geology is also likely at least moderately 
susceptible to contamination.  Because the entire R-1 zone is residential, the primary concern for 
aquifer contamination in this area would be from on-site sewage treatment systems.  If such systems 
are properly maintained, the risk of groundwater contamination at current densities is relatively low.  
The risk could increase significantly, however, with denser development if it is not served by sewers.  
Groundwater from most of the R-1 zone flows to the southwest, toward the potentially geologically 
hazardous areas discussed above.  Under normal conditions, this groundwater ultimately seeps out in 
ravines or serves as the source for streams with headwaters in these areas.  As just discussed, 
however, activities that alter the hydrologic regime near these geologically hazardous areas could 
destabilize slopes and enhance erosion.  That would be particularly true in areas with permeable soils 
or permeable underlying geology. 

Litowitz Test 
This section evaluates critical areas in the R-1 zone relative to the three Litowitz test criteria: whether 
they are large in scope, complex in structure and function, and of a high rank order.  We also evaluate 
whether lower density zoning would substantially aid efforts to protect the functions and values of 
such areas. 

The Litowitz criteria have generally been applied to wetlands, streams, and other fish and wildlife 
habitat conservation areas, because the importance of these critical areas often relates to their 
connections with larger systems.  The criterion for complexity, however, has also considered whether 
such larger systems have included other types of critical areas, such as geologically hazardous areas, 
frequently flooded areas and critical aquifer recharge areas.   

Based on the analysis in the last section, we believe there are two critical areas in or affected by the 
R-1 zone that meet the Litowitz criteria: Cold Creek and Lake Leota.  Other critical areas were ruled 
out for the following reasons: 

No wetlands in the R-1 zone are of a high rank order; few, if any, could be argued to be large in 
scope or unusually complex in structure and function. 

No stream within the R-1 zone beside Cold Creek is of a high rank order.  Woodin Creek, while 
arguably large in scope (at least within the City’s jurisdiction) and complex in structure and 
function, does not support fish in the R-1 zone and supports very few spawning salmon 
downstream.  Juvenile salmonids have been observed in the Woodin Creek’s lowest reach, but 
these have likely been either salmon spawned elsewhere or cutthroat trout, which are common in 
urban streams and are, in fact, an important predator of salmon.  We therefore do not believe that 
Woodin Creek is of a high rank order. 

Increased density in the R-1 zone would likely have only small impacts on all affected streams 
beside Cold Creek.  These impacts could be further minimized by appropriate stormwater 
management and mitigation.  The portions of the R-1 zone that drain to these other streams 
(including Little Bear Creek, Woodin Creek, and Daniels Creek—an upper tributary of the Bear 
Creek system) are small relative to their overall basins.  Moreover, existing NGPEs in the upper 
basin of Woodin Creek would significantly reduce potential downstream impacts. 

Protection of geologically hazardous areas in and adjacent to the R-1 zone depends primarily on 
proper development practices and stormwater management, not maintenance of R-1 zoning. For 
example, conveying storm water via fuse welded HDPE pipe down steep slopes to a safe discharge 
point or detaining storm water in a detention vault or tank rather than a pond.  
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To the extent that critical aquifer recharge areas within the R-1 zone are threatened by 
contamination, the greatest current threat is from inadequate or poorly maintained septic systems.  
This threat would increase with more dense development on septic systems, but would decrease or 
be eliminated by development accompanied by sewers serving new and existing development. 

Our evaluation of Cold Creek and Lake Leota against the Litowitz criteria follows. 

Cold Creek 
Large In Scope

The Bear Creek watershed, which covers approximately 50 square miles and includes 100 miles of 
stream habitat and over 30 different tributary systems (King County et al. 1989; Kerwin 2001), is 
certainly large in terms of its physical size and scope.   

Cold Creek is one of the tributary systems within the Bear Creek watershed that also warrants a “large 
in scope” description.  The outlet of Lake Leota is a seasonal contributor of surface flow to the 
perennially flowing, spring-fed portion of Cold Creek further downstream.  Cold Creek is an integral 
part of the Bear Creek watershed in that it provides cold, clean water to Cottage Lake Creek and to 
subsequent reaches downstream in mainstem Bear Creek.  The Bear Creek watershed is one of the 
largest producers of naturally spawned salmon for a stream its size in western Washington, primarily 
because of its large runs of sockeye and Chinook salmon (King County et al. 1989; Kerwin 2001).  
Conditions that allow the Bear Creek watershed to produce salmonids at a rate greater than other 
streams its size directly relate to quantity and quality of instream habitat, which is driven in part by 
the groundwater spring sources provided by Cold Creek.  Water quality problems in the Bear Creek 
Basin include elevated water temperatures (Kerwin 2001).  Temperatures in Cold Creek are 
consistently 5-7oC colder than other streams in the Bear Creek watershed due to its groundwater 
spring influence, allowing it to serve as a thermal refuge for salmonids (King County 2001a; Kerwin 
2001).  Although Cold Creek might present a small fraction of the total tributary flow to the Bear 
Creek Basin, its ability to provide a steady source of cold water to the system in the critical summer 
and fall months underscores its important influence on instream habitat and salmon production in the 
Bear Creek Basin and the Greater Lake Washington Watershed. 

Complex in Structure and Function

Bear Creek supports populations of Chinook, sockeye, coho, and kokanee salmon, as well as 
steelhead and cutthroat trout (King County 2001a).  Bear Creek is known to contain the largest 
freshwater mussel population in King County and also contains freshwater sponges, river otters, 
crayfish, and a good representation of aquatic insects (Kerwin 2001). The diversity and number of 
aquatic resources in the Bear Creek basin distinguish it as one of the top six natural resource basins in 
King County in the Waterways 2000 program. 

Cold Creek flows through mixed-forested wetlands that include diverse instream structure and 
complex morphology.  The stream contains pool and riffle habitat in its upper reaches with glide and 
riffle habitat very common in the lower gradient reaches further downstream.  A diversity of cold-
water macroinvertebrate fauna and salmonids, including cutthroat trout, coho salmon, and even 
Chinook salmon are present in the stream (King County 2001b).  A field visit to Cold Creek in the 
summer of 2006 by project personnel noted the presence of a wide range of substrate types, including 
sand, pebble, and cobble.  In addition, an abundance of large-woody debris was apparent in the 
riparian area, providing excellent wildlife habitat for many amphibian, small mammal, and bird 
species.
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The Cold Creek watershed remains relatively undeveloped (King County 2004).  Approximately 38% 
of the watershed is comprised of undeveloped forest, grassland, and scrub/shrub areas.  The 
remaining 60% of the watershed is developed, but over 50% of that area is defined as low intensity 
development.  Moreover, groundwater sources for Cold Creek extend further north, into an area that 
is almost completely zoned rural (the only exception being the Lake Leota area).  Minimal 
development in the Cold Creek watershed has resulted in high quality biological conditions relative to 
other developed and developing watersheds in the Greater Lake Washington Watershed.  This finding 
is corroborated by the results of macroinvertebrate sampling in 2002, 2003, and 2005 in the Greater 
Lake Washington Watershed (King County 2004; King County 2005).   

The Cold Creek Natural Area, comprised of nearly 250 acres in the Bear Creek basin, is a very 
complex stream and wetland system located northeast of the City of Redmond, east of the City of 
Woodinville, and just south of the Snohomish County line (King County 2001a).  The Natural Area 
contains high quality peat bog wetland habitat as well as reaches of Cold Creek, Daniels Creek and 
Cottage Lake Creek.  Increased structural complexity provided by different vegetation types within 
the wetland and riparian habitats associated with Cold Creek optimizes potential breeding areas, 
escape, cover, and food production for the greatest number of species (Hruby et al. 2004).  

High Rank Order

Cold Creek is of a high rank order both because of its ecological importance, discussed above, and 
because actions by the City of Woodinville will be a primary determinant of its future quality.  In 
comparison, approximately 80% of the Little Bear Creek Basin is in Snohomish County and the 
stream only enters the City of Woodinville just prior to its confluence with the Sammamish River.  As 
such, much of what the City can do to improve Little Bear Creek water quality and habitat pales in 
comparison to what needs to be done further upstream in the watershed.  In contrast, much of what 
the City of Woodinville decides to do in relation to development in the R-1 zone will play a direct 
role in determining future water and habitat quality of Cold Creek. 

The Bear Creek watershed and Cold Creek in particular rank high among other streams within the 
Lake Washington Watershed.  Bear Creek is one of only two “Tier 1” streams (receiving the highest 
priority for salmon conservation) in WRIA 8, the other being the lower Cedar River (WRIA 8 2005).  
Cold Creek was specifically identified in the WRIA 8 Chinook Salmon Conservation Plan (2005) as a 
stream in need of protection due to its ability to reduce water temperatures in the Cottage Lake 
Creek/Bear Creek watershed.  The WRIA 8 Plan (2005) also recommends that “growth within 
Woodinville should be managed to minimize impacts” to Cold Creek, further strengthening its 
importance and ranking related to other streams in the City and other streams in the larger watershed. 

Lake Leota 
Large in Scope

At 10.4 to 12.3 acres (depending on water level), Lake Leota is the largest lake within the City of 
Woodinville.  Its 505-acre watershed comprises 40% of the R-1 zone and is almost completely 
contained within it (see Figure II-2).  Considered within the City’s jurisdictional area, the lake is 
clearly large in scope.  At a regional level, the size and importance of the lake should be considered in 
the context of its being at the headwaters of Cold Creek.  Seepage from the lake contributes to the 
cool summer water temperatures that are the primary basis for Cold Creek’s importance within the 
Bear Creek system.  The lake therefore plays an important role in the 50-square-mile Bear Creek 
system, which clearly is large in scope. 
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Complex in Structure and Function

Lake Leota’s advance towards eutrophy (high productivity, characterized in part by large and 
extended algae blooms) is evident by in-lake conditions in late summer/early fall measured in recent 
years.  The lake’s eutrophic status has evolved through the complex interaction of multiple factors: 

1) Septic and landscaping seepage of nutrients, which has entered shallow peaty soils over 
glacial gravels of high hydraulic conductivity;  

2) Storm runoff of sediments and nutrients via surface channels to the lake;  

3) Lake shallowing by sediments delivered to the lake via surface runoff;

4) Lake shallowing by organic production from algae production, high production of near-shore 
submergent plants including the exotic Eurasian watermilfoil and/or its hybrid, and high 
production of near-shore emergent plants, such as the exotic white water lily as well as native 
yellow water lilies and cattails.   

These environmental factors, which increase with greater urban development, have combined to 
increase nutrient supply to water column algae and rooted plant production, as sediments increasingly 
interact with well-lit, warm productive surface waters.  Entrainment of nutrients from these shallow 
sediments is becoming an increasingly important nutrient source.  Algae blooms, fed by high nutrient 
levels, are becoming more common. 

The shallow band of near-shore rooted plants is now encroaching on open waters in the central lake 
basin.  These plants will continue to make this band wider and more shallow around the lake until 
wetland conditions predominate across the lake.  Continued external loading of sediments and 
nutrients will eventually transition the wetland to a wet meadow.  At that point, lake outflow will be 
largely via a warmer surface channel with reduced groundwater seepage outflow from a lakebed 
sealed with deeper sediments.  Cold Creek will have lost part of its cold, clear, high quality water 
source through the low flow summer/fall months, replaced with warm water that will reduce its 
capacity to benefit the entire Bear Creek system downstream. 

Lake Leota appears to be moving into or is already in a phase when phosphorus (the nutrient that 
controls the lake’s productivity) will regenerate on a self-sustaining basis, recycling nutrients stored 
in lake sediments.  Under those conditions, even maintaining present levels of nutrient loading would 
likely lead to accelerating eutrophication.  In time, a shallower, more eutrophic lake will discharge 
warmer water downstream to the Cold Creek system. 

Heavy metals are also accumulating in lake sediments, well beyond regional background 
concentrations.  Some metals, such as lead and nickel, are now much higher than “consensus” 
concentrations accepted to cause adverse environmental effects in at least 50% of bottom invertebrate 
fauna.  Accelerating eutrophication will increase the time period each year when bottom sediments 
become anaerobic (oxygen-starved).  This has the chemical effect of increasing the mobilization of 
these heavy metals from sediments into the water column and uptake by plant and animal 
communities both in Lake Leota and downstream in the Cold Creek system.   

In short, Lake Leota is both complex in structure and function itself and in relation to Cold Creek.  If 
current trends in Lake Leota continue, Cold Creek will become a warmer, lower flow stream in 
summer/fall, with higher heavy metals concentrations, significantly reducing its value to the entire 
Bear Creek system.  The lake itself will also become a much less attractive amenity for surrounding 
property owners and the Leota neighborhood. 
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High Rank Order

For all of the reasons discussed above, concerning both Cold Creek and Lake Leota, the lake clearly 
is of a high rank order, both within the City and in a regional context. 

Implications for Development Densities 

Lake Leota  
There are a wide variety of actions, or combinations of actions, that could be taken to protect Lake 
Leota, as discussed in more detail in Chapter III of this report.  These include low-impact 
development (LID) standards for appropriate development in the lake basin, providing sewer service 
to properties around the lake, controlling the lake outlet, dredging, an aggressive education program 
regarding best management practices for lakeside property owners and others within the basin, and 
stormwater and channel improvements upstream of the lake to reduce erosion and high flows.  No one 
action will be sufficient to protect the lake, given the complex factors affecting its water quality, 
trophic status, and metals accumulation.  Under any scenario, one factor that must be addressed for 
long-term success is to reduce sediment, nutrient, and heavy metal inputs into the lake from 
stormwater.  Zoning density will play a significant role in determining the City’s and the 
community’s ability to accomplish this. 

Increases in density will almost certainly increase runoff from impervious surfaces and therefore 
erosive pressures on stream channels.  Stormwater management requirements on new development 
can mitigate this to a degree.  But engineered stormwater facilities are short of 100% effective at 
removing nutrients (such as phosphorus) from stormwater (see Appendix D of this environmental 
report).

To an extent, stormwater impacts from increased density could be mitigated by requiring LID 
standards, provided that some developments were exempt from these requirements.  But, as discussed 
in more detail in Appendix D, the potential benefits of low impact development techniques decrease 
with increased density, particularly above R-2 (two units per acre).  Increased density necessarily 
removes tree cover and soils that the LID techniques rely on for successful stormwater control.  
Increased density also will impact groundwater quality unless it is served by sewers.  Yet in the 
eastern part of the study area, sewer service would be more expensive given topographic constraints, 
distance from existing sewer mains, and need for pump stations, which is generally more costly In 
addition, LID techniques such as infiltration of storm water may not be advisable along steep slopes 
unless setback appropriately (see also Appendix A of this environmental report for the Golder Inc. 
“Preliminary Assessment of Hillside Drainages Infiltration”). 

In short, maintenance of R-1 zoning in the area that drains to Lake Leota—and even removing the 
possibility of rezones to R-4 with adequate infrastructure—would be a helpful and potentially 
necessary component of a strategy to maintain the lake’s water quality and its supportive role in the 
regionally unique Cold Creek system.  R-4 zoning most likely would lead to a significant increase in 
phosphorus inputs to the lake from stormwater, which would place a greater burden on other 
strategies to reduce other phosphorus inputs and on lake management strategies to respond to the 
results.  In the worst case, the increased phosphorus inputs from stormwater would push the lake into 
a self-sustaining cycle of increased eutrophication, which would threaten serious damage to Bear 
Creek salmon runs in the long-term or require expensive and ongoing management interventions to 
avoid.
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There is one potential exception to these concerns over increased density in the Lake Leota Basin.  As 
discussed in Appendix C, if sewer service were provided just to the properties around the lake 
(between NE Woodinville-Duvall Road and NE 180th Street and 160th Avenue NE and 167th Avenue 
NE), this would likely provide substantial benefits to lake water quality.  Even optimally maintained 
septic systems release a substantial amount of phosphorus in their effluent, which the soils around the 
lake are poorly suited to remove.  Effluent from septic systems further from the lake generally either 
flows away from the lake or loses more of its phosphorus as it passes through intervening soils before 
reaching the lake.  The benefit to Lake Leota’s water quality from connecting properties around the 
lake to a sewer system would likely be large enough to outweigh the likely increases in phosphorus 
from stormwater that would result from denser development there, assuming increases in density 
would be necessary to support the sewer service.  However, the gain from sewer service would not 
outweigh the likely increases in phosphorus from stormwater if substantially more of the Lake Leota 
basin would need to become more dense to support the service. 

An option to sewering near-lake residences would be conversion of existing near-lake septic systems 
to enhanced septic systems capable of greater nutrient removal.  The most common form of these 
"super septics" is an elevated mound system, in which standard septic tanks discharge effluent to a 
drain field on an artificially created mound of layered absorbent soils. The built-up drain field 
distributes liquid effluent on these high quality absorbent materials and is structured to provide ideal 
porosity, which minimizes clogging yet provides high rates of selective nutrient removal before 
effluent reaches native soils.  Elevated, artificial drain fields have been proven effective where native 
soils are either too porous or too readily clogged; in either case, the septic system will eventually fail 
to trap nutrients without this modification. 

In the case of Lake Leota, near-lake septic systems probably fail more because of clogging, given the 
high clay and peat content of soils with anaerobic characteristics.  This situation is probably worsened 
by the likelihood that many drainfields are very close to, or even in, shallow groundwater flows 
moving to the lake.  In this situation, perched drainfields are particularly effective.  Nutrient removal 
efficiency of such perched systems is easily monitored by sampling of groundwater flows downslope 
of the drainfields via shallow standpipes.  Loss of drainfield function can then be surgically remedied 
by adjustment of fill in individual mounds.  As with any septic system, the distance between 
drainfields and surface water should be maximized; in some situations, leachate could be pumped 
from the septic tank to drainfields constructed further upslope.  Also as with standard septic 
drainfields, perched drainfields may be landscaped with non-woody plant cover. 

School Basin 
There is also a part of the R-1 zone that drains directly to Cold Creek (the surface outlet channel from 
Lake Leota).  This 286-acre basin, which includes Wellington Elementary and Leota Junior High 
Schools (leading us to call it the “School Basin” in this report), has a substantially different 
relationship to Cold Creek compared to the Lake Leota basin.  Based on our current understanding of 
groundwater flows, groundwater from almost all of the School Basin flows to the west, away from 
Cold Creek (see Figure II-1), even though its surface water flows to the creek.  So the School Basin 
has little effect on Cold Creek’s cold, steady flow in the important summer and early fall months.  
The basin also has no clearly defined channel through which its surface water flows into Cold Creek, 
at least as we were able to determine in relatively brief field visits.  Much of the stormwater from the 
School Basin is piped, although there are open channels in parts of the basin (see Figure II-2). 

Higher density in the School Basin could potentially have some negative impacts on habitat quality 
and channel stability in Cold Creek downstream, given the sort of stormwater impacts discussed 
above for Lake Leota.  But Cold Creek is a predominantly groundwater fed stream, with a remarkably 
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steady flow pattern (see Figure 7 in Appendix A), based on a contributing area considerably larger 
than the School Basin.  Higher stormwater volumes and peak flows from the School Basin would 
therefore likely have relatively small impacts on habitat quality and channel stability in Cold Creek.  
From the perspective of the larger Bear Creek system, these are, in any case, less important features 
of Cold Creek than its steady flow of cold water, which would be largely unaffected by increased 
density in the School Basin.  Higher stormwater flows from the School Basin would also not impact 
water quality in Cold Creek nearly as much as would higher stormflows from the Lake Leota basin, 
which would be warmer and carry higher loadings of nutrients and metals.  Even in a worst case 
scenario, including R-4 zoning with no LID and no new public infrastructure to manage increases in 
stormwater, impacts to Cold Creek’s steady flow of cold water would be minimal. 

There is, therefore, a much weaker argument on strictly environmental grounds for maintaining R-1 
zoning in the School Basin than in the Lake Leota basin.  Stormwater management in the School 
Basin would be important to reduce impacts on downstream habitat quality and channel stability, but 
with appropriate stormwater management, densities up to R-4 would probably not cause substantial 
harm to downstream resources.  LID, even with its more limited effectiveness at higher densities, 
would be a valuable component of stormwater management in this area. 
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III. Conclusions 
Based on environmental factors, the conclusions of this study differ for different areas of the R-1 
zone, primarily because of complex patterns of surface water drainage and groundwater flow and the 
special needs to protect Leota Basin and Cold Creek that cannot be accomplished by the standard 
requirements of the city’s critical areas ordinance.  The areas include six approximate drainage basins 
identified in Figure II-2: Lake Leota Basin; the School Basin; the small part of the R-1 zone that 
drains to Daniels Creek; the upper Woodin Creek Basin; the Hillside Drainages along the slopes of 
the northwest section of the zone; and the Golf Course Basin in the far northwest corner of the zone. 
The data collected for this study has been used to determine a broader planning level analysis that 
identifies whether or not different zoning densities could improve the protection of important critical 
areas in the city. Taking into account that individual developments are required to protect on-site 
critical areas such as streams, wetlands, steep slopes, aquifer recharge areas, and others by complying 
with the Woodinville Municipal Code, Critical Areas Ordinance, Chapter 21.24, the conclusions of 
this study determined that Lake Leota and the Cold Creek required additional protection through 
decreased densities.   

Lake Leota Basin 
Maintenance of R-1 zoning in the Lake Leota Basin, ideally without allowing rezones to R-4 that are 
conditioned on adequate infrastructure, should provide substantial, long-term benefits to both Lake 
Leota and Cold Creek by minimizing erosion and other pollutants from stormwater entering Lake 
Leota.  With this in mind, applicable low-impact development (LID) performance standards are 
encouraged in this area. LID techniques and performance standards are discussed in detail in 
Appendix D of this environmental report. 

Other Considerations 
In addition to R-1 zoning, improving stormwater and channel improvements upstream of the lake 
could address some of the long-term pressures of eutrophication of Lake Leota.  These could include 
new stormwater ponds and treatment facilities to serve existing development, and channel 
stabilization and riparian improvements where erosion is currently occurring during high flows.  A 
separate study and environmental inventory would be needed to identify these actions, and there 
necessary funding source. 

The separate study could come in the form of a grant from the Washington Department of Ecology to 
develop a management plan for Lake Leota, which could review all potential actions to protect the 
lake and help prioritize them most cost-effectively.  Sometimes management plans are funded at least 
in part by management districts, which involve annual pro-rated assessments on properties that 
potentially impact the resource, depending on the degree of impact.  

However, the City need not wait for a lake management plan to take or continue other actions that 
would benefit the lake such as, 

Continue the current rule against boat engines on the lake.  If allowed, propwash from powerboats 
could disturb the bottom of the shallow lake, which would increase entrainment of nutrients, 
sediments, and metals into the water column.   

Initiate education and technical assistance to property owners in the basin, particularly those along 
the lakeshore, regarding best management practices that can benefit the lake.  These include: 
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o Regular maintenance of septic systems, including upgrading drain fields to enhance 
nutrient retention; 

o Minimizing the use of fertilizer, particularly phosphorus-rich, artificial fertilizers 
used on lakeside lawns; 

o Management of aquatic plants (all harvested material should be removed from the 
lake, to avoid releasing nutrients and metals taken up by the plants back into the 
lake);

o Other landscaping issues, including maximizing native vegetation and minimizing 
lawns near the lakeshore to enhance nutrient retention; 

o Stopping all irrigation pumping from the lake, with or without a permit, to maximize 
water retention and volume in the lake, thereby maximizing groundwater seepage to 
Cold Creek; 

o Limiting the size of docks on the lake and designing them to increase the amount of 
light reaching the water, which will improve the diversity of plant and animal 
communities near the shoreline; and 

o Avoiding the use of laundry detergents that contain phosphorus, particularly for 
lakeside property owners. 

Work with King County and lakeside residents to improve monitoring of Lake Leota to better 
understand its status and trends and to help prioritize management actions.  This could include, in 
order of increasing cost: 

o Monitoring oxygen levels in the lake’s water column (particularly in deeper water) to 
evaluate oxygen deficits each summer and fall (the cost for this would be very low); 

o Monitoring days of anoxic sediments and the extent of the lake bottom that is 
anaerobic at the peak of summer/fall algae blooms each year, which would aid in 
evaluating the lake’s trophic state;  

o Updating Lake Leota’s bottom contour map to permit more accurate measures of the 
lake’s volume; 

o Monitoring lake sediments for metals concentrations on a periodic basis; and 

o Monitoring surface channel inflows to establish water, sediment, nutrient and metals 
budgets for the lake. 

A lake management plan could also help the City and the community further evaluate the potential 
benefits of:

Connecting lakeside homes to sewer service – would reduce nutrient input by replacing septic 
systems with sewer directly around the lake and could create a positive net benefit to water quality 
even if the R-1 density was amended to R-4. However, modifying existing septic systems to 
provide extra nutrient removal could potentially provide similar benefits without increasing 
density.

Dredging lake sediments – would require state and potentially federal permits. 
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Controlling the lake’s outlet – is potentially the simplest way to increase the lake’s depth, which 
would enhance seepage to the Cold Creek system, and reduce eutrophication, thus, improving both 
in-lake and downstream water quality.  This action would require state and federal permits.  

School Basin 
Maintaining the R-1 density in this part of the R-1 Zone is not as important as in the Lake Leota 
Basin because the surface water flows are only a small portion of the overall flows to Cold Creek.  In 
addition, groundwater from this basin flows to the west and not to Cold Creek or Lake Leota. The 
emphasis in this area is requiring LID through stormwater performance standards for new 
development, which would minimize stormwater impacts to Cold Creek.  In this case, LID techniques 
are valuable no matter what zoning density is designated for this basin.  They provide the greatest 
benefit at lower densities but, ironically, they may be more important at higher densities, where the 
potential impacts to downstream resources would be greater without such extra effort. 

In addition, improvements in the City’s identification of stream channels and wetlands are also 
probably more important in this basin than in any other in the R-1 zone.  In this study, stream 
channels in this basin were cursorily identified and need to be further defined. Figure II-2 identifies 
potential streams based on LIDAR analysis, but they are approximate and need to be further verified.  
There were also a number of wetlands in this basin that were identified in this study and will need to 
be accurately located on the City’s maps, as shown in Appendix C of this environmental report. 

Daniels Creek Basin 
The northeastern edge of the R-1 zone drains to Daniels Creek, as shown on Figure II-2.  While LID 
and lower densities essentially always benefit downstream resources, they are less important here, 
given the considerably larger area that drains to Daniels Creek, all of which is zoned rural outside of 
Woodinville.  Daniels Creek, moreover, flows into Cottage Lake, which attenuates stormwater 
impacts downstream.  The lake’s outlet stream, Cottage Lake Creek, is fed in the summer and early 
fall by the lake’s warm upper layer of water, whose temperature is controlled primarily by air 
temperatures and solar radiation.  Changes to the temperature of Daniels Creek therefore have 
essentially no effect on water temperature downstream of Cottage Lake.  (Cottage Lake Creek 
depends on Cold Creek, which joins it less than ¼-mile downstream of the lake, to provide hospitable 
temperatures for salmon during the summer and early fall.)  

Upper Woodin Creek Basin 
LID and lower densities are more valuable here than in Daniels Creek, but not dramatically so, given 
the relatively small portion of the Woodin Creek basin within the R-1 zone, as well as the substantial 
Native Growth Protection Easements already in place on either side of NE 177th Drive.  These 
easements provide valuable protection to the upper mainstem of Woodin Creek and, to a lesser extent, 
the North Tributary.  This protection would remain regardless of changes in zoning density.  The 
NGPEs also provide valuable protection for the landslide and erosion hazard areas within and below 
the easement areas. 

Although at this time none of the upper Woodin Creek Basin is currently identified by the City as an 
erosion hazard area, this study does include these areas as erosion and landslide hazards based on 
geologic instabilities as well as steep slopes.  With this study’s review of LIDAR, the latest geologic 
maps available from the University of Washington, and field reconnaissance, the City’s maps will be 
updated to include this most recent information after completion of the Sustainable Development 
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Study.  Geologic hazards in this area will limit the appropriateness of infiltration as a LID strategy 
near the steep slope part of the basin.  Proper setbacks and stormwater management should address 
most issues, even at densities higher than R-1, although development of any particular site should 
receive its own, site-specific geotechnical evaluation. More detailed information is available in 
Appendix A of this environmental report. 

In general, with the latest geotechnical information (see Appendix A of this environmental report), 
infiltration should be prohibited within 50’ from top of slope, and within 50-500 feet should be 
thoroughly reviewed and supported by geotechnical reports and approved by the city.  In addition, 
any development including single family building permits should be required to convey storm 
drainage over steep slopes to a safe location using appropriately sized HDPE (high density 
polyethylene) pipe9 or similar fuse welded pipe. The pipe is typically installed above-ground and 
supported with metal collars with pins or some form of anchor to secure the tightline in-place.  Above 
ground installation is preferred as it provides ready access to the pipeline if problems develop and 
makes for easy detection of leakage should it occur.  If aesthetics or other issues are a concern, the 
pipeline may be buried.  Burying the pipeline within a shallow trench will require additional measures 
such as trench breakers to minimize erosion and piping of the backfill.  Some type of energy 
dissipater structure is necessary at the end of the tightline.  Such structures could include a concrete 
vault with weirs and baffles or grouted or rip rapped open channels.  Discharge from the tightline 
system could be tied into an existing storm water system if one is located in the vicinity, or some 
form of infiltration facility. 

Development not served by sewers would raise similar concerns about effects on slope stability due to 
infiltration of sewage through on-site systems. R-1 zoning would minimize potential impacts to steep 
slopes, provided that drainfields are set back at least 50 feet based on geotechnical reports.  

There is one large, developable parcel in the north part of this basin where the opportunity for LID is 
greatest.  The 19.8-acre property, which drains to the North Tributary, includes steep slopes, a 
substantial wetland, and forest that provides valuable wildlife habitat.  Whether or not this parcel 
remains in R-1 zoning, when it is ultimately developed the City should work with the property owner 
to maximize the potential environmental benefits from this site. 

Hillside Drainages 
This basin in the R-1 zone is comprised of a collection of many smaller, but steeply incised drainages 
located in the northwestern edge of the zone.  All of the drainages ultimately feed to Little Bear 
Creek, in many cases passing through an extensive system of underground stormwater pipes after 
leaving the R-1 zone. 

Geologic hazards along the slopes are the primary concern.  More detailed information is available in 
Appendix A of this environmental report (in particular sub-appendix C of the Golder Inc. Hydrologic 
Study titled “Preliminary Assessment of Hillside Drainages Infiltration”).  We would again 
recommend an update to the City’s map of geologic hazards using LIDAR, the latest geologic maps 
available from the University of Washington, and field reconnaissance. 

                                                     
9 Fuse welded HDPE pipe has a smooth interior wall and a continuous welded seam between pipe sections.  
This method is preferred over bell and& spigot pipes because it decreases the potential of leakage at pipe joints 
and the pipe itself can withstand most tree falls or other impacts.   
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All recommendations concerning slope stability, geologic hazards, and infiltration for the upper 
Woodin Creek Basin would also apply to the Hillside Drainages. See the discussion in the Woodin 
Creek Basin.  

Golf Course Basin 
As with the Hillside Drainages, all recommendations concerning slope stability, geologic hazards, and 
infiltration for the upper Woodin Creek Basin would also apply to the Golf Course Basin.  See the 
discussion in the Woodin Creek Basin.  

Golf Course Creek appears to provide a locally important steady source of water for wildlife in the 
vicinity.  Citizen testimony and LIDAR analysis suggest that Golf Course Creek may be perennial.  
The steep ravine in which Golf Course Creek is located appears to be highly erodable with significant 
potential for slumps or at least small landslides, which could be significant localized sources of fine 
sediment in lower Little Bear Creek.  Stormwater management in the part of Golf Course Creek’s 
headwaters that is within the R-1 zone should therefore protect against discharges that would cerate 
additional erosion or further impact downstream systems that are already partially blocked and 
possibly undersized.   
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Preparation of the geologic and depth-to-water maps for the  
Redmond-Bear Creek area 

Derek B. Booth 
Pacific NW Center for Geologic Mapping Studies 

University of Washington 
January 18, 2006 

Geologic Map
The geologic map was prepared from a combination of sources, particularly preexisting 
published mapping (Booth, 1987; Minard and Booth, 1988); unpublished mapping by K.Troost 
and D. Booth in 2002 and 2003, new field work in 2005, and the subsurface geodatabase 
acquired for this project.  In the northwest corner of the study area, geologic investigations for 
the Brightwater wastewater treatment plant were consulted extensively, although not all of the 
interpretations presented in those documents were used verbatim. The appropriate scale for map 
use, interpretation, and display is 1:24,000 (1”= 2000’).

Depth to Groundwater
This was determined for the expressed purpose of producing a final susceptibility map (see 
below), and so certain conventions were followed.  Only unconfined water levels, or confined 
water levels where the confining layer was presumed to be of limited lateral extent (e.g., local 
silt lenses in alluvium), were included.  Water levels produced as a result of confinement or 
whose deposits were capped by an extensive geologic layer of low permeability (e.g., till), 
whether or not a confining head was present, were excluded.  This reflects the use of these data 
to highlight areas where contaminants have direct access to the water table. 

Given the King County categories for “shallow” water tables (i.e., <25’ and 25-75’ depths), 
identification of potential shallow-water areas began by highlighting all wells with recorded 
water-level depths of 75 or less.  Only 44 wells were so identified, and so the log of every such 
shallow-water well was inspected.  Those that were unconfined and without significant overlying 
aquitards or aquicludes were highlighted (6 wells in total). Contours of shallow water-table 
depths could not be generalized from these data points, because they were so few in number and 
widely spaced.  Therefore, geologic units and contacts between certain units were primarily used 
to determine plausible, albeit largely unconfirmed, depths to water.  This followed a procedure 
similar to that used for the Vashon/Maury Island susceptibility mapping in 2004, one that is also 
consistent with the guidance of the 1995 King County aquifer-susceptibility document, Mapping
Aquifer Susceptibility to Contamination in King County, for areas where well data are lacking.
For this map, the following assumptions were used: 

o All areas mapped Qal (modern river- and stream-valley alluvium) and adjacent Qvr 
(Vashon-age recessional outwash deposits) were assumed to have water-table depths of 
no more than 25 feet.  All 5 of the wells showing unconfined water-table depths in this 
range were located in these units. 

o All areas mapped Qoal and Qf (older stream-valley alluvium, generally on slightly 
elevated terraces, and alluvial fan deposits) were assumed to have water-table depths of 



25-75 feet, except for one fan with large topographic relief in the southeast map area that 
was judged likely to have depths to water greater than 75 feet in its highest reaches. 

o The basal contact of unit Qva (Vashon advance outwash), where exposed on sideslopes 
and overlying silt- or clay-dominated deposits (most commonly unit Qpf), was assumed 
to mark the location of a water table.  Areas lying within 25’ vertical elevation above this 
contact and not covered by overlying till were mapped in the “0-25 feet” zone; areas 
lying between 25 and 75 feet and not covered by till were mapped in the 25-75 feet” 
zone.  Where groundwater is abundant this is an overly narrow assumption; where 
groundwater is limited this probably overstates its presence.  In nearly every area there is 
insufficient well data to confirm or refute this approach, although field exposures 
commonly reveal abundant seeps and springs at and just above this contact. 

REFERENCES 
D. B. Booth, 1987, Geology of the Bear Creek Basin: chapter in Conditions Report, Bear Creek 

Basin Planning Area: King County Surface Water Management, Seattle, WA. 

J. P. Minard and D. B. Booth, 1988, Geologic map of the Redmond quadrangle, King and 
Snohomish Counties, Washington: U.S. Geological Survey Miscellaneous Field 
Investigations Map MF-2016, scale 1:24,000. 
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Lake Level and Precipitation

Nutrient Analysis

TP
Pr

ec
ip

ita
tio

n 
(m

m
)

10
15
20
25
30

Te
m

p 
(C

)
0

2

4

6

8

Se
cc

hi
 (m

)

TN

28
-S

ep

26
-O

ct

23
-N

ov

21
-D

ec

18
-J

an

15
-F

eb

14
-M

ar

11
-A

pr

9-
M

ay

6-
Ju

n

4-
Ju

l

1-
Au

g

29
-A

ug

O
ct

-0
3

Ja
n-

04

M
ar

-0
4

M
ay

-0
4

Ju
l-0

4

S
ep

-0
4

La
ke

 L
ev

el
 (c

m
)

0
5

Level I Level II

O
ct

-0
3

Ja
n-

04

M
ar

-0
4

M
ay

-0
4

Ju
l-0

4

S
ep

-0
4

Lake Temperature

TotP TotN

Sum of precip Avg of Lake level

Level I Level II
Secchi Depth

0

20

40

60

80

100

0

200

400

600

800

1000

0

50

100

150

0

25

50

75

100

25
-A

pr

9-
M

ay

23
-M

ay

6-
Ju

n

20
-J

un

5-
Ju

l

18
-J

ul

1-
Au

g

16
-A

ug

29
-A

ug

12
-S

ep

27
-S

ep

10
-O

ct

24
-O

ct

Leota Overview
Volunteer monitoring began at Lake 
Leota in 1998 and continued through 
2004. Recent data suggested that 
this city lake (Woodinville) was 
moderate in primary productivity 
(mesotrophic) with good water 
quality. Productivity appeared to be 
higher in 1998 – 2001.

Lake Leota has no public access 
points, though residents should keep 
an eye on aquatic plants growing 
nearshore to catch early infestations 
of Eurasian milfoil, Brazilian elodea 
or other noxious aquatic weeds.
Lake Leota has recently experienced 
aggressive growth by a milfoil 

Myriophyllum
verticillatum.

Physical Parameters
Secchi transparency ranged between 
2.2 and 4.5 m through the year. The 
summer average was 3.6 m, which 
was in the upper middle range for all 
the small lakes monitored in 2004. 
Annual water temperatures ranged 
from 4.5 to 25.0 degrees Celsius.
The maximum recorded was in the 
mid range for the lakes that were 
tracked.

Excellent precipitation and water level 
records were compiled for the year. 
Water levels were consistent with the 
regional pattern of winter-high levels, 
dropping slowly through the summer 
to a low stand in early fall.

Nutrient Analysis and TSI 
Ratings
Total nitrogen generally decreased 
through the period, while phosphorus 
remained steady until mid October 
when there was an abnormally high 
value recorded. Aside from this 
date, the N:P ratio ranged from 19 to 
65, averaging 47 which suggested 
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Unidentified cells Chrysophyta
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generally poor conditions for 
nuisance bluegreen growth.

the season and persisted through 
the summer. Relatively high 
concentrations of phosphorus were 
found in the deep water, suggesting 
there was some release from the 
sediments. Chlorophyll data indicated 
that algae were higher in abundance 
in the surface water than in middle of 
the water column.

The 2004 TSI values were fairly close 
to each other in the mesotrophic 
range, with TSI-Secchi somewhat 
lower than the other two indicators, 
similar to 2003.

Chlorophyll Concentrations 
and Algae
Chlorophyll remained fairly low 
through the sampling period until 
mid October when it spiked in late 
September, two weeks before the 
high phosphorus value. Commonly 
found algae in spring and summer 

species, Synura, and Dinobryon. The 
high peak in late September was 

Ceratium hirundinella.
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Leota

2004 Level I Data

Daily Data Summary Weekly Data Summary

Week of

Sum of
precip.
(mm)

# of 
days

Avg of lake 
level (cm)

# of 
days Sample date

Sample
time

Secchi
(m)

Temp 
(°C)

Algae*
(Shore)

Algae*
(at site)

Goose
Count*

28-Sep-03
5-Oct-03

12-Oct-03
19-Oct-03
26-Oct-03
2-Nov-03
9-Nov-03

16-Nov-03
23-Nov-03
30-Nov-03

7-Dec-03
14-Dec-03
21-Dec-03
28-Dec-03

4-Jan-04
11-Jan-04
18-Jan-04
25-Jan-04
1-Feb-04
8-Feb-04

15-Feb-04
22-Feb-04
29-Feb-04

7-Mar-04
14-Mar-04
21-Mar-04
28-Mar-04

4-Apr-04
11-Apr-04
18-Apr-04
25-Apr-04
2-May-04
9-May-04

16-May-04
23-May-04
30-May-04

6-Jun-04
13-Jun-04
20-Jun-04
27-Jun-04

4-Jul-04
11-Jul-04
18-Jul-04
25-Jul-04
1-Aug-04
8-Aug-04

15-Aug-04
22-Aug-04
29-Aug-04

5-Sep-04
12-Sep-04
19-Sep-04
26-Sep-04

Min
Max
Total

* See introduction for discussion of algae assessment and goose count methods.

0.0 4 20.5 4
8.0 6 20.4 7 5-Oct-03 15:00 4.0 10.0 P1 P1
49.0 6 23.0 7 13-Oct-03 17:00 3.0 7.0 P1 P1
129.0 7 52.7 7 19-Oct-03 16:30 3.8 14.0 P1 P1
10.0 5 65.7 7 26-Oct-03 16:00 3.3 14.0 P2 P2
3.0 6 65.4 7 4-Nov-03 14:00 3.0 9.0 P1 P1
2.0 6 64.6 7 9-Nov-03 13:00 2.8 7.0 P1 P1
105.0 7 83.3 7 16-Nov-03 16:00 3.0 7.0 P2 P2
22.0 5 82.4 5 23-Nov-03 14:00 3.0 6.0 P2 P2
48.0 6 79.7 6 30-Nov-03 14:00 3.0 6.0 P1 P1
24.0 6 81.1 7 8-Dec-03 15:00 3.0 5.5 P2 P2
19.0 6 79.1 7 14-Dec-03 12:30 3.1 5.0 P1 P1
30.5 7 77.6 7 21-Dec-03 13:30 3.2 5.0 P1 P1
16.0 7 79.4 7 28-Dec-03 14:00 3.1 4.5 P1 P1
51.0 6 82.0 7
20.5 6 88.1 7
28.0 7 83.4 7 18-Jan-04 12:30 3.2 4.5 P1 P1
78.5 6 97.7 7 25-Jan-04 13:30 3.2 5.0 P1 P1
22.5 7 93.9 7 1-Feb-04 12:00 3.2 6.0 P1 P1
5.5 7 93.3 7 8-Feb-04 14:30 3.1 5.5 P1 P1
23.0 7 86.7 7 15-Feb-04 14:00 3.1 5.5 P1 P1
18.5 7 81.6 7 22-Feb-04 13:00 3.1 5.5 P1 P1
24.0 7 80.7 7 29-Feb-04 16:00 3.0 7.0 P1 P1
4.0 7 78.0 7 7-Mar-04 13:00 3.2 7.5 P1 P1
3.5 6 75.1 7 14-Mar-04 17:00 3.3 9.5 P1 P1
20.0 7 74.7 7 21-Mar-04 14:30 3.2 10.5 P1 P1
1.5 5 75.0 7 28-Mar-04 13:00 3.2 11.5 P1 P1
0.0 7 71.6 7
7.0 6 70.0 7
11.0 5 69.1 7
2.0 7 68.3 7
3.0 7 66.1 7 2-May-04 14:00 4.2 18.5 P1 P1
9.5 6 65.3 7 9-May-04 15:30 4.3 17.0 P1 P1
2.5 5 63.9 7 16-May-04 16:00 3.9 17.0 P1 P1
44.5 7 66.6 5 23-May-04 13:00 3.3 17.0 P1 P1
8.0 7 70.7 7 30-May-04 13:30 3.2 17.0 P1 P1
11.0 7 69.6 7 6-Jun-04 13:30 3.0 20.0 P1 P1
4.0 7 68.1 7 13-Jun-04 15:30 3.8 19.0 P1 P1
0.0 6 64.4 7 20-Jun-04 17:00 3.0 24.0 P1 P1
3.0 7 60.6 7 27-Jun-04 15:00 3.0 22.5 P1 P1
8.0 6 58.0 7
0.0 7 55.7 7 11-Jul-04 15:00 3.2 21.0 P1 P1
0.0 6 52.0 7 18-Jul-04 15:30 2.9 23.5 P1 P1
0.0 7 47.4 7 25-Jul-04 15:00 2.2 25.0 P1 P1
24.0 6 43.4 7 1-Aug-04 14:00 3.2 25.0 P1 P1
0.0 6 42.4 7 8-Aug-04 17:00 2.8 22.5 P1 P1
0.0 7 38.9 7 15-Aug-04 16:00 4.3 24.0 P1 P1
56.0 7 43.9 7 22-Aug-04 15:00 3.5 22.5 P1 P1
7.5 7 43.3 7 29-Aug-04 14:30 4.2 21.5 P1 P1
4.0 5 41.9 7 5-Sep-04 8:30 3.5 20.0 P1 P1
41.5 6 43.9 7 12-Sep-04 10:30 3.5 20.0 P1 P1
7.0 6 46.0 7 19-Sep-04 12:50 3.6 17.0 P1 P1
0.0 5 45.4 5 26-Sep-04 14:30 4.0 16.0 P1 P1

0.0 20.4 Min 2.2 4.5
129.0 97.7 Max 4.3 25.0
1019.5
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Leota

2004 Level II Data

N:P Secc chl-a TP

N:P Secc chl-a TP

Date (2004) Temp (°C)
Secchi

(m)
Chl-a
( g/l) TP ( g/l) TN ( g/l)

Algae
Obsv.

Calculated TSI

TSI Average = 44.5

TP ( g/l) TN ( g/l) Algae

Calculated TSI

Temp (°C)
Secchi

(m)
Chl-a
( g/l)

25-Apr 15.0 4.5 2.08 14.8 959 1 65 38.3 37.8 43.0

9-May 17.0 4.3 2.72 22.7 735 1 32 39.0 40.4 49.2

23-May 17.0 3.3 10.90 18.5 670 1 36 42.8 54.0 46.2

6-Jun 20.0 3.0 10.40 20.4 586 1 29 44.1 53.5 47.7

20-Jun 24.0 3.0 44.1

5-Jul 21.5 2.5 9.93 22.4 626 1 28 46.8 53.1 49.0

18-Jul 23.5 2.9 8.17 16.6 493 1 30 44.6 51.2 44.7

1-Aug 25.0 3.2 5.13 15.4 492 1 32 43.2 46.6 43.6

15-Aug 24.0 4.3 2.00 13.7 406 1 30 39.0 37.4 41.9

29-Aug 21.0 4.2 4.01 12.3 430 1 35 39.3 44.2 40.4

12-Sep 20.0 3.5 4.27 12.8 360 1 28 41.9 44.8 40.9

26-Sep 16.0 4.0 43.10 22.9 442 1 19 40.0 67.5 49.3

10-Oct 14.5 4.5 3.47 44.0 461 1 10 38.3 42.8 58.7

24-Oct 12.0 4.1 0.90 12.0 411 1 34 39.6 29.5 40.0

Mean 19.3 3.7 8.2 19.1 543.9 1.0 31 41.5 46.4 45.7

Median 20.0 3.8 4.3 16.6 492.0 1 30 41.0 44.8 44.7

Min 12.0 2.5 0.9 12.0 360.0 1 10 38.3 29.5 40.0

Max 25.0 4.5 43.1 44.0 959.0 1 65 46.8 67.5 58.7

Count 14 14 13 13 13 13 13 14 13 13
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Cottage

Lake Level and Precipitation

Nutrient Analysis
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Cottage Overview
Volunteer monitoring began at 
Cottage Lake in 1995 and continued 
through 2004. The data indicate 
this lake is relatively high in primary 
productivity (eutrophic) with fair water 
quality. Enhancement of productivity 

in the lake management plan (King 
County, 1996).

Cottage Lake has no public access 
boat ramp, but car top boats may be 
launched through the county park. 
Residents should monitor aquatic 
plants growing near-shore to catch 
early infestations of Eurasian milfoil, 
Brazilian elodea, or other noxious 
aquatic weeds.

Physical Parameters
Secchi transparency ranged between 
1.0 and 3.1 m during the year. The 
summer average was 2.1 m which 
placed it in the lower end of small 
lakes monitored in 2004. Surface 
water temperatures ranged from 3.0 
to 25.0 degrees Celsius, putting it in 
the mid range for the group. 

Excellent local precipitation and 
water level records were available 
for the year, showing that the lake 
level varied erratically through most 
of the year, relating to rainfall events 
in winter, but also remaining at high 
levels in summer, likely affected by 
both beaver and human activities.

Nutrient Analysis and TSI 
Ratings
Total nitrogen declined through the 
spring, varied a little in summer, 
and increased in late October. Total 
phosphorus remained fairly steady 
until late October, when it also 
began to increase. The N:P ratio 
ranged from 12 to 70, averaging 28, 
with good conditions for nuisance 
bluegreen growth indicated beginning 
in August. 
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Cottage
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5/24/04 2.0 1 18.0 10.70 20.1 961
3 15.0 17.80 24.5 1030

6.5 8.0 13.60 54.9 644
8/30/04 1.0 1 22.0 38.00 29.2 562

3 20.0 57.70 40.5 509
6.5 11.0 34.30 561.0 2510

the season and persisted through 
the summer. High concentrations of 
phosphorus were found in the deep 
water in August, suggesting that 
anoxia could have triggered a release 
from the sediments. Chlorophyll data 
indicated that algae were higher 
in abundance in the middle of the 
water column, possibly around the 
thermocline.

In 2004 TSI values for the three 
indicators were close to each other, 
above the threshold for eutrophic 
conditions, similar to recent years.

Chlorophyll Concentrations 
and Algae
Chlorophyll content decreased from 
a minor increase in late May to low 
values that remained steady through 
summer and then increased greatly 
in late August, shortly after the 
drop in N:P ratios. For most of the 
sample season, the phytoplankton 
was dominated by the bluegreen 
Aphanizomenon  The 
diatoms ,

, and Fragilaria
 were also commonly 

found, in addition to a variety of 
cryptophyte and chrysophyte species.
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Cottage

2004 Level I Data

Daily Data Summary Weekly Data Summary

Week of

Sum of
precip.
(mm)

# of 
days

Avg of lake 
level (cm)

# of 
days Sample date

Sample
time

Secchi
(m)

Temp 
(°C)

Algae*
(Shore)

Algae*
(at site)

Goose
Count*

28-Sep-03
5-Oct-03

12-Oct-03
19-Oct-03
26-Oct-03
2-Nov-03
9-Nov-03

16-Nov-03
23-Nov-03
30-Nov-03

7-Dec-03
14-Dec-03
21-Dec-03
28-Dec-03

4-Jan-04
11-Jan-04
18-Jan-04
25-Jan-04
1-Feb-04
8-Feb-04

15-Feb-04
22-Feb-04
29-Feb-04

7-Mar-04
14-Mar-04
21-Mar-04
28-Mar-04

4-Apr-04
11-Apr-04
18-Apr-04
25-Apr-04
2-May-04
9-May-04

16-May-04
23-May-04
30-May-04

6-Jun-04
13-Jun-04
20-Jun-04
27-Jun-04

4-Jul-04
11-Jul-04
18-Jul-04
25-Jul-04
1-Aug-04
8-Aug-04

15-Aug-04
22-Aug-04
29-Aug-04

5-Sep-04
12-Sep-04
19-Sep-04
26-Sep-04

Min
Max
Total

* See introduction for discussion of algae assessment and goose count methods.

0 5 42.8 5
11 7 44.9 7 7-Oct-02 13:00 1.0 15.0 C3 C3
53 7 50.9 7 14-Oct-02 13:00 1.0 13.0 C3 C3
134 7 61.0 7 21-Oct-02 13:00 1.0 13.0 C3 C3
0 5 44.8 5 28-Oct-02 13:00 2.0 12.0 C1 C1
0 4 37.3 4 4-Nov-02 12:30 2.0 9.0 C1 C1
17 7 40.9 7 12-Nov-02 12:30 2.0 9.0 C1 C1
108 7 66.3 7 18-Nov-02 13:00 2.0 9.0 C1 C1
37 7 47.9 7 25-Nov-02 13:00 2.0 8.0 C1 C1
38 7 41.9 7 2-Dec-02 13:00 2.0 7.0
29 7 42.7 7 9-Dec-02 13:00 2.0 7.0
16 7 38.4 7 16-Dec-02 13:00 1.0 7.0
31 7 35.7 7 23-Dec-02 13:00 1.5 6.0
14 5 36.4 5 30-Dec-02 13:00 2.0 5.0
40 1 1 6-Jan-03 13:00 1.5 5.0
30 7 49.4 7 12-Jan-03 13:00 1.5 5.0
16 5 43.4 5 20-Jan-03 13:00 1.5 6.0
0 0 0 27-Jan-03 12:00 1.5 6.0

126 1 1 3-Feb-03 13:00 1.5 5.5
9 7 40.3 6 10-Feb-03 13:00 1.5 5.0
21 7 38.7 7 17-Feb-03 13:00 1.8 5.5
33 7 35.3 7 24-Feb-03 12:30 2.0 6.0
29 7 37.9 7 3-Mar-03 13:00 1.5 6.0
7 7 34.0 7 9-Mar-03 13:00 1.5 7.0
2 7 32.3 7 17-Mar-03 13:00 1.5 9.0
25 7 29.4 7
6 7 28.4 7
0 7 25.0 7 7-Apr-03 14:00 1.0 11.0 P1 P1
0 7 36.9 7 13-Apr-03 14:30 1.0 11.5 P1 P1
12 7 50.4 7 21-Apr-03 14:00 1.0 13.0 P1 P1
0 7 53.1 7 28-Apr-03 12:30 1.5 14.0 P1 P1
0 7 40.4 7 4-May-03 13:00 1.8 14.0 P1 P1
3 7 35.1 7 12-May-03 13:00 1.5 17.0 P1 P1
8 7 48.3 7 19-May-03 12:00 1.5 16.0 P1 P1
52 7 63.0 7 27-May-03 13:00 1.5 18.0 P1 P1
0 6 48.3 7 2-Jun-03 13:00 2.0 19.0 P1 P1
22 7 57.7 7 9-Jun-03 13:00 2.0 23.0 P1 P1
0 3 49.3 3 16-Jun-03 13:30 2.0 21.5 P1 P1
0 0 0 23-Jun-03 13:00 2.0 18.0 P2 P2
0 0 0 29-Jun-03 11:45 2.8 23.0 P2 P1
28 7 30.7 6 7-Jul-03 13:30 2.5 23.0 P2 P1
0 7 28.3 7 14-Jul-03 13:00 2.3 23.0 P2 P1
0 7 31.7 7 21-Jul-03 14:00 2.5 25.0 P3 P1
0 7 32.4 7 28-Jul-03 15:00 2.7 25.0 P3 P1
19 7 33.6 7 4-Aug-03 14:00 2.7 25.0 P3 P1
0 7 36.0 7 10-Aug-03 15:00 2.2 24.5 P3 P1
44 7 37.9 7 18-Aug-03 13:00 1.5 23.0 P3 P2
19 7 39.6 7 25-Aug-03 12:00 1.3 22.0 P3 P2
7 7 37.0 7 1-Sep-03 12:00 1.2 22.0 P3 P2
28 7 36.9 7 8-Sep-03 13:00 1.2 21.0 P3 P2
51 7 41.1 7 15-Sep-03 13:00 1.2 18.0 P3 P2
4 7 36.9 7 22-Sep-03 14:00 1.0 18.0 P3 P3
0 4 33.0 4 29-Sep-03 12:00 1.3 18.0 P3 P3

0.0 25.0 Min 1.0 5.0
134.0 66.3 Max 2.8 25.0
1129.0



SECTION THREE     Cottage     King County Lake Monitoring Report, Water Year 2004    4

Cottage

2004 Level II Data

N:P Secc chl-a TP

N:P Secc chl-a TP

Mean

Median

Min

Max

Count

Date (2004) Temp (°C)
Secchi

(m)
Chl-a
( g/l) TP ( g/l) TN ( g/l)

Algae
Obsv.

Calculated TSI

TSI Average = 51.7

TP ( g/l) TN ( g/l) Algae

Calculated TSI

Temp (°C)
Secchi

(m)
Chl-a
( g/l)

26-Apr 17.0 2.0 3.68 16.0 1110 2 69 50.0 43.4 44.1

10-May 17.0 2.0 7.37 26.3 1100 2 42 50.0 50.2 51.3

24-May 18.0 2.0 10.70 20.1 961 2 48 50.0 53.8 47.4

7-Jun 19.5 2.5 10.60 22.6 727 2 32 46.8 53.7 49.1

20-Jun 22.5 2.5 9.77 21.3 615 29 46.8 52.9 48.3

5-Jul 24.0 3.1 6.41 24.0 635 26 43.7 48.8 50.0

19-Jul 24.0 2.5 5.61 19.1 468 2 25 46.8 47.5 46.7

2-Aug 24.0 2.5 5.93 21.3 398 2 19 46.8 48.0 48.3

16-Aug 25.0 2.0 8.81 22.8 379 2 17 50.0 51.9 49.3

30-Aug 23.0 1.0 38.00 29.2 562 2 19 60.0 66.3 52.8

13-Sep 19.0 1.3 33.00 26.6 490 2 18 56.2 64.9 51.5

27-Sep 16.5 1.3 21.50 25.3 471 2 19 56.2 60.7 50.8

11-Oct 15.0 2.0 26.80 30.5 494 2 16 50.0 62.8 53.5

25-Oct NR NR 13.50 70.3 809 12 56.1 65.5

20.3 2.1 14.4 26.8 658.5 2.0 28 50.2 54.4 50.6

19.5 2.0 10.2 23.4 588.5 2 22 50.0 53.3 49.6

15.0 1.0 3.7 16.0 379.0 2 12 43.7 43.4 44.1

25.0 3.1 38.0 70.3 1110.0 2 69 60.0 66.3 65.5

13 13 14 14 14 11 14 13 14 14
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1.0 INTRODUCTION 
 

This sub-report reviews the limnology of Lake Leota, emphasizing its physical and 
chemical aspects, plant communities, and apparent environmental controlling factors in 
the watershed.  The lake’s trophic status is then discussed with respect to the above 
controlling factors.  Future analysis would address changes in lake condition in response 
to possible management alternatives.  An evaluation of Lake Leota with respect to the 
Litowitz criteria follows.  This sub-report is a component of a larger technical study by 
Steward and Associates that examines controlling issues in the watershed relevant to 
present and future land management in the city of Woodinville.  This larger study 
explores the role of development density in the R-1 zone on critical issues to determine 
relevance to the Litowitz criteria, namely whether they are large in scope, have complex 
structures and functions, and a high rank order (following).  Lake Leota is the critical 
area that is the focus of this sub-report.  
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2.0 CRITICAL AREA REVIEW 
 
2.1 Setting of Lake Leota 
 
2.1.1  Geology and Soils 
 
Lake Leota is located near the southeastern corner of Woodinville, Washington, in King 
County, approximately 1.3 mile south of the Snohomish/King County line.  The lake 
basin, like neighboring lake basins and stream channels, was formed in the undulating 
terrain of irregularly deposited glacial outwash left by southward flowing glacial melt 
waters.  Vashon advance glacial outwash gravels underlie soils in the immediate vicinity 
of the lake.  These materials extend slightly more than a mile up gentle flowages to the 
northwest and north (App. A to the Environmental Report, Figure 4) of the lake basin.  
These slopes contain the northwest and northern tributary channels to the lake.  From 60 
– 100 ft. above the lake extending further upward in elevation, Vashon glacial till 
underlies soils.  A pocket of alluvium underlies soils approximately 0.3 mile north-
northwest of the lake. 

The peaty soil on the very flat slopes of land immediately adjacent to the lake are most 
likely wetland meadows formed by the process of lake aging where productive littoral 
(nearshore) aquatic plant communities gradually replace shallow water with dense 
emergent vegetation -filled shallow contours around the lake.  Wet, peat-filled meadows 
eventually resulted.  The present ring of vegetation-rich littoral (shallow, where light 
penetrates to the bottom) waters around the lake is a continuation of this aging process 
(Photograph 1).  In the early phases of its history after basin formation some 11,000 years 
ago, Lake Leota would have been 3 – 4 times its present area and much deeper.  The 
basin shape is indicative of a kettle lake basin, one left behind after blocks of erratic ice 
buried in the glacial outwash melted and left behind a recession in the gravels that would 
become the lake basin. 

Soils near the lake are basically a dark sandy loam with prominent distinct redoximorphic 
accumulations (App. C to the Environmental Report).  Wetlands are common along the 
northwest tributary channel and predominant around the lake in a nearly continuous band.  
Although wetlands are common around the lakeshore, with a few extending up tributary 
channels and swales, present wetlands are but a small remnant of pre-settlement 
wetlands.  Their earlier presence, however, is important for the soils left behind.  These 
old wetland soils are wet with high organic content.  This type of soil tends to be oxygen-
deficient, the low redox potential facilitating de-nitrification (nitrogen loss) and soluble 
phosphorus release from chemically bound states in the soils.  These soils, therefore, have 
low phosphorus binding capacity rendering them poor substrate for septic drain fields.  
Much of the discharged phosphorus in sanitary systems around Lake Leota will rapidly 
saturate subsoil groundwater and flow to the lake. 
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The 506-acre watershed is steepest away from the lake.  As described above, lands close 
to the lake slope more gradually and flatten out close to the water.  There were no eroding 
soils or cut banks at the shoreline seen on my two visits to the lake in June and July 2006.  

 
 
2.1.2 Watershed Vegetation 
 
Vegetation cover in the watershed and around the lake tends toward the coastal climax 
forest, which once dominated these near-ocean hills.  Douglas fir (Pseudotsuga 
menziesii), western red cedar (Thuja plicata), and western hemlock (Tsuga heterophylla) 
remain the dominant large trees with western yew (Taxus brevifolia) and Sitka spruce 
(Picea sitchensis) common co-dominants.  In the old growth stands, larger trees exceeded 
250 ft in height and 12 ft diameter.  Although species composition is similar to climax 
stands, present second or third growth trees tend to be considerably smaller and sporadic 
in small clumps or individual trees.  Cedar, Douglas fir, and hemlock dominate the 
remaining second growth timber around the lake.  Native understory was bracken fern, 
sword fern, salal, elderberry, black alder, big-leaf maple, and devil’s club.  Present 
understory plant communities are similar but spotty and may be dominated by the exotic 
shrubs blackberry and Scotch broom in sunny areas.   
 
Shoreline vegetation composition and pattern is described in Appendix C of the 
environmental report.  In general, however, the lake shoreline is nearly100% vegetated, 
either with the wetland communities described by Cooke or by lawns on the nearly flat 
lower slopes near the lake.  Much of these lower lawn areas are developed from or built 
over the original wetlands, which surrounded the lake (Lake Leota Community Club, 
2006). 
 
 
2.1.3 Lakeshore Development Around Lake Leota 
 
The watershed of Lake Leota was first platted and settled by newcomers to the Pacific 
Northwest in 1891 with a deed of surrounding lands to a Clinton West from the federal 
government.  In 1902, Edward Brady, a lawyer prominent in the rebuilding of Seattle 
after the 1889 fire, acquired the land around Summit Lake (as Lake Leota was named at 
the time) and developed a cedar shake mill on its northeastern shore.  Several other 
sawmills soon developed in the lake’s watershed as the extensive cedar stands were 
harvested.  By the mid-1920s, the watershed had been clearcut with the result that some 
of the stump lands were sold for taxes.  As surrounding brush fields developed, Summit 
Lake became a destination for recreation trips but it was considered “still a seep lake, 
bog, and brush [sic]”(Leota Community Club 2000).  In the 1932 original plat of Lake 
Leota Farms, the lake was first recorded as Lake Leota, named after Brady’s wife.  
Restrictive covenants were in the original deeds restricting uses to recreational and 
residential only with specific prohibition of “any sewer drainage into the lake or any 
pollution of the water”.  Any use for manufacturing or public amusement was also 
prohibited by those original documents. 
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Twenty-eight platted tracts within a rectangle formed by the outer boundaries now 
surround the lake.  All but 4 of the tracts extend to the water’s edge.  The seasonal cabins 
of the 1940s and 1950s have since developed into year-round homes on most of the 
properties.  Tract development preceded incorporation into the City of Woodinville so 
individual, active septic systems surround the lake.  Land use throughout the watershed is 
suburban low density residential with one small urban shopping area located to the 
northwest.   

 
2.2 Limnology of Lake Leota 

 
2.2.1 Basin Shape and Volume 
 
The morphometric map of Lake Leota (Figure 1 below) depicts bottom contours and 
scale.  These data are necessary for water, sediment, and nutrient loading estimates as 
well as zonal water and sediment volumes for lake rehabilitation work. 
 

 
Figure 1.  Morphometry of Lake Leota (Washington Dept. of Ecology, 1976).   I1, I2, and 
I3 refer to lake inlet channels.  Circled numbers refer to benthic sampling points, July 
2006. 
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Table 1.  Morphometric data calculated from the Lake Leota map (Falter 2006). 
Measure English Metric 

Maximum Length 1,100 ft 335 m 
Maximum Width 520 ft 158 m 
Watershed Area 506 Ac 202 ha 
Lake Area at summer pool 10.44 Ac 4.2 ha 
Maximum Depth 23.0 ft 7.0 m 
Mean Depth 12.4 ft 3.8 m 
Relative Depth  
(Mean Depth/Maximum Depth) 

0.54 0.54 

Mean Bottom Slope 6.0% 6.0% 
Lake Volume 129.9 Ac ft

5,657,000 ft3
 

160,180 m3 
Area of lake when filled to the 
-2.5 ft contour* 

12.34 Ac ft 4.9 ha 

Area of lake when filled to the 
-5.0 ft contour 

14.60 Ac ft 5.8 ha 

Volume of 0 to -2.5 ft stratum 1,238,000 ft3 35,083 m3 
Volume of 0 to –5.0 ft stratum 1,465,000 ft3 41,515 m3 
*  Using an estimated –2.5 ft contour line from the topographic map supplied by 
Appendix A to the environmental report. 
 
The surface area of Lake Leota at summer water level is 10.4 acres (4.2 ha) or 2.1% of 
the watershed area.  Since the lake has been observed to raise 2.5 ft following 
precipitation events, I calculated the lake area to be 12.34 acres if the lake rose 2.5 ft over 
typical mid-summer level.  Maximum depth of that normal summer pool is 23.0 ft (7.0 
m) while mean depth of the lake is 12.4 ft (3.8 m).  Mean depth is 54% of the maximum  
depth.  This moderately high relative depth suggests a greater tendency for water 
stratification in summer, freezing in winter, and relative isolation of deeper water and 
sediments from the unlimited light and oxygen available at the surface. 
 
Mean slope of the lake bottom from shore to the deep point is 6.0%.  Lake water volume 
is 129.9 AcFt; volume of the 0 to –2.5 ft stratum is 1,238,000 ft3 or 22% of the lake at 
typical summer pool level.  A 2.5 ft raise in lake surface elevation with a runoff event 
into the lake would then represent an approximate 22% increase in lake water volume.  
This large increase in lake volume with a small surface elevation occurs because of the 
very flat gradient of shoreline above the 0 depth contour.  

  
2.2.2 Hydrology  
  
Inflows to the Lake.  Residents and King County Volunteer Lake Monitoring Program 
(KCVLMP) reports have long described Lake Leota as a seepage lake.  It has three 
surface tributary channels, but is considered to receive most of its inflowing water via 
groundwater seepage (King County 1998-2005).  These surface channels enter the lake 
from the northwest, north, and south slopes of the lake basin.  The northwest channel, 
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although draining the largest land area (~291 acres), was the least scoured above the lake 
and had most heavily vegetated channel to its mouth at the lake.  Its watershed has the 
gentlest slopes adjacent to the surface channel of Lake Leota’s three sub-watersheds.  
Thus it is the most stable of the three tributary channels (Photograph 2).  There is one 
stormwater retention facility about half way up that channel.  On some maps, this 
northwest channel is designated as “Cold Creek” even though still upstream of the lake.   
 
The north channel drains a higher density housing development on the north side of 
Woodinville-Duvall road as well as a length of that heavily trafficked road.  Draining 
some 100 acres, this north channel shows some evidence of channel scouring.  A 
lakeshore resident (J.D. White) who lives along lower reaches of the north channel 
reports past out-channel flooding of this channel as flows through a braided, but still 
heavily vegetated reach just above the lake. 
 
The south channel drains approximately 115 acres.  This channel shows recent severe 
scour and bank cutting in its lower reaches just above the lake (Photograph 5).  This 
south sub-watershed is the steepest of the three Lake Leota sub-watersheds.  Out-of-
channel flows have resulted from culvert clogging at NE 180th St. just above the lake 
(Personal Communication, Rosie Paulgen).  At the point of entry to the lake, all three 
tributary channels are very low gradient with thickly vegetated stream mouths 
(Photographs  2, 3, and 4). 
 
Since the early 1990’s, the KCVLMP has maintained at least weekly precipitation and 
lake level records on the lake.  The lake surface elevation varies from annual lows in late 
summer/fall to highs late in winter and early spring (January to April).  The annual range 
of fluctuation is commonly 2.5 ft (0.75 m) but has been up to 3.2 ft (~1.0 m).  These 
records show a fairly rapid (within a week) response in lake level to precipitation events 
although the absence of tributary flow volumes and flow rates of groundwater seepage 
prohibits parsing the relative contributions of the varied water sources to the lake.  The 
weekly resolution of precipitation and lake level data does not permit a fine analysis of 
lake response to precipitation but the data do commonly show a rise in lake level 
elevation of 10-15 cm in the week following a 4-6 cm precipitation event.  In late 
December 1996 following a record very heavy snowfall (~2 wet feet) the lake rose 60 cm 
rise over the following week.  We cannot tell how fast the lake rose within the week 
given the data resolution.  Differences in lake response to comparable precipitation 
events over a year are most likely due to intensity of the precipitation and whether it 
occurred as rain or snow.   
 
Outflows from the Lake.   Lake Leota is “perched” above the Qva aquifer (Appendix A to 
the environmental report); perched lakes commonly lose most of their outflow as 
seepage, a common phenomenon in glaciated lands across the northern states.  In lower 
valleys, the lake basins are on glacial alluvium and/or till with water retained in the lake 
by a relatively thin layer of muck.  This “seal” may only be a few meters thick, 
permitting significant or all water loss from the lake as seepage to groundwater.  The 
King County lake monitoring reports have stated that nearly all outflowing water leaves 
Lake Leota via groundwater flow.  This is an important point and will be discussed later 
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in Section 2.3.  Inspection of the lake outlet channel on July 19, 2006 showed the lake 
level was about 40 cm below the level necessary to deliver surface flow to the channel 
(Photograph 6).  Vegetation development in the meandering outflow channel suggested 
that no surface outflow had occurred at least since the previous winter. 
 
Surface outflows down the lake’s single eastside surface outlet probably do occur most 
years in winter months but because of seepage outflows, not as often as inflow channels 
bring water into the lake.  Seepage probably occurs mostly through the outflow sill.  
Surface outflows from the Lake Leota can be regulated by a drop board structure if flows 
are high enough.  Lake Leota’s surface outflow is commonly accepted as the beginning 
of Cold Creek even though still an intermittent stream at this point.  These intermittent 
surface outflows are not gauged until the Cold Creek stream gage (02K) maintained by 
King County (App. A) about 1 mile below Lake Leota.  Initial intermittent flows below 
Lake Leota gradually increase downstream from spring seepage until the stream has year-
round flow by Gage 02K.  Flows at the gage vary little around the year, averaging  3.5 – 
4.0 cfs over all seasons (five-year record 2000-2005).  Stream temperature at the gage 
also varied little with a 8 – 11 degree Celsius range (App. A) while Lake Leota surface 
temperatures showed a ~20 C temperature range over the year (King County Volunteer 
Lake Monitoring Reports 1998-2005).   
 
It is clear that nearly all the water delivered downstream from Lake Leota to Cold Creek 
is as sub-surface seepage.  Flow through the glacial gravels to surface springs in the 
downstream Cold Creek wetlands is sufficiently buffered by intra-gravel storage so that 
the seepage yield to Cold Creek is nearly constant in flow volume and temperature year-
round.  Anderson concluded that a 10-15% reduction in seepage to Cold Creek would 
result in a summer temperature increase of 0.5-1.0 C even in Cottage Lake Creek 
downstream of Cold Creek.  Temperature impacts to Cold Creek per se have apparently 
not been estimated. 
 
Lake hydraulic retention time (HRT) could be estimated if inflow rates were available.  
There is, however, no estimate of either surface or seepage inflow volumes per unit time.  
The implications of variable HRT, therefore, especially in relation to USRO (urban storm 
runoff) can only be estimated.  Lake volume, necessary for evaluating sensitivity to 
nutrient loading, can be calculated, however.  Given the weekly lake level change 
measurements published, we can roughly estimate lake volume change to some storm 
events.  At this point, we can say that a 60 cm rise in lake level from a moderate 5-7 cm 
precipitation event can cause a ~20% increase in lake water volume.  This increase is 
undoubtedly from a combination of surface and groundwater (seepage) flow but mostly 
surface flow since median hydraulic conductivity of the underlying Qvt and Qva 
materials is estimated at 53-86 ft/day.  If watershed areas had hydraulic conductivities 
near the maximum range of those materials (1,000-3,056 ft/day), a significant proportion 
of flows to the lake as seepage within a week is possible after a precipitation event.  This, 
however, is unlikely.  At this point, we conclude that lake level rises following 
precipitation often occur within a week, are mostly due to surface inputs, and over a 
year’s time can contribute a significant proportion of the lake’s volume.  Lake Leota 
HRT is probably less than 2 years.  More important than the proportion of water 
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delivered to the lake, however, is the loading of sediments, nutrients, and heavy metals 
delivered to the lake (Section 2.4.2).   

2.2.3 Physical-Chemical Aspects and Trophic Status of Lake Leota 
 
Lake Leota is a shallow, mesotrophic, slightly colored (yellow in mid-summer; brown in 
late fall, winter, and early spring) lake with both its sediments and water dominated by 
watershed runoff (a combination of surface and seepage inflows). 
 
Temperature and Thermal Stratification.  The lake thermally stratifies in summer with 
surface temperatures ~23-25 C; 4-5 m water temperatures ~13-16 C; and 6-7 m 
temperatures ~8 C.  Winter low temperatures in the water column are ~2-5 C cooling 
slightly near the surface towards ~ 0 C in an inverse stratification.  Ice formation may 
occur along shorelines in some years; total ice cover occasionally occurs for a few weeks 
but is rare.  Summer stratification is probably stable most years through summer into fall 
because of the basin’s protection from wind-driven summer overturn of the water 
column.  The resulting isolation of deep waters and sediments from surface water through 
the summer limits the strength and duration of warm season algae blooms as 
phytoplankton uptake depletes nutrients from surface layers.  Phytoplankton in late 
summer-early fall should be very responsive to occasional runoff events resupplying 
needed nutrients during the long stratification period. 
 
If surface outflow were to occur during stratification, it would be warm, certainly above 
20 C.  But since lake outflow at that time is as seepage, the temperature of summer water 
delivered to Cold Creek is closer to 10 C.  Such seepage through the summer dry spells is 
further indicated by the steady decline in lake surface elevation. 
 
Dissolved Oxygen.  Levels of dissolved oxygen have not been included in the KCVLMP 
so we cannot calculate summer oxygen deficits of the deep-water layer over recent 
decades.  Some surface oxygen data are available from the early ‘70s (Lake Leota 
Community Club files) but the inherent variability of surface oxygen data according to 
time of day, weather patterns, and water depth of samples sheds little light on lake 
dynamics.  With thermal stratification through the summer-fall, we expect gradual 
oxygen depletion in deeper waters under the thermocline (zone of rapid temperature 
decline with depth creating a density gradient).  With elevated phytoplankton growth in 
surface waters during algae blooms late in summer and fall, large amounts of organic 
matter settle into deep waters following senescence and death of the algae thereby 
depleting deep water oxygen, even to zero.  The oxygen deficit may extend down into the 
sediments reducing oxygen levels there to zero also.  This phenomenon becomes more 
intense and lasts for longer time periods as the lake progresses into eutrophy (sustained 
high levels of phytoplankton production).  A self-sustaining cycle will develop as 
oxygen-depleted sediments release soluble phosphorus to the water column, sustaining 
continuance of phytoplankton blooms in warm, well-lit surface waters through fall 
overturn.   
 
When zero oxygen levels in sediments cause reducing conditions, black deposits of heavy 
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metal sulfides (mostly FeS, MnS, PbS, CuS, and ZnS) may form in the sediments.  These 
black layers (varves) will persist in the sediments as a permanent record of past periods 
of deoxygenation.  In most lakes, these periods will be restricted to summer and winter 
stratification.  Deepwater Lake Leota sediments we sampled on July 19, 2006 showed 
some black lenses of past metallic sulfide deposition (Photograph 8).  Sediment odor and 
predominant brown color indicated oxygen-depleted, but likely not zero oxygen 
sediments at that time.  It’s likely that dissolved oxygen in the overlying water column on 
that day was present down through the entire water column to the lake bottom, albeit in 
very low concentrations towards the bottom.   
 
Lake Monitoring and Lake Trophic Status.  A very limited amount of Level I data 
(temperature, and water transparency) with occasional water chemistry and chlorophyll a  
data points are available in Lake Leota Community Club files.  The absence of sampling 
and laboratory protocols for much of those data, however, prevents their inclusion in the 
long-term water quality trend comparison.   
 
The KCVLMP managed a Level I sampling effort over the WY 95 to present period.  The 
Level II data gathering level of effort managed by the KCVLMP from WY 98 to present 
adds water Secchi depth transparency, total nitrogen, total phosphorus, and chlorophyll a 
(a measure of phytoplankton production) in the water column over the lake’s deep point.  
This level of sampling has produced a data record from WY 1994 (WY 94 = Oct. 1, 1993 
- Sept. 30, 1994; WY 95 = Oct. 1, 1994 – Sept. 30, 1995; etc.) to the most recent 
published report for WY 2004.  Resident volunteers carry out both Level I and II 
sampling efforts with samples sent to King County Water and Land Resources 
laboratories for analysis.  KCVLMP believes the resulting data is reliable because they 
train the volunteers in water sampling and sample handling, analyze the data, and prepare 
data summaries.  Annual mean values for these Level II parameters are presented in 
Table 2. 
 
Table 2.  Mean summer level II monitoring values for Secchi transparency, total nitrogen, 
total phosphorus, N:P ratios, and chlorophyll a from Lake Leota (KCVLMP data and 
selected files of the Lake Leota Community Club). 
 

Water 
Year 
WY 

Secchi 
Transpar

ency 
m 

Total 
Phosphorus

 
µg/l 

Total 
Nitrogen 

 
µg/l 

TN:TP 
Ratio 

Chloro-
phyll a 

 
µg/l 

Precipi- 
tation at 
Everett 
Inches 

95-97 
Mean 

2.4  

1998 2.4 15.6 418 27 4.6 35.2
1999 2.8 21.3 669 31 18.6 47.9
2000 2.6 20.0 540 27 12.3 39.3
2001 2.0 22.0 540 23 15.7 29.9
2002 4.0 17.0 610 36 5.0 36.9
2003 3.7 18.1 463 27 4.9 25.2
2004 3.7 19.1 544 31 8.2 40.4
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Water 
Year 
WY 

Secchi 
Transpar

ency 
m 

Total 
Phosphorus

 
µg/l 

Total 
Nitrogen 

 
µg/l 

TN:TP 
Ratio 

Chloro-
phyll a 

 
µg/l 

Precipi- 
tation at 
Everett 
Inches 

98-04 
Mean 

 
3.0 m 

 
19.0 µg/l  

 
540.6 µg/l 

 
28.9 

 
9.9 µg/l 

 
36.4 

 
Secchi transparency is a measure of water transparency, the maximum depth that a 
standardized disk can be seen when lowered in the water column.  Average summer 
water transparency in Lake Leota over the seven recent summer periods was 3.0 m, a 
value in the middle of the mesotrophic range of productivity.  Transparency on individual 
days has ranged from observed highs of 4.5 m down to 1.25 m.  Residents report that the 
lake may turn brown and very turbid with low transparency after precipitation events.  
The data in Table 2 show a marked increase in water transparency in 2002-2004 
compared to 1999-2001 (3.8 m compared to 2.5 m), concurrent with a pronounced lower 
3-year trend in plankton chlorophyll (6.0 µg/l in 2002-2004 compared to 15.5 µg/l in 
1999-2001).  Rainfall was lower in the 3-year high transparency/low chlorophyll period, 
averaging  34.2 inches in those water years vs. 39.0 inches in the 3 low transparency/high 
chlorophyll water years (Western Regional Climate Center 2006). 
 
Figure 2.  TP vs. Precipitation, WY 1998-2004. 
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Figure 3.  Chlorophyll a vs. Precipitation, WY 1998-2004. 
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Precipitation will increase phosphorus loading to the lake by increasing shallow 
groundwater flow to the lake as well as the occasional surface flush of the ground 
surface.  This would explain the higher chlorophyll levels during higher precipitation 
years.  There was no apparent relationship in those water years between annual 
precipitation and water transparency. 
 
Phosphorus and nitrogen are the two plant nutrients that are most often limiting plant 
growth in fresh water in the northwestern U.S.  The summer Total Nitrogen to Total 
Phosphorus ratio (TN:TP ratio) over the monitored time period averaged 28.9 (Table 2).  
Values over 16 indicate a phosphorus-limited lake (Cooke et al 2005).  In Leota, mean 
TN:TP ratios were well above that threshold of 16 showing that the lake is clearly 
phosphorus-limited, thus responsive to either enhanced phosphorus loading (moving into 
eutrophy) or reduced phosphorus loading (moving below mesotrophy towards 
oligotrophy). 
 
Average TP in that time period was 19.0 µg/l, TN was 541 µg/l, and chlorophyll a was 
9.9 µg/l.  The nutrients placed the lake in the middle of mesotrophy whereas resulting 
(chlorophyll a (phytoplankton production) gave a higher productivity, in the meso-
eutrophic range.  The anoxic days boundary values are included to show how many deep-
water anoxic days might be expected in a mesotrophic to meso-eutrophic lake (20 to 40 
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days) even though anoxic days of deep waters were not quantified in Lake Leota.  Its 
measured chlorophyll a suggests that Lake Leota averages 20-40 days of anoxic bottom 
waters in the summer-fall. 
 
These data are an excellent long-term record of water column measures relevant to the 
lake’s productivity potential.  The above metrics, along with the Trophic Status indices 
presented in Table 4, efficiently track phytoplankton potential and actual growth over the 
summer period.  These values can be compared with “standard” values prepared from a 
large number of lakes with varying trophic status (Table 3 below). 
 
Table 3.  Trophic state boundary values (Cooke et al. 2005).   
CMF note:  “Boundary” values are the break points between the trophic categories of 
oligotrophy, mesotrophy, and eutrophy. 
 

Metric Unit Oligo-
Mesotrophic 

Meso-  
Eutrophic 

Eutrophic-
Hypereutrophic 

 
Secchi 
Transparency 

 
m 

 
4 

 
2 

 
1 

TP µg/l 10 25 100 
TN µg/l 350 650 1,200 
Chlorophyll a µg/l 3.5 9 25 
Anoxic Days # 20 40 60 

 
 
Trophic state is further defined by the Trophic Status Index (TSI), an integrative measure 
of lake potential and actual productivity (North American Lake Management Society et 
al. 2001; Cooke et al. 2005).  TSI values from the KCVLMP are presented in Table 4. 
 
Table 4.  Trophic Status Index (TSI) values calculated from the KCVLMP water column-
monitoring program for Lake Leota, Water Years 1998-2004. 
 

Water 
Year 

Trophic 
Status Index 

Secchi 

Trophic 
Status Index

TP 

Trophic 
Status Index
Chlorophyll 

a 

Trophic 
Status 
Index 

Overall 

Apparent 
Trophic 

State 

1998 48 44 46 46 Mesotrophic
1999 44 48 53 49 Mesotrophic
2000 46 48 55 50 Mesotrophic
2001 49 49 54 51 Mesotrophic
2002 46 46 48 47 Mesotrophic
2003 41.4 44.8 44.9 43.7 Mesotrophic
2004 41.5 46.4 45.7 44.5 Mesotrophic

 
Mean 

 

 
45.1 46.6 49.5

 
47.3 Mesotrophic
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Since TSI values of 40 to 50 are considered mesotrophic, these calculated TSI values for 
water transparency and TP place Leota in the upper mesotrophic range (Cooke et al 2005, 
KCVLMP 1997-2005).  TSI values for chlorophyll a place the lake right at and 
sometimes into the lower range of eutrophy (TSI > 50).  Actual realized chlorophyll 
development is then slightly greater than water transparency and nutrient concentrations 
would predict.  This is not uncommon in a shallow lake where nutrients are more 
efficiently utilized than in a deeper lake.  The shallow water column permits 
phytoplankton to spend more time in warmer, better-lit surface waters thereby using 
available nutrients more efficiently. 
 

2.2.4 Lake Leota Plant and Animal Communities 
 
Phytoplankton.  The phytoplankton community of Lake Leota is dominated by 
Chrysophytes, the flagellated golden brown algae.  The Chrysophytes Dinobryon, 
Synura, Ceratium, and Gloeobotrys  consistently dominate the plankton through much of 
the low flow seasons, accounting for the lake’s brown water during times of little of no 
surface inflows.  Minor, but common, members of the plankton community are the 
diatoms Fragilaria, Asterionella, and Cyclotella.  Bluegreen algae numbers are low and 
seldom mentioned in the KCVLMP reports.  Although blue-green blooms have not been 
a concern to date in Lake Leota Chrysophyte blooms are not rare.  In September-October, 
1999, a fall bloom persisted into mid-October with up to 35 µg/l chlorophyll a and water 
transparency of 2.0 m.  Late summer blooms of Chrysophytes in 2001 produced 
chlorophyll a levels of 45 µg/l, exceeding 20 µg/l for 7 weeks.  Secchi transparency 
dropped to 0.8 m at the bloom peak. A 7-week algae bloom is a very long bloom, again 
indicating the lake is moving into eutrophy.  In 2002 there was a spring bloom of 17 µg/l 
chlorophyll a and 2004 had a fall bloom with 40 µg/l chlorophyll a and 2.2 m 
transparency.  In recent years, Lake Leota has been clearly experiencing eutrophic algae 
levels of Chrysophyta blooms in recent late summer-fall periods even with mesotrophic 
nutrient concentrations.   
 
The absence of blue-green algae blooms is notable as most north temperate zone lakes 
that are phosphorus-limited show increasing incidence of blue-green blooms in 
mesotrophic lakes.  Seepage lakes with more highly colored water from a peat-rich, 
conifer-dominated watershed, however, commonly have an algae community dominated 
by diatoms and chrysophytes, the golden brown, flagellated algae. 
 
Wetlands and the Shoreline Littoral Community.  (The following is based on observations 
of Mike Falter, as well as Sarah Cooke in Appendix C.)  Lake Leota has been identified 
on the King County Wetland Inventory as Big Bear Creek 9, a Class 2 wetland.  The 
wetland described by the County encompasses the shoreline area with a few larger non-
wetland areas  (identified below and on App. C.  All waterfront lots appear to have a 
narrow band of wetland vegetation at the interface of the lawn and water’s edge.  The 
City has documented a series of discrete wetlands along the lakeshore on various maps 
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that show critical areas.  Appendix C shows the approximate extent of wetlands along the 
edge of the lake. 
 
The dominant emergent plants observed in this littoral band around the lake are:  Douglas 
spirea (Spirea douglasii), willows (Salix sitchensis, Salix lucida, and Salix scouleriana), 
Nootka rose (Rosa nutkana), Soft rush (Juncus effusus), Yellow flag iris (Iris 
pseudacorus), reed canarygrass (Phalaris arundinaceae), marsh cinquefoil (Potentilla 
palustris) Slough sedge (Carex obnupta), sawbeak sedge (Carex stipata), common cattail 
(Typha latifolia), creeping buttercup (Ranunculus repens), common horsetail (Equisetum 
arvense), giant horsetail (Equisetum telmateia), redtop (Agrostis gigantea), and Japanese 
knotweed (Polygonum cuspidatum).  Further out in deeper water (0.5-2.5 m) the aquatic 
plant community shifts to one dominated by the long-stemmed emergents the yellow 
water lily (Nuphar polysepala) and exotic white water lily (Nymphaea odorata) as well 
as submergent plants dominated by coontail (Ceratophyllum demersum), elodea (Elodea 
canadensis), common bladderwort (Utricularia vulgaris), whorled watermilfoil 
(Myriophyllum verticulattum), and common naid (Najas flexilis).  We collected low-
growing muskwort (Chara sp.), stonewort (Nitella sp.), and moss (Fontinalis sp.) on the 
lake bottom beneath these afore-mentioned emergents and submergents out to 2.5 m 
depth, at the deepest observed limit of rooted aquatic plants in the lake.  
 
Reed canarygrass, Japanese knotweed, and the white water lily are three of the more 
aggressive exotic emergent plants in Lake Leota.  Apart from the adverse effects of these 
aggressive exotics on native plant diversity, they do have a positive role in nutrient 
absorption in the littoral zone.  This band of emergent plants very effectively protects the 
shoreline from wave erosion and further buffers open lake waters from overland and 
shallow seepage flow of nutrients through nutrient uptake.   The exotic submergent, 
Eurasian watermilfoil (Myriophyllum spicatum) or a possible hybrid with the whorled 
watermilfoil had been suspected with increased plant growth in the lake in 2004 (Patti 
An, personal communication with John Lombard 2/3/07).  The King County Lake 
Monitoring Program (Drew Kerr working with Sally Abella) did genetic testing on the 
plants and concluded that it is not Eurasian Milfoil, but a native Myriophyllum species 
behaving aggressively.  Plant morphology and filament counts by the author suggested 
that the milfoil common in Lake Leota around its margin is a hybrid of M. spicatum and 
M. verticullatum but since the Eurasian, whorled, and hybrid variants all have similar 
morphology, genetic testing is the definitive assessment. 
 
Milfoil populations continue well into the early winter as indicated by a recent plant 
survey around the lake on November 8, 2004.  At that time, the plant dominated the 
lakeshore emergent community.  In July 2006, we noted no rooted aquatic plants beyond 
2.5 m depth, thereby defining the littoral zone as the bottom sediments in the 0-2.5 m 
contour (0-8.2 ft).  Since depth is a principal determinant of rooted aquatic plant 
occurrence, approximately 34% of the lake is potential rooted aquatic plant habitat.  On 
our site visit, we did notice, however, that much of south shore sediments shallower than 
8 ft had no obvious submergent rooted plants. 
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Wetland areas are identified by the city as being present around the lake’s edge have been 
mapped on various maps (App. C).  These have been compiled onto acetate overlaid on 
the aerial photographs (App. C).  We visited the two largest wetland systems.  The third 
large wetland system was on property to which we had no access (at the outlet of the lake 
in the northeast corner of the lake).   
 
Zooplankton and Benthic Macroinvertebrates.  Daphnia (water fleas) are a commonly 
mentioned zooplankton (very small, weakly swimming, open water crustaceans) in the 
lake by lake monitors.  They have not been quantified over the monitoring program years.  
Routine monitoring reports, however, do indicate that Leota zooplankton may be very 
abundant at times.   
 
Sediment bottom invertebrate communities are a sparse assortment of midge larvae, 
mayflies, and caddisflies in littoral sediments where organic content is high beneath 
rooted vegetation beds.  Benthic invertebrates are even more sparse in deeper sediments 
beyond rooted plants (>2.5 m depth).  The sporadic periods of apparent deoxygenation  in 
the deeper sediments would tend to suppress both numbers and diversity of benthic fauna.   
 

2.2.5 Lake Leota Sediments 
 
Sediment Carbon, Nitrogen, Phosphorus, and Sulfur:  Sediments in Lake Leota appear to 
have a surprisingly high (considering it’s such a small lake) clay content and very little 
vegetation and litter from terrestrial sources.  That degree of sediment fineness in natural 
lakes is usually typical of exceptionally deep pelagic (open water) sediments or where 
sediments have formed very slowly in deep, very large central lake basins far removed 
from terrestrial influences.  Neither is the case with Lake Leota, leaving stormwater 
inputs as the obvious source of the very fine sediments found there. 
 
Metals in storm runoff to the lake were voiced as a concern at the July 2006 CAP 
meeting.  Because Leota is a seepage lake with no significant loss of inflowing sediments 
downstream thus retaining its sediments, these sediments are a valid record of past 
loading of silts, clays, nutrients, and metals.  Six sediment Ponar dredge samples 
collected by Hinson and Falter were therefore sent to the University of Idaho College of 
Agricultural and Life Sciences Analytical Sciences Laboratory, a lab certified by USEPA 
and the Idaho Division of Environment.  Three samples were from comparatively shallow 
sediments (2.5-3.7 m) and three were from deeper sediments (4.5-7.0 m)(Figure 4).   
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Figure 4.  Lake Leota with sediment sample sites indicated.  Circled numbers refer to 
sediment samples described in Table 5.  The 3 inlets are designated by I1, I2, or I3. 
 
 

The Ponar dredge samples the top 5 inches of sediments.  All samples were very fine-
grained with little vegetative litter.  Most of the samples had layers (varves) of beige-gray 
colored clay throughout the darker brown sediments.  Dark brown was the predominant 
color with occasional black patches of reducing sediments left over from past brief 
anoxic intervals.  Sediment descriptions and analytical results follow in Table 5. 
 
 
Sediment carbon and nitrogen were higher in shallow samples than in deep samples, most 
likely because of high littoral (shallow water) photosynthesis and production of organic 
matter and also because of organic matter loss from deeper sediments by decomposition. 
Carbon content of shallow sediments averaged 19.3%  compared to 13.6% in deeper 
sediments.  For similar reasons, total nitrogen was higher in shallow sediments compared 
to deep sediments (1.40% compared to 0.96%).  Loss of organic nitrogen from deeper, 
more oxygen-starved sediments is common because of denitrification loss to nitrogen gas 
in addition to high decomposition rates in those environments removed from light and 
reaeration from surface waters.  Both carbon and nitrogen were high, in the eutrophic 
range, compared to sediments in a very eutrophic reach of the Snake River in southern 
Idaho where sediment carbon and nitrogen averaged 2.5% and 0.23%, respectively.   

Sediment total phosphorus, however, was lower in shallow samples than in deep samples 
(1,077 µg/g compared to 1,867 µg/g).  The heavy emergent and submergent aquatic plant 
communities at shallow sites will strip much of the available phosphorus from shallow 
sediments through the growing season, concentrating the phosphorus in above-sediment 
plant biomass.  Deeper sediments, however, actively bind phosphorus with iron oxides 
during the majority of the months when surface sediments are aerobic.  The lakewide 
mean sediment phosphorus of 1,472 µg/g compares to literature values of ~1,000 for 
oligotrophic lakes and ~ 2,500 and higher for eutrophic lakes (Cooke et al 2005).  In a 
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eutrophic reach of the sediment-laden Snake River in southern Idaho, Falter et al. (1995) 
found sediment total phosphorus to average 1,031 µg/l over the summer. 

Note: The probable aerobic nature of the lake’s sediments for at least most of the year is 
further supported by the even distribution of sulfur in the sediments…. if deep sediments 
were anaerobic they would be concentrating disproportionately large amounts of sulfur as 
heavy metal sulfides, especially considering the moderately high availability of heavy 
metals in Lake Leota.  Instead, mean sulfur concentrations were equal between shallow 
and deep sediments.  

Sediment Metals:  Metals concentrations from the 2006 sediment sampling are detailed in 
Table 5.  The following observations may be made on the metals data from Lake Leota 
sediments: 

• Shallow sediments were lower in total arsenic than deep sediments (<38 µg/g 
compared to 49 µg/g). 

• Shallow sediments were lower in total chromium than deep sediments (35.3 µg/g 
compared to 75.6 µg/g). 

• Shallow sediments were lower in total cobalt than deep sediments (11.1 µg/g 
compared to 20.3 µg/g). 

• Shallow sediments were lower in total copper than deep sediments (45.3 µg/g 
compared to 65.6 µg/g). 

• Shallow sediments were lower in total lead than deep sediments (111.3 µg/g 
compared to 173.3 µg/g). 

• Shallow sediments were lower in total iron than deep sediments (~14,200 µg/g 
compared to ~33,000 µg/g). 

 
Sample 4, taken just off the north inlet (I2), was an outlier in metals content, with 
concentrations of all metals (except those lower than MDL) far less than all other sites 
(Table 5).  That channel drains a small drainage with some storm water retention 
capability.   Even if we discount the one shallow station with very low concentrations of 
phosphorus and metals we can conclude that deeper sediments seem to collecting 
phosphorus and most heavy metals.   
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Table 5.  Total carbon, nitrogen, phosphorus, sulfur, and metals concentrations in Lake 
Leota surface sediments.  July 19, 2006.  Dry weight concentrations. Phosphorus, sulfur, 

and metals by ICP trace element screening scan. 
 
Metals levels are high compared to lakes receiving less urban runoff such (Smith et al 
1996, MacDonald et al 2000).  Mean lead levels in Lake Leota deep sediments, for 
example, were 173.3 µg/g compared to the 128 µg/g level determined as a consensus 
effects level above which ecological impacts are expected to occur more often than not 
(Consensus-based Probable Effects Concentration) and in more than 50% of benthic 
organisms (Effects Range Median) (Table 6).  Lake-wide mean sediment lead was 142 
µg/l compared to the 128 µg/g consensus effects level.  Regional northwest background 
levels of lead in freshwater sediments are accepted as in the 0-33 µg/g range.  Mean 
nickel levels in Lake Leota deep sediments were 100 µg/g compared to the 49 µg/g 
consensus effects level and to the 50 µg/l median effects level.  Lead and nickel were the 
metals found in highest concentration relative to their likely biological impact.   
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Table 6.  Mean concentrations of selected metals in Lake Leota sediments, July 19, 2006. 
(Dry weight concentrations) compared to environmental effects thresholds. 

 
Note 1:  Ontario Ministry of Environment and Energy 1993. 
Lowest Effect Level = Level of sediment contamination at which the majority of benthic organisms are unaffected. 
Severe Effects Level = Level of sediment contamination at which pronounced disturbance of the benthic community 
can be expected, 
i.e. adverse effects in >95% of benthic organisms. 
= Sediment concentration of a compound that would be detrimental to the majority of benthic species. 
 
Note 2:  Smith et al 1996. 
Probable Effects Level = Concentration above which adverse effects are expected to occur frequently. 
 
Note 3:  McDonald et al 2000; Ingersoll et al 2000. 
Consensus-Based Probable Effects Concentration = Consensus-derived concentration above which adverse effects are 
expected to occur more often than not. 
 
Note 4:  Long and Morgan 1991. 
Effects Range Median = Chemical concentration above which adverse effects are seen in more than 50% of benthic 
organisms. 
 
Most of the heavy metals analyzed were elevated over levels for freshwater sediments 
agreed to cause deleterious effects in benthic organisms living in lake sediments 
(Ingersoll et al 2000, MacDonald et al 2000, Persaud et al 1993).  Stormwater runoff is 
the obvious source for most of these heavy metals, which mainly come into the lake 
attached to sediment particles; stormwater runoff flows are the most significant source of 
particulate matter to Lake Leota.   
 
The conclusion that these elevated metals are coming into the lake from stormwater 
inputs down the intermittent surface channels rather than from internal lake-wide 
processes is further supported by the observation that one sediment sample (2.5 m depth, 
just east of the north inlet, no rooted plants) had low phosphorus and was very low in all 
the metals tested, relative to the other five sites.  Metals at that site approached regional 
background levels in the range of lowest effects levels (Tables 5 and 6).  Such variability 
could easily be from a localized eroding channel blowout bringing relatively clean, i.e. 
low metal concentrations, sediments into the lake. 
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2.3 Factors Controlling Lake Leota’s Condition 

2.3.1 Groundwater seepage 
 
Lake Leota is primarily groundwater-fed with a seepage base flow: 

• There are no perennial surface channels feeding the lake; surface inflows are 
intermittent. 

• Some, but not large, surface fluctuation occurs after intermittent surface inflows. 

• Nearly all outflow leaves the lake as seepage; it is reasonable that near-lake soils 
and alluvium would be similarly porous with high groundwater conductivity.  This 
is corroborated by Anderson’s sub-report. 

• Water temperatures below the thermocline (the sharp density gradient in the water 
column separating warmer surface waters from colder deep waters) remain cold 
through the summer, colder than would be possible in such a shallow lake in this 
mild climate without significant cold groundwater seepage into the lake. 

• Observation of emergent vegetation in the lake littoral zone indicates little surface 
elevation change through the summer (Cooke’s sub-report) indicating a base inflow 
through the summer large enough to match outflow. 

The underground seepage flows (clear, with low sediments, phosphorus, and bacteria but 
probably with significant nitrogen levels) dominate lake inflow.  Soils around the lake are 
sandy loam merging into more peaty soils in wetland areas.  These have high hydraulic 
conductivity and tend toward acidity thereby effectively mobilizing septic drainfield  
effluents.    

 

2.3.2 Overland Flow 
 
Residents report that in many, even moderate, precipitation events, surface flows do enter 
the lake down its three main, normally dry tributaries (northwest corner, north center, and 
south center of the lake).  Storm events are now causing significant channel-shaping 
flows close to the lake in these tributaries.  Residents and the water quality monitors have 
reported over the past 20 years that the lake can rapidly become quite colored (brown) 
following a precipitation event.  There are three potential sources for this observed 
turbidity: 1) in-lake disturbance of shoreline or shallow sediments; 2) phytoplankton 
blooms; and/or 3) surface flows, either overland or down surface channels.  

The lake shorelines are very stable, largely because of: 1) low gradient nearshore riparian 
lands, and 2) dense riparian vegetation providing soil stability and absorption of any non-
channelized overland flows to the lake.  Cooke’s sub-report has described the 100% 
vegetative cover of these near-shore lands around the lake.  Stable shorelines and 
apparently stable shallow sediments in the absence of bottom churning by carp eliminate 
shoreline and lake sediments as turbidity sources.  Algae blooms would not muddy the 
lake so rapidly nor account for the clay deposits in sediments (Section 2.2.5 and 
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Photograph 8).  The only remaining turbidity source is the intermittent surface flows from 
overland sources down tributary channels.  Color (dissolved organic substances from the 
peaty wetland soils and coniferous tree cover prevalent in the drainage) can come in to 
the lake in both surface and seepage flows if hydraulic conductivity is high enough.  

 

2.3.3 Nearshore Development and Lake Use 
 
The lakeshore is fully developed and comprised of platted lots with residences, mostly 
year-round.  Apparently all residences are on individual septic systems with drainfields.  
The soils described above readily mobilize and transport the limiting nutrients, 
phosphorus and nitrogen, downhill short distances to the lake.  The extensive lawns 
encompassing the lake also undoubtedly supply large amounts of available plant nutrients 
to the lake.  Although landscaping, shoreside riparian plants, and in-lake littoral 
vegetation comprise a nutrient-absorbing buffer zone, many nutrients still are transported 
to the lake. 

 

2.3.4 Eutrophication 
Lake lifetime is a critical issue since the lake is not static in time; as the basin shallows, it 
becomes more productive with water increasingly enriched from lake sediments.  Since 
the lake is now mesotrophic to meso-eutrophic, higher rates of nutrient loading would be 
expected to speed shallowing and lake aging.  With advancing eutrophy in the already 
shallow lake, the lake as a permanent basin is probably in jeopardy given the present 
stormwater loading further decreasing water depth.  Throughout King and Snohomish 
Counties, untreated urban/suburban stormflows have been shown to contribute high 
sediment loads, as well as nutrients, toxics, and bacteria to receiving basins.  The end 
result of the aging process is a wetland followed by a wet meadow.  

The controlling roles of 1) storm runoff and 2) littoral (inshore) organic-rich sediment 
deposits from emergent (primary) and submergent macrophytes (secondary) appear to be 
the major factors setting the lake’s life span. 
 

2.3.5 Metals in Lake Sediments 
 
Metal concentrations in the sediments of Lake Leota are elevated; most samples exceeded 
thresholds of probable injury to the benthic macroinvertebrate community.  Lead and 
nickel were the two metals with highest concentrations relative to toxic thresholds.  
Evidence suggests sporadic overland flows (mostly from impervious, trafficked paved 
surfaces) as the major metals source.   
 
So long as lake sediments remain aerobic and effectively bind most metals to the 
sediments, most metals impacts are to the sediment-dwelling benthic organisms.  
Anaerobic conditions, however, cause a reducing environment in the sediments whereby 
significant quantities of toxic metals can be mobilized from to the overlying water 
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column with potential toxicity to organisms lake-wide.  A eutrophic lake with extensive 
time periods of summer/fall anaerobic sediments would produce those conditions suitable 
for metals release to the water column and downstream. 
 
2.4 Relationship of Lake Leota to Downstream Stream Habitats 
 
Lake Leota is trapping nutrients (relevant to downstream eutrophication) and heavy 
metals (relevant to downstream toxicity to migratory and listed salmonids) with potential 
future negative impacts on sensitive salmonid habitat downstream in the Cold Creek 
drainage.  At present, the lake’s deep sediment storage of phosphorus and metals 
effectively remove these drivers of eutrophication and toxicity from biotic uptake.  At 
present levels of watershed development, stormwater runoff to Lake Leota is sufficient to 
increase sediment phosphorus to mesotrophic levels and metals to levels exceeding toxic 
thresholds.  Sediment lead levels are higher than consensus concentrations found to 
produce adverse impacts on more than 50% of the benthic organisms in freshwater 
sediments.  Little of this sediment apparently presently leaves Lake Leota because of its 
minimal surface outflow. 

Most of Lake Leota’s outflow is via seepage, hence is cooled by underground flow before 
emerging to lower stream channels.  The 1979-2004 25-year monitoring trend by King 
County Water and Land Resources Division (WLR) in Cottage Creek showed an increase 
in temperature and decrease in dissolved oxygen over the monitoring period.  
Temperature and dissolved oxygen are both critical water quality parameters to 
downstream listed salmonids in the Cold Creek system.  Warmer water directly limits 
salmonids and their food supply as well as reducing dissolved oxygen concentrations.  In 
2005, King County WLR showed Cottage Creek in the 75th percentile of streams in the 
WRIA 8 Region.  This is a moderately high ranking which also points out is vulnerability 
to warmer, oxygen-deficient inflows.  A lake shallowed by more sediment deposition 
would be expected to deliver more of its outflow to the surface outlet channel, thereby 
sending much warmer water downstream to the Cold Creek/Cottage Creek system. 

The present lake basin is shallow, with limited sediment storage capacity and vulnerable 
to future sediment loading.  Inflowing channels presently have areas of instability and 
eroding channels.  Increased stormwater inflows resulting from higher density 
development in the drainage would speed basin filling and progress toward 
eutrophication, shortening the lake’s life and thereby, its sediment and pollutant-trapping 
capability.  Downstream impacts would increase under those conditions.  Such 
downstream impacts of a shallower, warmer, more eutrophic  outflowing Lake Leota on 
the sensitive downstream environment of migratory salmonids would certainly be 
complex and large in spatial scope, since they would extend well beyond the lake’s 
watershed and the city limits.  The linkages of Lake Leota to the downstream Cold Creek 
system and its salmonid populations gives it a very high environmental value. 
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Appendix C. 
Wetland Evaluation for City of Woodinville Sustainable Development 
Program





Appendix C-1. 
Woodinville Additional Wetland Reconnaissance Survey, Jones & 
Stokes





Technical Memorandum 
Date: February 12, 2007

To: Cindy Baker, Interim Director, Development Services, City of Woodinville

From: Torrey Luiting, Wetland Restoration Biologist, Jones & Stokes

cc: Lisa Grueter, Senior Planner, Jones & Stokes

Subject: Woodinville Additional Wetland Reconnaissance Survey

Methods
On February 8, 2007, Jones & Stokes conducted an independent wetland reconnaissance with the 
portion of Woodinville, Washington currently zoned as R-1, as depicted on the attached Figure.
The purpose of the reconnaissance was to identify possible and potential wetland areas based on a 
visual inspection from public roadways and from signed private roadways.

During the reconnaissance, Jones & Stokes placed particular emphasis on the Hillside Drainages 
basin, Golf Course Basin, the School basin, the Daniels Creek basin, and the Woodin Creek basin
within the R-1 area (see attached Figure).  We also drove the roadways throughout the Lake 
Leota basin, which had been previously surveyed for the City in October 2006 by Cooke 
Scientific.

Identification of ‘possible’ and ‘potential’ wetland areas was based on visual evidence of 
hydrophytic vegetation, as outlined in Corps of Engineers Wetland Delineation Manual (1987
Manual) (Environmental Laboratory 1987) and Washington State Wetlands Identification and 
Delineation Manual (Ecology 1997). Wetland functions and associated classification was based
on the Washington State Wetlands Rating System for Western Washington (Hruby 2004) and the 
City of Woodinville’s Critical Areas Development Standards (Chapter 21.24.320). 

Under normal conditions, hydrophytic vegetation is considered prevalent if greater than 50% of
the dominant species from each stratum (tree, shrub, vine, and herbaceous) are classified as
obligate wetland (OBL), facultative wet wetland (FACW), and/or facultative wetland (FAC) 
according to the U.S. Fish and Wildlife Service (USFWS) publication National List of Plant 
Species that Occur in Wetlands (Reed 1988).  These classifications are based on moisture

11820 Northup Way, Suite E300   Bellevue, WA  98005-1946   Tel. 425.822.1077   Fax 425 822.1079
www.jonesandstokes.com



tolerance, as indicated in Table 1.  Dominant species represent 20% aerial cover or more.  Non-
dominants (i.e., species with less than 20% aerial cover) are also noted when dominants are 
unclassified or primarily FAC. 

Table 1. Plant Species Indicator Category Definitions 
Category Definition

Obligate (OBL) Plants that almost always occur in wetlands (estimated probability > 
99%) under natural conditions. 

Facultative Wetland 
(FACW)

Plants that usually occur in wetlands (estimated probability 67 to 
99%) but are occasionally found in non-wetland areas. 

Facultative (FAC) Plants that are equally likely to occur in wetlands or non wetlands 
(estimated probability 33 to 67%).

Facultative Upland (FACU) Plants that usually occur in non-wetlands (estimated probability 67 to 
99%).

Upland (UPL) Plants that almost always occur in non-wetlands (estimated 
probability > 99%) under natural conditions. 

Source:  Reed 1988 

We labeled areas identified during our reconnaissance as ‘potential wetland’ areas or ‘possible 
wetland’ areas; we also indicated areas were our visual reconnaissance was limited and our views
restricted, but in which there may be wetlands.

‘Potential wetland’ areas observed by Jones & Stokes were areas in which the dominant 
vegetation was composed of species rated FAC or wetter, and in which non-dominates were also 
generally rated FAC or wetter and/or there was visual evidence of saturated soils or surface 
ponding at the time of our field investigation.  These areas are most likely wetland, but again, 
site-specific soils and hydrology investigations would have to be performed during the growing
season to definitively document all three required parameters (hydrophytic vegetation, hydric 
soils, and wetland hydrology during the growing season) necessary to be considered a 
jurisdictional wetland.

‘Possible wetland based on vegetation’ areas were areas in which the dominant vegetation was
composed of species rated FAC or wetter, but in which non-dominates were generally rated FAC
or drier.  These areas may be wetland, but site-specific soils and hydrology investigations would
have to be performed during the growing season to definitively determine whether or not the area 
meets all three wetland criteria (hydrophytic vegetation, hydric soils, and wetland hydrology
during the growing season) and would thus be considered a jurisdictional wetland.

‘Visual reconnaissance limited’ areas were areas in which some hydrophytic vegetation was 
visually discernible from a distance (e.g. the dominant trees), but where distance from the 
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roadways and/or other visual barriers prevented a close enough inspection to visually determine
non-dominant vegetation species and/or hydrologic conditions.  While these areas may contain 
wetlands, determining their plant communities and/or soils and hydrology conditions would have
required access through and onto private property.

Results
Jones & Stokes identified seven ‘potential wetland’ areas, mostly located within the Hillside and 
School Drainage basins (see attached Figure). The majority of the ‘potential wetland’ areas are 
located in topographic depressions and are clearly dominated by the typical Pacific Northwest
forested wetland combination of hydrophytic trees and shrubs, most commonly red alder (Alnus
rubra, FAC), black cottonwood (Populus balsamifera, FAC), and western red cedar trees (Thuja
plicata, FAC) interspersed with Douglas fir (Pseudotsuga menziesii, FACU) and big-leaf maple 
(Acer macrophyllum, FACU) trees along the higher outer edges.  The understory of these areas is 
typically dominated by salmonberry (Rubus spectabilis, FAC+) and sword fern (Polystichum
munitum, FACU).  Himalayan blackberry (Rubus armeniacus, FACU) was also occasionally
present along the outer edges.  Surface saturation and/or ponded surface water was present in 
several of these areas at the time of our field reconnaissance.  However, none of these areas 
appeared to support a dominance of western red cedar and/or Sitka spruce (Picea sitchensis,
FAC) that is indicative of prolonged surface saturation and a ‘forest swamp’ community.  A site-
specific field investigation of soil profiles and hydrology is necessary to determine whether or not 
these areas meet all three wetland criteria and thus would be regulated as wetlands.  Given their 
estimated relative sizes, landscape positions, and apparent vegetation classes (forested and scrub-
shrub, based on Cowardin et al. 1979), these ‘potential wetland’ areas would likely be rated as 
Category 2 or 3 wetlands according to the City of Woodinville’s Critical Areas Development 
Standards (Chapter 21.24.320).

Jones & Stokes also identified eight ‘possible wetland based on vegetation’ areas (see attached
Figure).  Red alder trees similarly dominated the ‘possible wetland’ areas with understories 
dominated by salmonberry.  These areas generally had a greater proportion of subdominant
vegetation that can be characteristic of drier habitats, including big-leaf maple trees, sword fern, 
and salal (Gaultheria shallon, FACU).  However, these drier species sometimes do occur on 
topographically elevated hummocks interspersed within forested and scrub-shrub wetlands.  A 
site specific investigation during the growing season would be required in these areas to 
determine whether there is sufficient dominance by hydrophytic vegetation to meet the wetland
vegetation criteria, as there may be additional hydrophytic herbaceous vegetation present that is 
not visible during February.  In addition, field investigation of soil profiles and hydrology is 
necessary to determine whether or not these areas meet all three wetland criteria and thus would 
be regulated as wetlands.  If these ‘possible wetland’ areas are found to indeed be jurisdictional 
wetlands, they would likely be rated as Category 2 or 3 wetlands according to the City of 
Woodinville’s Critical Areas Development Standards (Chapter 21.24.320) due to their estimated 
relative sizes, landscape positions, and apparent vegetation classes (forested and scrub-shrub 
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predominately).

Finally, Jones & Stokes identified ten areas where our visual reconnaissance was limited due to 
the distance of accessible roadways from undeveloped areas.  In many cases, there were also
visual barriers (e.g. dense tree canopy, topography, buildings/fences) preventing clear sight-lines 
into these areas.  In these areas, hydrophytic tree species were present (generally red alder and 
black cottonwood), but we could not determine whether or not they were the dominant species.
Similarly, we could also not determine whether the understory species were typical hydrophytes
such as salmonberry, or typical upland understory species.  A site-specific investigation during 
the growing season would be required to determine whether these areas contain wetlands.

Conclusions
The combination of this reconnaissance, the City’s wetland inventory, and the survey conducted
by Cooke Scientific, provides a thorough reconnaissance level survey of the R-1area, suitable for
the planning level efforts associated with the City’s Sustainable Development Project.  For the
purposes of inventorying the extent and general nature of wetlands, the level of effort expended
and the level of detail provided are typical and appropriate.

The data collected by both Jones & Stokes and Cooke Scientific indicate that the wetlands present 
within the R-1 area are typical forested and scrub-shrub wetlands, either depressional, riverine
flow-through (associated with Cold Creek), or lacustrine fringe (surrounding Lake Leota).  The 
wetlands are dominated by the typical wetland trees and shrubs, which are commonly found 
throughout western Washington, particularly within urban municipalities in which much of the 
original forests and wetlands were cleared for residential and commercial development.  These 
types of wetlands are generally seasonally saturated to ponded and provide a variety of wildlife 
habitat functions, particularly for birds and small mammals, as well as water quality improvement
and hydrologic (stormwater retention) functions typical of depressional wetlands within 
urbanized areas.  Given the prevalence of mapped, ‘possible’, and ‘potential’ wetlands between
162nd Avenue NE and 166th Avenue NE, these features may be hydrologically linked to each 
other via surface and/or subsurface connections within the School Basin.  However, none of the
mapped, potential, or possible wetlands identified appear to be of exceptional local significance, 
or of irreplaceable ecological functions.

While site-specific investigations and field delineations would provide an exact accounting of
wetlands, such an effort is logistically difficult since investigations would require every property
owner to grant site access and agree to have a legally regulated feature (wetlands) and its buffer
delineated and recorded on his or her property.  However, such site-specific analysis can occur at 
the time of proposed development applications. 

The planning-level wetlands reconnaissance conducted to date will help provide a guide to local
wetland locations as property owners request development over time.  Any proposed
development on parcels containing or adjacent to wetlands, regardless of residential density 

Woodinville Additional Wetland Reconnaissance Survey February 12, 2007 4



zoning, would require a site-specific delineation to determine the exact wetland extent and 
boundaries.  Development applications would then be required to provide that the delineated 
wetlands be protected by standard minimum buffers of 100 and 50 feet for Class 2 or 3 wetlands, 
respectively (per City of Woodinville’s Critical Areas Development Standards Chapter 
21.24.330). Unavoidable impacts to a wetland or its buffer would require federal, state, and local 
permits, as well as compensatory mitigation for 2 acres of wetland mitigation per acre of impact
for Class 2 wetlands and 1.5 acres of mitigation per acre of impact for Class 3 wetlands, per 
Chapter 21.24.250 (City of Woodinville Critical Areas Development Standards).

Qualifications
These conclusions are based on my best professional judgment as a wetland professional and field 
biologist.  I have over 10 years of professional experience in wetlands, including reconnaissance,
field delineation, wetland functions and values assessment, fish and wildlife habitat assessments,
and project permitting.  My field experience spans both Western and Eastern Washington 
wetlands, as well as in Northern Oregon.  Prior to joining Jones & Stokes, I was an 
Environmental Coordinator for Seattle District, Corps of Engineers projects, worked with the 
Corps Regulatory Branch on Section 10 and Section 404 permits, and was a project manager for 5 
years at a local wetland-consulting firm.  I have been an invited panelist for the University of
Washington’s Wetland Science and Management Certification Program, speaking about the ‘real-
world’ relationship between landscape ecology and wetland science.  I have authored numerous
project-specific biological and environmental assessments for a wide variety of projects,
analyzing immediate and cumulative impacts associated with projects across a range of scales. At 
Jones & Stokes, I specialize in project management and permitting of wetland restoration 
projects, in addition to wetland assessment and delineation projects.

I am also a Distance Learning instructor for Seattle Central Community College in Environmental
Science.  I hold a Masters of Science degree from the University of Washington School of 
Fisheries (1996), with an emphasis in wetland biology, and am a Summa Cum Laude graduate of 
the University of Wisconsin, Green Bay, in Environmental Science (1992).
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COOKE SCIENTIFIC
4231 NE 110TH ST, SEATTLE, WA 98125 

PHONE: (206) 695-226 FAX: 206-368-5430 
COOKESS@AOL.COM  WWW.COOKESCIENTIFIC.COM

Memorandum

TO: John Lombard, Steward and Associates 
FROM: Sarah Spear Cooke 
DATE: October 26, 2006 

SUBJECT: Woodinville Wetland Survey

Enclosed please find, a map of wetlands that Dustin Hinson and I evaluated for the City of 
Woodinville’s R-1 environmental report and a table with accompanying information for each 
wetland we mapped. The table includes a hydrogeomorphic classification, the Cowardin
classification (where known), an estimated rating using the Washington State Department of 
Ecology’s Wetland rating for Western Washington (Hruby 2004), approximate acreage in
two cases, whether or not this information was verified in the field, and miscellaneous 
information on the location and other characteristics of the wetland.

Our survey was not comprehensive.  Given budget and time constraints and the approved
scope for the R-1 report, we focused on wetlands that were part of the area draining to Lake
Leota, particularly those that have a direct hydrologic connection to the lake, at least 
seasonally.  We also examined some of the larger wetlands in the vicinity of Leota Junior 
High School, where the City’s maps generally show the greatest concentration of wetlands
in the R-1 area.  Access was limited to public property or where private property owners
happened to be present and gave us access during our time in the field. 

While our survey was limited by these constraints, I am confident that we evaluated the 
wetlands in the R-1 zone of most significance for the environmental report, and that our 
general conclusions would still hold after a more detailed survey.  All of the wetlands we
observed have been substantially degraded by past alterations and impacts from 
surrounding development.  We found no Category I wetlands and none that were likely of 
great significance to fisheries resources downstream.  No wetland in the R-1 zone has high
habitat values, based on the Washington Department of Ecology’s rating system; most have
low habitat scores, although some around Lake Leota would likely be rated as having 
moderate habitat values (scores between 20 and 28 in Ecology’s system).  Wetlands in the
Lake Leota basin are still important for protecting the lake’s water quality, both through
filtration of pollutants and detention of stormwater to reduce erosion downstream.

Our judgments are based on extensive professional experience, which in my case includes 
more than 19 years in wetlands ecological research and environmental consulting.   I am a 
certified “Wetland Scientist” by the Society of Wetland Scientists and am one of three fellows



recognized by the Society of Wetland Scientists to date.  I have taught “Wetland Ecology” 
for the Wetland Certification Program at the University of Washington, “Wetland Vegetation 
Identification” at the University of Washington and at Portland State, “Wetland Delineation” 
using the 1987 and Washington State Department of Ecology’s Wetland Delineation Method 
for the U.S. Army Corps of Engineers agency training classes, and “Wetland Rating in 
Western Washington” for the Washington State Department of Ecology using the Wetland 
Rating Method for Western Washington (Hruby 2004).  I am the author/editor of A Field 
Guide to the Common Wetland Plants of Western Washington and Northwestern Oregon
(Seattle Audobon Society/Washington Native Plant Society 1997) and a contributing author 
to Wetlands and Urbanization: Implications for the Future (CRC Press 2004). I also 
conducted scientific research on wetland ecosystems for the Department of Ecology’s 
Western Washington Stormwater Manual. 
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Appendix C-3. 
Citizen Advisory Panel Supplied Map 





Appendix C-3. Citizen Advisory Panel Supplied Map 
This map was supplied by members of the Citizens Advisory Panel (CAP).  The Compilation Map in 
Appendix C-1 identifies many of the same potential wetlands.  Some of the CAP identified areas may be 
located in areas less visible from public roadways due to location of homes, fences, and intervening 
vegetation, and would require verification following access authorization by private property owners.
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Appendix D. 
Low-Impact Development Analysis for City of Woodinville Sustainable 
Development Program, Perteet Inc. 
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1.0 PROJECT DESCRIPTION 

1.1 Study Area & Background Information 

The overall purpose of this study is to assist the City of Woodinville with its Sustainable 
Development Program, including an analysis of the R-1 Area, with an evaluation of current and 
potential land uses and related densities in the R-1 Area and their impacts on the environment.  
For this particular portion of the study, the focus is to identify the benefits of using low impact 
development techniques as part of the sustainable development program for the City.  This report 
is to be considered part of a larger group of studies that has been prepared and organized by 
Steward & Associates, on behalf of the City of Woodinville. 

The R-1 Area is located at the easterly portion of the City of Woodinville, as shown in Fig. 1.1.

Figure 1.1:  R-1 Study Area 
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1.2 Purpose and Goals 

The study area within the City of Woodinville is at the headwaters of two significant fish-bearing 
streams, the Bear Creek Basin and the Little Bear Creek Basin.  These two basins are located 
within the Lake Washington/Cedar/Sammamish Watershed (WRIA 8).  These upper-reaches of 
the watershed have increased pressures of development, which threaten the water quality in the 
streams.  It is feared that as development continues in the study area, further degradation of the 
water quality will occur which will threaten the sustainability of aquatic habitat in the stream, 
including salmon.  The land-uses and future developments within the study area need to be 
managed in a manner that minimize negative impacts on the water quality in the basins, and if 
possible improve the water quality and flow conditions where degradation has already occurred. 

The Lake Washington/Cedar/Sammamish Watershed (WRIA 8), located in western 
Washington, is home to three populations of Chinook salmon:  Cedar River, North Lake 
Washington, and Issaquah.  Each year Chinook salmon spawn and rear in the WRIA 8 
rivers and streams, and use the lakes, rivers, estuary, and nearshore to rear and migrate to 
the ocean.  Development in the watershed for human use has dramatically altered the habitat 
that salmon need to survive.  Chinook salmon (known more commonly as king salmon) are  
declining; they are far less abundant now than they were even in recent decades, and all three 
populations are at high risk of extinction. In 1999, the federal government listed Puget 
Sound Chinook salmon and bull trout as threatened under the Endangered Species Act 
(ESA).  The factors that limit salmon habitat are similar for the lakes, rivers, and creeks in the 
watershed, although the magnitude of impact varies by type of water body and specific 
watershed area.  It is important to understand the limiting factors that interact with one another to 
worsen the habitat problems seen in the aquatic systems.  The factors that limit habitat are listed 
below.

Altered hydrology (e.g., low base flows, higher peak flows following storms, and 
increased ‘flashiness’, which means more frequent and rapid responses when it rains) 
Loss of floodplain connectivity (e.g., reduced access to side-channels or off-channel areas 
due to bank armoring and development close to shorelines) 
Lack of riparian vegetation (e.g., from clearing and development) 
Disrupted sediment processes (e.g., too much fine sediment deposited in urban streams, 
or sources of spawning gravel disconnected from the river channel) 
Loss of channel and shoreline complexity (e.g., lack of woody debris and pools) 
Barriers to fish passage (e.g., from road crossings, weirs, and dams) 
Degraded water and sediment quality (e.g., pollutants and high temperatures) 

With these environmental concerns and general objectives being in the forefront of the 
community, there are goals which have been identified pertaining to land-use and development 
within the study area.  These goals are listed below.  

Identify land-use measures that will minimize negative impacts on lakes and streams to 
the maximum extent practicable, which will in turn contribute to the sustainability of a 
healthy environment. 
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Achieve a higher level of stormwater quality than what can be attained through 
conventional stormwater management measures.  This will contribute to the sustainability 
of a healthy aquatic habitat in the lakes and streams. 
Prepare an estimate or qualitative assessment of the benefits of using low impact 
development techniques based upon several studies that have been recently published on 
the subject.  Also conduct a continuous simulation analysis on the performance of select 
low impact development techniques, to estimate their hydrologic benefits under sustained 
wet-weather conditions, and which has been specifically prepared for this study by 
Perteet Engineering, Inc.

Sustainable development, through the use of low impact development techniques, is a means to 
better protect the environment and preserve stream habitats.  This report discusses the 
alternatives and provides a general description or estimate of the benefits and constraints on 
using various low impact development techniques. 

2.0  LOW IMPACT DEVELOPMENT METHODS 

2.1  Introduction & General Discussion 

Low impact development (LID) techniques cover a wide array of alternatives.  In essence, LID 
techniques are integrated land-management stormwater practices that are widely dispersed 
throughout a development (e.g., residential plat, commercial property, or a relatively large land 
area).  Their application and practical use to be considered for an area depend upon site 
constraints, land availability, and public acceptance.  Site constraint issues include:  terrain, 
subsurface soil conditions and depth to groundwater.  Land availability is simply keeping 
reserved a portion of the land within a development to construct and use an LID system.  A big 
part of public acceptance includes informing the public and land-owners of the function of the 
LID system on their property, and the need to maintain it in perpetuity.   

Subsurface soil conditions play a major part in determining the size and type of LID techniques 
that can be used.  Soils can be divided into two major types:  a) well-draining soils; and b) low-
to-moderate draining soils.  Well-draining soils are generally found in the outwash soil zones.  
Low-to-moderate draining soils are found in the till soil zones.  The LID techniques that can be 
used over well-draining soils include all techniques described herein, and they should also 
include infiltration systems that provide for virtually all of the runoff to infiltrate into the deeper 
soil layers with the use of multiple stormwater facilities that are widely dispersed through a site.  
This does a far better job of emulating natural conditions than conventional drainage facilities 
(e.g., catch basins, storm pipes, and end-of-pipe storm ponds that then discharge into a stream). 

Even though the till soils infiltrate stormwater at such a slow rate, so much so that they are often 
discounted in a hydrologic analysis when considering major storm events (e.g. 10-yr or 50-yr 
storms, for example), infiltration should not be completely discounted in till soils, when 
considering the path rain water takes in a forested condition.  Over the course of a year the 
amount of infiltration allowed through a till soil is oftentimes in the range of 18 inches/year, 
equivalent to 0.05 inch during a 24 hour period, which is insignificant in a major storm event 
(which can generate 2 to 3 inches of rain in the same 24 hour period).  Over the course of the 
same annual period where the total precipitation is around 42 inches, the total infiltration of 18 
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inches is not insignificant (  40% of total precipitation is infiltrated), if it can be captured and 
held in the soil matrix and then slowly infiltrated into the deeper soil layers between storms.  
This slow infiltration process is what naturally occurs in a forested condition.  Downstream 
channels are not negatively impacted.  Several LID techniques more closely emulate this same 
natural process in developed land-use conditions. If a significant portion of rain water can be 
infiltrated, even in till soils which more closely match natural conditions, then this will provide 
lower water temperatures for water entering streams.  This in turn contributes to a healthy 
aquatic habitat by keeping stream temperatures low and within safe levels for salmon. 

There is no automatic break-point in the number of LID techniques that are implemented on a 
site which contribute to their effectiveness.  A major point is the more LID techniques that are 
used; the better the system will function in providing a high-level of stormwater quality through 
treatment and more closely emulating natural conditions.  Conversely, if a minimal number of 
LID techniques are used on a land area that will have a very dense development with a high 
amount of impervious surfaces—their benefits will, in most cases, be negligible. 

In this study, the goal is to identify specific LID techniques which are practical to construct, that 
can be implemented with the adoption of revised land-use codes that reduce the impacts from 
development on the natural environment, and which have been utilized in other areas of the 
country.  We have also identified a grouping of LID techniques that can be implemented 
together, applicable for each of the respective land-use zone densities for residential 
development. 

2.2  Low Impact Development Compared to Conventional Stormwater Management 

Conventional drainage facilities include capturing runoff from impervious surfaces (roads, 
driveways, roofs) and grassed areas, where pollutants are captured and rapidly conveyed to a 
drainage pond.  Conventional systems include catch basins in streets, and storm pipes that are 
directly connected to drainage ponds (for detention and water quality treatment).  A well 
designed drainage pond will capture/remove and treat about 80% of the pollutants, using total 
suspended solids (TSS) as the indicator, since many pollutants attach themselves to the TSS.  
This percent removal of pollutants is an approximation, because pollutant concentrations in 
stormwater vary by a considerable amount.  To account for the variability, sampling and 
measuring is quantified by determining event mean concentration (EMC) taken with several 
water samples over the course of a runoff event.  In essence the EMC of pollutant concentrations 
and removal rates are determined by averaging the measured concentrations of the constituent of 
several water samples. 

Low Impact Development (LID) techniques perform, in most instances, better than conventional 
drainage techniques because they more closely emulate natural/undeveloped conditions.
Generally, LID techniques should be used in conjunction with conventional detention and water 
quality facilities in order to contribute to a higher level of water quality and aquatic habitat 
within a watershed. 

Temperature in streams is important for salmon habitat.  By lessening the amount of surface 
runoff and instead increasing groundwater flows, temperature benefits can be realized.  A study 
was done for the Stillaguamish River where these effects were evaluated.13  It was demonstrated 
here that the groundwater inflows into the streams could increase if recharge is increased with 
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stormwater management.  At the request of members of the Stillaguamish Implementation 
Review Committee (SIRC), the sensitivity of predicted stream temperatures to increases in 
groundwater inflows was tested by predicting stream temperatures that would be associated with 
additional inflows of groundwater equal to 10% of the surface flows in reaches that are 
surrounded by glacial outwash materials.  This is a lower number than what could be realized if 
multiple LID techniques would be implemented.  The evaluation conducted was a sensitivity 
analysis to examine hypothetical conditions.  The temperature of these groundwater inflows was 
estimated to be 11°C based on the mean annual air temperature and median value reported by the 
U.S. Geological Survey (USGS) (1997).  Hypothetical increases in groundwater inflows were 
evaluated in Pilchuck Creek below the state Highway 9 bridge, and other areas along the 
Stillaguamish River.  The result of the study at the Highway 9 bridge is summarized in Figure 
2.1.

Above about 23° C, the water temperature in a stream becomes lethal.  These are the conditions 
for the summer months within the Stillaguamish River.  The study demonstrates that the water 
temperature can be dropped to safe levels if there is a preservation/restoration of a partially 
shaded riparian corridor along the river with vegetation, increased groundwater recharge, and 
revision of the channel width to narrower widths, as it was when the watershed was less 
developed.

The study demonstrates the importance of: 

keeping contributing stormwater that flows into the river to lower temperatures; 
maintaining groundwater inflow, instead of converting rain water to surface runoff, (as is 
commonly the case when the watershed gets developed using conventional stormwater 
techniques only); and 
maintaining a vegetated buffer along the riparian corridor. 

Conventional stormwater management techniques do not address temperature effects or the 
benefits and needs of closely emulating natural conditions.  Using stormwater LID techniques 
with several integrated infiltration systems that provide a certain level of groundwater recharge 
provides this benefit to stream temperatures. 
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Figure 2.1:  Study of Stream Temperature Effects on the Stillaguamish River13

Variations in pollutant concentrations and actual constituents vary substantially by:

location or land use; 
time in the course of a storm single event;  
duration of dry period between storms; and  
storm intensities.  

For fish-bearing streams located within a watershed and down-gradient of a developed area, the 
water temperature has a significant impact on the health of the fish.  Salmon typically need cool 
water temperatures (around 10° to 15° C).  Conventional surface water management methods do 
not address temperature problems that occur when land is developed.  Stormwater temperatures 
rise substantially when they flow over hot pavement surfaces and hot roofs in the summer 
months, and it can rise even further when it flows to a pond that is exposed to the sunlight.  The 
rise in water temperature and its effects are felt throughout the year.  This is due to the loss of a 
large amount of the tree canopy, plant cover, and thick topsoil/duff, and is replaced with a 
substantial amount of impervious surfaces. 

By comparison with conventional surface water management methods, the LID techniques 
reduce the amount of runoff generated by impervious surfaces and cleared/grassed areas because 
they direct the stormwater into the soil and plant zones, allowing for evapotranspiration, 
filtration, biodegradation of pollutants, infiltration (even if limited in amount), and they allow for 
some shallow interflow to occur.  All of this reduces the amount of total runoff, lowers the 
temperature of the stormwater, and treats the stormwater near its source.  The net result is an 
overall decrease in the amount of pollution entering lakes, streams, wetlands, and groundwater. 
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2.3  LID Techniques 

There are a wide array of LID techniques that are available.  Some of which are a variation on a 
common approach, but tailored to a specific site constraint.  All LID techniques require that a 
certain amount of land be reserved and/or managed for their sustained use and function. 

An identification of the techniques available, along with a brief description, are provided in 
Table 2.3a.  The LID categories provided in the table are based upon function and general use.
Photographs and/or drawings of LID techniques are provided in Section 7. 
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Table 2.3a:  LID Techniques 
LID

Category
LID Technique Description 

Rain Gardens with 
High Infiltration Soils 

A small landscaped depression with two types of 
engineered soil zones beneath the landscaping that 
consists of drain rock beneath an amended soil.  
Stormwater is collected in the small depression where it 
is filtered as it passes through the amended soil zone 
then through the drain rock, and then it infiltrates into 
the native soil. 

Rain Gardens with Low 
to Moderate Infiltration 
Soils

A small landscaped depression with two types of 
engineered soil zones beneath the landscaping, that 
consists of drain rock beneath an amended soil.  
Stormwater is collected in the small depression where it 
is filtered as it passes through the amended soil zone 
then stored in the drain rock.  A portion of the runoff 
discharges into the native soils and the remainder is 
collected in an underground perforated pipe. 

Biochannels
(specialized rain 
garden)

An open ditch that is lined with an 18” thick amended 
soil and topsoil to capture and treat pollutants.  The 
biochannel is typically landscaped and has dimensions in 
the range of 2 ft. to 4 ft. depth with gentle 3:1 side 
slopes.  A gravel zone can be added beneath the 
amended soil to provide for localized 
detention/retention.

Filtration with 
Amended Soils 

Ecology Embankment A 12 inch thick soil media with a mixture of dolomite, 
perlite, gypsum, and pea gravel. The dolomite and 
gypsum additives serve to buffer acidic pH conditions 
and exchange light metals for heavy metals. Perlite is 
incorporated to improve moisture retention, which is 
critical for the formation of biomass epilithic biofilm to 
assist in the removal of solids, metals, and nutrients. 
It is constructed along the shoulder of a roadway and 
designed to take runoff by sheet flow. 

Native Growth  
Protection Areas 

This includes: 
Forest Preservation 
Thick Organic Topsoil Preservation 

Maintain in perpetuity an area in its natural condition 
through an easement or similar document. 

Dense Vegetation 
Zones

Create an area that has a composted soil layer (e.g., 8” to 
12” thick soil mixed with organics), dense plantings, and 
has good tree cover.  Keep the area free from mowing 
and avoid the application of fertilizers. 

“65-10” Rule Preserve at least 65% of a forest within a basin, and 
create no more than 10% impervious area within the 
same basin.  

Land Cover 
Management 

Tree Canopy Zones Provide for a designated area where a complete cover of 
a tree canopy is provided. 
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Table 2.3a:  LID Techniques (cont.) 
LID

Category
LID Technique Description 

Sheet Flow Dispersion Runoff is not concentrated but rather it sheet flows into a 
naturally vegetated area. Pollutant removal typically 
occurs through a combined process of filtration through 
organic topsoil and plant uptake, and shallow surface 
infiltration.    

Impervious Area 
Disconnect; or 

“Hydraulic Disconnect” 

Impervious areas do not connect directly to each other, 
(such as a house to a street).  This allows for surface 
runoff from a roof to pass through a landscaped zone, or 
preferably a natural zone, before discharging onto a 
street or ditch system.  This slows down and reduces the 
peak flows discharging from a site. 

Dispersion of 
Runoff

Infiltration-Dispersion
Trenches

Roof drains connect to: a dispersion trench, a splash 
blocks onto grass, or an infiltration trench. 

Narrow Streets and 
Shared Driveways 

Reduced impervious surfaces equals a reduction in peak 
flows and total runoff.   

Cul-de-Sacs with 
Planters

The center of the cul-de-sac can be altered to include a 
planter area or rain garden without impeding the turn-
around ability of emergency vehicles. 

Porous Pavement 
Options

Porous Asphalt 
Porous Concrete 
Street Pavers 
Perco-Crete®

Porous Sidewalks 
Options

Porous Concrete Sidewalks 
Soft Surface Sidewalks 
Brick Pavers 
Perco-Crete®

Reduce Effective 
Impervious Areas 

Vegetated Roofs on 
Commercial Buildings 

Vegetated roofs have become a proven and practical 
method and in recent years have gained much interest, 
especially in highly urbanized areas. 

Other Minimal Excavation 
Foundations 

The most common is the use of pin foundations.  This is 
instead of excavating and removing the topsoil and 
upper soil strata.  It preserves most of the hydrologic 
features of the native soils. 

 Re-Use Rainwater collected for reuse.  This can include rain 
barrels that collect rain water from roofs, and rainwater 
collected in ponds and then during dry periods it is 
pumped for irrigation purposes. 

 Shallow-Depth Storage Direct stormwater into shallow-depth ground storage, 
with dead storage zones.

The “65-10” rule is based upon a study done by the University of Washington where the health 
of a stream was observed to degrade as the watershed associated with the stream was altered by 
clearing and development.5  This study has been widely cited in the Pacific Northwest when 
considering land-use regulations.  The results of the study are somewhat misunderstood because 
at first glance it implies a threshold of 65% forest needs to be preserved and a maximum of 10% 
impervious area is to be permitted within a watershed where the health of the stream is to be 
preserved.  The report clearly states that there is no distinct threshold.  Rather it states that “the 
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10% imperviousness is not a threshold; it simply corresponds to levels of degradation that are 
sufficiently severe to be readily apparent [in the stream]”.  The study did not take into account 
the mitigation of developments through the use of drainage ponds and stormwater quality 
treatment, or using LID techniques.  Taken in context of the results of the study, the “65-10” rule 
can be a means to preserve a stream corridor, but the question is unsettled as to whether or not it 
is the only method of doing so.  The report does stress the importance of either preserving the 
forest or “developing new approaches to mitigate the consequences of watershed urbanization on 
streams” 5.

2.4  Environmental Benefits Using LID 

The environmental benefits of implementing the various LID techniques are summarized in 
Tables 2.4a and 2.4b.  Virtually all of these options provide a temperature benefit to the 
stormwater because of:  a) the contact time in the soil; b) reduced amount of runoff exposed to 
impervious surfaces; or c) both.  Unfortunately, there is not much data available as to the specific 
performance on temperature on the micro level, such as for a specific LID technique.  
Nevertheless, on the macro land-use scale over broad areas, it is known that stream temperatures 
rise due to the removal of trees and other changes in land use.  So the LID techniques that 
reintroduce features which are very similar to natural conditions do well in providing a level of 
mitigation on the rise temperature on surface waters that discharge to streams. 

Table 2.4a:  Amended Soil LID Techniques Summary of Environmental Benefits 
LID Techniques Benefits 
Filtration with Amended Soils 

BMP’s Include:
Rain Gardens 
Biochannels
Ecology Embankment 6

Biochannel Along Street 

The amended soil zone with organics capture, filter and 
biodegrade pollutants.  It also reduces the temperature of the 
stormwater by capturing it in the soil, and it allows for a greater 
amount of stormwater removal via evapotranspiration by putting 
stormwater in contact with plants through retention in the soil 
matrix.  Typical removals of pollutants are summarized below. 1,4

Constituent              Percent Removal
TSS                                > 95% 
copper                            > 90% 
lead                                > 95%  
zinc                                > 85%  
Total Phosphorus           >70% 
Nitrate                             10% 
Ammonia                       >20%    
Reduction in runoff volumes vary depending upon the types and 
infiltration capacity of the underlying soils.  Reduction in runoff 
has been found to be up to 50%8 due to plant uptake alone. 
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Table 2.4b:  Other LID Techniques Summary of Environmental Benefits 
LID Techniques Benefits 
Land Cover Management
Create Native Growth 
Protection Areas

This option substantially reduces total runoff and corresponding 
pollutant loadings by simply maintaining a significant portion of 
the land in its native state with forest cover, underbrush and thick 
topsoil.  The combination of all 3 levels provide for a very high 
level of environmental protection that exceeds each stand-alone 
LID technique described below:  a) tree canopy; and b) sheet flow 
dispersion.

Land Cover Management 
Tree Canopy (‘urban forest’) 

A tree canopy provides a high level of removal of rain water that 
would otherwise be converted to runoff.  Typical values of 
rainwater removal are listed below. 2
Winter = 0.9 mm/day 
Spring = 1.9 mm/day 
Summer = 1.9 mm/day 

Tree canopies remove pollution from the air including carbon 
monoxide, Sulfur dioxide, nitrous dioxide, and others.  It is 
estimated that a tree canopy removes over 100 lb of air pollution 
per acre per year. 11

Sheet Flow Dispersion Sheet flow dispersion can provide a high level of water quality 
treatment similar to filtration by amended soils provided that it 
sheet flows over a native-plant area that does not have fertilizers 
or chemicals applied onto the area.   

“Hydraulic Disconnect” The peak flow rate of runoff can be significantly reduced as 
compared to directly connected impervious areas (such as roof 
downspouts connected directly to storm pipes).  The percent 
reduction is variable and not well known, but some studies report 
the reduction in peak flows can be up to 50%. 7 A reduction in 
pollutants would be realized simply due to the reduced runoff, but 
actual pollutant reductions are not known. 

Shallow-Depth Storage The removal of pollutants is similar to filtration with amended 
soils but with a higher removal rate of nitrate and ammonia.3

Nitrogen/Nitrate/Nitrite Removal - 60% to 70%  
Porous Pavement Surfaces Reduces runoff in proportion to how well the underlying soil 

infiltrates.  It also provides water quality treatment through 
capture of pollutants in the soil matrix.  For pollutants from 
porous pavers in a parking lot, the percent removals are 
summarized below.9
Constituent         Percent Removal
Copper                   >85% 
Zinc                       >50% 
Motor Oil              >95% 

Vegetated Roofs Nearly all runoff is intercepted in the summer months, and the 
runoff is substantially reduced in the wet-winter months.10
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Biochannels perform well in capturing and breaking down pollutants even in low infiltration 
soils, with widely varying flow rates.  If the biochannels are constructed without an amended soil 
zone at its base, then the treatment occurs as stormwater flows along the length of the channel.
This is very similar to a biofiltration swale, with the exception being that there is a higher 
amount of vegetation in the channel.  For this condition, much of the pollutant reduction occurs 
in the first 50 feet of the channel as shown in the charts in Figure 2.2.

Figure 2.2:  Vegetated Biochannel Performance12
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3.0  POTENTIAL LID TECHNIQUES FOR VARIOUS LAND-USE DENSITIES 

3.1  General Description 

The benefits of using LID can divided into three main categories:  1) stormwater quality 
treatment; 2) a reduction in runoff, either a reduction in peak flow or a reduction in total volume; 
and 3) a reduction in the water temperature that enters into receiving waters.  Conversely, as a 
land area has increased urban density, generally this creates more impervious areas, an increase 
in water-born pollutants and runoff, less tree and plant cover, higher water temperatures, and 
generally a reduction in the benefits and performance of the LID techniques.  

A relative comparison in the performance of the LID techniques is provided in the following 
tables.  Table 3.1a provides a comparison for sites located over till soils (e.g., relatively low 
infiltration capacity).  Table 3.1b provides a comparison for sites located over outwash soils 
(e.g., relatively high infiltration capacity).  The tables identify performance characteristics for 
both water quality and flow runoff reduction.  It is a qualitative assessment, in that specific 
performance comparisons can only be made on a site-by-site basis given all the variables 
associated with LID facilities, such as LID facility size, land-use, pollutants generated due to the 
land-use type, variability of the underlying soils, and other parameters.  However, the qualitative 
assessment is in most cases based upon actual performance studies conducted.  These studies do 
provide a generalized sense of how well the LID facility will perform across various land-uses 
and differing ground conditions. 

As urban densities increase some LID techniques become less effective because less land can be 
devoted to their use, and this is coupled with a corresponding increase in pollutant loadings, an 
increase in runoff, and increase in water temperature from receiving waters.  As urban densities 
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increase it becomes impractical to utilize certain LID techniques.  For example, for ¼ acre size 
residential lots (R-4 zoning), developed on a few acres of land in a typical pattern, the density of 
single-family homes would be too great to be able to preserve a forest area in most cases (e.g., 
Native Growth Protection Area). More specifically, the LID benefits in the R-3 and R-4 land-
use zoning scenarios are significantly restricted over till soils because the amount of impervious 
area is greatly increased, and conversely the amount of land available to provide LID facilities 
has now significantly diminished.  This results in a substantial decrease in the benefits of using 
what LID techniques that can be used on the denser land area.  As a result, in the tables a 
constructability rating (CR) is shown which reveals the level-of-use where a LID facility can be 
utilized.  Since a major goal of using LID techniques is to have a widely distributed and 
integrated stormwater management system — in order to more closely emulate natural 
conditions — the constructability rating should be used as a means to compare the effectiveness 
of the LID techniques over the various urban densities.  In the table, the lower the 
constructability rating (CR), the less widespread the LID facility can be utilized, hence the less 
effective it can be. 

Sites that have outwash soils in natural-undeveloped conditions infiltrate nearly all of the rain 
water that falls on the site, resulting in virtually no runoff generated.  When a site is developed, 
this should be emulated by providing several infiltration facilities that are widely distributed 
throughout the property.  This can be done by using rain gardens with infiltration, infiltration 
trenches, porous pavement, and biochannels with infiltration which will have gravel beneath the 
amended soil.  

Most sites with outwash soils have groundwater tables that are at least 5 feet deep below the 
surface so that LID techniques which use infiltration function well with this type of subsurface 
condition.  With shallower groundwater depths, infiltration still occurs, but to a lesser degree. 

The performance and limitations of LID techniques are described in more detail in the following 
sections of this report.
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Figure 3.1:  Rain Garden 

3.2  Filtration with Amended Soils 

This category of LID techniques includes:  rain gardens, biochannels, and ecology embankment.  
The essential components of all of these techniques includes a soil filtration zone (normally 18” 
thick) and a water storage zone (either above ground, within a gravel media, or both).  The rain 
garden includes an additional component of organically rich topsoil and plant zone at the surface, 
which provides another level of pollutant uptake, its capture and decomposition by the plants and 
organics.

The soil filtration zone is to have a relatively high amount of organics which is typically 
quantified by measuring its cation exchange capacity (CEC).  Any element with a positive 
charge is called a cation. The amount of these positively charged cations a soil can hold is 
described as the CEC and is expressed in milliequivalents per 100 grams (meq/100g) of soil.  
The cation exchange capacity (CEC) is a value given on a soil analysis report to indicate its 
capacity to hold cation nutrients.  The CEC of a soil is important because it indicates the nutrient 
and water holding capacity.  The disadvantages of a low CEC include the limited availability of 
mineral nutrients to the plant and the soil’s inefficient ability to hold applied nutrients.  Plants 
can exhaust a fair amount of energy (that might otherwise have been used for growth, flowering, 
seed production or root development) scrounging the soil for mineral nutrients.  Soluble mineral 
salts (e.g., Potassium sulfate) applied in large doses to soil with a low CEC cannot be held 
efficiently because the CEC is too small.  The larger this number, the more cations the soil can 
hold.  The standard for the soil should have a minimum CEC of 5 meq/100 grams.  This is the 
standard set forth in the Washington Dept. of Ecology “Stormwater Management Manual for 
Western Washington”, 2005.  The soil can be readily sampled in the field and then economically 
tested in the lab to verify compliance.  Organically rich topsoil oftentimes meets this standard, 
which is why it is frequently advantageous to stockpile topsoil on site (which has been removed 
for roads and buildings) during construction, and then to reuse it in the topsoil in areas where it is 
advantageous.  In this case of course, the native soil would not need to be amended. 

Rain gardens and biochannels work 
well when they are widely distributed 
throughout a development site where 
they individually capture, treat and 
dispose of stormwater from relatively 
small contributing areas.  Stormwater 
is disposed of through infiltration, soil 
evaporation, and plant uptake via the 
evapotranspiration process.  It is 
estimated that rain gardens and 
biochannels capture and dispose of up 
to 50% of the runoff they receive via 
plant uptake alone.8  This amount 
varies depending upon the size of the 
LID facility, season, types of plants, 
and amount of runoff which flows into it.
The major components of a rain garden 
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Figure 3.2:  Ecology Embankment 

include storage, plant treatment/filtration zone, and gravel zone.  A typical rain garden detail is 
shown in Figure 3.1, excluding the gravel zone that is typically beneath the filtration zone. 

Ecology embankment is intended to capture 
stormwater from sheet generated from roadways, 
and hence this technique is not used when curb 
and gutters are needed along a roadway. 

Over highly infiltratable soils (e.g., outwash 
areas), all three types of these LID techniques 
work well in disposing of virtually all of the 
runoff into the ground, with conveyance 
sometimes added only to function as an overflow 
in the event of extreme storm events (e.g., 
normally greater than peak flow generated by a 

50-yr storm event).  In this case, the natural 
flow patterns of a site can most closely be 
achieved.

Rain gardens and biochannels necessitate that a certain amount of land be reserved for their 
construction and use.  Rain gardens are typically located in common areas, front yards of single-
family homes (widely done in Spokane County), and commercial landscape areas.  Rain gardens 
can be readily be incorporated into the landscaping of a site.  While the rain gardens function 
best with a variety of native-type plants, they also function with short-cut lawn grasses.  If lawn 
grasses are used, then the surface water depth is set quite shallow, generally no more than a one 
foot depth.  Rain gardens without underdrains and within lawn areas are widely used in Spokane 
County where the soil is well draining, and they are referred to locally as Grassed Percolation 
Areas.  Rain gardens within the front yards of single-family residential homes or commercial 
landscape zones are normally preserved through the creation of a drainage easement encumbered 
on the property.

For low-to-moderate infiltratable soils, these facilities still re-introduce a significant amount of 
stormwater back into the ground and create an opportunity for plant uptake, instead of it all 
becoming surface water runoff.  A decrease in the total volume of runoff can be upwards of 50% 
due to plant uptake, and slow infiltration occurs which provides a decrease in the runoff volume 
in the range of a 15% - 30% reduction in runoff realized, depending upon the infiltration rate of 
the underlying soil, the storage volume designed into the facility, and the loading into the 
facility.  The additional realized benefit is on water temperatures because more water is collected 
and conveyed via groundwater.  There is the need to design the rain gardens of a size that is not 
too large, and taking into account these factors in the hydrologic analysis.  This needs to be done 
on a site-by-site basis, with a good knowledge of the subsurface soil conditions and their 
infiltration capacities. 
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3.3  Land Cover and Land Management 

This category of LID techniques include the use of:  forest or natural preservation areas, man-
made dense vegetation & thick topsoil areas, and tree canopy areas (e.g., urban forest).  In the 
Pacific Northwest, nearly all areas have a natural condition consisting of either forests or 
wetlands.  Forest preservation consists of preserving not only the trees but also the healthy 
underbrush and thick, organically rich topsoil.  All of these layers in a forest work together to 
provide a well-functioning means of capturing rain water and releasing only a small portion into 
streams at slower rates and extended periods to sustain stream channel flows and keep water 
temperatures low and at acceptable levels for fish habitat. 

These land management areas need to be protected from disturbance during construction, and 
preserved through the use of Native Growth Protection Areas, also referred to as a Native 
Growth Protection Easement (NGPE), via an easement or by creating a separate tract within a 
development.  The area should be further protected with signs and/or short fences around its 
perimeter to let adjacent property owners know of its use and importance.  The use of NGPE’s 
can be utilized in areas where there are large lots, typically 1 acre or larger.  But they can also be 
used to a limited extent and benefit for lots down to ½ acre in size. 

The use of man-made dense vegetation and thick topsoil areas can be used in areas where 
restoration of land to its natural state can be achieved.  Trees and plants can restore a site to its 
natural condition within 10 to 15 years after planting, allowing time for the trees to mature.  The 
creation of a thick topsoil (8” to 12” minimum), is a relatively newer means of land management, 
and is considered costly to do.  Depending upon existing site conditions, it normally consists of 
mixing an organically rich topsoil into the native soil by roto-tilling methods.  

The greater the amount of land that is preserved in its natural state; the better it will perform.  
There is no clear break-point for how much land preservation is needed.  But, taking this 
approach to its near-best performance, implementing the “65-10” rule within a watershed will 
preserve the health of a stream in the absence of doing any other stormwater measures.  On a 
more practical level, following the “65-10” rule for even a single property will provide 
significant benefits for the water quality and quantity generated from that particular parcel.   

The practical uses and limitations of these land-use LID options depend largely upon the goals 
and desires of a community.  In many instances, forest preservation areas and man-made 
vegetation zones can be readily provided on 1 acre or larger lots and between houses while 
keeping the yards relatively small.  These create native-plant buffer zones that also allow for 
sheet flow dispersion of runoff from houses and driveways, which in turn increase the 
effectiveness of their use for stormwater management. 

Creating or preserving tree canopies, street tree corridors, or “urban forests” is a simple means of 
reducing runoff.  It creates a cooler environment, it reduces air and noise pollution, and it can be 
readily integrated into a development.  Tree canopies can easily be incorporated along streets, 
within landscaped areas, and even within sidewalk corridors. 
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Figure 3.3:  Sheet Flow Dispersion 

3.4  Dispersion 

Dispersion methods typically include:  sheet flow dispersion, splash blocks from roof 
downspouts, and hydraulic disconnect. 
Sheet flow dispersion functions in a 
manner where stormwater is 
intentionally not allowed to become 
concentrated flow (such as not collecting 
it in a gutter or ditch along the roadway), 
rather stormwater sheet flows off an 
impervious surface and into a NGPA.  
The Washington State Department of 
Transportation (WSDOT) has created 
design procedures that specify the 
amount of land-area that needs to be 
preserved for sheet flow dispersion, 
based upon the width of the roadway and 
soil type.  This is shown in Figure 3.3 
and is identified in the WSDOT Highway 
Runoff Manual as BMP FC.01.  Soil 
Types shown in the figure refer to the NRSC Hydrologic Soil Groups.  Soil types A & B are 
generally outwash soils.  Soil types C & D are generally till soils.  Dispersion is another means 
of reintroducing stormwater into the ground, which in turn lowers water temperatures in the 
downstream systems. 

For runoff from roofs, splash blocks are placed at the base of the downspouts and rain water is 
allowed to dissipate into a lawn or other type of landscape feature. 

Hydraulic disconnect is a generalized version of the use of splash blocks.  Hydraulic disconnect 
has been shown to significantly reduce the peak flow rates generated from an urbanized area, and 
it can somewhat reduce the volume of runoff generated from a storm event.  Hydraulic 
disconnect is simply preventing runoff from going from one impervious surface directly onto 
another impervious surface or directly into a storm conveyance system.  By designing a building, 
impervious parking area or driveway with a specified layout, hydraulic disconnect is provided by 
causing runoff from impervious surfaces to flow onto a landscaped area. 

3.5  Effective Impervious Area Reduction 

This category of LID techniques includes such measures as providing narrow streets, shared 
driveways, modified cul-de-sacs, porous road surfaces (e.g., pervious concrete, pervious asphalt, 
and brick pavers), and porous sidewalk surfaces.  Narrow streets are discussed in the 
StreetScapes section of this report.
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 Figure 3.4:  Porous Concrete 

Porous road surfaces are typically more expensive to 
construct, but this can be offset by construction cost 
savings in having a reduction size in the drainage 
detention facilities.  Since more runoff is infiltrated into 
the ground and there is less effective impervious area, 
the size of the detention facility to serve the project can 
be smaller. 

Figure 3.5:  Treatment Soil Zone Beneath  
Porous Road Surfaces 

Stormwater quality treatment for porous road 
surfaces can be achieved by providing an 
amended soil zone beneath the structural 
pavement section (e.g., paver surface and gravel 
base).  It is usually effective to provide for 
porous road surfaces over well-draining soil 
(such as outwash).  The amended soil zone 
needs to be a minimum of 18 inches thick, meet 
the criteria for amended soil as described in 
Section 3.2 of this report, and be above the high 
groundwater table.  Generally, the amount of 

organics in the amended soil zone is 6% to 8% of the soil by volume.  A typical detail of this 
treatment zone beneath the porous road surface is shown in Figure 3.5.  The necessary thickness 
of the gravel base beneath the porous road surfacing is dependent upon traffic loads of the 
roadway, driveway or parking lot. 

Figure 3.6:  Modified Cul-de-Sac 
Modified cul-de-sacs include a center area that has a 
landscaping in the center of the circle instead of asphalt.
This allows for the turning movements of emergency 
vehicles, yet it can significantly reduce the amount of 
impervious area created by a cul-de-sac.  

One of the more recent methods for generating porous 
surfaces for pathways is the use of porous concrete and 
EssentialSoils, which is an engineered, organic-based 
topsoil that does not erode, allows for storage of 
stormwater and allows for plant growth. 

Another means of reducing the effective impervious area is by providing for vegetated roofs (e.g. 
“EcoRoofs”).  This has become more widely accepted on commercial buildings in North 
America.  For residential houses, vegetated roofs are generally not used to date in North 
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America, but they are used in Europe and widely so in Norway on both old and new 
construction.  Their benefits include: 

Soil, plants and the trapped layer of air can be used to insulate for sound.  Sound waves 
that are produced by machinery, traffic or airplanes can be absorbed, reflected or 
deflected.  The substrate tends to block lower sound frequencies and the plants block 
higher frequencies.
A green roof with a 12 cm (4.7 inches) substrate layer can reduce sound by 40 decibels; a 
20 cm (7.9 inches) substrate layer can reduce sound by 46-50 decibels.
Urban temperature reduction on hot summer days.  Studies in Chicago have shown that 
urban temperatures have decreased substantially in areas where vegetated roofs are used 
as compared with conventional tar roof surfaces. 

Figure 3.7: Vegetated Roof with a Commercial Building
Located in Toronto, Canada.  Cover Area 903 m2.  Constructed 1998 

3.6  LID Performance Evaluation 

The performance of LID techniques vary depending upon site conditions and land use, along 
with the quantity and type of LID facilities incorporated into a site.  However, general 
performance characteristics can be identified for commonly occurring urban densities, and LID 
techniques which are most likely to be used. 

For this project, Perteet conducted a study to determine the effects and benefits of using LID 
techniques on a typical residential subdivision that covered 4.5 acres of wooded land over till 
soils.  While the parcel was an actual parcel located within Woodinville, the development 
scenarios were hypothetical.  A performance comparison was made using MGS Flood®, a 
continuous simulation model to account for back-to-back storm events that commonly occur in 
the Pacific Northwest, and specifically the Woodinville area.  The study evaluated four single-
family residential scenarios, specifically it included zoning districts R-1, R-2, and R-4.
Approximately ½ acre was preserved for a stormwater pond and the rest of the site was 
developed into single-family residential lots.  For the analysis, there was 3,200 square feet of 
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impervious area used, not including the driveways because those would be constructed of 
pervious concrete.  For the comparative study, the LID techniques that were selected are 
summarized in the Table 3.6a.  The schematic exhibits of the lot scenarios used in the analysis 
are shown in Figures 3.7 through 3.12. 

Table 3.6a:  Parameters Used for LID Comparative Analysis 
Residential
Zoning District 

Site Layout Parameters
& LID Techniques Used 

R-1 4 Single-Family Residential Lots 
Forest Preservation (NGPA) on 65% of the Lot Areas 
15 ft. Wide Biochannels Along the Street Frontage 
Driveways With Pervious Concrete 
Roof Downspouts with Splash Blocks 

R-2 8 Single-Family Residential Lots 
Forest Preservation (NGPA) on 20% of the Lot Areas 
15 ft. Wide Biochannels Along the Street Frontage 
Shared Driveways on 3 of the Lots 
Driveways with Pervious Concrete 
Roof Downspouts with Splash Blocks 
Tree Cover for 10% of the Lot Areas 

R-4 13 Single-Family Residential Lots 
No Forest Preservation 
20 ft. Wide Internal Street & Cul-de-Sac 
15 ft. Wide Biochannels Along the Street Frontage 
and the Internal Street 
Off-Street Parking Provided for the Internal Streets 
Shared Driveways for 10 of the Lots 
Driveways with Pervious Concrete 
Roof Downspouts with Splash Blocks 

The results of the analysis are provided in Figure 3.13.  The analysis uses as a baseline for 
comparison the R-1 zoning without the use of LID.  On the left side of the chart is total runoff 
volume generated over several years of performance.  The specific volume amounts are not 
important, because they will change as the number of years change in the analysis.  However, the 
comparative difference in volume between the various scenarios is what is significant.  The 
runoff volume for the forested conditions is also shown in the chart.  The comparison 
demonstrates that when LID techniques are implemented, the benefit in achieving a significant 
reduction in total runoff volume is significant.  For the scenarios used and the LID techniques 
which are implemented for the R-1 zone, there will be approximately a 26% decrease in total.  
Similarly, there will be a 5% reduction in total runoff volume for R-2 zoning when LID 
techniques are implemented, as assumed in the scenario, as compared to the base-line condition.   
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Figure 3.13:  LID Benefits & Comparison of Land Use 
Perteet Study of a 4.5 acre residential site 

The actual LID techniques 
chosen, their quantity and the 
amount of impervious area 
created, and the soil types, all 
will have an effect on the 
performance.  The greater the 
quantity of LID techniques 
used, the closer the site will 
emulate natural hydrologic 
patterns.  Therefore, this chart 
should not be taken as firm 
values in the performance 
between various development 
densities.  Rather the overall 
trends and benefits that are to be 
realized is demonstrated by this 
analysis.

This chart shows how a select 
number of LID techniques can 

collectively benefit a site, as it pertains to stormwater quantity which discharges from a site.  The 
performance of individual and separate LID techniques can be determined by modeling on a 
case-by-case basis, given specific site conditions.

For the R-3 zone, it can safely be estimated that the performance of LID versus Non-LID will be 
interpolated between the R-2 and R-4 zoning conditions shown in the chart.

4.0  MEASURES NEAR SENSITIVE AREAS  

4.1  Near Stream Riparian Areas 

While there are no specific or special methods that should be used in the vicinity of stream, there 
are certain LID techniques which integrate well with a riparian preservation zone.

Land cover management techniques integrate well in this situation.  This includes forest 
preservation, creating man-made dense vegetation zones (e.g., restoration when needed), and 
sheet flow dispersion.  The forested preservation (NGPE) areas that are established can 
oftentimes blend into a riparian zone.  This has the added benefit of creating connected wildlife 
corridors if planned out adequately.  Similarly, man-made dense vegetation zones, as described 
in Section B.3 of this report, function in a similar manner.  Sheet flow dispersion generated from 
lawns, streets and houses can be done next to these land-management areas. 

Comparative Impacts on Land-Use 
Over Till Soil, for Woodinville Single Family Zoning
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4.2  Lake Leota Watershed

Lake Leota has shown a significant amount of sediment deposition, generated from sediment-
laden runoff.  This is likely caused by two major factors:  a) inadequate flow controls from 
developments in the upper reaches of its watershed which causes higher flowrates than what the 
stream channels experienced under forested conditions; and b) construction activity within the 
watershed that have inadequate erosion control measures during wet-periods.  It is suspected that 
several developments within the Lake Leota Watershed do not meet current flow control 
standards, which is the cause of these increase in flowrates.  Therefore, it is recommended that 
regional detention ponds and regional sedimentation ponds (or combined facilities), be 
constructed in the upper reaches of the stream channels that contribute flow into the lake. 

4.3  Landslide Hazard Areas 

These types of hazard areas are mapped out in the planning process, and are generally based 
upon aerial topographic mapping of the city.  As a result, site specific conditions are normally 
not known.  Consequently, many areas that are mapped as landslide hazard areas are sites that 
have a potential for being a landslide hazard, but in fact may or may not in actuality be a 
landslide hazard.  A site specific investigation is what is needed to answer if a site actually does 
pose as a landslide threat.  Only through a subsurface investigation that is conducted by a 
qualified geotechnical engineer or geohydrologist, can this determination be made.   

If a site is verified by a qualified professional as actually being a landslide hazard, then special 
controls on the use of infiltration facilities may be needed.  This could include such measures as 
preventing the use of large infiltration facilities, or limiting the location and/or rate of infiltration 
or other control measures.  This needs to be dealt with on a site-specific, case-by-case basis with 
input from the geotechnical engineer. 

5.0  STREETSCAPES AND LID   

In the 1980’s and 1990’s it was common to construct wide streets, often in the range of 36 foot 
wide pavements plus 5 foot wide sidewalks on both sides, for local access streets in residential 
neighborhoods.  Streets contribute a large portion of pollution-generated runoff, and a significant 
amount of the flows.  So the narrowing of roadways will proportionally result in a decrease in 
pollutants and storm runoff.   
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Figure 5.1:  StreetScapes with LID 

Studies have shown that narrow 
streets in residential neighborhoods 
can be accommodated by providing 
off-street parking in porous/paver 
surfaces, or parking on only one side 
of the street.  Normally emergency 
vehicle access is the driving concern 
for roadway width requirements, and 
access for fire trucks are oftentimes 
the limiting factor in determining 
minimum road widths.  Based upon a 
cooperative study in Portland, OR 
between the fire department and 
public works, the minimum road 

width to allow the passage of emergency vehicles is 18 feet.  Most communities have settled on a 
comfortable minimum of 20 feet paved width with off-street parking.  When these narrower 
streets are incorporated into separated sidewalks, or porous concrete sidewalks, the net result can 
be an overall reduction in effective impervious surfaces from roadways of over 50%.  A local 
access cross-section with this narrower impervious area and parking limited to one side is shown 
in Figure 5.1. 

Figure 5.2:  Boulevard StreetScape with LID 
It is important to note that with a 
reduction in impervious area from the 
roadway there should not be a 
corresponding reduction in road right-of-
way width, which would result in an 
increased density in the number of 
houses—which in turn would negate the 
benefits of using narrower streets.  A 
municipality should keep the street right-
of-way widths the same as is used for 
normal plat development standards, and 
use the excess space for landscaping and 
LID features such as rain gardens and 
biochannels.  Figure 5.2 provides a boulevard streetscape that incorporates biochannels as an 
LID technique.  The width of the biochannel will vary depending upon the width of the roadway 
and the level stormwater reduction desired.  The biochannel will function best if stormwater 
runoff is allowed to sheet flow off of the roadway.  This can be done by using recessed concrete 
curbs that are flush with the pavement surface.  This creates a clean edge that is not prone to 
edge raveling of the asphalt. 
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Figure 5.3:  Ash Avenue Park-n-Ride, Marysville, Wash. 
Amended Soils Beneath Brick Pavers

Porous concrete or brick pavers can be utilized in 
parking areas, typically in instances where a site is 
located on outwash soils.  In this case, stormwater 
quality treatment can be achieved by providing for 
a treatment zone beneath the porous pavement.    

6.0  LID RECOMMENDATIONS, SUMMARY & CONCLUSIONS 

6.1  Summary 

With the goal of preserving fish habitat in the watersheds located within Woodinville, the 
implementation of Low Impact Development (LID) techniques for stormwater management will 
provide a higher level of protection of the fish-bearing streams, as compared to conventional 
stormwater management practices. 

Mitigation of problems associated with land-development can be accomplished by: 

Maintaining low base flows in streams by reintroducing stormwater back into the 
ground through the use of rain gardens, biochannels, and other LID techniques.

Keep stormwater temperatures low through land management techniques and LID 
stormwater management techniques.  LID stormwater management will include:  
a) directing stormwater into filtration and amended soil zones instead of into 
storm pipe systems; b) designing facilities to infiltration stormwater into the 
ground as much as possible through the use of widely distributed and integrated 
rain gardens, biochannels and similar LID facilities—including over till soils; and 
c) minimizing the creation of effective impervious surfaces by constructing 
porous pavements, providing hydraulic disconnect, and creating narrow streets.
Land management techniques include maximizing the use of native growth 
protection areas, creating tree canopy zones, and dense-vegetation zones.

Prevent an increase in stream flows and flood duration, which can degrade the 
stream channel by eroding its banks.  This is accomplished by:  a) providing 
detention with continuous simulation modeling; b) limiting the discharge to below 
the erosive threshold of a stream channel; and c) minimizing the volume of storm 
runoff into a stream channel during storm events by dissipating storm water on-
site through the use of LID techniques. 
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Maintain riparian vegetation which provides cooler temperatures for the 
ecosystem in and around a stream corridor. 

Capture sediment-laden runoff generated from development that have already 
occurred.  This can be done by constructing regional sediment ponds, and 
reducing flows in the streams by constructing regional detention ponds.  These 
regional systems will serve areas that have already been subject to significant land 
development over the last few decades. 

These land-use measures will minimize the negative impacts on our lakes and streams to the 
maximum extent practical and still allow for development to occur within the city limits and 
growth boundaries.  A higher level of protection of the environment will be achieved as 
compared to conventional stormwater management practices. 

6.2  Implementation:  Update Drainage Standards & City Code 

A specific performance standard for stormwater design needs to be defined and achieved in the 
implementation of using Low Impact Development techniques.  It is recommended that the 
drainage standards be set to a higher level of stormwater management, as compared to 
conventional means, by requiring that a minimum number of LID techniques be implemented 
which achieve a definite performance level.  Specifically, standards for using LID drainage 
methods should supplement the 2005 “Stormwater Management Manual for Western 
Washington” put forth by the Wash. Dept. of Ecology (WDOE Manual), which address 
requirements for flow control, temporary erosion control, and water quality treatment.  

We recommend that some means of defining LID standards is needed.  Otherwise with the 
pressure to maximize land-densities and increase urbanization, only a limited amount of LID 
techniques will be implemented, which will negate their benefits, and the goals to protect the 
environment will not be achieved.  The LID standards could be fashioned in one of three ways: 

1. Simplified Method:  specify a minimum set of LID techniques to be implemented on 
individual lots, by providing a range of alternatives to be used, tailored for various 
development goals and site constraints.  No detailed analysis is needed for this method.  

2. Site Storage-Slow Infiltration Method:  specify on-site retention storage requirements 
as a function of the amount of impervious area, to allow for plant uptake (e.g. 
evapotranspiration) and infiltration into the ground, to more closely mimic natural 
hydrologic conditions.   

3. Hydrologic-Volume Method:  specify the allowable total discharge volume that is 
generated from a site, using continuous simulation modeling, based upon a multiplier of 
forested (e.g. “natural”) conditions.

These three methods are described in the paragraphs below.  These LID standards will provide 
the added benefits of:  a) more closely matching natural storm runoff conditions;  b) reducing the 
total volume of runoff;  c)  reducing pollutants into lakes and streams;  and d) keeping water 
temperatures cooler that will benefit downstream aquatic habitats.  In all of these design 
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approaches, it is important to use these LID standards as a supplement to flow-control (e.g. 
detention of surface runoff), stormwater quality treatment, and conveyance standards.  The key 
goals are to:  a) create areas for plant uptake of runoff and pollutants; and b) create many small 
infiltration facilities wherever practical. Any development proposed needs to implement 
multiple LID techniques in order to achieve the volume criteria.  If this criterion is met, then 
much of the stormwater will be reintroduced as groundwater, greater plant uptake of rain water 
will occur, temperatures will remain low, sustained flows during dry weather in the watershed 
streams will be achieved – the end result will be the accomplishment of a healthier environment 
for the watershed.

The Simplified Method would specify a minimum number of LID techniques to be used on 
individual lots, and for large commercial sites specify multiple LID techniques that are to be 
widely distributed over the project area.  Options could be provided, allowing for developers to 
mix-and-match sets of LID techniques depending upon development goals and site constraints.  
For example, individual lots could discharge roof runoff and driveway runoff to rain gardens 
located in the front yard, or below ground infiltration trenches with amended soils, or sheet flow 
dispersion, or porous concrete driveways.  For this method no detailed hydrologic analysis would 
be required, but a credit be given to allow for a reduction in the size of the detention pond that 
serves the residential subdivision or commercial site. 

The Site Storage-Slow Infiltration Method would define the amount of above ground or below 
ground storage required, as a function of the impervious area.  For instance, the first 1.5 inches 
of runoff would need to be directed to a rain garden, biochannel, or underground retention 
storage facility.  For example, with a 2,400 square ft. house the runoff would be directed to a rain 
garden in the yard that would need to have a minimum size of 15 ft. x 15 ft. area.  This method 
would encourage developers to minimize the amount of impervious area, such as providing for 
narrower driveways, porous concrete, etc.  This method greatly reduces the volume of runoff by 
directing stormwater to landscape areas (for plant uptake) and introducing slow-infiltration into 
the soil, which more closely emulates natural conditions. 

The Hydrologic Volume Method is the most rigorous engineering procedure that would be 
used.  A maximum stormwater volume that could discharge from the site would be defined, 
calculated by using a continuous simulation hydrologic model (e.g. WWHM or MGSFlood).  
This maximum volume threshold could be a multiplier of the volume of runoff generated from 
forested conditions, and a developer’s engineer would then need to provide enough LID 
techniques to demonstrate that the site would be below this threshold.  This will allow a 
developer and design engineer to mix-and-match a variety of LID techniques to achieve this 
goal, yet this also provides flexibility that is appropriate and necessary by making allowances for 
site specific conditions. 

For all of the LID design methods presented herein, the specific written design standards and 
calculation techniques would need to be developed.  This task is beyond the scope of this study, 
but building upon the data presented in this report, this could readily be done. 
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For conducting the continuous simulation modeling, it will be important to define the LID credits 
appropriate for the various LID techniques being proposed.  Also, the design methodologies are 
to be introduced in the drainage design standards to provide the design engineer the guidance on 
how to plan for and implement the use of the various LID facilities, such as rain gardens, 
biochannels, and hydraulic disconnect, to name a few.  The continuous simulation modeling is 
done within the EPA computational software called HSPF that make use of multiple variables 
which represent the hydrologic performance of pervious surfaces.  Presently the default values 
set for these (called PERLND variables) do not account for the use of LID techniques, in either 
the WSDOT model (MGS Flood), or the WDOE model (WWHM).  We recommend that the 
variables be adjusted to account for the use of these LID techniques in these models, and that 
these adjustments need to be given in order to adequately account for their beneficial use.  Both 
models allow for the user to make these changes.  The recommended PERLND variable changes, 
to account for specific LID techniques, are provided in Table 6.2a.

Table 6.2a:  Recommended HSPF Variables for LID Facilities 
PERLND - Variable Default Values  Till Soils: for LID Facilities 

Variable Description Forest Pasture Grass 

Rain
Gardens & 
Biochannels 

Dense 
Landscaping 

LZSN Lower Zone Storage (inches) 4.5 4.5 4.5 4.5 4.5
INFILT Infiltration Capacity (inches/hr) 0.08 0.06 0.03 0.08 0.07
        
LSUR Overland flow length (ft.) 400 400 400 400 400
SLSUR Slope of Ground Surface (ft./ft) 0.1 0.1 0.1 0.1 0.1
KVARY Grounwater Exponent Variable 0.5 0.5 0.5 0.5 0.5

AGWRC 
Active GW Recession 
Constant 0.996 0.996 0.996 0.996 0.996

INFEXP Infiltration Exponent 2 2 2 2 2
INFILD Ration of max/mean infiltration 2 2 2 2 2
BASETP Base flow ET (fraction) 0 0 0 0 0
AGWETP Active GW ET (fraction) 0 0 0 0 0
CEPSC Inerception Storage (inches) 0.2 0.1 0.1 0.25 0.2

UZSN
Upper Zone Storage  nominal 
(in) 0.5 0.28 0.25 1 0.5

NSUR 
Roughness of Surface 
(Manning) 0.35 0.25 0.25 0.35 0.35

INTFW Interflow Index 6 6 6 6 6
IRC Interflow Recession Constant 0.5 0.5 0.5 0.5 0.5
LZETP Lower Zone ET (fraction) 0.7 0.25 0.25 0.6 0.6

The criteria for peak flowrates established by the WDOE should also be implemented.  This 
standard is generally considered the state-of-the-practice in the Pacific Northwest, in wet 
climates (generally west of the Cascades).  In summary, these standards specify flow controls for 
½ of the 2-year storm and up to the 50-yr storm event for both duration and frequency.  These 
standards are defined and described in the WDOE “Stormwater Management Manual for 
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Western Washington”, 2005.  Similarly, the thresholds for when these standards need to apply to 
a project site should be in compliance with these WDOE regulations. 

6.3  Special Drainage Criteria Over Outwash (well-draining) Soils 

We recommend design criteria for well-draining soils similar to what is described in Section 6.2, 
but with the added criteria that runoff from the major storm events be conveyed to an infiltration 
system such as infiltration pond, infiltration trench, or gravel gallery, and all runoff up to and 
including the 50-yr storm event be disposed of by infiltration.

6.4  Special Drainage Criteria Over Landslide Hazard Areas 

Landslide hazard areas pose a need for a higher level of geotechnical investigation prior 
developing the site.  Since not all land areas identified in land-use maps are not in reality a 
landslide hazard, a site specific subsurface investigation is needed by a geotechnical engineer to 
verify whether or not there is a landslide hazard at or in the vicinity of the site.  If a landslide 
hazard is deemed to be a real concern, then infiltration facilities will likely not be recommended, 
and all rain gardens and biochannels should have an impermeable liner in the bottom of the 
facility, to prevent infiltration.  These facilities will still function well by lessening the effects of 
runoff through plant uptake and stormwater treatment.  
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7.0  LID EXAMPLES 

Figure 7.1:  Rain Gardens 

Residential Front Yard Rain Garden in Commercial Property 

Figure 7.2:  Forest Retention & Dense Landscape Zones 

Dense Lanscape Zone Within a Residential Neighborhood 
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Figure 7.3:  Porous Surfacing

Porous Concrete Sidewalk Brick Pavers in Parking Lot 

Figure 7.4:  Infiltration-Gravel Gallery Within a Community Park 
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Chapter 1. Preface 
The purpose of this report is to evaluate neighborhood character as one of the tools 
for determining residential density in the R-1 zoned area of the City.  The end result 
could contribute to maintaining the R-1 zone or amending the zone by increasing 
density to a more compact urban development pattern.  This report is also a part of a 
larger study referred to as the Sustainable Development Project, which includes three 
other reports – environmental, transportation and capital facilities (utilities).  The 
results of the project are intended to provide the basis for recommended revisions, if 
any, to the Comprehensive Plan and Maps, housing and land use policies, and 
regulatory requirements. 

The Growth Management Act (GMA) of the State of Washington (36.70A.070) 
discusses, in its housing element, the need for a plan, scheme, or design for housing 
that ensures the vitality and character of established residential neighborhoods.  The 
housing element also discusses the need for an inventory and analysis of existing and 
projected housing needs, among other things and a statement about population 
densities.

This neighborhood character/housing study searched for commonality in four key 
elements to distinguish neighborhoods, including physiographic, man-made or 
physical improvements, socio-economic, and visual elements.  In order to use these 
key elements, neighborhood identification, definition of neighborhood character, 
application of character principles to geographic areas, and measures to maintain and 
enhance neighborhood character were necessary.   

The following steps were taken to determine “neighborhood character” and 
subsequently to correlate residential densities (see Figure 1 for the overall Method for 
determining Neighborhood Character).  
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Step 1.  Overlay geographic features, physical improvements, socio-economic 
data, and visual maps to determine patterns of commonality. 

Step 2.  Using Step 1 data, identify on a broad-scale general neighborhood 
subareas.

Step 3.  Apply 12 character indicators to each neighborhood subarea identified in 
Step 2 to determine the level of consistency of those indicators throughout the 
neighborhood subareas.  The greater the number of indicators having more 
consistency in the neighborhood subareas, the greater the neighborhood character 
in that subarea. 

Step 4.  After determining the higher and lower ranking of character for each 
neighborhood subarea, the current and predominant densities in the higher order 
neighborhoods were recognized as having a high value.  Those with lower 
ranking character could be designated for higher densities – in most cases R-4 
densities.  This process only evaluates neighborhood character as defined in this 
section and does not take into consideration the remainder of the other elements 
in the Sustainable Development Study:  environmental, transportation, capital 
facilities.  These have been evaluated in other sections of this document.

1.1. Introduction 
The City of Woodinville is one of thirty-nine cities in King County and is adjacent to 
Snohomish County’s boundary.  In 2002, the City compared its demographics to 
King County as a whole and several Eastside and other nearby cities.  Compared with 
Seattle, Mill Creek, Bothell, Kirkland, Redmond, Bellevue, and Issaquah, the city of 
Woodinville had the largest household size, the most population under age 19, the 
least growth between 1990 and 2000, and the smallest population.  The City, since its 
inception, has promoted the desire to maintain a “Northwest Woodland Character,” 
identifying that desire in numerous places, including its Comprehensive Plan goals, 
Land Use LU-1, Community Design Goal CD-2, and Environmental Goal ENV-6.  
Houses in the R-1 zone are mostly homes built in the 1960’s through the 1980’s on 
large lots, but in other R-zoned areas they are newer homes on smaller lots.   

The City is approximately 3,500 acres of which ~60% is zoned residential and ~ 30% 
of that is zoned R-1 or approximately 1,100 acres.  The R-1 residential neighborhood 
is located on the eastern uplands of the City of Woodinville (Figure 2, 2006 Zoning 
Map), currently referred to as the R-1 Area, or the Leota and Wellington 
Neighborhoods.  The R-1 area is the largest of the residential zones and one of seven 
Neighborhoods in the city.  There are large areas of R-4, R-6, and R-8, with five 
residential designations making up the multifamily areas.  See Figure 2 for the zoning 
map.
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Major access to the R-1 zone is via the Woodinville-Duvall Road, which generally 
bisects the area into a northern district and a southern district.  The northern area is, 
in turn somewhat divided by a minor arterial (156th Avenue NE) into a western 
portion and an eastern portion.  Woodinville-Duvall Road is classified as a major 
arterial that carries a high volume of pass-through traffic between downtown 
Woodinville and Duvall and the eastern outlying areas of King County.  156th 
Avenue NE also carries a moderate amount of pass-through traffic to and from 
Snohomish County. 

In geological terms, the area is also characterized by a scoured marginal feature from 
a previous ice-contact slope located at the western edge of the area and acts as a 
major physical boundary between the valley below to the west and the City proper.  
The whole study area is a till-mantled, upland undulating plain consisting of north-
south trending broad ridges and narrow plains eroded by recessional outwash 
channels.  Lake Leota, a major water feature, is a rare and unique ancient kettle in the 
area.

Most of the land in the study area consists of mid-successional native conifer forests 
that have been converted from large tracts of land in the last half of the 20th century 
to large lot tracts (20 or more acres) and then to short-plat-sized lots (1 to 4 acres).
This division has resulted in a haphazard ownership pattern, with reduced roadway 
connectivity, that is common in urban and suburban fringe areas of Puget Sound 
counties.
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1.2.  Background 

1.2.1. Districts 
City builders over many millennia divided their cities into districts.  The preservation 
of the functional attributes of each district was an important factor in the success of 
the city, be it protection from invaders, economic vitality, spatial insulation, 
purposeful association, or quality of life reasons such as cultural preservation, 
aesthetics, social amenity, sovereignty, or health.  

The concept of city districts in America has been studied for decades.  Perhaps the 
most fundamental study was performed by Kevin Lynch and was published in his 
Image of the City in 1960 (Lynch, 1960).  This book served as a primary text for 
urban design and city planning students for several decades.  As Lynch’s title 
suggests, he found ways to describe the city in terms of its form and function and the 
structural elements that define that form. 

Most cities contain districts with varieties of functions.  Some districts are 
predominantly residential in nature and function.  Seattle has Madison Park, 
Laurelhurst, Mt. Baker, and Seward Park, all of which are characterized by exclusive 
residential development.  San Francisco has Russian Hill, Pacific Heights, the Marina 
or Telegraph Hill, distinctive residential neighborhoods with notable character.   

Other kinds of districts would be university districts, ports, central business districts, 
or a tourist district, to name a few.  Many of these have special regulatory overlays 
placed on them to insulate and protect the vitality of their functions.  Districts 
intended primarily for residential purposes commonly have minimum or maximum 
lot size or density requirements for a variety of purposes. 

1.2.2. Woodinville Districts 
The Comprehensive Plan for the City of Woodinville (City of Woodinville, 2006) 
defines the R-1 study area as the Leota Neighborhood (or district according to 
Lynch’s definition).  The Sustainable Development Project, of which this report is a 
part, extracts a great deal more detail from the concept of “neighborhood” definition.  
As Lynch describes in his book, cities have five basic elements. 

Paths.  Paths are the channels along which an observer moves.  They may be 
streets, walkways, transit lines, or railroads. 



February 2007  
7

Edges. Edges are the linear elements not used or considered as paths by the 
observer.  They are the boundaries between two phases, linear breaks in 
continuity: cliffs, shores, edges of development zones, or walls.  They are lateral 
references rather than coordinate axes.  Such areas may be barriers, more or less 
penetrable, which close one area off from another; or they may be seams, lines 
along which two areas are related and joined together.  These elements are 
important organizing features, particularly in the role of holding together 
generalized areas. 

Districts.  Districts are the medium-to-large sections of the city, conceived of as 
having two-dimensional extent, which the observer mentally enters inside of, and 
which are recognizable as having some common identifiable character.  Always 
identifiable from the inside, they are also used for exterior reference if visible 
from the outside.  Most people structure their city to some extent in this way, 
with individual differences as to whether paths or districts are the dominant 
elements. 

Nodes.  Nodes are points, the strategic spots in a city into which an observer can 
enter, and which are the intensive foci to and from which he or she is traveling.  
They may be primarily junctions, places of a break in transportation, a crossing 
or convergence of paths.  Or a node may be simply concentrations, which gain 
their importance from being the condensation of some use or physical character, 
as a street-corner hangout or an enclosed square.  Some of these concentration 
nodes are the focus and epitome of a district, over which their influence radiates 
and of which they stand as a symbol.  In any event, some nodal points are to be 
found in almost every image, and in certain cases they may be the dominant 
feature.

Landmarks.  Landmarks are another type of point reference, but in this case the 
observer does not enter within them, they are external.  They are usually a rather 
simply defined physical object: building, sign, store, or mountain.  Their use 
involves the singling out of one element from a host of possibilities.   

The Leota District is defined by paths-edges (natural environment factors) and 
political boundaries.  Thus, Snohomish County on the north, and King County on the 
eastern and southern edge provide political boundaries, and ice-scoured steep slopes 
on the western and southern edges of the study area become perceived strong edges 
to the district.  Paths, even though they may be viewed as unifiers, may also be 
perceived as boundaries such as 156th Avenue NE, Woodinville-Duvall Road and the 
loop road around Lake Leota.  The following section describes how neighborhood 
subareas were determined, according to the aforementioned step-wise process. 
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Chapter 2. Neighborhood Character 

2.1. Steps 1 and 2:  Determining Neighborhood 
Subareas

Neighborhoods are places where the composition of elements constitutes an identity 
that is generally based on commonality.  The identity is usually a pattern or perceived 
pattern that manifests itself in a visual framework.  Elements of this framework 
include the natural environment on which the neighborhood rests and the products of 
human development.  In some ways, the pattern is seen in two dimensions, as though 
it were a map; in other ways, it has a sculptural or three-dimensional form.  The 
following is a detailed description of the process for determining neighborhood 
subareas and is the first and second steps in the process of evaluating neighborhood 
character. 

2.1.1. Step 1.  Overlay Natural and Physical Features to 
Determine Patterns of Commonality. 

The first step in the neighborhood character analysis (see Figure 1) is to overlay 
natural and physical features to determine patterns of commonality.  For purposes of 
defining patterns that reveal neighborhood boundaries, a system of inventory and 
evaluation of data sets was introduced for extracting local information.  Natural 
environment maps, maps of physical development, maps showing social and 
economic phenomena, and interpretive maps describing elements of the visual 
environment were developed and then evaluated. 
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The following information was relevant and useful in defining neighborhood 
subareas in the R-1 zone. 

Geographic areas 
relative elevation (Figure 3) 

physiography (common land forms) (Figure 4) 

Parcels with low vegetation/canopy cover (lack of unified woodland character) 
(Figure 5) 

transitional landform features (ridge and plain separator slopes) (Figure 6) 

drainage basins (see Appendix A) 

Human-made phenomena or physical improvements 
parcel size commonality   

age of housing 

building footprints  

Socio-economic data (revealed no characteristics useful in contributing to 
neighborhood delineation)

land improvement value 

total parcel value 

Data and map interpretation field reconnaissance and visual recording, 
resulted in the production of the following interpretive maps: 

areas of common parcel size (Figure 7) 

building texture/rhythm (Figure 8) 

buildable lands (land available for development or redevelopment)  

A series of map overlays and visual surveys were used in this report to describe 
neighborhoods.  Mapped phenomena described patterns and define 
districts/neighborhoods as outlined by Lynch’s five elements of a city.  
Neighborhood description methods utilized for this report also borrow in part from 
studies that precede it.  Such studies include Cities, by Laurence Halprin, and The
Urban Design Plan for the City of Seattle, published by the Seattle City Planning 
Department, among others. 
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2.1.2. Step 2.  Results of the commonality overlay analysis 
At some level or on several levels (depending on geographic extent), much of the 
mapped units create patterns and places that lend definition to geographic boundaries 
and that ultimately define the neighborhoods in this study.  Some, such as Leota, are 
defined very rigidly; others, such as South Wellington, have loose edges.  The 
product of this analysis is shown on Figure 9 (R-1 Conceptual Subareas) that 
identifies twelve neighborhood subareas and is Step 2 on Figure 1.  A description of 
these neighborhood subareas is as follows: 

Northwest Wellington
The neighborhood is heavily wooded, has excellent spatial order and building texture, 
cohesive circulation, and is visually cohesive in terms of buildings, block patterns, 
and streets that together crisply define neighborhood boundaries. 

Southwest Wellington 
Accessibility and lot configuration largely define this neighborhood.  External access 
is limited, which makes for an enclave-like place.  The wooded setting adds 
immensely to a sense of place. 

North Wellington 
With few exceptions, this neighborhood is defined by its location in a physiographic 
plain and by the degree of road connectivity.  External accessibility also defines 
boundaries and encloses the neighborhood. 

Central Wellington 
There is only one major access into this neighborhood, NE 195th Street.  Other minor 
roads connect from different directions and are closed off or dead ends.  Central 
Wellington is somewhat more defined by adjacent neighborhoods than it is unto 
itself.

South Wellington 
This area is commonly accessed off of 156th Avenue NE.  It contains many 
unimproved or private roads that are the result of short plat activity.  Its boundaries, 
similar to those of Central Wellington, are easily defined by adjacent neighborhoods. 
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Northeast Wellington 
This is a neighborhood defined primarily by the constricted nature of access.  There 
is only one way in and one way out via 168th Avenue NE.  It is further isolated by 
school property occupying the major portion of its southern extremity. 

North Leota 
North Leota is characterized by its adjacency to Woodinville-Duvall Road and by its 
broad range of lot sizes.  There is no connectivity in any sense of the term, but this 
neighborhood occupies the greatest extent of the Leota outwash plain niche. 

Leota
This neighborhood is the best defined in the study area.  Common views, common 
access, lot configuration enclosure, and wooded nature make this one of 
Woodinville’s most distinct places. 

South Leota 
This is a well-defined neighborhood, all on an even grade, facing northeast, shaded in 
the afternoon, wooded slope.  Political boundaries and transportation network 
provide strong elements to boundary definition. 

Laurel Plateau 
Terrace-flat topography defines this neighborhood.  Steep slopes and formal 
subdivision boundaries confine this area into one neighborhood. 

Woodway-Laurel Hills 
This neighborhood predominantly consists of two formal subdivisions that have 
similar street networks and topography.  Ridge and slope topography characterize its 
common physiographic niche, and its richly manicured landscape amidst tall woods 
creates a common definitive sense of place. 

Lower Woodway 
This neighborhood located in the southwest fringe of the study area has common 
access off of NE 173rd Street.  Steep slopes are common throughout.  Its identity is 
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defined by its adjacency to its neighbor and by its isolation because of topography 
and access limitations. 

2.2. Step 3 Determining Neighborhood Character 
Defining neighborhood character is the next step (Step 3 shown on Figure 1) in this 
process whereby evaluations are made from visual surveys, physical and 
environmental data, and other inventory information assembled and ranked by order. 

Character may be described as the aggregate of qualities that distinguishes one place 
from another; thus an area having good commonality and distinguished qualities may 
be described as an area of high character.   

The neighborhood subareas defined in the previous section of this report have various 
degrees of image and character in their respective aggregate patterns.  These aspects 
depend on such things as views, topography, streets, building form, and landscaping.  
These patterns give an organization and sense of place, denote their special nature, 
and often help make human activity and interactions an important part of the 
neighborhood subarea.  The pattern also assists orientation for travel.  Neighborhood 
patterns that affect the vitality and character of neighborhood subareas should be 
recognized and enhanced. 

This study applies 12 indicators of neighborhood character to the 12 neighborhood 
subareas mentioned above in Step 2 (Figure 10).  Some indicators were more or less 
important to some neighborhood subareas over others.  This analysis did not 
discriminate among indicators.  Nor, did it assume that the indicators were inclusive.  
The study consulted prominent urban design sources such Paul Spreiregen, Urban
Design:  The Architecture of Towns and Cities, and Christopher Alexander, A Pattern 
Language.

Neighborhood character for purposes of this study is described as the degree of 
presence and relative aggregate of qualities perceived from visual surveys and high 
commonality of data.  The impression of their relative presence in neighborhood 
subareas from high association to low association is the result of this analysis.  The 
neighborhood character indicators used in this evaluation are defined below followed 
by an explanation of how they were applied in the analysis to determine their levels 
of consistency and commonality throughout the conceptual neighborhood subareas.  
The methodology of applying neighborhood character indicators to the R-1 area to 
come up with a ranking of neighborhood character association in each subarea is 
detailed below.  City staff (Bob Wuotila, Senior Planner) toured the study area and 
reviewed maps and other visual images of the area to develop his recommendations 
for neighborhood character.   
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2.2.1. Physiographic Niche    
Niches may be ridges, terraces, plateaus, plains or slopes.  The relative impression 
that they contribute to a sense of place defines character, including assessing high 
order or commonality for the neighborhood subareas once the subareas were defined.  
A review of maps showing physiographic features, as well as follow-up 
reconnaissance visits were used as the principle means of rating physiographic niche 
of each neighborhood subarea (Figures 3, 4, and 6 were also used to evaluate the 
physiographic niche indicator, as well as originally helping to define the 
neighborhood subarea). 

2.2.2. Canopy Cover: > 75% of the parcels with canopy cover 
>%50

Presence of tall native conifers provides shade and shadows; add timeless beauty to 
the place and maintains “Woodland Character.”  Visual observation identified those 
parcels within each subarea having >%50 vegetative cover.  Then an analysis was 
made to determine if those parcels constituted more than 75% of the parcels in the 
subarea.  Figure 5 shows the parcels within the R-1 area that have low 
vegetation/canopy cover. The neighborhood subareas map (Figure 9) was overlaid 
on Figure 5 to develop a composite map (Figure 11) showing which neighborhood 
subareas had greater than 75% of their parcels with greater than 50% cover. 

2.2.3. Manicured Landscape 
Visual impression of pruned shrubs, expansive, neat lawns and groomed appearance 
could add value and identity to the neighborhood.  A reliance on field surveys of the 
various neighborhood subareas was used to indicate high, moderate, and low 
association of manicured landscape for each subarea.  There was not a map created 
for this neighborhood indicator.  The study’s author made use of field reconnaissance 
and local knowledge to develop his assessment for manicured landscape. 

2.2.4. Common Viewshed 
Presence of available viewshed to significant local or regional features, such as 
mountain, lake, or city views of significant local or regional features.  An example of 
a significant local feature is Lake Leota, while a significant regional feature would be 
the Cascade mountain range.  The neighborhoods with the most parcels with common 
view sheds of these significant features, such as the Leota neighborhood subarea, 
were noted for their common view shed and had higher common view shed numeric 
values.
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2.2.5. Circulation Connectivity 
Presence of good, easy access available throughout the neighborhood subarea -- good 
orientation, no confusion.  A map was created (Figure 12) that overlays public roads 
with neighborhood subareas to show subareas with higher areas of circulation 
connectivity. 

2.2.6. Parcel Accessibility  
Presence of well-defined roads with consistent right-of-way width and an inviting 
sense of circulation.  Figure 12 is also useful as part of the analysis of areas with 
higher and lower parcel accessibility.  Other parts of this analysis required review of 
maps and field visits to assist in determining topographic features (such as slopes) 
that contribute to poor parcel accessibility.   

2.2.7. Cohesive Block Configuration 
Roads laid out with sensitivity to contour, repetitive scale between intersections, and 
unified edge treatment.  There was no single figure created for cohesive block 
configuration; however, Figure 12 and field surveys were used as a means of 
assessment. 

2.2.8. Areas of Common Parcel Size 
Presence of lots of similar size, repetition, and spatial order.  Pattern offers a sense of 
security, stability, and harmony.  Figure 7 was developed and used to help determine 
which neighborhood subareas had higher association in terms of common parcel sizes 
than others.  An overlay of neighborhood subareas on this map helped provide 
information on which subareas had higher common parcel size associations than 
others as depicted on Figure 13. 

2.2.9. Sense of Scale and Fabric 
Impression that neighborhood is serene and orderly due to house setbacks and 
repetition of form, presence of shrubs, and shadow from canopy trees.  
Neighborhoods with common setbacks, repetition of form, and similar features had 
higher association for sense of scale and fabric.  This indicator relied heavily upon 
the city’s field surveys of the neighborhood subareas (Wuotila).  No figure was 
created for this indicator. 
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2.2.10. Cohesive Street Presence 
Streets that have common motif:  street lighting, street landscaping and street 
roadway profiles (i.e., roadway sections, walks and edges).  Streets that have higher 
association with cohesive street presence have a higher indicator value.  No figure 
was created for this indicator, which relied heavily on field surveys of the various 
neighborhood subareas.  

2.2.11. Building Rhythm and Order 
Presence of orderly texture exhibited by building spacing and orientation and 
magnitude of repetition.  Figure 8 was used as the basis for assessing which areas had 
higher association of building rhythm and order than others.  Review of this figure 
with an overlay of neighborhood subareas provided the basis for this indicator’s 
rating found on Figure 14. 

2.2.12. Low In-Fill Potential 
Due to patterns of building and parcel layout, most lots in the neighborhood lose 
visual privacy; acoustical privacy; and feeling of security, safety, and social 
association if infill is allowed.  A sense of whether in-fill development would 
infringe upon visual and acoustical privacy on surrounding parcels was the factor 
taken into account for this indicator’s effect on neighborhood character.  Figures 15 
and 16 were developed to show both an existing neighborhood development pattern 
and an example of how development of a parcel within the neighborhood would 
impact neighborhood character.  These figures also show the process and thinking 
behind the assessment of this indicator within the neighborhood subareas.   

Figures 15 and 16 show one theoretical example of infill development that may or 
may not affect the five neighborhoods with distinctive character.  In the “after” 
example in Figure 15, new development could potentially occur in a yard or lot 
having sufficient area and space to accommodate allowable density under R-4 
zoning.  Public or private roads may be constructed into rear or side yards of existing 
lots.  Dependent on the design and layout of infill development, visual and acoustical 
privacy, trees and vegetation, balance, unity, spatial order, and social associations 
could be redefined, and require careful consideration.  These issues were espoused by 
Chermayeff in Community and Privacy and by Alexander in A Pattern Language 
years ago and remain valid now and in the future.   

As stated, all of the above indicators were given the same value or importance to 
contributing to the neighborhood character in the R-1 area.  Different strategies, such 
as ranking or weighting variables, would result in different impressions.
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 Figure 10 is a matrix of the 12 neighborhood character indicators shown on the 
horizontal axis and the 12 neighborhood subareas on the vertical axis.  Each indicator 
was evaluated for its relative presence in each subarea and each relationship was 
tested by visual survey and map evaluations.  The application of formal urban design 
criteria, together with personal judgment and experience, produced a range of 
impressions and relationships that ranged from high to low association or order. 
Other means, such as value settings by neighborhood residents may refine the results 
found in Figure 10, Neighborhood Characteristic Typologies.

Figure 10 presents a point scale -- three points for high association, two points for 
medium association and one point for low association for each indicator for each 
subarea.  Additionally, the point scale was used to determine which areas profited 
most or least from maintaining a sufficient degree of sense of place and character.  
After ranking or ordering each subarea by neighborhood character, those with the 
highest order were overlain by parcel size (Figure 18) to determine what prevalent 
density existed in the subarea.  Step 4 applies densities to each of the subareas.  

2.3. Step 4:  Applying Densities to Neighborhood 
Subareas

The final step in this neighborhood character analysis was to calculate the point total 
for each subarea, and to select a ceiling limit (24 or more of 36 possible points) that 
would call out subareas that have a greater commonality and therefore would be more 
supportive of maintaining current prevalent densities to ensure their established 
character was maintained.  Neighborhood subareas that had less commonality would 
be less supportive of maintaining prevalent densities.  

Figure 10, presents values assigned to each indicator in each neighborhood subarea, 
resulting in total numeric values.  Under this system, five of 12 neighborhood 
subareas were deemed to have high enough order and sense of commonality to 
qualify for neighborhood character recognition (see Figure 17).  Recognition of 
neighborhood subareas with high order of neighborhood character would lend itself 
to maintenance of the predominant parcel size in those subareas in order to avoid 
incompatible infill development that could negatively affect neighborhood character.  
The following subareas had the highest association of neighborhood character 
indicators:

Northwest Wellington 

Southwest Wellington 
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 North Wellington 

Leota

Woodway-Laurel Hills 

Figure 19, Zoning Consistencies with Neighborhood Character, shows these five 
neighborhoods highlighted with the prevalent current zoning patterns.  Those 
neighborhoods without recognition of high neighborhood character attributes are not 
shaded and were designated with R-4 zoning.  The resulting zoning designations 
shown in Figure 19 are those that would be applied if only neighborhood character 
were taken into account.  This does not account for the findings of the 
Environmental, Transportation, or Capital Facilities reports. 

Neighborhood character is qualitative in nature, therefore the city conducted an 
independent follow-up review of neighborhood character, applying well-defined 
metrics to the neighborhood character indicators within each identified neighborhood 
subarea.  The results of this independent follow-up analysis can be found in 
Appendix B of Attachment B. Results were similar in all cases but two of the 12 
subareas.  These differences are discussed in Appendix B.  
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Chapter 3. Housing Allocation & Carrying 
Capacity

With or without neighborhood character it is important to evaluate appropriate 
residential densities for all neighborhoods, including density and carrying capacity 
for the entire city.  GMA stipulates each city and county (required to plan under the 
Act) must develop a comprehensive plan and zoning to accommodate their fair share 
of the State’s anticipated growth.  This is expressed at the local level in terms of 
housing units and jobs.  Population and employment projections are developed by the 
Washington State Office of Financial Management.  These growth projections are 
divided into regions and then down to the county level.  Each county and the cities 
therein divide up the growth allocated to the county according to established criteria 
including the “carrying capacity” (potential for accommodating growth) for each city 
and the county for a twenty-year planning period.  The City’s Housing Allocation for 
the current planning period, 2001 to 2022, is 1,869 dwelling units.  This allocation 
can be accomplished under existing Comprehensive Plan and zoning designations 
according to a 2001 Residential Carrying Capacity analysis (done as part of the 2002 
Comprehensive Plan Update). 

To measure how each city in the County is doing as far as actually achieving their 
assigned housing targets, a report is published ever five years that summarizes, city 
by city, the number of additional housing units that have been built for the past 5 year 
period.  The King County 2005 Buildable Lands Report indicates the City gained 497 
new dwellings from 2001 to 2005.  Another 41 dwelling units were added in 2006 
according to the City’s Building Permits records.  This leaves a Housing Allocation 
balance of 1,331 dwelling units to be provided over the next 15 years.   
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Table 1. Housing Allocation and Permits Issued 
Housing Allocations and Permits Housing Units 

2001 – 2022 Housing Allocation  1,869 

2001 – 2006 Housing Permits Issued -538* 

Housing Allocation Balance 1,331 

*Includes both Residential Zone Projects and known Commercial Zone Projects 

Using as a base line the 2001 Residential Carrying Capacity analysis, the following 
table indicates there remains sufficient capacity to accommodate the remaining 
Housing Allocation under current zoning.   

Table 2. Residential Capacity Analysis 
Residential
Carrying
Capacity*

R-1 R-4 R-6 R-8 Multi-
Family
(R-12 thru 
R-48/O) 

Commerci
al Zones 

Totals 

A.  2001 Dwelling 
Unit Capacity**

158 497 598 170 524 y*** 1,947 + y 

B.  2001 – 2006 
Permitted Units 
(capacity 
consumed) 

 50  77 191 120 1 99  538 

Current Capacity  
(A minus B) 

108 420 407  50 523  1,409 + y 

 *Capacity = land available for development or redevelopment current zoning 
**2001 Carrying Capacity Analysis conducted for the 2002 Comprehensive Plan Update 
***y = Undetermined capacity in Commercial Zones (CBD & TB)  

As Table 3 below indicates, with a current capacity of capacity of 1409 housing units 
(Table 1) in all residential zones and an allocation balance of 1331 (Table 2) this 
leaves a surplus capacity of 78 housing units not including any residential capacity in 
any commercial zone.  

Table 3. Housing Allocation Surplus 
Current Carrying Capacity  1409 

Housing Allocation Balance -1331 

Housing Allocation Surplus  78 

Neither the 2001 analysis nor the table above identify the capacity in the Central 
Business District (CBD) and Tourist Business (TB) zones to accommodate housing 
units.  Both of these zones allow residential development.  Since 2002, 99 units have 
been permitted for three relatively small projects located in the CBD zone.  There are 
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two projects currently undergoing building permit review (permits not issued yet) 
that could provide another approximately 700 to 720 housing units.  One of these 
projects will be constructed in the TB zone and the other in a Multi-family/Office 
zone next to downtown.  If both of these projects are approved for the number of 
units submitted, then the Housing Allocation balance (units to be provided) would be 
reduced to just over 600 units.  The redevelopment of a 20-acre mobile home park in 
downtown and other development currently being discussed for various locations in 
the CBD zone indicates there is a potential for all of the City’s remaining GMA 
Housing Allocation to be provided by mixed-use commercially zoned projects.  This 
reduces, if not eliminates, the need to rely on the residential zoned areas to fulfill the 
City’s housing obligation under the State’s GMA and King County’s Countywide 
Planning Policies for more than 15 years. 

Since incorporation in 1993, it has been an expressed goal and vision of the City to 
preserve “our Northwest woodland character.”  The R-1 Zone area represents 
approximately 30% of the total acres of the City, and approximately 50% of the 
residentially zoned land.  It also contains a significant amount of the City’s native 
tree cover and wooded hillsides, the primary elements that define Northwest 
woodland character.  While the City strives to fulfill its obligation to provide 
housing, it will be important to take advantage of the carrying capacity outside of the 
R-1 Zone area in order to retain these important and unique elements for future 
generations.

In addition, the city’s Comprehensive Plan Map indicates an area of annexation.  This 
annexation area is already heavily developed with commercial and industrial.  
Limited residential, if any, would contribute to the city’s capacity.  
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Chapter 4. Conclusion 
This report on neighborhood character reveals that the R-1 Area of Woodinville has 
five neighborhood subareas with distinctive character that could be diminished if 
redevelopment occurred at higher than existing densities, which for the most part are 
zoned R-1.  This conclusion is based on methods of character identification that 
included visual surveys and overlay mapping iterations of human-made, physical, 
and environmental phenomena.  This analysis was performed with the intent of 
identifying neighborhood character and validating its importance as a vital element in 
certain neighborhoods of Woodinville.   

There is no great difference of opinion as to what makes a neighborhood a good place 
to live from an urban design standpoint.  People wish to have a comfortable living 
environment, be in touch with the beauty of nature, and to be safe and free from 
stress.  Many of the elements that make up such an environment have been 
considered in this report.  People also wish to know that their neighborhoods will be 
guarded against physical deterioration and against loss of safety, privacy, and 
security.  Preservation of existing character supports these objectives and promotes 
neighborhood loyalty and pride. 

In conclusion, neighborhood character has an important place along with 
environment, transportation, and capital facility concerns in the Sustainable 
Development Study. 
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Appendix B. Independent Second Assessment of 
Neighborhood Character 

B.1. Introduction 
Following an initial analysis by Bob Wuotila, Senior Planner, City of Woodinville, other city staff
conducted a follow-up analysis of neighborhood character using a well-defined system of how numerical 
values were assigned to each of the twelve neighborhood indicators outlined in the Neighborhood 
Character report in Attachment B.  After developing the methodology for how numeric values are 
allocated, city staff made field reconnaissance of the neighborhood subareas and applied the methodology
to allocate numeric values in each of the twelve neighborhood subareas in the R-1 area.  This appendix 
does the following: 

1. Outlines the methodology of allocating numeric values among neighborhood subareas; 

2. Shows the results of the neighborhood character reconnaissance conducted by city staff; 

3. Shows a revised matrix (Figure B-1, a revised version of Figure 10 from Attachment B); and 

4. Shows a revised version of Figure 19 from Attachment B, showing the neighborhoods with high
enough numeric value to rank as being recognized for neighborhood character. 

The results of the analysis, though different in the ultimate numeric value totals for each neighborhood 
subarea, are generally the same.  Only two neighborhood subareas changed in ranking of recognition for 
neighborhood character.  Four of the five neighborhood subareas that were recognized as having 
important neighborhood character in Bob Wuotila’s analysis retained that recognition in the city’s follow-
up analysis. One of the five neighborhoods recognized for neighborhood character had its score drop 
enough that it was no longer recognized for its neighborhood character (Southwest Wellington), while
another neighborhood subarea that was not recognized for neighborhood character in Bob Wuotila’s
analysis (South Leota) rose to a high enough score to gain recognition in this follow-up.  The resulting
analysis points both to the qualitative nature of this neighborhood character analysis, but also the level of 
commonality between the two analyses:  four of the twelve neighborhood subareas retain high ranking 
neighborhood character rankings in two independent neighborhood character analyses.
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B.2. Methodology of Applying Indicators to Neighborhood
Character Evaluation:

The methodology of applying indicators of neighborhood character to the individual neighborhood
subareas is outlined below.  The methodology indicates how staff judged whether or not a specified
indicator received a certain score. 

Physiographic Niche (PN) 
See Figure 4 of Attachment B. 

One indicator of PN is ranked a “3”,

Two PN indicators would rate a “2” and

Three types or more of PN would be rated a “1”. 

Canopy Cover > 75% (CCov) 
Each parcel on the parcel map was reviewed to see where parcels with 50% canopy cover existed.  A 
figure was created that shows parcels with less than 50% canopy cover in brown (see Figure 11).

Neighborhoods with 75% or greater canopy cover was ranked a “3”;

Neighborhoods with 50% - 74% canopy cover was ranked a “2”.

There were no neighborhoods less than 50% canopy cover.

Manicured Landscape (ML) 
Neighborhoods with 90% or greater ML was rated a “3”,

Neighborhoods with 70%-89% ML rated a “2” and

Neighborhoods with less than 70% ML rated a “1”. 

Common View Shed (CVS) 
Views of significant features such as lakes and mountains were rated. 

Neighborhoods with multiple views CVS rated a “3”,

Neighborhoods with one view CVS rated a “2”, and

Neighborhoods with no view rated a “1”.
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Circulation Connectivity (CCon) 
More than two interior connections rated a “3”,

Two connections rated a “2”, and

One connection rated a “1”. 

Parcel Accessibility (PA) 
In addition to presence of well-defined roads with consistent rights-of-way, this indicator also includes 
consistent spacing of driveway accesses.

A neighborhood that had 90% or more PA spacing characteristic was rated a “3”,

A neighborhood with 70% - 89% PA was rated a “2”, and

A neighborhood with less than 70% PA was rated a “1” 

Cohesive Block Configuration (CBC) 
Neighborhoods with 90% or more CBC characteristic was rated a “3”,

Neighborhoods with 70% - 89% CBC was rated a “2”, and

Neighborhoods with less than 70% CBC was rated a “1” 

Pattern of Lot Size (PLS) 
See Figure 13 of Attachment B. 

Neighborhoods with 90% or more PLS was rated a “3”,

Neighborhoods with 70% - 89% PLS was rated a “2”, and 

Neighborhoods with less than 70% PLS was rated a “1”

Sense of Scale and Fabric (SSF) 
Neighborhoods with 90% or more SSF were rated a “3”,

Neighborhoods with 70% - 89% SSF was rated a “2”, and

Neighborhoods with less than 70% SSF was rated a “1”

Cohesive Street Presence (CSP) 
If a neighborhood had streets with three types of CSP was rated a “3”,

If a neighborhood had two characteristics of CSP, it was rated “2”, and
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If a neighborhood had one characteristic of CSP it was rated a “1” 

Building Rhythm and Order (BRO) 
See Figure 14 of Attachment B. 

If 90% or more of neighborhoods had BRO, it was rated a “3”, 

If 70% - 89% of neighborhoods had BRO, it was rated a “2”, and 

If less than 70% of neighborhoods had BRO, it was rated a “1” 

Low In-Fill Potential (LIFP) 
If 90% or more of neighborhoods had LIFP, they were rated a “3”, 

If 70% - 89% of neighborhoods had LIFP, they were rated a “2”, and 

If less than 70% had LIFP, they were rated a “1” 

B.3. Results of City Field Survey pf Neighborhood Character 
This section represents the results of a field survey conducted by Ron Braun, Plans Examiner, City of
Woodinville Development Services Department.  Mr. Braun’s field survey used the methodology outlined 
in the section above to allocate numeric values to the neighborhood subareas found in Attachment B.  To 
provide context, the neighborhood descriptions for each subarea leads into the results of the field survey
for each subarea. 

B.3.1. Northwest Wellington 
The neighborhood is heavily wooded, has excellent spatial order and building texture, cohesive 
circulation, and is visually cohesive in terms of buildings, block patterns and streets that together crisply
define neighborhood boundaries.

1. PN: Gentle slopes and plains. The western edge is an undeveloped ice scoured slope. 

2. CC: 90% of area 

3. ML: 85% of area

4. CV: The western edge does have potential view of Cascades/Olympics

5. CC: Many roads connect internally

6. PA: Roads are consistent in configuration in this planned development

7. CBC: Roads follow contours, spacing of development roads are consistent 
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8. PLS: 80% of neighborhood falls within ½ to 1 acre lots – two proposed development areas are the 
exceptions.

9. SSF: The development configuration is similar in house setbacks, landscape design, house size and
building materials consistency.

10. CSP: Streets are consistent with roadway profiles and lighting – no street landscaping 

11. BRO: Neighborhood homes are consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is no potential for infill other that the two proposed development areas.

B.3.2. Southwest Wellington 
Accessibility and lot configuration go far in defining this neighborhood.  External access is limited, which 
makes for an enclave-like place.  The wooded setting adds immensely to a sense of place. 

1. PN: Gentle slopes and plains. The western undeveloped area ice scoured slope. 

2. CC: 90% of area 

3. ML: 25% of area

4. CV: The western edge does have potential view of Cascades/Olympics

5. CC: There are no through roads. This neighborhood is cut in half with separate access points. 

6. PA: several choke points because of slopes

7. CBC: Roads follow a grid pattern – not connected

8. PLS: 20% of neighborhood falls within ½ to 1 acre lots, 40% of neighborhood falls within 1 to 2 acre 
lots & 40% of neighborhood falls within 2 to 5 acre lots. 

9. SSF: Older developments with newer short plat build-outs. Each type of development has its own 
character.

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are semi-consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is great potential for infill
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B.3.3. North Wellington 
With few exceptions, this neighborhood is defined by its location in a physiographic plain and by the
degree of road connectivity.  External accessibility also goes far in defining boundaries and enclosing the 
neighborhood.

1. PN: Gentle slopes and plains.

2. CC: 90% of area 

3. ML: 80% of area

4. CV: none

5. CC: Many roads connect internally

6. PA: Roads are consistent in configuration in this planned development

7. CBC: Roads follow contours, spacing of development roads are consistent 

8. PLS: 80% of neighborhood falls within ½ to 1 acre lots – with the exception of a central cluster of 
older homes on larger lots

9. SSF: The development configuration is similar in house setbacks, landscape design, house size and
building materials consistency.

10. CSP: Streets are consistent with roadway profiles and lighting – no street landscaping 

11. BRO: Neighborhood homes are consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is some potential for infill in the central cluster area 

B.3.4. Central Wellington 
There is only one major access into this neighborhood, NE 195th Street.  Other minor roads connect from
different directions and are closed off or dead ends.  It is somewhat more defined by adjacent 
neighborhoods than it is unto itself. 

1. PN: Gentle slopes and plains.

2. CC: 80% of area 

3. ML: 70% of area

4. CV: none

5. CC: There are no through roads. This neighborhood is cut in half with separate access points. 
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6. PA: Roads are inconsistent in configuration with planned development, there is a chokepoint on 195th

7. CBC: Roads generally follow a grid pattern – not connected

8. PLS: 60% of neighborhood falls within ½ to 1 acre lots – 30% of neighborhood falls within 1 to 2 
acre lots & 10% of neighborhood falls within ¼ to ½ acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 70% very high
order building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and variations of street lighting, street
landscape

11. BRO: Neighborhood homes are mostly consistent in placement using topography to their advantage
for placement and orientation.

12. LIP: There is some potential for infill along two of the outer edges 

B.3.5. South Wellington 
This area is commonly accessed off of 156th Avenue NE.  It contains many unimproved or private roads 
which are the result of short plat activity.  Its boundaries, like Central Wellington, are easily defined by
adjacent neighborhoods.

1. PN: Gentle slopes and plains.

2. CC: 80% of area 

3. ML: 20% of area

4. CV: none

5. CC: There are no through roads. This neighborhood is fronts 156th and old Wood-Duvall Rd.

6. PA: Roads are inconsistent in configuration in this planned development with many gravel roads

7. CBC: Roads generally follow a grid pattern – not connected

8. PLS: 20% of neighborhood falls within ½ to 1 acre lots – 30% of neighborhood falls within 1 to 2 
acre lots, 30% of neighborhood falls within 2 to 5 acre lots & 20% of neighborhood falls within 5 to
10 acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 20% high order
building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are inconsistent in placement using topography to their advantage for 
placement and orientation.
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12. LIP: There is great potential for infill

B.3.6. Northeast Wellington 
This is a neighborhood defined primarily by the constricted nature of access.  There is only one way in 
and one way out via 168th Avenue NE.  It is further isolated by school property occupying the major
portion of its southern extremity.

1. PN: Gentle slopes and plains.

2. CC: 85% of area 

3. ML: 30% of area

4. CV: none

5. CC: There are no through roads. This neighborhood must travel through 168th to get to Woodinville 
Duvall rd. 

6. PA: Roads are inconsistent in configuration in this planned development with many gravel roads

7. CBC: Roads generally follow a grid pattern – not connected

8. PLS: 20% of neighborhood falls within ½ to 1 acre lots – 50% of neighborhood falls within 1 to 2 
acre lots, 20% of neighborhood falls within 2 to 5 acre lots & 10% of neighborhood falls within 5 to
10 acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 30% high order
building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are semi-consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is great potential for infill

B.3.7. North Leota 
North Leota is characterized by its adjacency to Woodinville-Duvall Road and by its broad range of lot
sizes.  There is no connectivity in any sense of the term, but occupies the greatest extent of the Leota 
outwash plain niche. 

1. PN: Gentle slopes and mainly plains. 

2. CC: 80% of area 

3. ML: 15% of area
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4. CV: none

5. CC: There are no through roads. This neighborhood must travel through 168th to get to Woodinville 
Duvall Rd. 

6. PA: Roads are inconsistent in configuration in this planned development with many gravel roads

7. CBC: Roads generally follow a grid pattern – not connected

8. PLS: 20% of neighborhood falls within ½ to 1 acre lots – 20% of neighborhood falls within 1 to 2 
acre lots, 30% of neighborhood falls within 2 to 5 acre lots & 30% of neighborhood falls within 5 to
10 acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 10% high order
building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are inconsistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is great potential for infill

B.3.8. Leota
This neighborhood is the most definitive in the study area.  Common views, common access, lot 
configuration enclosure and wooded nature make this one of Woodinville’s most distinct places. 

1. PN: Gentle slopes and plains.

2. CC: 95% of area 

3. ML: 50% of area

4. CV: Lake Leota 

5. CC: There is internal circulation 

6. PA: Roads are consistent in configuration with planned development

7. CBC: Roads follow contours, spacing of development roads are consistent 

8. PLS: 40% of neighborhood falls within ½ to 1 acre lots – 30% of neighborhood falls within ¼ to ½ 
acre lots, 25% of neighborhood falls within 1 to 2 acre lots & 5% of neighborhood falls within .03  to 
¼ acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 30% high order
building types/scale/landscaping
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10. CSP: Streets are consistent with roadway profiles and lighting – no street landscaping 

11. BRO: Neighborhood homes are inconsistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is some potential for infill

B.3.9. South Leota 
This is a very definitive neighborhood, all on an even grade, northeast facing, afternoon shaded, wooded 
slope.  Political boundaries and transportation network provide strong elements to boundary definition.

1. PN: Gentle slopes

2. CC: 80% of area 

3. ML: 30% of area

4. CV: Lake Leota 

5. CC: There is internal circulation 

6. PA: Roads are semi-consistent in configuration with planned development

7. CBC: Roads follow contours, spacing of development roads are consistent 

8. PLS: 15% of neighborhood falls within ¼ to ½ acre lots – 35% of neighborhood falls within ½ to 1 
acre lots, 25% of neighborhood falls within 1 to 2 acre lots & 25% of neighborhood falls within 2 to 5 
acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 30% high order
building types/scale/landscaping

10. CSP: Streets are consistent with roadway profiles and lighting – no street landscaping 

11. BRO: Neighborhood homes are inconsistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is potential for infill

B.3.10. Laurel Plateau 
Terrace-flat topography defines this neighborhood. Steep slopes and formal subdivision boundaries
confine this area into one neighborhood.

1. PN: Gentle slopes and plains. The western edge is an undeveloped ice scoured slope. 

2. CC: 70% of area 
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3. ML: 30% of area

4. CV: The western edge does have potential view of Cascades/Olympics

5. CC: There is no internal circulation

6. PA: Roads are inconsistent in configuration with planned development – many gravel roads – 
substandard access road 

7. CBC: Roads generally follow a grid pattern – not connected

8. PLS: 20% of neighborhood falls within ½ to 1 acre lots, 20% of neighborhood falls within 1 to 2 acre 
lots, 30% of neighborhood falls within 2 to 5 acre lots & 30% of neighborhood falls within 10 to 20
acre lots 

9. SSF: The neighborhood is divided in types in the percentages described above with 30% high order
building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are inconsistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is great potential for infill in the central cluster area 

B.3.11. Woodway-Laurel Hills 
This neighborhood predominantly consists of two formal subdivisions that have similar street networks 
and topography.  Ridge and slope topography characterize its common physiographic niche, and its richly
manicured landscape amidst tall woods create a common definitive sense of place. 

1. PN: Gentle slopes and plains and ice scoured slopes 

2. CC: 95% of area 

3. ML: 90% of area

4. CV: A few see Lake Leota 

5. CC: Many roads connect internally. There is one gravel road 

6. PA: Roads are consistent in configuration in this planned development

7. CBC: Roads follow contours, spacing of development roads are consistent 

8. PLS: 75% of neighborhood falls within ½ to 1 acre lots, 15% of neighborhood falls within 1 to 2 acre 
lots & 10% of neighborhood falls within 2 to 5 acre lots
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9. SSF: The development configuration is similar in house setbacks, landscape design, house size and
building materials consistency.

10. CSP: Streets are consistent with roadway profiles, lighting – no street landscaping

11. BRO: Neighborhood homes are consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is little potential for infill in given the terrain features (3 lots) 

B.3.12. Lower Woodway 
This neighborhood located in the southwest fringe of the study area has common access off of NE 173rd 
Street.  Steep slopes are common throughout.  Its identity is achieved by its adjacent neighbor, and its 
isolation due to access and topography.

1. PN: Ice scoured slopes 

2. CC: 95% of area 

3. ML: 50% of area

4. CV: none

5. CC: Single access road 

6. PA: Roads are inconsistent in configuration with a planned development, seem narrow because of 
slopes

7. CBC: Roads follow contours 

8. PLS: 30% of neighborhood falls within ½ to 1 acre lots, 40% of neighborhood falls within 1 to 2 acre 
lots, 25% of neighborhood falls within 2 to 5 acre lots & 5% of neighborhood falls within ¼ to ½ acre 
lots

9. SSF: The neighborhood is divided in types in the percentages described above with 30% high order
building types/scale/landscaping

10. CSP: There is no consistency with street roadway sections and little street lighting 

11. BRO: Neighborhood homes are semi-consistent in placement using topography to their advantage for 
placement and orientation.

12. LIP: There is some potential for infill 
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B.3.13. Neighborhood Character Typologies Resulting from Field Survey 
The results of the supplemental review of neighborhood character, applying the methodology outlined in 
this appendix is shown in Figure B-1 on the following page.  Although there were slight variations in the
scores received by most neighborhood subareas in comparison to the analysis conducted by Bob Wuotila, 
Senior Planner, in the body of the Neighborhood Character report, for the most part, changes were small.
The main differences with regards to neighborhood character were that Southwest Wellington’s score was 
lowered by eight points, removing it from classification as a neighborhood with high enough character
value to obtain recognition.  In addition, South Leota neighborhood subarea gained one point, pushing it 
into the range at which neighborhood subareas are recognized for their neighborhood character.  A 
revised Figure 19 (shown as B-19), with shading based upon the revised neighborhood character analysis
contained in this appendix follows Figure B-1. 
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Figure B-1. Neighborhood Characteristic Typologies 
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Appendix C. Additional Parcel Size Map 
An additional parcel size map has been provided to add further detail to the parcels of less than one acre.
Figure 18 in the body of the Neighborhood Character Report (Attachment B) breaks down parcel sizes by
0-0.25 acres; 0.26-0.5 acres; and 0.51-1.00 acres.  This new parcel size map breaks up the 0.51-1.00 acre 
category into two new categories:  0.51-0.75 acres and 0.76-1.00 acres.  The new map is provided as a 
reference point and to help refine the distinctions for lots under one acre in size in the R-1 area. 
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Figure C-1. Parcel Size Map Version 2 

Appendix C 
C-2



Attachment C. Transportation Report 
Transportation (City of Woodinville) 





Transportation
City of Woodinville 

January 2007 
Revised February 2007 





January 2007 i

Table of Contents 

1. Introduction ...................................................................... 1

2. Existing Roadway Systems ............................................ 3
2.1. System A ..........................................................................................3
2.2. System B ..........................................................................................4
2.3. System C ..........................................................................................4

3. Road Standards ............................................................... 5
3.1. R-1 Zoning Local Road Standards ...................................................6
3.2. Local Road Findings .........................................................................7
3.3. Arterial and Collector Road...............................................................7
3.4. Arterial Findings..............................................................................10
3.5. R-4 and Greater Road Standards...................................................11

4. Level of Service.............................................................. 16
4.1. System A Level of Service projection .............................................16
4.2. Mitigating Level of Service Deficiency ............................................17
4.3. Relationship of R-1 Transportation Study to Citywide Studies.......19

5. Conclusion ..................................................................... 19

6. References Cited............................................................ 20

Tables
Table 1. Comparison of Low- and High-Density Road Standards .................................... 14

Table 2. Level of Service Criteria for Unsignalized Intersections ..................................... 16

Table 3. 156th Avenue NE Public Roadway Intersections Level of Service..................... 17



Transportation 

City of Woodinville ii

Figures
Figure 1. Roadway Classifications .......................................................................................2

Figure 2. R-1 Area Roadway Systems .................................................................................3

Figure 3. Existing Roadway Conditions................................................................................6

Figure 4. “Low Density Residential Streets” standard 103A.................................................7

Figure 5. 5-Lane Principal Arterial with Bike Lanes Standards ............................................8

Figure 6. 3-Lane Principal Arterial with Bike Lanes Standards ............................................9

Figure 7. Minor Arterial with Bike Lane Standards ...............................................................9

Figure 8. Collector with Bike Lane Standards ....................................................................10

Figure 9. 156th Avenue NE with Bike Lane LI Standards ..................................................13

Figure 10. Wood-Duvall Road with Bike Lane LI Standards ................................................13

Figure 11. “High Density Residential Streets” standard 104A..............................................14

Figure 12. Existing Street Rights-of-Way .............................................................................18

List of Acronyms 
CIP Capital Improvement Program 

City City of Woodinville 

HD  High-Density 

LOS Level of Service 

LW  Low-Density 



February 2007 1

1. Introduction 
This section reviews the motorized vehicle transportation system within 
Woodinville’s R-1 zone that includes the existing roadway system:  physical 
characteristics, current standards design comparison, intersection level of service, and 
circulation.  It then discusses the potential for future needs and possible alternatives 
to address any future needs within the R-1 zone.  

The R-1 zone is served by one major east-west arterial (Woodinville-Duvall Road), a 
minor north-south arterial (156th Avenue NE), and several collector arterial 
roadways.  The roadway classifications are shown on Figure 1.  All other roadways 
in this zone are residential classification (shown as local streets).  With the exception 
of Woodinville-Duvall Road, west 160th Avenue NE and the approximately 300 feet 
of the southern terminus of 156th Avenue NE, all roadways are two-lane road ways.  
Most trip generators (e.g., trip destinations that attract multiple travelers such as a 
shopping center) are to the west of the R-1 zone.  Included are both employment and 
shopping/service establishments. 

A citywide traffic model had been prepared by the City of Woodinville (City) for a 
20-year travel demand forecast as part of the City’s Traffic Impact Fee program, 
adopted in 2004.  The deficiencies identified from this effort have been included in 
the City’s Capital Improvement Program and are discussed later in this section. 

Most roads within the R-1 zone area were developed under King County 
development standards (Pre-City incorporation). 



Transportation 

City of Woodinville 2

Figure 1. Roadway Classifications 
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2. Existing Roadway Systems 
In the R-1 zone, there are three distinctive roadway systems.  These are defined by 
sharing common arterial/collector service roadways and are shown in Figure 2.   

Figure 2. R-1 Area Roadway Systems 

2.1. System A 
Located in the northwesterly area, most properties are accessed by 156th Avenue NE, 
which is classified as a minor arterial street.  The properties not serviced by 156th 
Avenue NE are accessed to the south along Woodinville-Duvall Road. 

The general characteristics of these roads are asphalt pavement with some areas of 
gravel shoulders and a mixture of open ditch or open shoulder drainage.  The terrain 
generally has gentle grade changes except at some sections of the far west edge and 
south-west slope.  All grades in this section appear to be below the 15% grade slope 
standard.  The layout is typically long block sections with some gentle curves.  Only 
a very small percentage of streets in this area have curbs and gutters or sidewalks. 
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Internal circulation is possible in the northwesterly and northeasterly neighborhoods.  
Most other roadways are non-through streets with the exception of NE 195th Street 
which has a gate across the public roadway.  Ingress and egress travel from these 
neighborhoods is possible from both the north and south travel along 156th Avenue 
NE.

Some restricted vertical sight distance1 conditions have been identified in this area in 
the northwesterly neighborhoods.   

2.2. System B 
Located in the northeasterly area, the only City-identified collector road is 168th 
Avenue NE.  However, there are other roadways providing ingress and egress from 
this area.  There is a public school zone within this area.   

The general characteristics of these roads are asphalt pavement with some areas of 
gravel shoulders and a mixture of open ditch or open shoulder drainage.  The terrain 
has gentle grade changes.  All grades in this section appear to be below the 15% 
grade slope standard.  The layout is typically long, straight, aligned block sections.  
Only a very small percentage of streets in this area have curbs and gutters or 
sidewalks.  Most sidewalk sections are in the newer development constructed after 
the City’s incorporation. 

Internal circulation is possible but is poor as there is only one route possible in all 
cases without having to enter onto a major arterial.    

One restricted vertical sight distance concern has been identified in this area. 

2.3. System C 
Located in the southerly area, this area is serviced by Woodinville-Duvall Road to 
the north and NE 171st/175th Street to the south.  Several properties in this area have 
access directly off Woodinville-Duvall Road and NE 171st/175th Street. 

The general characteristics of these roads are asphalt pavement with some areas of 
paved shoulders along one side and a mixture of open ditch or open shoulder 
drainage.  The terrain has gentle to moderate (hill slope) grade changes.  Some grades 

                                                     

1 Sight distance is defined as the distance in which two approaching vehicles have a visual fix on each other’s 
vehicles sufficient for a safe reaction time for the posted speed limit.  A restricted sight distance means that the 
distance is not sufficient for a safe reaction time.  
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in this section appear to be the 15% grade slope standard.  The layout is typically 
long block sections with gentle to moderate curve sections.  No streets were 
identified in this area to have sections with curbs and gutters or sidewalks. 

Internal circulation is fair. 

No sight distance concerns have been identified in this area. 

3. Road Standards 
The existing roads within all three zones had been reviewed to determine if current 
road standards are met and, in any sub-standard areas, to assess what measures would 
be necessary to bring a roadway into compliance.  Included is an analysis of the 
physical cross-section of the existing roadway including shoulders, drainage, and 
sidewalks (designated walking surface).  Variations to the existing standards, such as 
shoulder material (paved or gravel), location of the walkway (set back or adjacent to 
roadway lane edge), and drainage system (underground or open ditch) are allowed 
under current standards and were taken into consideration in this review.  Sight 
distance standards were not specifically reviewed in this document but there are 
several recognized vertical conditions that are currently under study by the City. 

Initial review was performed with a “windshield” inspection of all roads that looked 
at widths, shoulder treatment, and pedestrian facilities.  The condition of the 
pavement was not taken into consideration since this is a maintenance issue and does 
not significantly change whether the road meets standards. 

The results of this review are shown on the map in Figure 3.  The overview found 
that there is roughly an even split between shouldered and non-shoulder area with 
only a very small fraction of streets having curbs, gutters, or sidewalks.  Most 
drainage was above ground in either open ditches or shoulder runoff, entering into 
open spaces off the roadway.  Pavement width varied but most travel lane paved 
surfaces were at least 20 feet wide. 



Transportation 

City of Woodinville 6

Figure 3. Existing Roadway Conditions 

3.1. R-1 Zoning Local Road Standards 
Local road standards for areas with zoning less than R-4 classification is defined 
under the “Low Density Residential Streets” standard 103A.  This standard is shown 
in Figure 4.  Typically Treatment “A” is used in the R-1 zone and was used in 
reviewing the current roadway cross-sections. 
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Figure 4. “Low Density Residential Streets” standard 103A 

3.2. Local Road Findings 
Most streets classified as local did not provide any pedestrian facilities.  
Approximately 50% did have some type of shouldering with about 50% of these 
areas having a shoulder width narrower than 5 feet.  In some areas without shoulders, 
open ditches were adjacent to the edge of the pavement. 

Driving lane widths varied greatly from 10 to 14 feet.  Most local roads lanes in 
System A and System B were narrower than 14 feet in width.  In System C, about 
30% had driving lanes of14 feet in width. 

Based on setting the standard at driving lane width, sidewalk (pathway) being 
provided on one side, and having a shoulder width of 5 feet (as defined in 103A), the 
majority of roads are considered to be substandard.  Under life safety requirements of 
a minimum pavement width of 20 feet, the large majority of roadways meet this 
standard.

3.3. Arterial and Collector Road 
These classifications of roadways are established in the Comprehensive Plan and are 
not specific to land zoning.  These types of roadways are shown in Figure 1. 

The standards for these roads are: 



Transportation 

City of Woodinville 8

5-Lane Principal Arterial – Figure 5 

3-Lane Principal Arterial – Figure 6 

Minor Arterial – Figure 7 

Collector – Figure 8 

Figure 5. 5-Lane Principal Arterial with Bike Lanes Standards 
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Figure 6. 3-Lane Principal Arterial with Bike Lanes Standards 

Figure 7. Minor Arterial with Bike Lane Standards 
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Figure 8. Collector with Bike Lane Standards 

3.4. Arterial Findings 
Woodinville-Duvall Road, west of 156th Avenue NE is classified as a 5-lane 
principal arterial designated with bike lanes.  The current roadway configuration was 
performed under a City road improvement project in 1998 and a developer 
improvement in 2002.  The road varies in lane configuration from 3 to 5 lanes.  The 
shoulders are paved providing a mix of use for both bike and pedestrian travel. 

This road segment does not meet current standards and has been included in the 
City’s 20-year Capital Improvement Program (CIP).  Future improvements are 
expected to bring the road up to a full 5-lane section over the entire length. 

Woodinville-Duvall Road, east of 156th Avenue NE is classified as a 3-lane 
principal arterial designated with bike lanes.  Additional intersection approach lanes 
and signal improvements were performed at the NE 156th Avenue NE and the 168th 
Avenue NE intersection under a City road widening project in 1998.  The section 
between these two intersections is 2 lanes.  The shoulders are paved, providing a mix 
of use for both bike and pedestrian travel.  This road segment does not meet current 
standards and has been included in the City’s 20-year CIP.  Future improvements are 
expected to bring the road up to a full 3-lane section over the entire length. 

156th Avenue NE is classified as a 3-lane minor arterial designated with bike lanes.  
Additional intersection approach lanes and signal improvements were performed 
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under a City road widening project in 1998.  The section north of the intersection 
improvements is 2 lanes.  The shoulder is paved along the west side of the road 
providing a mix of use for both bike and pedestrian travel.  This road segment does 
not meet current standards and has been included in the City’s 20-year CIP.  Future 
improvements are expected to bring the road up to a full 3-lane section over the entire 
length.

NE 171st/NE 175th Street and the other collector roads are classified as 2-lane 
collector residential type roads with bike lanes.  Since incorporation of the City, no 
known travel lane improvements to these roads have occurred.  All collector roads 
are 2 lanes with a mixture of areas of shoulder and non-shoulder sections.  The lane 
widths vary from 10.5- to 12-foot lanes.  A few areas have minimal paved shoulders 
(narrower than 4 feet typically) with no designated area for bike travel.  These road 
segments do not meet current standards.   One segment, NE 171st/NE 175th, has 
been included in the 20-year CIP.  Improvements to the other roads are expected at 
the time of redevelopment frontage improvements.  Future improvements are 
expected to bring the roads up to a full 2-lane section over the entire length with 
possible turn lanes at key intersections. 

3.5. R-4 and Greater Road Standards 
Increasing the R-1 zoning to R-4 or higher (more density) affects only the residential 
road standard classification.  Differing from residential road standards, collector and 
arterial road standards are not established by land use but by the traffic volume 
capacity needs.  These road classifications were initially determined by modeling 
with a maximum density of R-4 within the R-1 zone area.  This information indicates 
that the designated arterial and collector roads standards have sufficient capacity for 
future development of the R-1 zone to an R-4.  Therefore, no further review of 
capacity for these classes of roadways is necessary. 

In regard to constructability of this classification of roads, there is sufficient right of 
way for the construction of the full standard for the collector classification roadways.  
The current adopted arterial road standards, as shown in Figure 5, 6, and 7, cannot be 
constructed within the existing right of way width in most road sections.  How to 
address this condition is discussed in the Low Impact Arterial Standard section of this 
report.

In regard to constructability of local roads, there is sufficient right of way, and this is 
discussed in Local Road Standards section of this report. 



Transportation 

City of Woodinville 12

3.5.1. Low Impact Arterial Standards 
To address arterial capacity and non-motorized facilities features of the current 
adopted Arterial standards within the existing right of way, a “low impact” standard 
has been proposed.  This is based on a draft standard that was prepared for the City 
Council during the 2004-2010 CIP to allow for 3 lanes arterial road section within a 
60 foot right of way for 156th Avenue NE and Woodinville-Duvall Road.  It was also 
intended to have a minimum impact to adjacent properties and roadside vegetation 
(i.e. trees).

The Standards, shown in Figure 9 and Figure 10, are proposed standards.  Treatment 
“A” matches the current adopted road standard section while Treatment “B” is the 
“low impact” section.  It is likely that new development adjacent to one of these 
roadways would be required to construct to Treatment “A”.  Treatment “B” would 
like be the section used in the event that improvement were constructed either by the 
City or by a development as off-sight improvements. 

In both proposed standards, the full capacity and function of the current adopted 
standards can be provided. 
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Figure 9. 156th Avenue NE with Bike Lane LI Standards 

Figure 10. Wood-Duvall Road with Bike Lane LI Standards 
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3.5.2. Local Road Standards 
In zoning of R-4 or higher, local road standards are defined under the “High Density 
Residential Streets”2 standard 104A.  This standard is shown in Figure 11.  A 
comparison of the low- and high-density road standard is provided in Table 1. 

Figure 11. “High Density Residential Streets” standard 104A 

The main purpose for the High-Density (HD) road standard is for providing on-street 
parking and stormwater collection and treatment.  It is also a frontage finish 
identified with an urban neighborhood that allows for a buffer between vehicles and 
pedestrians and a dressed frontage with a planter strip.  In HD neighborhoods, lot size 
often limits on-site parking space so on-street parking is needed.  As a rule of thumb, 
there is typically one on-street parking space needed for each unit. 

Table 1. Comparison of Low- and High-Density Road Standards 
Description  Low Density High Density 

Right-of-way  60 60 

Pavement width 28 36 

Driving lane width 12 11 

                                                     

2 Under the City of Woodinville Comprehensive Plan, 4 dwelling units per acre is designated at “Low Density 
Residential” (section 3.4.1 Land Use Designation and Location Criteria).  The “High Density Residential Street” is a 
reference only to this design standard. 
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Description  Low Density High Density 

Paved shoulder 3 NA 

Paved parking NA 7 

Gravel Shoulder 5 NA 

Sidewalk Yes Yes 

Curb & Gutter No Yes 

Capacity Range (ADT)3 800-2,400 800-2,400 

Capacity between the Low-Density (LD) and HD standards is very similar and can be 
considered equal, although typically the HD road can have a slightly lower capacity 
due to the higher concentration of driveways and on-street parking.  Both have 
similar driving lane widths and typically have similar roadway alignments (both 
vertical and horizontal).

In summary, the LD and HD road standards are very similar when compared using 
vehicle carrying capacity.  The roadway alignments use the same standard for design 
and both must meet the same requirement for life safety services.  There is a “feel” 
difference between the two.  LD typically provides a more open feeling and is 
sometime more prone to have vehicle speeding problems.  HD roads, when on-street 
parking is fully used, can create a tunnel effect with a feeling of traveling at a higher 
speed than actual travel speed and resultant slowing of movement.  Conversely, on 
HD roads when on-street parking is not used, a much wider driving surface is 
provided, which can be more prone to speeding problems similar to the LD road. 

                                                     

3 Capacity is an estimated value only and is based on a number of factors that includes driveway spacing and 
numbers, topography, road alignment, sight distance, road speeds, on-street parking, and land uses.  For the 
purpose of evaluating a residential street, the City uses a peak hour value in the range of 80 to 240 vehicles (800 to 
2,400 average daily trips). 
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4. Level of Service 
A measurement used to determine acceptable operations of a roadway system is 
referred to as Level of Service (LOS).  It is standard practice in the transportation 
industry to measure LOS at intersections.  These are the points where some or all 
vehicle entering an intersection have some delay time passing through the 
intersection.  Table 2 shows the standard used by the City (Highway Capacity 
Manual 2000).   

Table 2. Level of Service Criteria for Unsignalized Intersections 

Due to the low trip volumes within residential neighborhoods, LOS is typically very 
high (in the range of A or B).  Intersections along most local streets would likely see 
a wait of less than 15 seconds before passing through the intersection. 

Where local streets intersect with arterial and collectors, LOS can vary greatly 
throughout each day.  Arterial and collector class roads generally have higher trip 
volumes, often several times greater than the approaching local street volume.  
During peak hours and special local activities, it is common to see LOS in the range 
of C to F.

To review a density change from R-1 to R-4, a model was run for the System A area.  
This area was selected as the majority of the neighborhood roads have no other 
option than to access off 156th Avenue NE.  System B and System C area have 
internal route options so the LOS for these areas was not reviewed at this time. 

4.1. System A Level of Service projection 
The LOS projections for 156th Avenue NE intersections, from the east and west side 
public local roads, were performed with 2008 as the baseline4 condition.  A 20-year 
                                                     

4 Baseline is a reference point to provide a comparison against the 20-year LOS forecast. 
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forecast (2028) was used as the review year for R-1, R-2, and R-4 zoning.  This was 
modeled for the PM peak hour period, which would be considered the worst-case 
scenario.  The model used the City’s current developed traffic circulation model and 
assumed a regional annual growth rate of 2.5% (used for pass-through trips) with 
approximately 50% of available building lots in the R-1 accessing 156th Avenue NE 
being developed at the designated zoning.  No improvements to either the local or 
arterial roads were assumed to have been made over the existing conditions.  This is 
believed to be a conservative approach and actual history does not support this rapid 
a growth rate.  Table 35 shows the result of this model6.

Table 3. 156th Avenue NE Public Roadway Intersections Level of 
Service

2008 Baseline Conditions 2028 R-1 Zoning 2028 R-2 Zoning 2028 R-4 Zoning Weekday PM 
Peak Hour 

(156th Ave NE) LOS1 Delay2 Leg LOS1 Delay2 Leg LOS1 Delay2 Leg LOS1 Delay2 Leg 

NE 204th Street N/A N/A N/A C 16.9 EB  C 17.6 EB  C 19.0 EB  

NE 203rd Place B 10.1 WB. C 17.0 WB  C 18.1 WB C 21.0 WB  

NE 203rd Street N/A N/A N/A C 15.4 EB. C 15.6 EB. C 17.5 EB  

NE 202nd Street B 10.2 EB. C 21.2 WB D 25.8 WB  D 28.2 WB  

/NE 201st Street B 10.6 EB. C 24.7 WB. D 26.8 WB  D 33.7 WB  

NE 198th Street B 11.8 WB E 40.2 WB. E 47.6 WB  F 79.1 WB  

NE 195th Street B 12.8 WB E 37.2 WB  E 42.9 WB. F 63.8 WB  

4.2. Mitigating Level of Service Deficiency 
The City’s adopted LOS for all intersections is E.  Therefore, those intersections that 
fall below LOS E are considered to be deficient.  According to this model under the 
R-4 zone, NE 195th and NE 198th intersection for westbound will be operating at 
LOS F (greater than a 50-second delay) during the PM peak hour by 2028 and can be 
considered to be deficient.

The drop in the LOS is produced from the increase trips on both the local and arterial 
roadway.  With 156th Avenue NE, this is likely the effect of higher volumes of pass-
by trips and left-turn movements.  It is likely that the LOS can be improved by the 
addition of turn lanes on both the arterial and local roadways and/or by the 
installation of a traffic control device such as a 4-way stop.   
                                                     

5 Support information on the modeling is provided in Appendix A.   

6 Two new roads were assumed to be constructed within the 20-year period, under all scenarios, and were included 
in the modeling.  These are NE 203rd Street and NE 204th Street. 
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Road improvements, necessary for the additional lanes, would involve widening of 
approximately 12 additional feet (the width of a single travel lane).  Physically, this is 
possible in all of the existing intersections.  The only constraint is whether sufficient 
right-of-way exists or whether additional land would be needed. 

To explore this possible constraint, the King County Assessor’s map was reviewed 
for existing right-of-way widths.  The results are shown in Figure 12.  Based on this 
information, both NE 195th and NE 198th have sufficient right-of-way to allow for 
the lane widening.

Figure 12. Existing Street Rights-of-Way 
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4.3. Relationship of R-1 Transportation Study to 
Citywide Studies 

The scope of the R-1 Sustainable Development Study transportation analysis was 
specific to the City’s current R-1 zone area only and did not include any 
transportation systems outside of this zone.  However, the entire City’s road network 
system was modeled under the City’s 2003, 2004, and 2006 Traffic Study which 
included the R-1 being developed at a R-4 zoning to determine impacts.  The current 
Capital Improvement Plan (CIP) does include projects that would be impacted by 
development in this area under R-4 and the current Traffic Impact Fee includes new 
development mitigation payment into these projects.  For example, the City’s CIP has 
Woodinville-Duvall Road improvements that will include a dedicated center left turn 
lane to address back ups during peak and non-peak hours that are typically the result 
of left turn movement blocking the through traffic. 

5. Conclusion 
The majority of the roadways within the R-1 zone were developed under King 
County prior to the City’s incorporation.  With the exception of newer roads 
constructed under the City’s design requirements, the local streets in the R-1 zone do 
not meet the City’s road cross-section standards.  Under the Fire Department Access 
standard, requiring a minimum paved width of 20 feet, only a few short sections of 
roadways do not meet this standard. 

Future road improvements, for the arterial and collector classified roads, have been 
identified in the City’s long-range CIP and will be systematically reviewed and 
considered for improvements.  It is likely improvements will be performed in several 
phases along each of these classifications of roadways and as need dictates and 
development warrants.  On local streets, these are likely to occur under special 
projects (such as a special district for sidewalks) or under development mitigation. 

The 156th Avenue NE corridor neighborhood was used to review operational 
projections for LOS at public road intersections.  Using a very conservative traffic 
circulation model (with 50% of the existing R-1 zone redeveloping at a higher 
density, an annual growth of 2.5%, and assuming no road improvements) the analysis 
identified two intersections that would exceed the City’s adopted LOS E by 2028.  At 
both locations, the LOS can be brought back into compliance with widening 
improvements within the existing public right-of-way. 

In regard to vehicle capacity, both the City’s “Low-Density” and “High-Density” 
standards provide the same vehicle trip capacity.  If additional capacity were needed, 
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due to physical restrictions within the roadway (such as the need to address a narrow 
road section), adequate right-of-way currently exists to allow for any needed 
improvement to address deficiencies.   

Several local streets, and one minor arterial, have been identified with vertical sight 
distance conditions.  These instances are currently being taken under review by the 
City for possible mitigation measures. 

Road grades within the entire R-1 zone are all within the City’s acceptable standards 
(under 15%). 

Pedestrian and bike facilities are very limited within the entire R-1 zone area.  Only 
Woodinville-Duvall Road has designated shared pedestrian and bike facilities along 
both sides of the roadway.  Most of the developments following incorporation of the 
City (in 1993) do provide pedestrian facilities.  However, these make up a very small 
portion of the R-1 zone.  Of the remaining streets, it is estimated that less than 20% 
have any type of pedestrian facility and travel by non-motorized means must utilize 
the edge of the pavement or shoulder area.   

6. References Cited 
Highway Capacity Manual.  2000. 
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TO: Bob Wuotila, Sarah Ruether, and Mick Monken  

FROM: Joel E. Birchman, PE

DATE: January 3, 2007

RE: 156th Avenue NE 2028 Intersection Analysis 

On December 21, 2006 the staff at the City of Woodinville requested that Perteet perform 
an analysis of the intersections along 156th Avenue NE within the Wellington 
neighborhood.  The initial results of our analysis were delivered to Bob Wuotila on 
December 27th and will be further presented in the following text. 

Our analysis indicates that if the Wellington neighborhood were to fully develop to an R-
4 zone sometime between 2008 and 2028, the intersections of 156th Avenue NE and NE 
195th Street, and 156th Avenue NE and NE 198th Street would begin to operate at a Level 
of Service (LOS) F.  In this same time period the other intersections along 156th Avenue 
NE, north of the Woodinville – Duvall Road, would begin to operate at a LOS “C” or 
“D”.  The City’s adopted standard is LOS “E”. 

Due to our efforts to meet your time constraints our analysis is conservative, meaning 
that we may have over estimated the number of vehicle trips due to the land use changes 
from its existing condition to full build-out in 2028 with R-1, R-2, and R-4 zoning .  Our 
estimates are reasonable considering that we are trying to project the impacts that may 
occur in the year 2028.  However, many of the parameters that affect our findings may 
change substantially over the next twenty years (i.e. changes in driving patterns and 
characteristics due to increases in the price of fuel).  This potential over estimate will be 
explained in the description below. 

The following steps were used to develop the potential impacts to the intersections along 
NE 156th Avenue north of the Woodinville – Duvall Road and south of the King – 
Snohomish County line.  These impacts are resulting from full build-out (assumed to 
occur by 2028) of the Wellington neighborhood with R-1, R-2, and R-4 zoning: 

1. We estimated the maximum gross number of potentially buildable lots in the 
Wellington neighborhood by performing a lot by lot inventory.  This inventory 
accounted for non-buildable areas due to environmental conditions and lots 
because of their configuration or existing improvements may not subdivide into 

Inc.

MEMORANDUM
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additional lots.  This number was developed during the Steward and Associates 
R-1 Zone Sustainable Development Study.  For the Wellington neighborhood that 
accesses onto 156th Avenue NE there are an estimated 816 potentially buildable 
lots at 4 dwelling units per acre.  This is assuming that Wood Trails and 
Montevallo are developed as proposed as single family R-4 lots. 

2. To determine the number of dwellings developed in the future that may use 156th

Avenue NE, vacant and redevelopable properties were reviewed and the gross 
acres discounted for roads, public facilities and market factors (e.g. property 
owners not interested in selling property).  These discounts reduced buildable lots 
by fifty percent.  The estimated number of living units in 2028, or full build-out, 
and using 156th Avenue NE, is 408 with an R-4 zoning. 

3. Using the latest edition of the Institute of Transportation Engineers Trip
Generation Manual (ITE Manual) the estimated number of units (Single Family 
Residential) would generate 1.01 PM peak hour trips per unit.  

4. After determining the number of PM peak hour trips, they were then assigned to 
tripsheds for each intersection along 156th Avenue NE.  A tripshed is used to 
define an area of homes whose travel routes are likely to access NE 156th Avenue 
at a particular intersection, or directly from a lot onto NE 156th Avenue. 

5. It is assumed that residents from the new homes will have relatively the same 
vehicular travel patterns as the current residents within the Wellington region.  
Once these trips were assigned to a particular tripshed the movements of the trips 
within the tripshed were assigned for each intersection, using the following 
criteria:

a. These trips were assigned using information from the ITE Manual for 
vehicles entering and exiting each tripshed. 

b. They were further broken down by the percentage of pass-through 
vehicles during the PM peak hour currently coming from or to the north 
on NE 156th Avenue, and the percentages of pass-through vehicles coming 
from or to the south on NE 156th Avenue. (i.e. at the NE 156th Avenue and 
195th Street NE intersection the percentage of existing PM peak hour pass-
through vehicles approaching the 195th intersection from the north is forty 
percent [230/(230+340)], see the Wood Trails – Montevallo FEIS 
Analysis Figure 3.5-2(A) which is attached). 

6. It was further assumed that an R-2 zoning at full build-out would generate half the 
number of turning movements of a R-4 zoning, and a R-1 zoning would generate, 
again, half as many as a R-2 zoning.  This assumption probably produced a higher 
than likely numbers for both the R-1 and R-2 zoning scenarios.  The number of 
new trips for the R-2 and R-1 zone is believed to be on the high side because it 
includes an estimated, larger than likely, number of small existing lots subdivided 
into two or more new lots.  The number of new lots created from small lots with 
the R-4 zoning is more than two or more times the number of new lots created 
under the R-2 scenario.  The same is also true for the R-2 scenario versus the R-1 
scenario.

7. The current traffic volumes plus volumes from pipeline projects (permitted 
Snohomish County projects identified within the Wood Trails – Montevallo FEIS) 
were used for the base year (current plus pipeline) to determine the pass-through 
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2028 traffic volumes.  The Puget Sound Regional Council developed a growth 
rate of 2.5 percent per year, to get to the 2028 pass-through volumes. 

8. The 2028 pass-through plus Snohomish County pipeline volumes were then added 
to the full build-out volumes generated within the Wellington neighborhood to get 
a total 2028 turning movement volume for each intersection along NE 156th

Avenue.  A LOS analyses was then performed for the seven intersections (five 
existing and two proposed) for full build-out of a R-1, R-2, and R-4 condition.  
The result of our LOS analysis is presented on the following page. 
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Providing proposed solutions or mitigation where intersections along NE 156th Avenue 
will be operating below the City’s adopted minimum LOS E in 2028, are beyond our 
scope of services at this time.   

Attached, as appendices, you will find tables that we developed to determine the trips and 
turning movements for each intersection as well as the Synchro output files for each 
intersection and land use zoning scenario. 

We would be happy to meet with you, the CAP, Planning Commission, and Council to 
present our findings. 
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Transportation Modeling Appendix Sustainable Development
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Trip Watersheds to 156th Street between intersections and each intersection
East/West R-4 Zoning 1.01 Comment
Watershed Gross Number of Lots Trip/home 63% 37% 40% 60%

No. of Lots that will develop Net Trips Split 40% 60% Split to North to South
(Gross X 50%) PM PH Total fr North fr South Total

156th Ave. NE / NE 204th St. N/A 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 203rd Pl. East 88 44 44 28 11 17 16 7 10

156th Ave. NE / NE 203rd St. 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 202nd St.. East 25 13 13 8 3 5 5 2 3
West 43 22 22 14 5 8 8 3 5

156th Ave. NE / NE 201st St.. East 36 18 18 11 5 7 7 3 4
West 27 14 14 9 3 5 5 2 3

156th Ave. NE / NE 198th St.. East 160 80 81 51 20 31 30 12 18
West 53 27 27 17 7 10 10 4 6

156th Ave. NE / NE 195th St.. East 91 46 46 29 12 17 17 7 10
West 121 61 61 38 15 23 23 9 14

between intersections
WD to 195 145 73 73 46 18 28 27 11 16
195 to 198 21 11 11 7 3 4 4 2 2
198 to 201 6 3 3 2 1 1 1 0 1

816 408

R-2 Zoning
156th Ave. NE / NE 204th St. N/A 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 203rd Pl. East 44 22 22 14 6 8 8 3 5

156th Ave. NE / NE 203rd St. 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 202nd St.. East 13 7 7 4 2 2 2 1 1
West 22 11 11 7 3 4 4 2 2

156th Ave. NE / NE 201st St.. East 18 9 9 6 2 3 3 1 2
West 14 7 7 4 2 3 3 1 2

156th Ave. NE / NE 198th St.. East 80 40 40 25 10 15 15 6 9
West 27 14 14 9 3 5 5 2 3

156th Ave. NE / NE 195th St.. East 46 23 23 15 6 9 9 3 5
West 61 31 31 19 8 12 11 5 7

between intersections
WD to 195 73 37 37 23 9 14 14 5 8
195 to 198 11 6 6 3 1 2 2 1 1
198 to 201 3 2 2 1 0 1 1 0 0

412 206

R-1 Zoning
156th Ave. NE / NE 204th St. N/A 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 203rd Pl. East 22 11 11 7 3 4 4 2 2

156th Ave. NE / NE 203rd St. 0 0 0 0 0 0 0 0 Counted in WT & MV turning movements

156th Ave. NE / NE 202nd St.. East 7 4 4 2 1 1 1 1 1
West 11 6 6 3 1 2 2 1 1

156th Ave. NE / NE 201st St.. East 9 5 5 3 1 2 2 1 1
West 7 4 4 2 1 1 1 1 1

156th Ave. NE / NE 198th St.. East 40 20 20 13 5 8 7 3 4
West 14 7 7 4 2 3 3 1 2

156th Ave. NE / NE 195th St.. East 23 12 12 7 3 4 4 2 3
West 31 16 16 10 4 6 6 2 3

between intersections
WD to 195 37 19 19 12 5 7 7 3 4
195 to 198 6 3 3 2 1 1 1 0 1
198 to 201 2 1 1 1 0 0 0 0 0

209 105

Trips Entering Shed Trips Exiting Watershed
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Appendix B:  Transportation Frequently Asked 
Questions

Staff response is shown in Italics.
#1 Do traffic results account for proposed plats in the R-1 zone? 

The 2008/2028 Perteet model for traffic flow along the 156th Avenue NE corridor did take into 
consideration proposed preliminary plat developments to date.  The results indicated that no roadway 
improvements were needed except at the 195th and 198th intersection.  In regard to proposed plat 
developments, there was a traffic model prepared that is covered in a 2006 Final EIS (FEIS) issued by the 
City.  Please see the City’s website for more information: www.ci.woodinville.wa.us. 

#2 Would a change from R1 to R4 impact traffic in downtown Woodinville (e.g. NW 175th St.)?  

The scope of the study was specific to the City’s current R-1 zone area only and did not include any 
transportation system outside of this zone.  However, the entire City’s road network system, which 
included NE 175th Street, was modeled under the City’s 2003, 2004, and 2006 Traffic Study, which 
include the R-1 being developed at a R-4 zoning to determine impacts.  The current Capital Improvement 
Plan (CIP) does include projects that would be impacted by development in this area under R-4 and the 
current Traffic Impact Fee includes new development mitigation payment into these projects.

#3 How will increased development change road character?  How will adding more traffic impact 
Woodinville Duvall Road? 

Zoning from R-1 to R-4 would result in more trips generated within Woodinville.  Residential streets and 
the collectors have the capacity to handle the additional trip volume but could result in a change in the 
“feel” of the local streets, especially during peak hours.  The arterials and collector road would see an 
increase from the additional trips from an R-1 to a R-4 zoning.  From modeling, the collector (156th,
168th, and 171st/173rd/175th) roads have shown to have the capacity for R-4.  Wood-Duvall does not 
currently have the capacity during peak hours but has been included in the City’s current CIP to address 
future capacity needs under projected R-4 generated new trips. 

#4 How will traffic affect Woodinville-Duvall Road lengthy backups and potential for accidents?  

The road is traveled several time during all days by the Police and Public Works staff and back ups has 
not been observed to be a problem except during peak hours.  During peak hours, in the morning and 
evening, Wood-Duvall has long queue lengths of several hundred feet (300 to 500 feet).  It has not been 
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observed to have back ups of miles during the peak and non-peak hours except during a blockage 
occurrence. 

Back ups along Wood-Duvall during peak and non-peak have been observed to typically be the result of 
left turn movement blocking the through traffic.  This has also been the cause of most accidents, when 
vehicles fail to stop for a left turning vehicle, resulting in a rear end accident.  The City’s CIP has Wood-
Duvall improvements that will include a dedicated center left turn lane to address this condition. 

#6 How can 156th Ave, a steep road, take additional traffic?   

156th Avenue NE grade does not present a capacity problem future traffic under R-4 zoning.  From 
modeling, there are two intersections, where one of the four legs is projected to exceed the City’s current 
adopted of level of service (LOS).  These can be mitigated with minor improvements to address these 
deficiencies within the existing right of way.  When the road is designed for future improvement, this is 
expected to occur to address any bottleneck conditions and would be designed to current standards that 
would be expected to address road conditions of concern. 

#7 How will increased density on NE 195th St. affect safety for cars and pedestrians on 195th?

NE 195th Street was designed under King County and did not include pedestrian facilities.  This is a 
common condition throughout King County including areas within the City outside of the R-1 zone.  It is 
common throughout the region to have pedestrian using the edge of the pavement for travel and most 
northwest motorist drive appropriate for this condition.  Also, no injuries between vehicles and 
pedestrians along NE 195th are known to be on record with the City.

#8 Should there be a subarea plan in place defining a roadway network for the R-1 area so that 
development/traffic has an improvement plan? 

City CIP plans address arterial and collector improvements.  City road standards do address local street 
spacing and design cross sections.  Circulation is often addressed over time as development applications 
are received.  A circulation plan in advance of development proposals is a good suggestion for future 
consideration no matter the density.  A circulation plan would not be necessary for this R-1 zone study, 
but the City could consider it in future work programs. 

#9 How will levels of service change at 198th and 195th on 156th at higher densities? 

The LOS as defined in the study shows that one leg of both of these intersections would exceed the City’s 
current LOS and would require improvements.  The needed improvements to bring them back to an 
acceptable City standard LOS would be minor and could be provided within the existing right of way 
limits.

#11 How will the City access the R-1 area during emergencies or weather events? 
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The difference between an R-1 to and R-4 is not expected to significantly increase the number of road 
miles and the demand for road services, such as a weather event.  See Capital Facilities Report 
appendices for information from the Fire District about emergency responses. 

#12 Access to Wood-Duvall Rd from 156th seems to increase each month as well as traffic volumes since 
Costco opened.  How will the City address this? 

The 156th/Wood-Duvall intersection is largely impacted from by pass through trips which results in peak-
hour back ups for southbound 156th Avenue AM trips.  This intersection is included in the City’s CIP for 
future improvements and may be included under concurrency that would require future City development 
to contribute into improving its LOS. 

#13 How can 198th St. accommodate traffic from any new neighborhood built? 

Under current City LOS standards, NE 198th has the capacity for the increased volume from an R-1 to 
and R-4.  Modeling shows that future development may increase one of the approach legs to a LOS F by 
2028 if no improvement are performed for any of the approach legs at 156th.  It is possible to bring the 
LOS back into compliance with minor turn lane improvement along NE 156th Avenue.  These 
improvements can be performed within the existing right of way. 

#14 Can the City remove the bollard that blocks 195th St and improve road access from 201st through that 
street to both schools? 

The bollards were placed by the City in 2005 to stop “cut through” driving around the gates and onto the 
pedestrian walkway.  This are a safety feature and it is unlikely that these would be removed unless an 
alternative safety feature could be provided. 

The two gates, which are intended to block off through vehicle travel, were placed prior to the City under 
King County.  The gate along NE 195th, (most westerly), was installed to stop traffic from using NE 195th,
east of 156th NE, from using this as a route to drop off and pick up students.  The east gate was installed 
to prevent trespassing onto private land and using as a “cut through”.  Only the westerly gate is under 
the jurisdiction of the City. Under City governance, the opening of this gate has been approached several 
times but due to pressure by the neighborhoods in the area, it has remained closed. 

#15 How can the City retain the character and environment while trying to build adequate roads to 
accommodate growth? 

The City has a standard that is close to the existing character of the roads in many of the neighborhoods 
with the exception of providing a pedestrian walkway.  This standard is identified for R-1 zoning but has 
been allowed for higher density development within the R-1 zone under a deviation. 

#17 Where is the detailed model data? What is the proposed mitigation for 156th as traffic increases?  

The data used to model 156th Avenue NE is included in the appendix of the Transportation Report  
(prepared by Perteet Engineering).  156th Avenue NE is identified within the City Standard for future 
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improvements to handle the anticipated growth and would be considered as the proposed mitigation.  The 
modeling did assess the future growth through 2028 and showed that two of the neighborhood 
intersection at 156th NE will have one approach leg each exceed the City’s adopted LOS.  In both cases, 
the LOS can be brought back into compliance with the adopted LOS with minor intersection 
improvements.  These improvements can be performed within the limits of the existing right of way. See 
http://www.ci.woodinville.wa.us/events/moratoriuminfo.asp, Attachment C, Transportation Report 
for more information. 



Attachment D. Capital Facilities 
Capital Facilities and Utilities Report 





Capital Facilities and Utilities in the R-1 Area 
City of Woodinville 

Prepared January 2007 
Revised February 2007 





February 2007 i

Table of Contents 

1. Overview........................................................................... 1

2. Service Providers............................................................. 2

3. Capital Facilities Plans .................................................... 2

4. Levels of Service.............................................................. 3

5. Service Provision Capacity Analysis ............................. 3
5.1. Police and Fire and Life Safety.........................................................3
5.2. Northshore School District ................................................................4
5.3. Public and Private Water Facilities ...................................................7
5.4. On-site Sewage Disposal Systems ..................................................8
5.5. Sanitary Sewage...............................................................................9
5.6. Stormwater .....................................................................................11
5.7. Conclusions ....................................................................................11
5.8. References Cited ............................................................................12

Tables
Table 1. District Projected FTE Enrollment ........................................................................ 4

Table 2. Enrollment Capacities for Wellington Elementary and Leota Junior High............. 7

Figure
Figure 1 Capital Facilities Sustainability Map .................................................... Follows text 



Capital Facilities and Utilities 

City of Woodinville ii

Graphs
Graph A. Enrollment Trends.................................................................................................5

Graph B. Enrollment Trends.................................................................................................6

List of Acronyms 
DU dwelling units 

FAR Floor Area Ratio 

FTE full-time equivalent 

GMA Washington State Growth Management Act 

gpd gallons per day 

I/I Infiltration/Inflow 

MBR membrane bioreactor 

PRO Parks, Recreation, and Open Space 

UGA Urban Growth Area 

WF&LSD Woodinville Fire and Life Safety District 

WWD Woodinville Water District 



February 2007 iii

Appendices
Appendix A. Capital Facilities Frequently Asked Questions 

Appendix B.  Woodinville Fire & Life Safety District 

Appendix C. R-1 Surface Water Map 





February 2007 1

1. Overview 
This report describes the existing inventory of service providers in the R-1 Zoning 
District of the City of Woodinville for sewer, water, stormwater, schools, police, and 
fire and life safety.  These are major services most likely to be affected by future 
density increases in the area.  Parks and recreation is not addressed in this report, 
because the Woodinville Parks, Recreation, and Open Space (PRO) plan outlines a 
neighborhood park level of service and an implementation method (Park Impact Fee 
Ordinance) that is designed to keep pace with increases in housing density. 

Woodinville is currently conducting a Sustainable Development Project for an area of 
approximately 1,100 acres on an upland plateau east of the central city.  It is a 
predominantly residential area developed at an average density of less than one 
dwelling per acre.  The City’s Comprehensive Plan designates the area as Low 
Density Residential, suitable for one dwelling per acre, while allowing it to be 
rezoned to permit four units per acre if adequate public services can be provided.  
Chief among these services is public sewer. 

The Washington State Growth Management Act (GMA) requires cities to provide 
adequate urban services along with growth.  Cities are also required to account for 
capacity for growth.  The geographic area of study for this report contains 170 net 
acres of land suitable for growth as determined by the City’s Buildable Lands 
Reports that are required by the GMA.  Future development in this area at an average 
density of one unit per acre would result in an increase of 170 new housing units; 
future development at densities of four units per acre would add 680 new units.  
There currently are 864 housing units in the area. 

The objective of this report is to determine if the facilities and utilities in the study 
area are adequate to accommodate growth at an R-4 density.  Other requirements of 
the GMA mandate forecasts of future needs for capital facilities, and the use of 
minimum standards for levels of service of facility capacity.  As a result, all of the 
providers of facilities and services must have plans based on quantifiable, objective 
measures of capacity.  These are discussed in detail in the various provider agency 
plans and to a lesser extent in the Woodinville Comprehensive Plan, and are included 
herein by reference. 
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2. Service Providers 
All of the service providers included in this report, except for police and stormwater 
service providers, have extraterritorial jurisdiction beyond the boundaries of the City.   

Police services are contracted with the King County Sheriff’s Office.  

The Woodinville Fire and Life Safety District (WF&LSD) (King County) serves 
Woodinville and unincorporated areas of King County (King County Fire Districts 
#36/42).  A plan is underway by the Fire District that will replace the Fire Services 
Study of 1992 by Hughes, Heiss and Associates (Backer pers. comm.). 

Students in the R-1 study area are served by the Northshore School District, which 
also serves unincorporated King County, Snohomish County, and the City of Bothell.  
The source for background information for this report is the 2006 Northshore School 
District Plan for Capital Facilities.

The Woodinville Water District (WWD), a municipal corporation, serves all of the 
City of Woodinville, which is only a portion of their 29-square-mile service area that 
includes parts of unincorporated King County.  A water facility comprehensive plan 
(1993) is under revision with completion due in the summer of 2007 (Jamison pers. 
comm.). 

In addition to water service, the Woodinville Water District also provides sanitary 
sewer service within the corporate boundaries of the City of Woodinville and to more 
than 30 square miles of unincorporated King County. 

The City of Woodinville has a stormwater utility, and regulates the provision of 
stormwater facilities in new development. 

3. Capital Facilities Plans 
All of the capital facilities plans of service providers are required to be consistent 
with land use; transportation; utilities; and parks, recreation, and open space elements 
of the Comprehensive Plan and with the plans of other governments and agencies. 

For purposes of the Sustainable Development Project, existing service and facility 
plans were evaluated for impacts that might result from increases of densities to four 
units per acre on lands suitable for development in the R-1 study area. 
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4. Levels of Service 
Each service provider uses standards of service that are typically quantitative, but that 
can vary according to issues such as financial feasibility or quality.  Most standards 
measure the size, amount, or capacity of the capital facility.  Police and fire services 
are measured in time of response.  School services are measured in the number of 
students per teacher (student/teacher ratio), as well as student/classroom ratio.  Water 
and sewer service is measured in terms of gallons of waste or water usage per 
household or per person.  These are discussed in detail in the various agency capital 
facility plans.  

5. Service Provision Capacity Analysis 
Each service provider is analyzed in this report for capacity to absorb additional 
growth based on increases in population and housing due to potential R-4 
development in areas that can realistically accommodate density increases as 
determined by buildable lands numbers discussed earlier.  From this analysis a map 
has been developed showing suitable areas for growth in the R-1 area based on 
service provider’s abilities to accommodate that growth.  Each of the agency 
providers’ capacities are reviewed below.  In addition, some frequently asked 
questions are addressed in Attachment A. 

5.1. Police and Fire and Life Safety 
Correspondence with John McSwain, Police Chief for the City of Woodinville, 
indicates that projected increases in housing units due to zoning changes from R-1 to 
R-4 would not affect response time for the department.  Population and housing 
increases may require additional personnel and facilities (vehicles), but response time 
is not usually affected by increases in density unless access is restricted (McSwain 
pers. comm.). 

Fire and life safety service uses the same standards as police response time.  
Correspondence with Bud Backer of WF&LS indicates that level of service also 
would not be affected by increases to R-4 densities in the R-1 area, unless access was 
made more difficult (Backer pers. comm.)  See also Appendix B for a letter from the 
District.

This report must conclude that for these two service providers, R-4 density in the 
report area presents no decreases in service.  Therefore, R-4 is a suitable designation 
for the R-1 study area outlined on Figure 1 at the end of this report. 
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5.2. Northshore School District  
Any changes in R-1 area densities will be obscured in an analysis of the area due to 
the extent of school district boundaries.  However, taken in context, some measures 
of predictability can be gleaned from the District Plan.   

Enrollment in the Northshore district has fluctuated over the past 6 years.  Over the 
last 2 years, enrollment has gradually increased at the elementary and high school 
levels, and these increases have offset the decline in enrollment at the junior high 
level.  Projections for enrollment have been made with consideration of the following 
factors:  the School District’s enrollment trends, population and housing growth, any 
market share losses or gains due to private school, as well as the effects of the 
District’s recent adoption of new school service boundary lines.  Projected full-time 
equivalent (FTE) enrollments are predicted to be 19,510 students for 2012; 20,305 
for 2020; and 21,317 for 2025 (see Table 1).   

Table 1. District Projected FTE Enrollment 
Level 2012 2020 2025 

Elementary   9, 725 10, 390 10, 951 

Junior High   4, 952   4, 982   5, 258 

High School   4, 834   4, 932   5, 108 

Total 19, 510 20, 305 21, 317 

Table 1 illustrates an overall increase in enrollment at all levels.  However, a recent 
study by the School Board of the Northshore School District has revealed that the 
projected increase in enrollment is unbalanced among the schools.  A trend for 
increased enrollment can be seen in the northern part of the district, while a decline is 
projected for the eastern part of the district (see Graph A).  The School Board felt this 
imbalance would affect students’ access to high-quality education.  Thus, it moved to 
change the district’s boundary service lines in order to balance enrollment.  The 
results of this study enabled the Board to approve boundary changes to be phased in 
over the next 3 years.  These changes would affect eight elementary schools and all 
of the junior high and high schools in the District.  The Board approved this change 
with the assumption that further development of the eastern portion of the district was 
unlikely. 

The eastern part of the district partly includes an area zoned currently at 1 house per 
acre (R-1).  This is the area of projected declining enrollment.  Leota Junior High is 
located in this area.  The boundary changes will increase, instead of decrease, 
projected enrollment for Leota Junior High by 147 students over the next 3 years (see 
Graph B).  Wellington Elementary is also in this R-1 area, but is not affected by the 
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boundary service line changes.  However, both schools would be impacted by any 
development to the R-1 area. 

Capacities of Wellington Elementary and Leota Junior High (R-1 schools) become 
important when considering the possibility of increased development densities in the 
R-1 area of the district.  Graph A and Graph B below illustrate the trends in 
enrollment.  Due to the inconsistency in population projection base data and 
boundaries, it is only possible to generalize about geographic impact from the R-1 
area on enrollment at the area’s two schools, Wellington Elementary and Leota 
Junior High.   

Graph A. Enrollment Trends 
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Graph B.  Enrollment Trends

School facilities and student capacity needs are dictated by the types and amounts of 
space required to accommodate the District’s adopted educational program.  The 
educational program standards, which typically drive facility space needs, include 
grade configuration, optimum facility size, class size, educational program offerings, 
classroom utilization and scheduling requirements, and use of relocatable (portable) 
classroom facilities.  Current enrollment for the R-1 area schools can be seen in 
Table 2. 
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Table 2. Enrollment Capacities for Wellington Elementary and Leota 
Junior High 

 Classrooms Student 
Capacity

Portables
Contributing 
to Capacity 

Student 
Portable
Capacity

Total 
Capacity

Wellington 
Elementary 

22 526 4 68 594 

Leota Junior High 37 912 8 54 966 

Based on these capacities, growth at R-4 densities in the R-1 area of Woodinville 
would limit these schools’ ability to support a dramatic influx of new students.  
However, the ratio of R-1 area student contribution in relation to the contribution of 
the remainder of the district would be small.  Projections required to ascertain that 
kind of detail are not possible using current geographic data limitations. 

In conclusion, it must be noted, that the Northshore School District maintains 
ordinance authority to exact impact fees from new development to pay for new 
facilities caused by increases in enrollment due to those developments.  As such, for 
school services within the R-1 Study Area (see area in Figure 1) suitability is 
indicated as R-4, due, in part, to minor projections in student population that may 
result from R-4 density increases in the R-1 area, and due to the District’s ability to 
charge impact fees.   

5.3. Public and Private Water Facilities 
The Woodinville Water District (WWD) covers about 18,660 acres and serves about 
13,000 connections.  It is supplied by the City of Seattle Public Utilities through the 
Tolt Pipeline and the Tolt Eastside Supply Line, which run through the Water District 
service area.  The Water District has eight connections to the Tolt Pipeline and one to 
the Tolt Eastside Supply Pipeline.  Each connection is separately metered.  The 
Water District owns and maintains one well near the Water District office as an 
emergency standby water source.  The Water District has seven emergency inter-ties.  
The Water District does not have formal inter-tie agreements with any adjacent water 
purveyors, though emergency connections exist with the City of Bothell, the 
Northshore Utility District, and the City of Redmond. 

Average Day Demand in 2004 was about 5 million gallons per day.  Demand in 
recent years has averaged between 86 and 96 gallons per capita per day on an annual 
basis.  Historically, about 73% of water demand has been from single family 
residences, with multi-family customers taking another 10%.  Commercial customers 
take another 10% and industrial demand is about 3% with the remainder going to 
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municipal and irrigation uses.  The Water District operates an aggressive 
conservation program.  The ratio of maximum day demand to average day demand 
within the Water District has been about 3.0, while about 2.1 is the average for the 
Seattle system as a whole.  The higher Water District value reflects the larger lot 
sizes present within the Water District and significant irrigation use.   

Increases in R-1 area zoning to R-4 over buildable parcels, under the above ratios 
result in an increase in demand for 4,312 gallons per day in the entire study area, 
considered by Water District officials to have no major impact to the current capacity 
of supply or facilities. 

5.3.1. Wells 
There are a number of wells that are on record with the Washington State Department 
of Ecology within the Water District boundary and only five on record in the R-1 
area.  Wells within the service area serve individual water supply, are resource 
protection wells, or have been decommissioned.  These wells are typically privately 
owned, shallow (less than 100 feet deep) wells, with low capacities of 20 gallons per 
minute (gpm) or less.  Due to the small number of wells in the R-1 area, and because 
most supply comes from surface water sources, there appears to be no capacity 
implications for future development.   

5.4. On-site Sewage Disposal Systems 
There are many privately owned and operated on-site sewage disposal systems within 
the Water District sewer service area.  The Water District is not involved with the 
operation and maintenance of these systems.  Failure of on-site sewage facilities 
within the Urban Growth Area (UGA), or development of the properties, may 
necessitate an extension of sewerage facilities, which will be constructed by the 
affected property owners.  It is estimated that approximately 80% of the Water 
District’s residential water customers use on-site sewage disposal systems, most of 
these customers being outside the UGA.  Approximately 25% of these customers are 
inside the UGA.  On-site sewage disposal consists of a facility located typically on a 
single lot or tax parcel that incorporates a septic tank discharging to a drainfield.
Operated properly, on-site sewage disposal systems are an acceptable means of 
treating and disposing of sewage on a small scale at low development densities.  
However, if on-site sewage disposal systems are improperly maintained, or are 
constructed in soils with poor percolation rates, or the lots are too small, operating 
problems may develop.  Repair scenarios in accordance with WAC 246 272-16501 
then may be required by Seattle-King County Public Health authorities to resolve the 
problem.  These repairs may include the addition of treatment devices such as a sand 
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filter, a different disposal technique such as a mound, disinfection, or an alternate 
technology such as a membrane bioreactor (MBR).  In severe cases, individual 
properties may be required to use holding tanks and haul sewage to an approved 
receptacle. 

Septic failures in the R-1 area do not indicate a need for sewerage on an area-wide 
basis and therefore have no impact on suitability for R-4 zoning in the study area of 
this report. 

5.5. Sanitary Sewage 
Sewerage facilities and service is managed by the WWD and structured within the 
2006 General Sewer Plan.  The Plan is based on an ultimate R-4 density in the 
current R-1 study area because the City of Woodinville Comprehensive Plan land use 
designation (Low Density Residential) for the R-1 area allows rezones up to a 
maximum R-4 density when adequate facilities are present.  The Plan for the R-1 area 
also indicates that it is currently feasible physically and economically to extend 
facilities up to and including the western third of the R-1 area (Figure 1).  The eastern 
two-thirds of the area is more difficult due to severe grade change that would involve 
pump stations and major expense.  For these reasons, this report is classifying the R-1 
area into two categories.  The western portion, consisting of the western one-third of 
the R-1 zone, is suitable, in terms of ease of extension, for R-4 density while the 
eastern portion should remain at R-1 until such time as sewer facility economics 
becomes feasible.   

The characteristics of the system and capacity calculations are included in the 
following part of this report. 

Sewage flow includes residential, commercial, and industrial contributions.  Most 
mini-basins include a mix of these land uses.  Typical residential sewage generation 
can be calculated from the flow data developed by the King County Regional 
Infiltration/Inflow (I/I) Control Program and checked against the water consumption 
actually billed to selected neighborhoods.  No flow monitoring data is available to 
quantify sewage generated by other land uses, which is likely highly variable 
according to the specific activity of each individual parcel. 

Accordingly, for calibration of the hydraulic flow model, a specific number will be 
developed for each mini-basin defining infiltration, rain-induced inflow, and single-
family residential sewage.  Other unit flow rates from land uses will then be adjusted 
to balance the actual flows recorded on selected dates by the King County I/I 
Program. 



Capital Facilities and Utilities 

City of Woodinville 10

5.5.1. Residential Sewage 
Residential land uses occupy most of the land area within the Water District sewer 
service area and also in the R-1 study area of this report.  The average quantity of 
sewage generated by residences within the Water District can be computed from the 
flows monitored in Mini-basin WDN 001, described in the WWD 2006 General 
Sewer Plan, because it is entirely residential except for the elementary school.  
Winter water consumption data was provided by the Woodinville Water District for 
445 customer accounts in the English Hill area, identified as Mini-basins WDN 001 
and 002.  These two mini-basins had an average water use of 98,915 gallons per day 
(gpd).  The average water use per customer water was 222 gpd. 

Sewage flow for Mini-Basin WDN 001 derives from 502 parcels, and averaged 
97,000 gpd.  This is an average of 194 gpd per parcel, and at 2.6 persons per 
household is equivalent to 75 gpd per capita.  Dividing the sewage flow per parcel by 
the winter water usage per parcel indicates that on average about 87% of the total 
winter water billed per customer becomes sewage, which is approximately the ratio 
observed in most residential communities and indicates the value is realistic of actual 
conditions.  Homes in English Hill may not be typical in all respects for all homes 
receiving sewer service from the Water District.  More water may be used for 
summer landscape irrigation, for example.  However, household size is believed 
typical, and water appliances that generate sewage are believed typical.  Therefore, 
existing residential sewage flow for the entire Woodinville Water District is assumed 
to average 194 gpd per parcel. 

At these ratios, the R-1 area may be assumed to use an additional 131,920 gallons of 
sewage flow for future developed buildable parcels at R-4 densities, and 132,696 for 
existing developed parcels.  These increases do not have major capacity or facility 
implications viewed as a percent of the whole Water District.  All capital 
improvements and additions to the sewer system are, as a matter of Water District 
policy, the responsibility of the developer, and are feasible if engineered according to 
the 2006 General Sewer Plan. 

5.5.2. Future Service Area Conditions 
For sewer capacity planning purposes the entire City of Woodinville will be served 
by sewers in the future, including the eastern portion of the City, which is not 
currently served.  The entire City of Woodinville lies within the King County UGA; 
therefore, sewer service is allowed throughout the City limits.  As previously stated, 
these sewers are expected to be built by developers and/or those requiring service in 
their area, not by the Water District. 
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Due to the topography of the eastern R-1 portion of the City of Woodinville, lift 
stations will be needed to convey the sewage generated in that area to existing Water 
District and King County pipes for treatment.  Approximately four lift stations will 
be required in the eastern portion of the City.  The Lake Leota area of the City will 
require special consideration to define how sewers will serve the surrounding homes 
due to the lake topography.  Service may be viable through grinder pumps or a 
vacuum sewer system.  The Water District will determine the type of service to be 
used prior to extending sewers in that area.  It is important to note that the piping and 
pump stations are approximations of what is necessary to serve the currently 
unserved areas of the City.  The elevations and design have been derived from 
existing topographic maps.  Actual development may differ from what is shown in 
the WWD Sewer Plan and will depend on plans prepared by the developers. 

5.5.3. Build-out Conditions 
The 2006 WWD General Sewer Plan makes the assumption that the entire City of 
Woodinville will be served by sewers in the future, as stated above.  This is defined 
as the “build-out condition.”  These build-out conditions are assumed to occur by the 
year 2025.  Included in the sewer service area is the eastern portion of the City not 
currently served.  This area will need approximately two new mini-basins, along with 
several lift stations.  

5.6. Stormwater 
At any future density, developments would be required to meet the requirements of 
the City’s Stormwater Manual (WMC 14.09) and provide for detention and discharge 
to safe locations.  Appendix C contains a R-1 Surface Water Map prepared by the 
City for background information. 

5.7. Conclusions 
An analysis of suitability of capital facilities for police protection, fire protection, 
school facilities and water supply revealed that no future impacts to level of service 
standards would occur due to increases from R-1 to R-4 densities in the study area.  
The major determinant or catalyst for density increase will be sewer availability and 
the 2006 WWD General Sewer Plan. 

The preceding explanations of conditions, and the assumptions, opportunities, and 
liabilities found in the WWD 2006 General Sewer Plan suggest that the R-1 area be 
considered as two separate potential zoning areas.  The western portion (see 
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Figure 1), which has gravity access to the existing facilities, may be physically 
suitable for R-4 zoning while the eastern section, due to its topographic liability, is 
currently most suitable for R-1 zoning. 
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Appendix A. Capital Facilities Frequently Asked 
Questions

Staff response is shown in Italics.
#1.  Is higher service accessibility going to equal to higher residential density if it negatively impacts the 
environment and neighborhood character? 

Environmental and neighborhood character are under consideration as part of the sustainable study 
along with transportation and capital facilities. 

#2. Why do sewers require higher density?  

This is a policy of the sewer service provider and not of the City.  The reasoning behind a certain level of 
density, to support a sewer system, is that the revenues generated by the customers serviced by a system 
needs to be sufficient to cover the maintenance, operation and long range replacement of that system. 





Appendix B 
Woodinville Fire and Life Safety District 













Appendix C 
R-1 Surface Water 
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Other Information/Errata 
All clarifications and errata included in the Draft Appendix F between January 22, 
2007 and February 14, 2007 have been incorporated into the “Sustainable 
Development Study – R-1 Zone.”  

This section is reserved in order to allow for additional information, clarifications, or 
corrections to be transmitted as appropriate after February 20, 2007, the date of 
preparation of the final “Sustainable Development Study – R-1 Zone” transmitted to 
the City Council following Planning Commission recommendations. 



 



Errata for Final City of Woodinville Sustainable Development Study – R-1 Zone 
Attachment B, page 36: additions shown as underlined & deletions shown as strikethrough 
Distributed at 3-5-07 City Council Public Hearing 
 
Neighborhood Character in the R-1 Zone 

City of Woodinville  

 

36 

Table 1. Housing Allocation and Permits Issued 
Housing Allocations and Permits Housing Units 

2001 – 2022 Housing Allocation  1,869 

2001 – 2006 Housing Permits Issued -538* 

Housing Allocation Balance 1,331 

*Includes both Residential Zone Projects and known Commercial Zone Projects 

Using as a base line the 2001 Residential Carrying Capacity analysis, the following table 
indicates there remains sufficient capacity to accommodate the remaining Housing Allocation 
under current zoning.   

Table 2. Residential Capacity Analysis 
Residential 
Carrying 
Capacity* 

R-1 R-4 R-6 R-8 Multi-
Family  
(R-12 thru 
R-48/O) 

Commercial 
Zones 

Totals 

A.  2001 Dwelling 
Unit Capacity**  

158 497 598 170 524 y*** 1,947 + y 

B.  2001 – 2006 
Permitted Units 
(capacity 
consumed) 

 50  77 191 120 1 99  538 

Current Capacity  
(A minus B) 

108 420 407  50 523 z 
(y minus 99) 

1,409 + yz

 *Capacity = land available for development or redevelopment current zoning 
**2001 Carrying Capacity Analysis conducted for the 2002 Comprehensive Plan Update 
***y = Undetermined capacity in Commercial Zones (CBD & TB)  

As Table 3 below indicates, with a current capacity of capacity of 1409 housing units (Table 1) in 
all residential zones and an allocation balance of 1331 (Table 2) this leaves a surplus capacity of 
78 housing units not including any residential capacity in any commercial zone.  

Table 3. Housing AllocationCarrying Capacity Surplus 
Current Carrying Capacity  1409 

Housing Allocation Balance -1331 

Housing AllocationCarrying Capacity Surplus  78 

Neither the 2001 analysis nor the table above identify the capacity in the Central Business District 
(CBD) and Tourist Business (TB) zones to accommodate housing units.  Both of these zones 
allow residential development.  Since 2002, 99 units have been permitted for three relatively 
small projects located in the CBD zone.  There are 



Agenda Item No. 9(a) 

STAFF REPORT 

TO: 

THRU: 

FROM: 

SUBJECT: 

CITY COUNCIL 

RAY STURTZ, COMMUNITY DIRECTOR @ * 
PETE ROSE, CITY MANAGER 

FIRST READING OF ORDINANCE NO. 424: AMENDING 
ORDINANCE NO. 419: BUILDING AND LAND USE 
MORATORIUM IN THE R-I ZONE 

MEETING DATE: JUNE 5,2006 

ISSUE: 

Shall the City Council consider Ordinance No. 424 (Attachment A), an ordinance to 
amend Ordinance No. 419 which enacted an emergency building and land use 
moratorium in the R-I zone? 

STAFF RECOMMENDATION: 

That the City Council consider Ordinance No. 424 (Attachment A), an ordinance to 
amend Ordinance No. 419, an emergency building and land use moratorium in the R-I 
zone. 

POLICY DECISION: 

The ~ r o ~ o s a l  is to amend Ordinance No. 419 (R-I zone 'area moratorium) for the . , 
purpose of formally incorporating the City ~ou;lcil's supplemental findings, revising and 
clarifying the moratorium exemptions and requiring City Council notification before - - 
issuance of an interpretation o f  the ordinance by the planning Director. The proposed 
amendments are based on public comments received during the May 1,2006 
moratorium public hearing and subsequent City Council deliberations. 

BACKGROUND: 

At the City Council meeting of March 13, 2006, the City Council received a presentation 
on a program called Sustainable Development. This program is intended to implement 
the Action Plan that the City Council discussed at its Fall, 2005 retreat. A key provision 
of the Sustainable Development program is a comprehensive environmental study or 
series of studies. These studies will take some time to complete and analyze. The 
need for these studies, along with the need to prepare an overall set of policies, plans 
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CITY OF WOODINVILLE 
REQUEST FOR QUALIFICATIONS 

ENVIRONMENTAL CONSULTING SERVICES FOR 
SUSTAINABLE DEVELOPMENT PROGRAM 

April 2006 
 
 

I. Request 
 
The City of Woodinville solicits requests for qualifications from consulting firms for: 

• Review and analysis of environmentally critical areas in the City,  
• Identification of potential impacts of development on such areas, and 
• Recommendations for protection measures 

pursuant to the Growth Management Act. 
 
 
II. Project Description 

 
Work to be performed by the consultant consists of professional services to review and 
analyze certain areas of the City for the presence of critical areas, rank these critical 
areas and make recommendations on the appropriate intensity of development  to protect 
these areas, consistent with the requirements of the Growth Management Act (GMA) to: 
“protect the functions and values of critical areas” and “give special consideration to 
conservation or protection measures necessary to preserve or enhance anadromous 
fisheries” (RCW 36.70A.172).  
 
It is anticipated that qualified consultants will have the expertise necessary to assess the 
status of, and implications of development on the City’s critical areas as identified in the 
Woodinville Critical Areas Ordinance (WMC 21.24), including the following:  wetlands, 
streams, critical aquifer recharge areas, flood hazard areas, geologic hazard areas and 
fish and wildlife conservation areas.  It is further anticipated that qualified consultants will 
have the following subject area expertise: hydrogeology, civil engineer, transportation 
engineer, land use planning, fisheries biology, wildlife biology, wetland biology, tree 
ecology and Geographic Information System technician. Additionally, qualified 
consultants will have the expertise to assess the impact of development on the 
conservation and protection of anadromous fisheries. 

 
 
III. Background and Objectives 

 
Protection of the natural environment has been identified by the City Council as an 
important component to the vitality and overall well being of the community.  On March 
20, 2006, the City Council imposed a building and land use moratorium in the R-1 zone 
area of the City to allow time for the subject environmental studies and protection 
measures to be adopted.  The City Council has specific goals to work with other entities 
toward the recovery of the Puget Sound Chinook Salmon; a threatened specie under the 
Federal Endangered Species Act.  On the other hand, the City has obligations and 
adopted policies to promote quality economic development and accommodate growth in 
housing, jobs and population.  Balancing these goals and obligations is an increasingly 
important challenge for the City.  This balance is seen as consistent with the City’s 
Comprehensive Plan vision for maintaining a high quality environment in the community, 
supporting a diverse and vital mix of businesses and is also a welcoming place for 
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families.  The City has been pro-active in establishing policies and programs to carry-out 
GMA objectives to support growth, economic development and environmental protection. 
 
In 2002 the City updated its major five-year update to its Comprehensive Plan to include 
an Environmental Element. In 2004 the City updated its Critical Areas Ordinance for 
enhancing protection of critical areas during land use development.  In 2005, the City 
prepared a draft Economic Development Plan to encourage a vibrant and diverse mix of 
businesses. In 2006, the City has initiated an update of its Shoreline Master Program, 
under the new guidelines of the Department of Ecology.  
 
The City is experiencing a steady rate of residential growth.  The City Council wants to 
further study how the City can maintain its quality of life, improve its economic 
development and accommodate growth and development where adequate public 
facilities exist; while also protecting natural resources, especially anadromous fisheries, 
in a manner consistent with its adopted goals and policies and the requirements of the 
GMA.  As part of this project, a Citizen’s Advisory Panel (CAP) will be formed by the City 
to provide input to the process of creating the overall strategies for this plan.  The CAP 
and staff will review findings of consultant work and make policy recommendations for the 
City’s Planning Commission and City Council.  
 
 

IV. Preliminary Scope of Services 
 
The City and the selected consultant will develop a final scope of services.  The following 
is a list of preliminary areas of interest to the City for this study.  Consultant submittals 
should address these and any other areas they view as important qualifications.  
 
• Assess certain specified areas of the City where there are known or potential critical 

areas as defined in the City’s critical areas regulations (WMC 21.24).   The City’s 
defined critical areas include: streams, wetlands, steep slopes, geologic hazards, 
critical aquifer recharge areas, flood hazard areas, tree canopy preservation and fish 
and wildlife conservation areas.  The assessments should evaluate environmental 
resources and potential impacts to environmental resources from development in a 
manner consistent with cases with relevant issues that have been ruled on by the 
Central Puget Sound Growth Management Hearings Board.  

 
• Areas to be tested include known or potential critical areas in certain locations of the 

City that may have an effect on preserving or enhancing anadromous fish habitat or 
other identified critical areas  The area in which most testing is contemplated will be 
certain areas of the City’s R-1 zone, which totals approximately 1,100 acres.  It is 
anticipated that other areas of the City should have some level of review and 
analysis. The City and consultant will determine which particular areas will be 
analyzed and the level of detail necessary.  

 
• Assessment of other factors or other areas that are not presently defined as critical 

areas, but that may also have a significant effect on preserving and enhancing 
anadromous fish habitat.  These factors include the relative amount of pervious 
versus impervious surfaces, amount of tree canopy cover, slope, soils and surface 
water run-off conditions and present land use patterns.  

 
• Prepare a report of findings and recommendations for development intensities, 

potential revision to the City’s land use policies, regulations and development 
practices to improve the City’s ability to meet GMA requirements to preserve and 
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enhance anadromous fish resources while also allowing reasonable use of the 
affected lands and accommodating overall growth targets.       

 
• Attend meetings and present information to aid public understanding and assist 

decision makers with policy choices.        
 
 

V. Available Information 
 
The City will provide to the selected consultant, existing and available studies, plans, and 
other information that the City has and that it determines would be useful for this project.   
 
 

VI. Estimated Timeline 
 
The timeline has been divided into two segments to emphasize the need to complete the 
environmental studies for the R-1 zone area within the 6 month (March 20 – September 
20) moratorium period and allow time for work to be completed in the balance of the City 
(City-wide). 
 
 
Publish Request for Qualifications Apr 21, 2006  
 
Responses (Qualifications) Due May 5, 2006 
 
Consultant Interviews and Selection May 12, 2006 
 
Final Scope of Services, Contract Execution  
and Notice to Proceed May 26, 2006 
 
Consultant Work and CAP Meetings June 1-Oct 31, 2006 
 
Draft R-1 Report from Consultant Aug 1, 2006 
 
City Review of Draft R-1 Area Report    
(staff, CAP, Planning Commission, legal) Aug 11-Sept 6, 2006 
 
Final Draft Report 
Report from Consultant Aug 31, 2006 
 
Planning Commission R-1 Area report & recommendation Sept 6, 2006 
 
City Council R-1 Area report and direction Sept 18, 2006  

 
Draft City-wide report from Consultant Oct 13, 2006 
(staff, CAP, Planning Commission, legal) 
 
Final City-wide Report from Consultant Oct 31, 2006 
 
Planning Commission City-wide report & recommendation Nov 15, 2006 
 
City Council City-wide report and direction Dec 18, 2006 
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VII. Submittal Requirements 
 
Pleases submit seven copies of your qualifications.  Submittals should not exceed 20 pages, 
and address the following topics: 
 

• A statement of your firm’s understanding of this project, and how your firm is qualified 
to address them, including experience with cities comparable to Woodinville 

• Key staff who will be involved with this project and their roles and experience 
• A preliminary scope of services 
• Previous examples of relevant experience 
• Professional references 
• Cost breakdown of budget expenditures by position title  
 

VIII. Schedule & Contacts 
 
Submittals will be received in the Department of Community Development until 5:00 pm 
on Friday, May 5, 2006.  The City intends to select a consultant by May 17 and the target 
completion date for consultant services is September 20, 2006. The project budget is up 
to $150,000, depending on final scope of services approved by the City.  Your submittal 
may be mailed or hand delivered to: Ray Sturtz, Community Development Director, City 
of Woodinville 17301 133rd Avenue NE, Woodinville, WA 98072.  If you have any 
questions, you may contact Ray Sturtz at (425) 489-2757, ext. 2281 or Catherine 
Borghes at ext. 2284. 

 



Errata for Final City of Woodinville Sustainable Development Study – R-1 Zone 
New Sewer Map indicating location of gravity flow sewer area and pump (required) sewer area  
Distributed at 3-5-07 City Council Public Hearing 
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SUPPLEMENTAL FINDINGS IN SUPPORT OF DEVELOPMENT 
MORATORIUM 

 
The Woodinville City Council reaffirms the findings contained in Ordinance No. 
419.  Pursuant to RCW 35A.63.220 and RCW 36.70A.390, the City Council 
additionally enters the supplemental findings below in support of the temporary 
development moratorium imposed under that ordinance.  The City has duly 
considered the Growth Management Act (GMA) planning goals enumerated in 
RCW 36.70A.020.  The moratorium imposed under Ordinance No. 419 will assist 
the City in reviewing and amending its Comprehensive Plan and development 
regulations in a manner that appropriately balances these policy interests for the 
Woodinville community and physical environment.  Specifically, the City has 
considered the following GMA goals:    
   
 1.  Urban Growth - Encourage development in urban areas where 
adequate public facilities and services exist or can be provided in an efficient 
manner. (RCW 36.70A.020(1)).     
 
The City is committed to accommodating and encouraging appropriate levels of 
urban development in accordance with applicable GMA directives.  The 
comprehensive Sustainable Development study that will be conducted during the 
moratorium period will help the City to identify which public facilities and services 
are needed in order to accommodate such future growth within the R-1 zoning 
district, an area that is — and historically has been — under-served with respect 
to utility service and other public facilities.     
 
Moreover, the Sustainable Development study will help determine the 
appropriate phasing and installation timeframe regarding public facilities within 
the R-1 zone.  This in turn will assist the City’s capital planning and budgeting 
efforts.  Other plans and studies, including but not limited to the Downtown/Little 
Bear Creek Corridor Master Plan (DT/LBC) and the Economic Development 
Study, are currently being reviewed by the City Council and will likewise assist 
the City in influencing the location and timing of urban development where 
adequate public facilities and services are provided.   
 
 2.  Reduce Sprawl - Reduce the inappropriate conversion of undeveloped 
land into sprawling, low-density development.  (RCW 36.70A.020(2)).    
 
The Sustainable Development study conducted during the moratorium period will 
help determine the measures necessary to encourage the conversion of 
undeveloped land at appropriate levels of urban density.  The study is intended in 
part to help the City balance the need to accommodate growth while 
simultaneously ensuring appropriate protection of the local environment and 
natural resources.  Innovative land use management techniques aimed at 
reducing sprawl and protecting the environment will be evaluated as part of this 
process.  It is anticipated that the City’s development regulations may be 
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amended at the conclusion of the Sustainable Development study process to 
specifically encourage and provide incentives for the use of such innovative 
techniques. 
 
 3.  Transportation – Encourage efficient multimodal transportation systems 
that are based on regional priorities and coordinated with county and city 
comprehensive plans.  (RCW 36.70A.020(3)).    

 
During the Sustainable Development study period, the City will examine the 
City’s transportation infrastructure needs and the opportunity to accommodate 
multi-modal forms of transportation within the R-1 zoning district.  The City 
intends to review the findings and recommendations from this study in 
conjunction with the transportation concurrency program separately being 
considered by the City.  This analysis is needed in order to determine how 
appropriate growth — particularly within the R-1 zoning district — may be 
accommodated concurrently with necessary transportation facilities and services 
consistent with local and regional transportation plans.    
 
 4.  Housing - Encourage the availability of affordable housing to all 
economic segments of the population of this State, promote a variety of 
residential densities and housing types, and encourage preservation of existing 
housing stock. (RCW 36.70A.020(4)).   

 
As the largest contiguous residential area in the City, the R-1 zone contains a 
substantial percentage of the City’s existing housing stock.  Although single 
family homes are predominant in the R-1 zone, the development pattern in this 
zoning district has traditionally provided for a variety in age, style and size of 
houses.  The Sustainable Development study conducted during the moratorium 
will help to determine appropriate development techniques — potentially 
including, but not limited to, low impact development standards — to protect the 
environment and natural resources while simultaneously accommodating growth 
and preserving existing housing stock. 
 
 5.  Economic Development - Encourage economic development 
throughout the State that is consistent with adopted comprehensive plans, 
promote economic opportunity for all citizens of this state, especially for 
unemployed and disadvantaged persons, promote the retention and expansion of 
existing business and recruitment of new business, experiencing insufficient 
economic growth, all within the capacities of the state’s natural resources, public 
services, and public facilities.  (RCW 36.70A.020(5)).   
 
A critical goal of the City’s long-range planning efforts is to enhance the 
economic vitality of the Woodinville community.  However, this policy must be 
carefully balanced and viewed holistically with the City’s other planning goals to 
ensure an appropriate balance of economic development, housing, and 
environmental protection.  The results and recommendations of the City’s 
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Sustainable Development study will be considered together with the City’s 
economic development efforts to foster a complementary and coherent pattern of 
housing and business growth.     
 
Furthermore, the State’s fisheries are recognized as a significant element of the 
Pacific Northwest economy.  Different portions of the City’s R-1 zone drain into 
the headwaters of Bear Creek, and towards Little Bear Creek and Woodin Creek, 
all known to contain salmonids — including Chinook salmon.  The Sustainable 
Development study will likely recommend methods of protecting this valuable 
economic resource through the adoption and implementation of careful and well-
balanced land use planning and zoning measures.  The City’s Economic Study 
also identifies the livability of the City’s residential neighborhoods and the 
protection of the natural environment as keys to the local economy’s vitality.  The 
Sustainable Development and Concurrency studies will serve to identify the need 
for public facilities and services which support economic development.   
 
 6.  Property Rights - Private property shall not be taken for public use 
without just compensation having been made.  The property rights of landowners 
shall be protected from arbitrary and discriminatory actions.  (RCW 
36.70A.020(6)). 
 
The moratorium process is a legally-sanctioned development control mechanism, 
and the City has enacted its R-1 moratorium ordinance in conformance with 
applicable state law.   By its terms, the moratorium is of a limited, temporary 
duration, and will not be construed to violate any previous permit applicant’s 
vested development rights as defined by state and local regulations.  Moreover, 
the limited exceptions contained in Section 3 of Ordinance No. 419 authorize 
modification, remodeling and expansion of existing structures notwithstanding the 
moratorium, ensuring that landowners may continue to alter their existing 
residences during the pendency of the City’s Sustainable Development study.               
  
 7.  Permits - Applications for both state and local government permits 
should be processed in a timely and fair manner to ensure predictability.   (RCW 
36.70A.020(7)).    

 
The receipt and processing of new land use permits under the moratorium will be 
suspended only for the limited time necessary to conduct the Sustainable 
Development study.  Upon the expiration of the moratorium, the City will process 
development applications involving the R-1 zoning district in a fair and timely 
manner consistent with applicable state and local regulations.    
 
The separate Development Services study initiated earlier this year is intended to 
make the City’s permit process more efficient.  The recommendations resulting 
from this study are expected to be implemented over the next few months.  The 
Sustainable Development study will address current uncertainties regarding the 
R-1 zone.  Having these questions answered, particularly with regard to 
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appropriate environmental protections, will enhance the certainty of the City’s 
permit application and approval process.   Individual property owners will know in 
advance what mitigation, construction techniques, and infrastructure is required 
for the proposed development of their property.  This in turn will provide for more 
timely permit processing and the need for fewer individual environmental studies 
by permit applicants.  The Development Services study will thus serve as a 
valuable resource for both the City and development applicants, and will increase 
the predictability of the development process within the R-1 zone.  
 
 8.  Natural Resources - Maintain and enhance natural resource-based 
industries, including productive timber, agricultural, and fisheries industries.  
Encourage the conservation of productive forest lands and productive agricultural 
lands, and discourage incompatible uses.  (RCW 36.70A.020(8)).  
 
The Bear Creek Basin drainage area encompasses a significant portion of the 
eastern Woodinville City limits within the R-1 Zoning District.  The basin drains 
southeasterly into the Cold Creek Natural Area wetland system, a complex 
network of wetlands and groundwater springs feeding the headwaters of Cold 
Creek and an important cold water source for the Bear Creek system.  The 
Bear/Cottage Lake/Cold Creek system is formally rated as a Tier I subarea under 
the draft WRIA 8 Chinook Salmon Conservation Plan, and the action start list for 
the North Lake Washington Chinook population is to identify and protect 
headwater areas, wetlands, groundwater sources, natural hydrologic processes 
and temperatures that support Chinook salmon within this area.  The Sustainable 
Development study conducted during the moratorium period will provide policy 
recommendations concerning the protection of these valuable resources.   
 
 9.  Open Space and Recreation - Retain open space, enhance 
recreational opportunities, conserve fish and wildlife habitat, increase access to 
natural resource lands and water, and develop parks and recreation facilities.  
(RCW 36.70A.020(9)).   
 
The Sustainable Development studies will assist in identifying potential park and 
recreation (i.e, trail) opportunities in concert with habitat conservation areas. 
 
 10.  Environment - Protect the environment and enhance the state’s high 
quality of life, including air and water quality, and the availability of water.  (RCW 
36.70A.020(10)).   
 
A primary purpose of the Sustainable Development study is to address the 
protection of the environment, quality of life, air and water quality, and the 
availability of water resources.  The City’s R-1 zoning district contains coarse, 
permeable geologic materials that allow infiltration to mapped critical aquifer 
recharge areas (CARAs), many of which have been characterized as possessing 
a “high” or “medium” potential for ground water contamination.  The R-1 Zoning 
District also contains Lake Leota, a natural water body, with known water quality 
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impacts.  The shallow ground water surrounding Lake Leota is believed to be 
hydrologically connected to local CARAs. 
 
Regions within the R-1 Zoning District hydrologically drain toward areas 
characterized by “high” or “medium” potential for ground water contamination.  
Said areas are known or suspected of being hydrologically connected to Bear 
Creek, a significant and biologically productive salmonid-bearing stream.  Other 
areas within the R-1 zone drain variously toward Lake Leota, Little Bear Creek, 
and Woodin Creek, the latter two of which are known to contain salmonids. 
 
 11.  Citizen Participation and Coordination - Encourage the involvement of 
citizens in the planning process and ensure coordination between communities 
and jurisdictions to reconcile conflicts.  (RCW 36.70A.020(11)).   
 
The City is committed to providing opportunities for citizen involvement in the 
public process.  The City Council’s adoption of Ordinance No. 419 occurred at a 
public meeting on March 20, 2006, and substantial public comment was received 
at that meeting.  Pursuant to RCW 35A.63.220 and RCW 36.70A.390, the City 
Council also held a public hearing on May 1, 2006 to receive and consider public 
testimony regarding the R-1 moratorium.     
 
The City Council has also proposed the formation of a Citizen Advisory Panel to 
assist the Sustainable Development study consultants and the Planning 
Commission in reviewing information and the promulgation of land use 
management policies and tools to address environmental protection and 
development issues within the R-1 zone.  Any amendments to the City’s 
Comprehensive Plan and/or development regulations recommended by the 
Sustainable Development study will undergo significant public scrutiny and 
commentary before both the Planning Commission and the City Council.  It is 
contemplated and encouraged that residents, property owners, businesses and 
all other interested parties will participate in this process.  Because the R-1 zone 
area is adjacent to unincorporated areas of both King County and Snohomish 
County, these counties will also be asked to participate in the review of the 
studies and potential outcomes. 
 
 12.  Public Facilities and Services - Ensure that those public facilities and 
services necessary to support development shall be adequate to serve the 
development at the time the development is available for occupancy and use 
without decreasing current service levels below locally established minimum 
standards.  (RCW 36.70A.020(12)).   
 
As explained with respect to subsection 3 above, the Sustainable Development 
study will examine the City’s transportation infrastructure needs and the 
opportunity to accommodate multi-modal forms of transportation within the R-1 
zoning district.  The City intends to review the findings and recommendations 
from this study in conjunction with the transportation concurrency program 
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separately being considered by the City.  This analysis is needed in order to 
determine how appropriate growth — particularly within the R-1 zoning district — 
may be accommodated concurrently with necessary transportation facilities and 
services and consistent with local and regional transportation plans.    

 
 13.  Historic Preservation - Identify and encourage the preservation of 
lands, sites, and structures, that have historical or archaeological significance.  
(RCW 36.70A.020(13)).   
 
At this time, there are no lands, sites, or structures within the R-1 zone area 
known to have historical or archaeological significance.   
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Staff Report 
TO: CITY COUNCIL 

THRU: RICHARD LEAHY, CITY MANAGER 

FROM: CINDY BAKER, INTERIM DEVELOPMENT SERVICES DIRECTOR 

SUBJECT: APPROVAL OF PRELIMINARY WORK PLAN AND SCHEDULE FOR 
ADDITIONAL WORK ON THE SUSTAINABLE DEVELOPMENT STUDY 
 

MEETING OF: April 9, 2007 

ISSUE:  Shall the City Council approve a schedule and preliminary scope for additional work on 
the Sustainable Development Report for Low Density Residential Zones?  
 
STAFF RECOMMENDATION:  To approve a schedule and preliminary scope for additional 
work on the Sustainable Development Report; and request that staff work with the Citizen 
Advisory Panel (CAP), consultants, and attorney to refine the scope of work, prioritize tasks, 
and return with a proposed budget for City Council approval. 
 
POLICY DECISIONS:  On March 12, 2007, the City Council adopted Ordinance 431, an interim 
ordinance to temporarily remove restrictions on development with densities less than four 
dwelling units per acre in Low Density Residential Zones.  Under State Law, the Interim 
Ordinance may only be in effect for 6 months (it will expire on September 11, 2007).  At that 
time the Council will need to adopt a permanent ordinance; or it may extend the interim 
regulations for an additional six months.  
 
BACKGROUND:  The City’s Low Density Residential Zone has been subject to a building 
moratorium for the past year (March 20, 2006 through March 20, 2007), and is now subject to 
interim regulations that expire on September 11, 2007.  
 
Adopting interim regulations for this zone allows additional time to thoroughly review the 
recommendations of the Planning Commission and to conduct further analysis regarding 
appropriate permanent changes to the City’s existing development regulations. 
 
During the moratorium period, city staff, consultants and the CAP conducted studies and 
prepared reports that identified and evaluated transportation, environmental, neighborhood 
character, capital facilities, and policy impacts related to different housing densities in the Study 
Area (Low Density Residential R-1 Zone). These studies are referred to as the Sustainable 
Development Report (SDR).  The SDR was reviewed by the Planning Commission and City 
Council prior to either board taking action on the topic. 
 
Additional Analysis Needed 
When the City Council adopted the interim regulations on March 12, 2007, it determined that 
additional information and analysis was needed beyond the SDR before a permanent decision 
about zoning and environmental protection in the R-1 zone could be made. 
 
With assistance of the CAP, we have identified six possible areas for further analysis:  1) 
Transportation (including impacts of local and regional traffic and necessary improvements to 
retain Level of Service); 2) Hydrology (including surface water and groundwater); 3) 
Geotechnical (including soil conditions, landslides, and earthquake faults); 4) Other Critical 
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Areas (including wetlands and wildlife corridors); 5) Neighborhood Character (including CC&Rs 
and buildable lands); and 6) Other.   
 
We are still developing costs estimates for these tasks, however, they initially appear to be very 
substantial.  We intend to continue working with the consultants, our Attorney, and the CAP to 
better refine these costs and prioritize them for your future consideration. 
 
Schedule 
To comply with the September 11, 2007 deadline of the interim R-1 regulations, we must pursue 
an aggressive work schedule, which is summarized below. 
 

Date Task 
April 2007 Work with CAP, consultants, and attorney to finalize scope of work and 

prioritize elements.  Begin work on well defined issues/topics. 
 

May 7, 2007 Public Hearing by City Council on Interim R-1 Regulations.  Seek Council 
approval on full scope or work and project budget. 
 

June 18, 2007 Initial draft of report complete. 
 

June 2007 
(to be 
determined) 

Possible joint meeting of City Council and Planning Commission to review 
preliminary report findings. 
 

July 3, 2007 Finalize report. 
 

July 6, 2007 Submit possible code revisions (if any) to CTED for 60-day Review and 
Comment Period 
 

July 18, 2007 Planning Commission Public Hearing 
 

Aug. 1, 2007 Planning Commission Public Hearing – Recommendations to City Council 
 

Aug. 20, 2007 City Council – 1st Reading of Planning Commission Recommendations 
 

Sep. 4, 2007 City Council – 2nd Reading and Adoption 
 

Sep. 10, 2007 Back-up Date for City Council Action 
 

Sep. 11, 2007 Interim R-1 Development Regulations Expire 
 

 
This schedule provides little room for delay and tries to balance the time needed to develop the 
information with the time needed to give the City Council adequate time to decide the matter. 
 
ALTERNATIVES: 

1. Approve the preliminary work plan and schedule; or 
2. Identify desired changes in the work plan and schedule; or 
3. Not approve the request and accept the February 20, 2007 Sustainable Development 

Study as is. 
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RECOMMENDED MOTION: 
 
I MOVE THAT THE CITY COUNCIL APPROVE THE PRELIMINARY WORK PLAN AND 
SCHEDULE FOR ADDITIONAL WORK ON THE SUSTAINABLE DEVELOPMENT STUDY, 
SUBSTANTIALLY AS PRESENTED, AND ASK THE STAFF TO WORK WITH THE CAP, 
CONSULTANTS, AND ATTORNEY TO REFINE THE SCOPE OF WORK AND PROJECT 
BUDGET FOR FUTURE CITY COUNCIL CONSIDERATION AND APPROVAL 
 
 
 
ATTACHMENT: 

Attachment A: Summary of Work Plan Scope for additional work on the Sustainable 
Development Study 
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Summary - Work Plan for Additional Work on Sustainable Development Study 
 
 

Goals to Complete 
 Sustainable Development Study 

(see attachments for detailed tasks) 

Estimated 
Costs 

Consultants/ 
Comments 

1. Transportation  
 

 Perteet 

Goal 1      Identify transportation needs that would                
support Maximum (R-4) development 

 
To be provided. 

 

Goal 2     Identify non-motorized improvements To be provided.  

Goal 3     Identify transportation system costs for needed roadway 
systems improvements 

To be provided.  

Goal 4     Assist in Low Impacts Development Standards To be provided.  

Goal 5    Assist  in Development Standards To be provided.  

Goal 6    Evaluate Safety To be provided.  

Goal 7    Develop a Transportation Report To be provided.  

   
2.  Hydrology    

Surface Water   Perteet 
Goal 1 Identify storm system needs to support development 
alternatives  
Goal 2. Develop storm system improvement development plan with 
costs; evaluate  
Goal 3. Develop water quality protection plan 
(The above includes Review Basin areas around Lake Leota; 
coordinate with surface water management plan (under separate 
contract); further evaluate Low Impact Development –look at other 
jurisdictions’ codes; evaluate if flows to Bear Creek could meet a 
refined “Litowitz” test; Review Bob Harmon data) 

 
To be provided. 

 

Groundwater   
Goal 1   Update & Improve groundwater flow map in R-1 zone 

 
To be provided. 

Options for cost 
savings 
Right-of-Entry 
possible problem 

City time meetings, coordination, review, etc To be provided.  

3. Geotechnical   Golder 

Goal 1 Review and update landslide hazard areas in R-1 
Goal 2 Evaluate active faults in R-1 
Goal 3 Prepared Stratigraphic Study in R-1  
Goal 4 Coordinate with CAP 

To be provided Right-of-Entry 
possible problem 

ATTACHMENT A
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4. Other Critical Areas Information   Jones & Stokes 

Goal 1 Identify additional wetlands  
Goal 2 Identify any wildlife corridors in R-1 
Goal 3 Reassess Bear Creek systems for Litowitz” 

 
To be provided 

J&S (review by 
Steward & Assoc.) 
Right-of-Entry 
possible problem 

5. Neighborhood Character & Land Use           
 

Jones & Stokes 

Goal 1 Identify and evaluate CC&R’s 
Goal 2  Review & strengthen Neighborhood Character report 
Goal 3 Re-evaluate residential zones in WMC 
Goal 4 Evaluate Density Transfer 
Goal 5 Prepare Documents, assist staff and CAP 
Goal 6  Prepare Buildable Lands Data and Report 

 
To be provided 

 
Right-of-Entry 
possible problem 

6. Other   

Goal 1 Request Health Department assist city with knowledge 
about alternative septic systems 

To be provided  

 



 
 
 

CITY OF WOODINVILLE 
17301 NE 133rd Avenue NE 
WOODINVILLE, WA 98072 

(425) 489-2757 
 
 

PUBLIC OPEN HOUSE 
 
 

The City of Woodinville will host an Open House on the Sustainable Development Study and 
associated Comprehensive Plan and Zoning Code Amendment strategies for the R-1 planning 
area of the City.  You are invited to review the results of the study and proposed amendments at 
the open house on: 
 
 
 

Wednesday, January 10, 2007 
4:00 – 6:30 p.m. 
Council Chambers 
City of Woodinville City Hall  
17301 133rd Avenue NE 
Woodinville, WA  98072 
 
 
 
 

For more information, please contact Bob Wuotila, Senior Planner, (425) 489-2754, extension 
2283.  
 
 
 
 
 
 
 




