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EXECUTIVE SUMMARY 
 

 
This groundwater and geologic hazards report summarizes one component of an overall technical 
study that assesses potential effects of development density in the R-1 area on critical areas that are 
large in scope, with complex structures and functions and a high rank order, following the Litowitz 
criteria.  The critical areas that are the focus of the groundwater and geologic hazards analysis are 
Cold Creek (a tributary of the Bear Creek system), Lake Leota, and the western slope areas of the R-1 
Zone.   
 
Groundwater 
 
The surficial geologic mapping of the R-1 area has been updated recently, and has resulted in 
generally minor adjustments to the previous extent of geologic units.  However, the City’s Critical 
Aquifer Recharge Area (CARA) ordinance is based on the older geologic mapping and will need to 
be updated based on the mapping provided in this report. 
 
The regional aquifer is the “Advance Outwash” or “Qva” aquifer, and is regionally extensive under 
the R-1 area and also extends northward into Snohomish County.  Advance outwash refers to the 
geologic unit in which the groundwater occurs.  This aquifer is generally “capped” by a layer of 
glacial till, but there are portions of the R-1 area where the Qva geologic unit is exposed at the ground 
surface.  The Qva aquifer is used as a groundwater supply in Snohomish County.  Woodinville Water 
District does not currently use the aquifer as part of its supply, but does have several wells completed 
in the aquifer that could be used some time in the future.  Shallower groundwater may exist locally or 
in association with wetlands, but is not the focus of this analysis. 
 
The level of Lake Leota is higher than the groundwater level in surrounding wells completed in the 
Qva aquifer.  Lake Leota therefore appears to be “perched” above the Qva aquifer and slowly leaks, 
providing some recharge to the aquifer.  Lake Leota has no continuously flowing outlet, and 
infiltration out of the lake moves vertically downward and then joins the regional groundwater flow 
field.   
 
The distribution of wells in the R-1 Area has been examined in detail, and has resulted in a better 
understanding of groundwater levels compared to previous studies.  The groundwater flow patterns 
are consistent with previously interpretations of regional groundwater flow, and indicate that the area 
between Lake Leota and the northeast corner of the R-1 Area are in the vicinity of a groundwater 
divide.  Groundwater west of this divide flows towards Bear Creek and the Hillside drainages, while 
groundwater east of this divide flows towards Cottage Lake and possibly Cold Creek Springs.  
 
Based on the available groundwater level data, there is some evidence of a southeasterly component 
of flow at the water table from the School Basin drainage toward Cottage Lake and Cold Creek 
Springs.  This southeasterly water-table flow component is part of a more regional south-
southwesterly groundwater flow pattern, which is responsible for the majority of the flow emanating 
from Cold Creek Springs.  There is a significant data gap for groundwater levels south of Lake Leota.  
The groundwater levels in this upland area may have some influence on how much recharge from the 
Eastern portion of the R-1 Area might contribute to Cold Creek Springs.   
 
A conservative calculation of how much recharge from the R-1 Area might contribute to Cold Creek 
Springs that suggests a maximum of 0.5 cfs of recharge from within the R-1 area might be present as 
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a component of the flow from Cold Creek Springs.  This maximum estimated volume (0.5 cfs) is 
approximately 12% of the total flow from the springs.   

A mixing calculation shows that Cold Creek does help moderate temperatures in Cottage Lake Creek 
below the inflow from Cottage Lake.  A 0.5 cfs reduction in flow to Cold Creek from groundwater 
would be expected to result in a temperature increase of about 0.5ºC during the summer and less than 
0.3ºC during the spring and fall.  Therefore, a reduction in recharge from within the R-1 area could 
have downstream effects on Cottage Lake Creek outside of the R-1 area. The magnitude of this effect 
is uncertain, but would be proportional to the amount of flow reduction. 

In summary, some groundwater recharge that originates within the R-1 area supports flow to Cold 
Creek Springs, which in turn moderates stream temperatures in Cottage Lake Creek (an important 
salmonid stream).  However, the relative magnitude of groundwater flow that could be attributed to 
R-1 Area recharge appears to be small in comparison to the total flow from Cold Creek Springs.  
Additional monitoring wells and groundwater level monitoring would be necessary to achieve greater 
precision on the estimated relative flow volumes.  Protection of groundwater recharge volume and 
quality, regardless of the zoning density, is warranted in the R-1 area, particularly in the School 
Basin. 

Geologic Hazards 

Based on our review of the background information, the existing Woodinville landslide hazards 
ordinance captures the majority of the potential landslide hazards within the city limits.  However, on 
our review of the available information, field reconnaissance, and subsurface exploration, suggests 
that the west-facing slopes located in the R-1 area (the Hillside Drainages and the Upper Woodin 
Creek Basin) should be classified as Landslide Hazard Areas.  However, geologic conditions prone to 
unstable slope conditions are rather localized in nature.  

Several areas within the city limits exhibit geomorphic characteristics indicative of older 
landslides.  These older landslide deposits have remained relatively stable under the present 
climatic conditions.  However, they deposits may become destabilized if significant alteration 
occurs that affects the equilibrium of the slope. 
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1.0 INTRODUCTION  

This report summarizes one component of an overall technical study being prepared by Steward and 
Associates that includes an assessment of a number of other issues.  The overall study assesses 
potential effects of development density associated with the R-1 area on critical areas that are large in 
scope, with complex structures and functions and a high rank order, following the Litowitz criteria.  
The critical areas that are the focus of this study are Cold Creek (a tributary of the Bear Creek 
system), Lake Leota, and the western slope areas of the R-1 Zone.  The evaluation also addresses how 
the effects of density can be mitigated through low impact development techniques.  

This report summarizes the hydrogeologic and geologic hazards review of the City of Woodinville’s 
R-1 zoning area and its relationship to important critical areas in the vicinity of the R-1 area, and to 
low impact development considerations. This report is based on a review of the following: 

• LIDAR image of the Woodinville Area; 1 inch = 600 feet. 
 

• City of Woodinville; Title 21 Zoning Ordinance. 
 

• USGS Topographic map of the Bothell quadrangle 1: 24,000. 
 

• Recent geologic mapping associated with the Pacific Northwest Center for Geologic Mapping 
Studies (Troost, personal communication) http://geomapnw.ess.washington.edu. 

 
• Minard, James P. (1985): Geologic Map of the Bothell Quadrangle, Snohomish and King 

Counties, Washington: Miscellaneous U.S. Geological Survey Field Studies Map MF-1747. 
 

• Minard, James P. (1983): Geologic Map of the Kirkland Quadrangle, WA; U.S. Geologic 
Survey Misc. Field Studies Map MF-1543. 

 
• Boundy-Sanders, Susan (2006): Landslide Hazard Areas in Woodinville; Memorandum to 

Bob Wuotila, city of Woodinville, John Lombard, Steward Associates, Sustainability CAP, 
and Consultants to the Woodinville sustainability project. 

 
• Snyder, Dale E.; Gale, Phillip S., Pringle, Russell F. (Nov. 1973):  Soil Survey of King 

County, Washington; United States Department of Agriculture, Soil Conservation Service. 
 

• Queries on the King County IMAP (Groundwater Program) website and Washington 
Department of Ecology Well Log website.  

 
Additional references are provided in Section 5. 

Page 1A.1-6



Final Draft 
July 24, 2007 -2- 073-93365 
 

072307rha1.doc Golder Associates 

2.0 CRITICAL AREA REVIEW  

This section summarizes basic hydrogeologic information in the City’s R-1 zoning area and vicinity. 

2.1 Groundwater  

2.1.1 Surficial Geology 

Figure 1 is a geologic map of the Woodinville area.  The map is the most recent update to older 
mapping and was provided by the University of Washington GeoMap program (Troost, personal 
communication).  The figure describes the distribution of geologic units at the ground surface.   

Descriptions of the stratigraphic units, from youngest to oldest, are summarized below: 

1. Quaternary alluvium (Qal) – These units consists of recent stream, lake, and landslide 
deposits.  Qal is present in all of the stream drainages and lakes in the study area.  It is 
represented in Figure 1 by the light yellow color.   

2. Vashon recessional outwash (Qvr) – This unit is a stratified fine-grained silt to coarse-grained 
sand and gravel deposit that is moderately sorted to well sorted.  The deposition of this unit 
occurred during the retreat of the Vashon glacier approximately 13,000 to 15,000 years ago.  
The Qvr is usually present at ground surface and is locally discontinuous.  Thicknesses of this 
unit typically range from <1 to 20 feet.  This unit is represented on Figure 1 by a darker shade 
of yellow. 

3. Vashon till (Qvt) – This unit is a very dense to compact poorly sorted composite of clay, silt, 
sand, and gravel that was glacially transported.  Qvt occurs at depth below the Qvr, as well as 
at ground surface where Qvr is absent or has been eroded, such as a large portion of the 
upland plateau surface of the R-1 area.  It typically forms elongate surfaces less than 30 feet 
thick, but can be as thick as 150 feet in some places.  It is represented by violet in Figure 1. 

4. Vashon advance outwash (Qva) – This is a well sorted medium sand and gravel layer 
deposited from the meltwaters of the advancing Vashon glacier.  Qva occurs at depth below 
the Qvt and at ground surface where Qvr and Qvt are absent or have been eroded.  This unit 
can be over 200 feet thick in some areas, with occasional thin interbeds of silt and clay 
(Leisch, 1963).  It is represented in blue on Figure 1. 

5. Pre-Fraser undifferentiated sediments (Qpf) – Very dense and hard interbedded sediments of 
sand, silt, and gravel.  The deposition of this unit pre-dates the Fraser glaciation.  It is 
represented by green in Figure 1. 

The surficial geology of the Woodinville area is predominantly Vashon till (Qvt).  In the Bear Creek 
drainage and the area surrounding Lake Leota, the Vashon advance outwash (Qva) deposits have been 
exposed from the erosion of Qvt.   

2.1.2 Aquifer Units 

An aquifer is generally defined as a geologic unit saturated with water and permeable enough to 
supply water to a well.  In the Woodinville area, there are two aquifers present – a shallow, 
unconfined aquifer in the sediments of the Qvr and a deeper, semi-confined aquifer within the 
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sediments of the Qva.  The Vashon till (Qvt) is not generally considered to be an aquifer, but it is 
saturated and capable of transmitting groundwater recharge  

The Qva aquifer is located between 20 to 100 feet below ground surface, and daylights (is exposed at 
the ground surface) along the Little Bear Creek, Paradise Valley and Evans Creek drainages.  The 
aquifer consists of medium to coarse sand, with gravel.  Localized zones of finer sand, silt, and clay 
are reported in various well logs, but the aquifer is generally extensive and relatively homogeneous in 
composition.  The Qva aquifer is an important source of ground water.  The Cross Valley Water 
District, located north of the study area in Snohomish County serves over 6,000 customers using 
groundwater from the Cross Valley Aquifer.  In 1993 and 1994, the Woodinville Water District 
drilled two wells (PW-1 and PW-2) for water supply in the deeper Qva aquifer but neither well is in 
operation (Brown, personal communication, 2006).  Currently, all of the water supplied by the 
Woodinville Water District is bought from Seattle Public Utilities.  In 2004, the Woodinville Water 
District supplied water to over 13,500 customers.  By 2020, they are expecting to serve over 25,000 
customers. 

The shallow, unconfined aquifer exists within the zone of saturation in the Qvr sediments.  The Qvr 
aquifer is not as extensive as the deeper aquifer in the Qva, but it does support some domestic wells, 
and probably provides baseflow to lakes and streams.   

The USGS (Thomas et al., 1997) presented hydraulic properties for the Vashon advance outwash and 
other hydrogeologic units.  The USGS determined hydraulic conductivity based on the specific 
capacity from water wells in the area.  As noted by the USGS (Thomas et al., 1997), the estimated 
hydraulic conductivity for the low permeability units (Qvt, Qtb, Tb) are biased toward higher values, 
as wells were only completed in the most permeable materials encountered.  The USGS estimated the 
following hydraulic conductivity values: 
 

Hydrogeologic Unit
Number of 

Wells Min. Median Max.

Alluvium (Qal) 30 3.6 88 3,200

Vashon recessional outwash (Qvr) 48 0.08 180 1,800

Vashon till (Qvt) 60 0.04 53 1,000

Vashon advance outwash (Qva)* 171 3.8 86 3056

Transitional beds (Qtb) 16 0.025 20 280

Undifferentiated deposits (Qu) 54 0.22 31 1,800

Tertiary bedrock (Tb) 47 0.0023 0.82 310

Hydraulic Conductivity (ft/day)

 
 
Note: *Vashon advance outwash data is a compilation of upper and lower advance outwash and includes 

analyses of pumping tests in municipal production wells.   
 
The hydraulic conductivity data presented above all pertain to the horizontal direction.  The hydraulic 
conductivity, however, has a different value for groundwater flow in the vertical direction.  In 
horizontally layered materials, the vertical hydraulic conductivity will be less than that for the 
horizontal direction.  Vertical hydraulic conductivity may range from 1/10 to 1/1,000 of the 
horizontal value.  In general, a higher horizontal hydraulic conductivity will correspond to a higher 
vertical hydraulic conductivity that, in some cases, structural or depositional anomalies (cracks, 

Page 1A.1-8



Final Draft 
July 24, 2007 -4- 073-93365 
 

072307rha1.doc Golder Associates 

fissures, erosional features) can result in higher vertical hydraulic conductivity than would be 
predicted based on a percentage of the horizontal hydraulic conductivity.  No measurements of 
vertical hydraulic conductivity were identified in the project area.  Hydraulic conductivity data in 
both the vertical and horizontal direction is important in evaluating stormwater infiltration feasibility. 

2.1.3 Well Inventory 

No detailed groundwater flow mapping has been conducted previously in the R-1 Area.  An analysis 
of groundwater flow directions based on existing data is therefore limited to information provided on 
well logs when the well was drilled.  In order to provide a more accurate analysis, a more detailed 
inventory of wells was conducted.   Based on information in the Washington Department of Ecology 
Well Log data base, and King County’s parcel database, a total of 176 properties were identified east 
of 156th Avenue NE as potentially to having wells.  The Citizens Advisory Panel (CAP) identified an 
additional four properties known to have wells.   
 
Landowners were contacted first by telephone and then by mail.  Where no phone number could be 
found, letters were mailed inquiring about wells on site.  We were able to resolve whether a well 
existed or not on 112 of the identified properties.  We were not able to resolve whether a well existed 
on 64 properties, either because the land owner has not responded to the phone message and/or letter, 
or because no means of contact was identified.  Of the 112 responses, 3 landowners declined to 
provide information on whether a well was present or not.  Twenty two landowners reported that the 
well had been abandoned and was not accessible.  Six of the well records on the Ecology website 
were located inaccurately.   
 
Field visits were made to 16 properties and water level measurements were made in 15 wells using 
electronic water level indicators.  While on site, photographs of the well and a GPS reading were 
taken to determine the exact location and elevation of the well.  Elevations are based on the City’s 
LIDAR data  Field notes, well locations, and photographs are provided in the field reports in 
Appendix B  Information was provided by property owners for two additional wells that were not 
field verified: Well W64 is artesian and is set up to discharge unused water from the casing three feet 
below ground surface.  The static level of Well W57 was known due to a recent pump replacement.  
Table 1 provides a list of water levels collected and water level elevations. 
 
2.1.4 Hydrogeologic Cross Sections 

Figure 1 shows the location of selected wells in the study area and the location of two geologic cross-
sections prepared for this report. These sections depict the sub-surface geology based on the well logs 
located adjacent to the line of section (represented by the thick black lines labeled A-A’ and B-B’ on 
Figure 1).  The well logs used for both cross-sections are included in Appendix A. 

Figure 2 is a north-south hydrogeologic cross-section labeled B-B’ on Figure 1.  In this cross-section, 
the lower Qva aquifer is completely confined by the overlying Qvt, which separates the Qva aquifer 
from the upper Qvr sediments.  Till thickness is generally uniform at around 50 feet.   

Figure 3 presents a west-east hydrogeologic cross-section showing the subsurface geology across the 
study area.  In this cross-section, the Qva aquifer is exposed at ground surface in the vicinity of Lake 
Leota and along the valley margins of Bear Creek.  The Qva aquifer is overlain by till (Qvt) in all 
other locations.  Figure 3 shows the interpreted based of the till “blanket” prior to the erosion that has 
exposed the Qva sediments in Bear Creek and Lake Leota vicinity.  The Qvr outwash is present at 
ground surface around Cottage Lake.  The water-levels on the cross-section show that Lake Leota is 
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“perched” above the water table within the Qva Aquifer.  Infiltration out of the lake moves vertically 
downward and then joins the regional groundwater flow field.  Section 2.1.8 discusses shallow 
infiltration and deeper groundwater flow components in more detail. 

2.1.5 Groundwater Recharge  

Groundwater recharge occurs from precipitation that infiltrates the land surface and percolates 
through the root zone into the underlying aquifers.  Estimates of groundwater recharge on Snohomish 
County were developed by the USGS as part of the Snohomish County Groundwater Management 
Program (Thomas et al., 1997).  The USGS estimates vary as a function of soil type, impervious 
surface, and precipitation rate.  Assuming a precipitation range of 39.9 to 46.8 inches, the USGS 
estimated 15 inches/yr to 19 inches/yr of groundwater recharge in areas covered by till soils, and 23 
to 29 inches for areas covered by outwash soils.  Figure 4 shows the recharge/precipitation 
relationship for conditions in the vicinity of Woodinville.  Other sources of recharge can include 
surface water bodies (lakes and streams) that contribute water to the underlying aquifers.   

2.1.6 Groundwater Quality  

Groundwater quality data is readily available for the Qva aquifer, but less so for the Qvr aquifer.  The 
Cross Valley Water District (north of Woodinville) regularly monitors water quality and the USGS 
sampled many wells throughout Snohomish County in 1993.  In general, water quality is very good, 
with concentrations meeting all Federal and State drinking water standards.  Nitrate is a common 
constituent that is used to assess the general water quality of aquifers and the effects of development.  
Nitrate has a drinking water standard of 10 mg/L.  The wells in the Cross Valley Water District 
Wellfield have observed nitrate levels ranging from 0.5 to over 4.4 mg/L over the past 10 years, with 
the highest concentration observed in the Woodlane well, just north of Woodinville.  These data 
suggest that land use activities have affected groundwater quality, but not to levels that would be a 
concern for water supply and human health.   

2.1.7 Groundwater Flow 

The direction of groundwater flow can be determined using water level elevations measured in wells.  
Water levels are plotted on a map and contours are drawn to show lines of constant elevation.  
Groundwater flows from higher to lower elevations.  The direction of groundwater flow is influenced 
by the geometry of topographic highs and lows, and the presence of streams and lakes.  Streams and 
lakes can be areas of groundwater discharge or areas of groundwater recharge, depending on the 
elevation of the stream or lake relative to the groundwater.  If the stream or lake is located at a lower 
elevation than the groundwater, it will generally receive groundwater discharge.  If it is at a higher 
elevation than the groundwater, it will generally provide groundwater recharge to the aquifer. 

A regional groundwater flow interpretation was prepared for the Cross Valley Water District 
Wellhead Protection Plan (Golder, 2000) based on approximately 170 wells and a coutour interval of 
50 feet.  This figure is shown on Figure 5.  At a regional scale, groundwater generally follows the 
local topography and moves from high altitude areas toward stream channels and the edges of the 
plateau.  Mounds of groundwater typically occur under the areas of relatively higher topography with 
flow radially outward from the center of the mounds.  An important regional groundwater divide 
exists along an approximately north-south alignment trending through Clearview, Maltby and Crystal 
Lake.  Groundwater on the east side of the divide discharges toward Paradise Creek and the 
Snohomish/Snoqualmie River basin, while groundwater on the west side of the divide discharges 
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toward Little Bear Creek. The divide crosses into King County south of Crystal Lake and trends 
toward Lake Leota.    

Figure 6 shows interpreted groundwater flow contours within the study area for the primary aquifer 
(Qva Aquifer).  Some water levels are based on the regional contours (Golder, 2005) and some are 
based on the more recent well inventory (See Section 2.1.4).  This map is generally consistent with 
the regional flow map, and the groundwater divide that appears at a regional scale is also present at a 
local scale.  Groundwater recharge occurring on the west side of this divide flows south-southwest 
toward the Hillside drainages.  Groundwater recharge occurring on the east side of this divide flows 
south-southeast toward the Cottage Lake and Cold Creek Springs.     

2.1.8 Cold Creek Springs and Lake Leota 

Springs can be found in areas where groundwater elevations intersect the ground surface, which can 
occur because of geologic anomalies or other factors.  Cold Creek Springs is located in an area where 
it appears that the Vashon till (Qvt) is thin and juxtaposed against the Qva and Qvr sediments (see 
Figure 3).  The elevation of the spring area is near the natural groundwater elevation of 270 feet (see 
Figure 6), and wells in the area are artesian, with water levels rising above the ground surface.  
Although there are no geologic data at the spring itself, there may be localized “punctures” in the till 
that allow groundwater from the Qva to reach the ground surface and become surface water.   

Figure 7 shows a conceptual cross section of infiltration and groundwater flow between Lake Leota 
and Cold Creek Springs.  The spring flows and artesian conditions observed in the aquifer near Cold 
Creek Springs and Cottage Lake are primarily the result of regional groundwater flow from the north.  
Between Cold Creek Springs and Lake Leota, infiltration from the surface creates a slight mounding 
of the groundwater that is superimposed on the regional groundwater flow field. While this creates a 
southeasterly flow component at the water table (top of the water surface), the water that is deeper in 
the aquifer originates from farther away (the regional flow field).  The flow from the springs is the 
result of both of these components of recharge.  Figure 8 shows a three-dimensional representation of 
groundwater flow in the R-1 area.   

The flow contours shown on Figure 6 depict approximate groundwater elevation and flow direction, 
but do not determine flow volumes.  A conservative calculation of recharge volumes from the R-1 
Area that might contribute to Cold Creek Springs was made based on the following assumptions: 

• All of the recharge east of the School Basin creek reaches Cold Creek Springs; 

• The volume of recharge is based on 132 acres of till at 19 inches per year and 55 acres of 
outwash sand at 29 inches per year (see Section 2.1.5 and Appendix B); 

Based on these assumptions, approximately 0.5 cfs of annualized recharge from within the R-1 area 
might be present as a component of the flow from Cold Creek Springs.  This is approximately 12% of 
the total flow from the springs. 

Flow and temperature data from Cold Creek and Lake Leota were examined further.  The 02k stream 
gage, maintained by King County, is located approximately 1 mile downstream from Lake Leota 
(refer to Figure 1) and has recorded temperature and flow data since 2001.  Temperature in Lake 
Leota is available for 2003 and 2004.  Between Lake Leota and Cold Creek Springs, there are no 
obvious continuously flowing surface water features.  Sub-surface drains and piping has been 
reported, but could not be verified during this investigation.   
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Flow in Cold Creek Springs is nearly constant at 4 cfs throughout the year.  Figure 9 compares the 
temperature of Cold Creek at the 02k stream gage with the temperature of Lake Leota for 2003 and 
2004.  The temperature of Cold Creek remains relatively constant throughout the year compared to 
the temperature of Lake Leota. The temperature of Lake Leota generally fluctuates by about 15ºC, 
while the temperature in Cold Creek varies by less than 3ºC.  This data suggests that Cold Creek is 
fed by a relatively “deep” groundwater that is constant in temperature and flow rate.  If there were a 
significant “overprinting” of shallow infiltration from Lake Leota or other surface water infiltration, a 
higher degree of flow and temperature fluctuation would be expected.   

2.1.9 Cold Creek Springs and Cottage Lake Creek  

Cold Creek mixes downstream with Cottage Lake Creek, which contains important salmon habitat.  
Figure 10 shows flow and temperature data for both Cottage Lake Creek at stream gage 02L and Cold 
Creek at stream gage 02K.  The Cottage Lake Creek gage is located below the confluence with Cold 
Creek, and has only been in operation since October 2005.  The October through May data show that 
Cottage Lake Creek shows a more pronounced seasonal fluctuation in both flow and temperature 
compared to Cold Creek.  It is likely that Cottage Lake shows similar temperature fluctuations to 
Lake Leota.  The flow ranges shown on Figure 10 suggest that some sort of flow control regulates 
flow out of Cottage Lake during the spring and summer.  After reaching peak flow in January, flows 
out of Cottage Lake recede to a level in May that is very similar to the flow during October.  

Cold Creek has a cooler temperature than Cottage Lake Creek during the summer and a warmer 
temperature than Cottage Lake Creek during the winter.  The influence of Cold Creek on summer 
water temperature in Cottage Lake Creek was estimated by a simple mixing calculation summarized 
in the table below.  The table summarizes what changes in temperature might occur as a result of a 
0.5 cfs reduction in the flow at Cold Creek Springs.  This 0.5 cfs flow reduction is an example only 
(though consistent with the total potential maximum recharge from the R-1 Area) and intended to 
show, in general, how unmitigated recharge reduction from increased development might affect water 
temperature in Cottage Lake Creek. 

 Cold Creek (02K)2 Cottage Lake Ck (70C)3 Cottage Lake Ck (02L)4 Delta T6 
 Q (cfs) Temp C Q (cfs) Temp C Q (cfs) Temp C5  
Spring 4 8.5 8.0 12.5 12.0 11.17  
Spring1 3.5 8.5 8.0 12.5 11.5 11.28 0.12 
Summer 4 8.5 2.0 25 6.0 14.00  
Summer1 3.5 8.5 2.0 25 5.5 14.50 0.50 
Fall 4 8.5 2.0 16.5 6.0 11.17  
Fall1 3.5 8.5 2.0 16.5 5.5 11.41 0.24 
 
Notes: 
1 Assumes hypothetical 0.5 cfs reduction in flow to Cold Creek 
2 Approximate values based on observed flows and temperatures (2000 -2005) 
3 Estimated values based on observed range of flows and temperatures at 02L gage during 2005 
4 Approximate values based on observed flows and temperatures (0ctober 2005 - May 2006 only) 
5 Calculated based on simple mixing equation:   
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6 Change in temperature at 02L gage, calculated from hypothetical reduction in flow to Cold Creek of 0.5 cfs 
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The mixing calculation shows that Cold Creek does help moderate temperatures in Cottage Lake 
Creek below the inflow from Cottage Lake.  A 0.5 cfs reduction in flow to Cold Creek from 
groundwater would be expected to result in a modest temperature increase about 0.5ºC during the 
summer and less than 0.3ºC during the spring and fall.  

The mixing calculation shows that water temperatures below the confluence of Cold Creek and 
Cottage Lake Creek could be affected by the groundwater discharge at Cold Creek Springs.  
Therefore, a reduction in groundwater discharge to Cold Creek Springs as a result of increased 
impervious surface could have downstream effects on Cottage Lake Creek outside of the R-1 area.  
The magnitude of this effect is uncertain, but would be proportional to the amount of flow reduction. 

2.2 Geologic Hazards  

2.2.1 LIDAR Data  

Golder reviewed the most recent geologic and topographic (LIDAR) mapping of the area, provided in 
a hard copy by the City of Woodinville.  LIDAR is a relatively new technology that allows high 
resolution imaging of the ground surface that previously may have been concealed by tree cover using 
conventional aerial photographic techniques.  LIDAR is a particularly powerful tool to complete 
geomorphic analysis of landforms in heavily forested areas such as the Pacific Northwest.  The tree 
canopy is digitally removed resulting in a “bare” earth image of the land surface resulting in an 
opportunity to evaluate geomorphic features that heretofore was not possible. 

2.2.2 Geologic Setting 

The geologic conditions in the Puget Sound Lowland area, including the Woodinville area, have been 
dominated by several glacial episodes.  The most recent, the Vashon Stade of the Fraser Glaciation is 
responsible for most of the present day geologic and topographic conditions.  As world wide sea 
levels lowered and the Puget lobe of the Cordilleran ice sheet advanced southward from British 
Columbia into the Puget Sound Lowland, deposits composed of heterogeneous deposits of proglacial 
lacustrine sediments, advance outwash, lodgment till, and recessional outwash were deposited upon 
either bedrock or older pre-Vashon sediments.  The older Pre-Vashon deposits include predominantly 
glacial and nonglacial sediments deposited during repeated glaciations and interglacial periods during 
the past 2 million years.  As the Puget Lobe of the Cordilleran ice sheet glacier retreated northward, it 
uncovered a sculpted landscape of elongate uplands, and intervening valleys and as sea levels rose, 
the Puget Sound Lowland was re-occupied by marine water form the Pacific Ocean.  Post glacial 
deposits include: alluvium deposited within active stream channels, modern lacustrine deposits, 
organic silt and local peat deposits within kettle depressions, drainages, and outwash channels; 
volcanic mudflow deposits and landslide deposits.  Many of these older landslide deposits are thought 
to have resulted from slumping of saturated, ice-marginal outwash deposits. 

2.2.3 Geologic Conditions 

The geologic conditions around the Woodinville have been mapped by Minard (1983, 1985) and 
more recently by the Pacific Northwest Center for Geologic Mapping Studies GEOMAP project 
(Troost, personal communication).  The geology generally consists of sediments associated with the 
last glacial stade to affect the region known as the Vashon stade. The upland plateau area that 
encompasses the R-1 Area east of the Bear Creek drainage and the Sammamish River Valley is 
underlain by dense, Vashon lodgment till.  The till overlies Vashon advance outwash deposits that are 
exposed along the side slopes of the Sammamish River Valley and the Bear Creek drainages, as well 
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as the Woodinville-Duvall Road corridor between Lake Leota and Woodinville (Figure 4).  The 
outwash deposits are typically dense, granular deposits of sand and gravel that were deposited in 
glacial waters in front of the advancing ice sheet and were subsequently over-ridden by the ice 
resulting in the dense nature of these deposits. 
 
The advance outwash deposits overlie what has been mapped as pre-Fraser Transitional beds by 
Minard (1985).  These deposits are exposed along the base of the east- and west- facing slopes of the 
Sammamish River Valley in the Woodinville area and generally consist of dense, thin bedded, clay, 
silt , and fine sand, organic rich silt and local accumulations of  peat.  This stratigraphic relationship, 
when combined with high groundwater seepage pressures, is a common cause of slope stability 
problems on the slopes in the Puget Sound Lowland due to the differences in permeability of the 
higher permeability advance outwash deposits and the underlying, lower permeability, pre-Fraser 
deposits.   
 
2.3 Discussion 

2.3.1 Groundwater  

Assuming Cold Creek Springs is considered a critical area that is large in scope, with complex 
structures and functions and a high rank order (following the Litowitz criteria), the groundwater 
analysis has shown that groundwater recharge in the eastern portion of the R-1 Area (the School 
Basin in particular) has some connection to Cold Creek Springs.  The magnitude of this connection, 
however, is small in relation to the connection between the springs and the larger regional 
groundwater flow regime.  Lake Leota and the School Basin drainages appear to be “perched” above 
the Qva aquifer, and are recharging the Qva aquifer.  However, the majority of flow in the Qva 
aquifer originates farther upgradient (in Snohomish County) and this recharge is superimposed on an 
already strong groundwater flow field.  It appears that most of the groundwater recharge originating 
from the R-1 area will flow to the west, toward Little Bear Creek, rather than to the east toward 
Cottage Lake.  Approximately 190 acres of the R-1 area fall within an area that might provide some 
flow to Cold Creek Springs.  Based on estimates of a maximum recharge contribution from this area 
to Cold Creek Springs, recharge from the R-1 Area probably makes up less than 10% of the of the 
flow in Cold Creek Springs.   

As described in the next section, discharge of groundwater toward Little Bear Creek has potential 
geotechnical implications. 

2.3.2 Landslide Hazards 

The current Landslide Hazard delineation is based on the earlier geologic mapping by Minard 
(1985).  As a result, the west-facing slopes in the northern half of the City (generally those 
located east of 144th Avenue NE.) as well as most of the west facing slopes bordering the 
upland plateau area are not included in the Landslide Hazard delineation because these slopes 
do not meet the all of the criteria as outlined in 21.24.290 - specifically, these slopes are not 
underlain by the requisite stratigraphy referred to in item 2b (hillsides intersecting geologic 
contacts with relatively permeable  sediment overlying a relatively impermeable sediment or 
bedrock).  As mapped by Minard (1985), the Transitional Bed/Advance Outwash contact is 
located several thousand feet to the west, roughly parallel to Woodinville-Snohomish Rd NE.  
However, the more recent geologic map prepared by the GEOMAP project places the contact 
between the Vashon advance outwash deposits and the underlying Pre-Fraser deposits further 
to the east, closer to the base of the west-facing slope.  This stratigraphic relationship, if 
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combined with significant groundwater discharge in this area, may warrant revision to the 
Landslide Hazard area as delineated by the City of Woodinville.  Groundwater discharge is 
reported in this area, but has not been confirmed in this investigation.  The area of potential 
concern extends in a north-northwest direction from the vicinity of the intersection of NE 
171st St/ 143rd Pl. NE at the south City Limits to the vicinity of the intersection of NE N. 
Woodinville Way and Woodinville-Snohomish Rd. NE.  

Additional geologic evaluation was completed to increase the understanding of the 
stratigraphic conditions in the vicinity of the west-facing hill slope drainage area.  Activities 
completed for the additional evaluation included: 1) a ground reconnaissance of the west-
facing slope in the general area extending from the King/Snohomish County line to NE N. 
Woodinville Way; 2) review of several geotechnical reports completed for projects located in 
the general area between 140th Ave. NE and the base of the west-facing slope, and 3) 
excavation of two exploratory test pits in the vicinity of NE N. Woodinville Way and 140th 
Ave. NE.  The results of these activities are that the current GEOMAP mapping by Troost 
and others appears to delineate the stratigraphic conditions accurately.  Based on our 
evaluation, the west-facing slope appears to be underlain primarily by granular Vashon 
advance outwash deposits as mapped by Troost and others. Interstratified within the advance 
outwash are minor beds of compact finer grained lacustrine or quiet water deposits that 
locally perch groundwater forming springs where the phreatic surface of the groundwater 
intersects the slope.  Evidence of such beds is located within the northernmost drainage 
located adjacent to the County Line where groundwater discharge was noted and evidence of 
small scale sloughing of the slopes was noted during the reconnaissance.  These conditions 
appear to be confined to the north end of the slope.  In addition, several small occurrences of 
remnant till pockets were noted elsewhere on the slope. 

The main conclusion from the landslide slope hazard evaluation is that the main contact that 
is interpreted to drive the Landslide Hazard Ordinances (i.e. the contact between the hard, 
fine grained, low permeability Pre-Fraser deposits and the overlying granular, more 
permeable Vashon advance outwash deposits) is not exposed in the west-facing slope of the 
R-1 area. However, beds that are interpreted as minor fine grain beds within the granular 
outwash sediments appear to locally perch groundwater creating local springs.  

Several areas within the city limits exhibit geomorphic characteristics indicative of older 
landslides.  Such evidence commonly includes: an arcuate, amphitheater shaped head scarp 
areas, hummocky topography, and dissected terrain.  An example of such a geomorphic 
feature is the area located east of NE Woodinville Duvall Rd. and south of NE Woodinville 
Duvall Road.  This area has the appearance of older, probably pre historic landslide but likely 
Holocene in age.  Many of the older, pre-historic landslides are interpreted to have occurred 
during the recessional phase of the Vashon stade glaciation when saturated, ice-marginal 
deposits failed after the buttressing effect of the glacial ice was removed.  These older 
landslide deposits have remained relatively stable under the present climatic conditions.  
However, these older landslide deposits may become destabilized when something is altered 
that affects the equilibrium of the slope.  Such factors that could directly affect the 
equilibrium are ill-advised grading activities that include cuts made in the toe area of an old 
landslide mass or the placement of fill near the head of the landslide mass.  Additionally, 
activities that alter the hydrogeologic regime such as increased infiltration or inappropriate 
storm water management practices can cause changes to the hydrogeologic conditions that 
result in destabilization and remobilization of an old landslide mass.  
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In general, however, the existing Woodinvile landslide hazards ordinance captures the 
majority of potential landslide hazards in the city limits, with the exceptions noted above. 
 
2.3.3 Erosion Hazards 

Erosion hazard classification is based on a combination of two factors:  slope angle and the type of 
soil mapped by the Natural Resource Conservation Service (formerly the Soil Conservation Service, 
USDA).  The erosion hazard criteria follow that of King County as defined in the Sensitive Areas 
Map Folio (Dec. 1987).  The west-facing slope located at the north end of the City is mapped as 
underlain by Alderwood gravely sandy loam (map symbol AgD), a common soil type derived from 
the glacial sediments in the region. Alderwood gravely sandy loam (AgD) is described by the SCS as 
Alderwood gravely sandy loam on 15 to 30 percent slopes as having a severe erosion hazard. 
Considerations related to the erosion hazard areas and the higher density rezoning issues will be 
related to surface water drainage effects on erosion potential.  Based on a cursory review of the 
existing R-1 conditions, it appears that surface water drainage is handled with open ditches and 
surface water infiltration ponds.  The effect of future zoning decisions on surface water drainage and 
subsequent erosion hazard will depend on a number of factors.  Surface water infiltration could 
change the timing and magnitude of recharge to the shallow aquifer and subsequent discharge to 
streams or seeps.  Depending upon the local thickness of the dense, low permeable lodgment till that 
mantles most of the upland surface beneath the R-1 area, surface water infiltration may be 
problematic.  Any infiltration pond will have to be deep enough to penetrate the thickness of till thus 
allowing surface water to infiltrate into the more permeable underlying advance outwash deposits.   
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3.0 SUSTAINABLE DESIGN OPPORTUNITIES  

3.1 Stormwater Infiltration Approaches  

As described in Section 2, the USGS estimates 15 inches/yr to 19 inches/yr of groundwater recharge 
in areas covered by till soils, and 20 to25 inches for areas covered by outwash soils.  This is deep 
recharge and is not typically used for engineering or geotechnical designs of stormwater infiltration 
facilities.  Engineering design is typically based on soil type and short-term infiltration rate testing.   

Figure 11 is a map showing the soil coverage in the Woodinville area.  The two main soil types that 
exist within the R-1 area are the Alderwood soils – represented by purple; and the Everett soils – 
represented by the light-olive green color.  A description of these soil types and their infiltration rates 
are summarized below: 

1. Alderwood (AgB, AgC, AgD)– This soil type is described as a gravelly sandy 
loam and is usually found in the glacial till (Qvt) plains of Snohomish and King 
County.  The Natural Resources Conservation Service (NRCS, 2006) describes 
this soil type as being moderately well drained with slow to medium runoff 
potential.  The Alderwood soils are classified in the Hydrologic Soils Group C 
and have a long-term infiltration rate of 0.05 in/hr to 0.15 in/hr when thoroughly 
wetted (NRCS, 1972, 1998).  The equivalent King County Runoff Time Series 
(KRCTS) classification for this soil type is “till” (King County, 2005).  Perched 
water tables often occur at depths of 18 to 36 inches, depending on the depth to 
the hardpan surface (range is typically 20 – 40 inches).   

2. Everett (EvB, EvC, EvD, EwC) – This soil type is described as a gravelly sandy 
loam and is usually found in the areas of glacial outwash deposits (Qva).  A 
typical depth for this soil type is about 60 inches.  The NRCS classifies the 
Everett soils in Hydrologic Soil Group B, which has a typical long-term 
infiltration rate of 0.15 in/hr to 0.30 in/hr when thoroughly wetted (NRCS, 1972, 
1998).  The NRCS-equivalent KRCTS classification for this soil type is 
“outwash” (King County, 2005). 

In 2004, Earth Consultants, Inc. dug several test pits in the vicinity of 156th Avenue NE and  
NE 205th Street in Woodinville.  They found the common thickness of the Alderwood soil to be from 
2 to 12 inches with an occasional thickness of 16 inches.  All of the soil in the area is underlain by 
silty sand and dense glacial till (Qvt).  Some of the test pits had iron oxide staining; an indication of 
seasonal fluctuation in groundwater seepage.  This is consistent with the reports of perched 
groundwater tables by the NRCS.  No infiltration rate testing was reported, but detention vaults were 
recommended with foundation depths at 10 to 15 feet below land surface (ECI, 2004). 

The Washington Department of Ecology (WDOE) classifies the Everett soils in the Hydrologic Soil 
Group A and the Alderwood soils in the Hydrologic Soils Group C (WDOE, 2001).  Group A is 
characterized by the NRCS as having a low runoff potential and a long-term infiltration rate greater 
than 0.30 in/hr (WDOE, 2001).  Group C is characterized as having moderately high runoff potential 
and an infiltration rate in the range of 0.05 in/hr to 0.15 in/hr (WDOE, 2001).   

The WDOE’s 2001 Stormwater Management Manual for Western Washington reports recommended 
short-term and long-term infiltration rates for designing an infiltration facility (WDOE, 2001).  The 
infiltration rates presented in the manual are for different soil types based on the USDA Soil Textural 
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Classification.  For a loamy sand, the short-term and long-term infiltration rates are 2 in/hr and 
0.5 in/hr, respectively.  For a sandy loam, the short-term and long-term infiltration rates are 1 in/hr 
and 0.25 in/hr, respectively.  The USDA grain size distribution test should be used in order to 
determine whether a soil is a sandy loam or a loamy sand (WDOE, 2001). 

A soil infiltration study conducted by the Civil and Environmental Engineering Department at the 
University of Washington (Massman, 2001) compiled tested infiltration rates for different soils in 
King County and compared their values with similar soil infiltration rates reported by WDOE.  The 
table below summarizes the test results compiled in King County.  For Alderwood sandy loam, 
WDOE reports an infiltration rate of 0.6 in/hr, but Massman measured 1.18 in/hr.  For the Everett 
gravelly sand loam, WDOE reports 10 in/hr, but Massman measured 7.2 in/hr to 14.4 in/hr. 

 

The feasibility of infiltrating stormwater in the R-1 Area will be based on a combination of site size 
and layout, engineering feasibility, and sub-surface conditions.  For assessing groundwater impacts 
and opportunities, it is usually best to identify one or more options that are feasible from a planning 
and engineering standpoint, and then evaluate groundwater as part of a final site selection or design 
exercise.  An important aspect of infiltration feasibility will also relate to geologic hazards along the 
western boundary of the R-1 area.  Increased infiltration could increase the potential for slope 
instability; see Appendix C for more discussion. 

3.2 Density Choices 

Increases in housing density could have a negative impact on groundwater quantity by decreasing the 
amount of recharge the aquifer receives.  This is caused by the construction of impervious surfaces in 
the form of buildings, roads, and parking lots.  Declines in recharge on the R-1 area related to future 
development could reduce discharge to small streams that flow to Bear Creek. The overall 
consumptive use of groundwater also increases with housing density, which can lead to long-term 
water level declines if consumptive use exceeds recharge.  Based on available information, a 
significant reduction in groundwater baseflow to Cold Creek Springs is not anticipated because of the 
configuration of the groundwater divide.  However, additional water-level data is needed to confirm 
the interpretation of groundwater flow directions.  Sustainable development approaches to stormwater 
management can be expected to minimize the effects of higher density on groundwater recharge.  

SCS Soil Type 
WDOE 

Rate 
(in/hr)

Reported Soil Type Measured Infiltration 
Rate (in/hr) Site Location Testing Method

Everett gravelly sand loam 10 very gravelly coarse sand 7.2 Winterwood Estates Single Ring Infiltrometer
Everett gravelly sand loam 10 very gravelly coarse sand 14.4 Winterwood Estates Single Ring Infiltrometer

Sandy loam/cobble 4 Sandy loam/cobbles 59.2 Sno-Woodway Meadows Undis. Double Ring Infiltrometer
Sandy loam 0.25 Sandy loam 16.7 Woodway Meadows Dist. Double Ring Infiltrometer

Sandy loam/cobbles 4 Sandy loam/cobbles 14 Tall Timbers Double Ring Infiltrometer
Sandy loam 10 Coarse-grained material 0.25 Issaquah Highlands Stage
Sandy loam 10 Coarse-grained material 1.38 Issaquah Highlands Stage

Alderwood sandy loam 0.6 Loamy sand 1.18 Union Hill TRENCH (roof runoff)Stage
Silty sand loam 0.25 Silty sand loam 2.7 Cimarron Div. 1 Falling Head
Silty sand loam 0.25 Silty sand loam 3.75 Sunridge Estates Falling Head

Gravel/coarse sand 10 Gravel to coarse sand 66 Beaver Lake Falling Head
Gravel/coarse sand 4 Well graded f-c sand 0.96 Redmond Ridge Falling Head
Gravel/coarse sand 4 Well graded f-c sand 4.62 Redmond Ridge Falling Head
Gravel/coarse sand 4 poorly graded sand 21.6 Redmond Ridge Falling Head

Source:  Massman, 2000. 
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However, along the western portion of the R-1 area, infiltration of stormwater should address the 
potential for slope instability and erosion. 

Negative impacts on groundwater quality could also result for the same reasons.  Infiltration of  
run-off from lots, and buildings can lead to groundwater contamination by petroleum products, and 
heavy metals.  Careful engineering design and treatment strategies for stormwater can be expected to 
minimize the effects of higher density on groundwater quality.  The most important decision related 
to density in the R-1 area will be related to septic systems.  If the R-1 area develops at a higher 
density (greater than 1 unit per acre) without connecting to sewer, there is a high likelihood that 
groundwater contamination will occur, possibly to levels that would exceed state drinking water 
standards.  In some cases, specific areas could accommodate some additional development using on 
site septic systems without significant impacts to water quality.  However, at the scale of the 1,100 
acre R-1 area, densities of greater than 2 units per acre on septic would be expected to cause 
measurable groundwater quality degradation.  Additional water-quality data and analysis would be 
needed to develop a baseline and project possible effects from various build out scenarios, or to 
evaluate specific sites.  
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4.0 FINDINGS AND RECOMMENDATIONS  

4.1 Significant Findings – Groundwater  

4.1.1 Aquifer Recharge 

The R-1 Area does contain areas where an important aquifer is exposed near the ground surface, and 
impacts to groundwater quantity could result from increased density in the R-1 area.  Increased 
impervious area could reduce groundwater recharge.  Reduction in recharge from increased 
impervious surface can be minimized through management of stormwater that encourages infiltration. 
However, increased infiltration, particularly near the western margin of the R-1 area, could increase 
the risk of slope failure and should be reviewed on a site-by-site basis with additional data.  

Increased population could place additional demands on the Woodinville Water District water supply, 
requiring the use of existing, but unused, groundwater wells in the R-1 zoning area.  Potential impacts 
from reduced recharge and increased pumping, however, would likely occur in areas outside of the 
Lake Leota area and would be superimposed upon larger scale regional groundwater flows 
discharging along the eastern slope of the Bear Creek drainage.  

4.1.2 Groundwater Quality 

Impacts to groundwater quality will also result from increased density in the R-1 area.  The 
magnitude of impacts to groundwater quality will be minimized by the use of sewers, rather than 
septic systems, for wastewater discharge.  Similar to management of groundwater quantity water 
quality impacts can be minimized through management of stormwater, and development of spill 
response plans to address discharges of hazardous materials. 

4.1.3 Cold Creek 

The hydrogeologic data suggest that some recharge from the R-1 area in the School Basin does 
contribute to Cold Creek Springs.  The magnitude of this recharge is estimated to be less than 0.5 cfs, 
which is about 12% of the total flow (4 cfs) from the springs.  If flow in cold Creek Springs was 
reduced by 0.5 cfs, an increase in water temperature of up to 0.5 degrees C could occur below Cottage 
Creek during the summer. 

4.2 Significant Findings – Geologic Hazards  

4.2.1 Landslides 

The most recent geologic mapping by Troost places an important geologic contact between the 
Vashon advance outwash deposits and the underlying Pre-Fraser deposits further to the east than 
mapped earlier by Minard (1985).  The position of this contact affects the criteria used to classify 
landslide hazard areas. This stratigraphic relationship, if combined with groundwater discharge in this 
area, warrants revision to the Landslide Hazard area as delineated by the City of Woodinville.  
Groundwater discharge is reported in this area, and has been confirmed in this investigation, 
particularly in the Golf Course drainage.  The position of this contact is one factor, but not the only 
factor that affects the criteria used to classify landslide hazard areas.  Other factors are presented on 
page A-3 of Appendix A. 
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Based on our review of the available information, the field reconnaissance, and subsurface 
exploration, it is our opinion that the west-facing slopes located adjacent to the R-1 rezone area (the 
Hillside Drainages and the Upper Woodin Creek Basin) should be classified as Landslide Hazard 
Areas.  This is based on the following criteria: 

1) Evidence of historic slope movements in the Golf Course drainage, and 

2) Slopes steeper than 15 percent with local evidence of seepage, and minor interbeds of fine 
grain low permeability strata.   

While it is our opinion that geologic conditions related to landslide hazards are rather localized in 
nature, they do exist in some areas of the Hillside Drainages and Upper Woodin Creek basin.  

Several areas within the city limits exhibit geomorphic characteristics indicative of older landslides.  
Many of the older, pre-historic landslides are interpreted to have occurred thousands of years ago and 
have remained relatively stable under the present climatic conditions.  However, these older landslide 
deposits may become destabilized when something is altered that affects the equilibrium of the slope.  
Activities that alter the hydrogeologic regime such as increased infiltration or inappropriate storm 
water management practices can cause changes to the hydrogeologic conditions that result in 
destabilization and remobilization of an old landslide mass.   

Based on conservative assumptions about stormwater infiltration, aquifer geometry, and geotechnical 
parameters related to slope stability (see Appendix C), infiltration of stormwater at distances of 
500 feet or more from the crest of the slope appear unlikely to cause a significant increase in the risk 
of slope failure in the Hillside drainages sub-basin. Infiltration at distances of 50 feet or less from the 
crest of the slope could increase the risk of slope failure, particularly for aquifer conditions with lower 
hydraulic conductivity, which causes higher mounding beneath an infiltration pond.  Site-specific 
information on shallow aquifer properties, stratigraphy, groundwater flow direction, and infiltration 
capacity is needed to determine infiltration feasibility at specific locations greater than 50 feet from 
the slope. 

4.2.2 Erosion 

Surface water infiltration could change the timing and magnitude of recharge to the shallow aquifer 
and subsequent discharge to streams or seeps.  Depending upon the local thickness of the dense, low 
permeable lodgment till that mantles most of the upland surface beneath the R-1 area, surface water 
infiltration may be problematic.  Any infiltration pond will have to be deep enough to penetrate the 
thickness of till thus allowing surface water to infiltrate into the more permeable underlying advance 
outwash deposits.   

4.3 Significant Findings – Sustainable Design Opportunities  

The feasibility of sustainable designs that would reduce or eliminate potential impacts to groundwater 
and geologic hazards will be based on a combination of site size and layout, engineering feasibility, 
and sub-surface conditions.  Increases in housing density could have a negative impact on 
groundwater quantity by decreasing the amount of recharge the aquifer receives.  The overall 
consumptive use of groundwater can also increase with higher density, which can lead to long-term 
groundwater level declines if consumptive use exceeds recharge. Good stormwater management and 
site development practices at the permitting, design, and operation/maintenance phases are required to 
minimize the effects of higher density on groundwater recharge, slope instability and erosion.  At 
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higher development density, the City will need to continually manage its surface and groundwater 
resources and adapt to changing conditions as they arise.  Regardless of the City’s decision on zoning 
or density decisions, protection of groundwater and geologically hazardous areas will continue 
pursuant to the City’s critical areas requirements.  However, at higher density, the number and 
severity of potential issues increases, but they are not eliminated by a lower density alternative. 

4.4 Recommendations  

• We recommend that the Hillside Drainages and slopes greater than 15% in the Upper 
Woodin Creek Basin be classified as Landslide Hazard Areas.  We recommend that 
stormwater infiltration be limited or avoided within 50 feet of steep slopes, in the 
hillside basin, and, in areas between 50 and 500 feet from steep slopes, that additional 
geotechnical information will be required during permitting.  This recommendation is 
based on the geologic conditions in these sub-basins and the worst case infiltration 
and slope stability analysis conducted in this investigation. Site specific studies 
should be required to confirm or refute the presence and severity of hazards on a 
case-by-case basis. 

• We recommend that the City revise the Critical Aquifer Recharge Area (CARA) map 
to reflect the updated geologic mapping identified in this study and designate 
CARA’s where Qva geology is indicated at the ground surface. Existing regulatory 
guidance, including Washington State Water Quality Standards (Chapter 173-200 
WAC), Washington Department of Ecology Critical Aquifer Recharge Area 
Guidance (Ecology, 2001 and Ecology 2005), King County Groundwater 
Management Program (Chapter WAC 173-100), and King County Critical Aquifer 
Recharge Area (CARA) Designations and Best Available Science (BAS) 
documentation, should be used in managing permitted activities in CARA’s.  

• We recommend that other drainage-related issues than those mentioned above and 
associated with groundwater and geologic hazards be addressed on a case-by-case 
basis or through the update to the stormwater management plan, assuming that 
conceptual level stormwater design alternatives and location information is included 
as a starting point. 

• We recommend that the City provide additional hydrogeological support to the City’s 
Planning Department during permit review so that site specific conditions related to 
groundwater recharge and geologic hazards are adequately investigated and 
addressed.  

• Over the longer term, we recommend collecting and/or compiling a database on the 
geology and hydrology in the R-1 Area to document and monitor hydrogeologic 
conditions within the R-1 area over time.  Data from existing wells and test pits 
should be targeted first, followed by installation of new piezometers as needed.   
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July 24, 2007 TABLE 1

Groundwater Levels in R-1 Area Wells

 073-93365

Well ID Owner Address
Water Level 

(ft bgs)
Water Elevation 

(AMSL)
W176 Brad and Debra Rich 18046 160th Avenue NE 8.9 329
W27 Brett and Kim Hansen 17027 NE 190th Street 33.2 305
W1 Darryl & Patrice Welch 15728 NE 193rd Street 147.6 313
W6 Fred and Teresa Drennan 18712 160th Avenue NE 94.7 307
W64* John and Amanda Ballard 18008 176th Avenue NE 3.0 252
W90 Joseph and Barbara Aceti 17326 NE 152nd Street 177.2 344
W167 King County 182nd Avenue 20.4 246
W29* Lori Gilpin 16840 NE 190th Street 58.0 308
W31 Mark and Lola Corbridge 19020 176th Avenue NE -3.0 300
W57 Patrick and Carmela Koeplin 17714 176th Avenue Ne 20.4 232
W175 Paul and Kimberly Cline 18533 156th Avenue NE 28.0 433
W59 Timothy Denn 17711 176th Avenue NE 3.0 271
W128 Woodinville Lions Club 19008 168th Avenue NE 58.6 308
W163 Woodinville Water District 17238 Ne Woodinville-Duvall Road -3.0 277
W164 Woodinville Water District 156th Avenue NE and NE 203rd Place 179.7 315
W20 Woodinville Water District 156th Avenue NE and NE 203rd Place 180.2 315

Note: Negative numbers denote water levels higher than ground surface.
* Water levels not field verified by Golder.
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FIGURE 1
GEOLOGIC MAP OF WOODINVILLE

R-1 AREA
SA/WOODINVILLE HYDROGEO SVCS/WA

LEGEND

This figure was originally produced in color. Reproduction 
in black and white may result in a loss of information.

Map Projection:
Washington State Plane,

North Zone, NAD 83, Feet
Source: USGS, King County,

NHD, WSDNR
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FIGURE  4
PRECIPITATION-RECHARGE

RELATIONSHIPS FOR WESTERN
SNOHOMISH COUNTY, WASHINGTON

COW/SUSTAINABLE DEVELOPMENT STDY/WA 
07393365000fig04.ai  |  Mod: 07/23/07  |  EL
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FIGURE 6
GEOLOGY AND WELLS R-1 AREA

SA/WOODINVILLE HYDROGEO SVCS/WA

LEGEND

This figure was originally produced in color. Reproduction 
in black and white may result in a loss of information.

Map Projection:
Washington State Plane,

North Zone, NAD 83, Feet
Source: USGS, King County,

NHD, WSDNR
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FIGURE  7
CONCEPTUAL DIAGRAM OF INFILTRATION 

AND GROUNDWATER FLOW
COW/SUSTAINABLE DEVELOPMENT STDY/WA 

07393365000fig07.ai  |  Mod: 07/23/07  |  SME
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FIGURE  8
CONCEPTUAL DIAGRAM OF SURFACE AND 

GROUNDWATER FLOW COMPONENTS
COW/SUSTAINABLE DEVELOPMENT STDY/WA 

07393365000fig08.ai  |  Mod: 07/23/07  |  SME
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Notes: See Figure 1 for explanation of geologic map units and 
Figure 6 for a more detailed depiction of groundwater contours.
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FIGURE  9
LAKE LEOTA & COLD CREEK HYDROGRAPH

COW/SUSTAINABLE DEVELOPMENT STDY/WA 
07393365000fig09.ai  |  Mod: 07/23/07  |  JDD
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FIGURE  10
STREAM TEMPERATURE VS. FLOW

COW/SUSTAINABLE DEVELOPMENT STDY/WA 
07393365000fig10.ai  |  Mod: 07/23/07  |  JDD
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FIGURE 11
SOIL COVERAGE MAP OF
WOODINVILLE R-1 AREA

SA/WOODINVILLE HYDROGEO SVCS/WA

LEGEND

This figure was originally produced in color. Reproduction 
in black and white may result in a loss of information.
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Washington State Plane,
North Zone, NAD 83, Feet

Source: USGS, King County,
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Critical aquifer recharge areas 
 
21.24.190 Critical aquifer recharge areas – Designation and rating. 
 
(1) The map entitled King County Critical Recharge Areas, including any authorized updates to this 
map, is hereby adopted as the designation of critical aquifer recharge areas in the City of 
Woodinville.  The designated critical aquifer recharge areas map may be updated from time to time as 
new information becomes available pursuant to WMC 21.24.080 and 21.24.090. 
(2) Critical aquifer recharge areas are categorized as follows: 
(a) Category I critical aquifer recharge areas include those areas designated on the critical aquifer 
recharge area map as highly susceptible to ground water contamination and that are located within a 
sole source aquifer or wellhead protection area. 
(b) Category II critical aquifer recharge areas include those mapped areas designated that: 
(i) Have a medium susceptibility to ground water contamination and are located in a sole source 
aquifer or wellhead protection area; or 
(ii) Are highly susceptible to ground water contamination and are not located in a sole source aquifer 
or wellhead protection area. 
(3) An applicant can request that the Planning Director declassify a specific area included in the map 
adopted under subsection (1) of this section.  The request must be supported by a critical areas report 
that includes a hydro-geologic assessment.  The request to declassify an area shall be reviewed by the 
Planning Director following the procedure in WMC 21.24.110. (Ord. 375 § 3, 2004) 
 
21.24.200 Critical aquifer recharge areas – Development regulations. 
 
(1) The following new uses or activities are not allowed in Category I critical aquifer recharge areas: 

(a) Hazardous liquid transmission pipelines; 
(b) Sand and gravel, and hard rock mining on land that is not zoned for mining as of December 1, 
2004; 
(c) Mining of any type below the ground water table; 
(d) Processing, storage, and disposal of radioactive wastes; 
(e) Hydrocarbon extraction; 
(f) Commercial wood treatment facilities on permeable surfaces; 
(g) Golf courses; 
(h) Cemeteries; 
(i) Wrecking yards; 
(j) Landfills for hazardous waste, municipal solid waste, or special waste; and 
(k) On-site septic systems on lots smaller than one acre without a treatment system that results in 
effluent nitrate-nitrogen concentrations below 10 milligrams per liter. 

(2) The following new uses and activities are not allowed in a Category II critical aquifer recharge  
      area: 

(a) Mining of any type below the water table; 
(b) Processing, storage, and disposal of radioactive substances; 
(c) Hydrocarbon extraction; 
(d) Commercial wood treatment facilities on permeable surfaces; 
(e) Wrecking yards; 
(f) Landfills for hazardous waste, municipal solid waste, or special waste; and 
(g) On-site septic systems on lots smaller than one acre without a treatment system that results in 
effluent nitrate-nitrogen concentrations below 10 milligrams per liter. 
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(3) The following standards apply to any development proposal in a critical aquifer recharge area: 
(a) All storage tanks proposed to be located in a critical aquifer recharge area must comply with 
local building code requirements and must conform to the International Fire Code requirements for 
secondary containment. 
(b) Commercial vehicle repair and servicing must be conducted over impermeable pads and within 
a covered structure capable of withstanding normally expected weather conditions.  Chemicals 
used in the process of vehicle repair and servicing must be stored in a manner that protects them 
from weather and provides containment should leaks occur.  
(c) No dry wells shall be allowed in critical aquifer recharge areas on sites used for vehicle repair 
and servicing.  Dry wells existing on the site prior to facility development must be abandoned 
using techniques approved by the Washington State Department of Ecology prior to 
commencement of the proposed activity. 
(d) The activities listed below shall be conditioned in accordance with the applicable State and 
Federal regulations as necessary to protect critical aquifer recharge areas. 

 
Activity Applicable State and Federal Regulations  
Above-ground storage tanks WAC 173-303-640  
Animal feedlots Chapter 173-216 WAC, Chapter 173-220 WAC

Automobile washers 
Chapter 173-216 WAC, Best Management 
Practices for Vehicle and Equipment 
Discharges (WDOE WQ-R-95-56) 

Chemical treatment storage and disposal facilities WAC 173-303-182 
Hazardous waste generator (boat repair shops, biological 
research facility, dry cleaners, furniture stripping, motor 
vehicle service garages, photographic processing, printing and 
publishing shops, etc.) 

Chapter 173-303 WAC 

Injection wells Federal 40 CFR Parts 144 and 146, Chapter 
173-218 WAC 

Junk yards and salvage yards 
Chapter 173-304 WAC, Best Management 
Practices to Prevent Storm Water Pollution at 
Vehicles Recycler Facilities (WDOE 94-146) 

Oil and gas drilling WAC 332-12-450, Chapter 173-218 WAC 
On-site sewage systems (large scale) Chapter 173-240 WAC 
On-site sewage systems  
(< 14,500 gal./day) 

Chapter 246-272 WAC, Local Health 
Ordinances 

Pesticide storage and use Chapter 15.54 RCW, Chapter 17.21 RCW 

Sawmills 

Chapter 173-303 WAC, Chapter 173-304 
WAC, Best Management Practices to Prevent 
Storm Water Pollution at Log Yards (WDOE 
95-53) 

Solid waste handling and recycling facilities Chapter 173-304 WAC 
Surface mining WAC 332-18-015  
Underground storage tanks Chapter 173-360 WAC 

Wastewater application to land surface 

Chapter 173-216 WAC, Chapter 173-200 
WAC, WDOE Land Application Guidelines, 
Best Management Practices for Irrigated 
Agriculture 

(Ord. 375 § 3, 2004; Ord. 326 § 11, 2002; Ord. 175 § 1, 1997) 
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LANDSLIDE HAZARD AREAS 
 
Landslide Hazard Areas are defined by the City of Woodinville  21.24.290 as: 

 
Areas potentially subject to landslides based on a combination of geologic topographic and 
hydrologic factors.  They include areas susceptible because of a combination of bedrock, soil, slop 
(gradient), slope aspect, structure, hydrology, or other factors.  Examples of these may include, but 
are not limited to the following: 
 

1)  Areas of historic failures, such as areas designated as Quaternary slumps, earth flows, 
mudflows, lahars, or landslides on maps published by the U.S. Geological Survey or 
Department of Natural Resources; 
 
2)  Areas with all three of the following characteristics: 
 
 a. slopes steeper than 15 percent; 

b. Hillsides intersecting geologic contacts with relatively permeable sediment 
overlying a relatively impermeable sediment or bedrock, 

 c. Springs or groundwater seepage. 
 
3)  Areas that have shown movement during the Holocene (last 10,000 years ago to the 
present) or that are underlain or covered by mass wastage debris of that epoch. 
 
4)  Areas potentially unstable because of rapid stream incision, stream bank erosion, and 
undercutting by wave action. 
 
5)  Areas located in canyons or on an active alluvial fan presently or potentially subject to 
inundation by debris flows or catastrophic flooding, and 
 
6)  Any area with a slope of 40 per cent or steeper with a vertical relief of 10 or more feet 
except areas composed of consolidated rock.  A slope is delineated by establishing its toe and 
top and measured by averaging the inclination over at least 10 feet of vertical relief. 

 
Erosion Hazard Areas as defined by the City of Woodinville 21.24.290 are defined as: 
 

“Erosion hazard areas are those areas identified by the U.S. Department of Agriculture’s 
Natural Resources Conservation Service or identified by a critical area special study as 
having a severe to very severe erosion potential.” 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Fred and Teresa Drennan  

 18712 160th Avenue NE  

 Woodinville, WA 98072  

 
ON SITE:   1500 OFF SITE:  1530 

 Page 1 of 1 

DATE: JOB NO: 
7/5/2007 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
18712 160th Avenue NE, Woodinville, WA 98072 
OWNER: 
Fred and Teresa Drennan 

WELL REF: 
W6 

WEATHER: TAX PARCEL: 
Clear and warm 0226059110 
PRESENT AT SITE: 
Fred Drennan 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 158 Static Level at Installation 110 
Water Level From Top of Well Casing 96.65 feet 
Top of Well Casing to Ground Surface 2 inches 
GPS ID Number: SEA0710 GPS Accuracy: +/- 38 Feet 
North 47 Minutes 45 Degrees 49.3 Seconds 
West 122 Minutes 07 Degrees 32.1 Seconds 
 
Notes: 
 
Mr. Drennan said that the well was originally drilled to 120 feet and was found to be semi-artesian with a 60-foot head.  
Because the original well produced grit, the well was deepened to 158 feet. 
 
Photographs: 
 

  
Photograph 1. Drennan well casing Photograph 2. Drennan well casing 

 
 

COPIES TO: City of Woodinville 

 File 

       

 
DRENNAN FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Patrick and Jan Forman  

 16121 NE 160th Street  

 Woodinville, WA 98072  

 
ON SITE:   1313 OFF SITE:  1340 

 Page 1 of 1 

DATE: JOB NO: 
6/27/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
16121 NE 160th Street, Woodinville, WA 98072 
OWNER: 
Patrick and Jan Forman 

WELL REF: 
W152 

WEATHER: TAX PARCEL: 
Clear 1426059053 
PRESENT AT SITE: 
                                    
Jami Carter, Golder Associates 
                                               

 
 
 

Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) Unknown 
Water Level From Top of Well Casing (feet) Unknown 
Top of Well Casing to Ground Surface (feet) Unknown 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 48  
North 47 Minutes 44 Degrees 37.3 Seconds 
West 122 Minutes 07 Degrees 24.3 Seconds 
 
 
Notes: 
 
I knocked on the door upon arrival, but no one answered.  I inspected the well house on the northeast side of the property, off 
of NE 160th Street.  Faucet covers, unattached metal plumbing, and short lengths of PVC plumbing were observed in front of 
the well house’s door.  I removed the plumbing materials and looked inside the well house.  I observed submersible electrical 
wiring coiled just inside the door.  I also observed a steel pressure tank and a control box within the well house.  I was unable 
to locate the well casing.  Because Ms. Forman had remarked that they had not used the well in over 20 years, and because 
of the disassembled plumbing materials, it is possible that the well has been abandoned. 
 
 
Photographs: 
 

  
Photograph 1. Forman well house. Photograph 2. Interior of well house, 

disassembled plumbing and wiring. 
 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
FORMAN FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Brett and Kim Hansen  

 17027 NE 190th Street  

 Woodinville, WA 98072  

 
ON SITE:   1100 OFF SITE:  1130 

 Page 1 of 1 

DATE: JOB NO: 
7/11/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
17027 NE 190th Street, Woodinville, WA 98072 
OWNER: 
Brett and Kim Hansen 

WELL REF: 
W27 

WEATHER: TAX PARCEL: 
Clear and hot 0126059019 
PRESENT AT SITE: 
Kim Hansen 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 56 
Water Level From Top of Well Casing (feet) 33.7 
Top of Well Casing to Ground Surface (feet) 34.2 
Static Level at Installation (feet) 32 on 2/21/1986 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 25  
North 47 Minutes 45 Degrees 50.8 Seconds 
West 122 Minutes 06 Degrees 45.0 Seconds 
 
 
Notes: 
 
The well is currently used for livestock watering at the Hansen property, and for irrigation on the Hansen property, the Meyer 
property (18801 171st Place NE), and the Warren property (18805 171st Place NE). 
 
 
Photographs: 
 

   
Photograph 1.  Hansen well house. Photograph 2.  Interior of Hansen well 

house. 
Photograph 3.  Hansen well casing. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
HANSEN FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: King County C/O Mike Crandell 

 PO Box 3517  

 Redmond, Washington, 90852  

 
ON SITE:   1355 OFF SITE:  1408 

 Page 1 of 1 

DATE: JOB NO: 
6/27/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
South of intersection of 182nd Avenue and the Woodinville-
Duvall Road, Woodinville, WA 98072 
OWNER: 
King County 

WELL REF: 
W167 

WEATHER: TAX PARCEL: 
Clear 0726069081 
PRESENT AT SITE: 
Mike Crandell, King County Parks 
Kathleen Rismoen, King County Parks 
Jami Carter, Golder Associates 

 
 
 

Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 35 
Water Level From Top of Well Casing (feet) 21.05 
Top of Well Casing to Ground Surface (feet) 0.7 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 21  
North 47 Minutes 45 Degrees 24.8 Seconds 
West 122 Minutes 05 Degrees 50.6 Seconds 
 
 
Notes: 
 
I met Mike Crandell and Kathleen Rismoen at the Daniels Creek Natural Area parking lot and then followed them down the 
gravel road south of the intersection of the Woodinville-Duvall Road and 182nd Avenue NE.  The well was located on the west 
side of the gravel road, under a wooden covering.  Mike Crandell removed the wooden covering and unlocked the cap on the 
well.  Mike Crandell mentioned that the well had been used for irrigating the nearby blueberry bushes. 
 
Photographs: 
 

  
Photograph 1. Wooden cover over well 
casing. 

Photograph 2. Well Casing 

 
 

COPIES TO:       

       

       

 
KING COUNTY (LEAF) FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Patrick and Carmela Koeplin  

 17714 176th Avenue NE  

 Woodinville, WA 98072  

 
ON SITE:   1200 OFF SITE:  1223 

 Page 1 of 1 

DATE: JOB NO: 
7/12/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
17714 176th Avenue NE, Woodinville, WA 98072 
OWNER: 
Patrick and Carmela Koeplin 

WELL REF: 
W57 

WEATHER: TAX PARCEL: 
Warm and slightly overcast 1226059131 
PRESENT AT SITE: 
Patrick Koeplin 
Jami Carter, Golder Associates 
 

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) Approximately 333 (1988) 
Water Level From Top of Well Casing (feet) 20.35 
Top of Well Casing to Ground Surface (feet) -0- 
Static Level at Installation (feet) Approximately 300 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 33  
North 47 Minutes 45 Degrees 21.6 Seconds 
West 122 Minutes 06 Degrees 12.9 Seconds 
 
 
Notes: 
 
The well cap was located slightly below ground level, within a plastic cover, in a landscaped area.  I removed the plastic 
cover found that the well cap was attached to the casing by a single bolt.  I encountered groundwater at approximately 20.35 
feet below the top of the casing.  I attempted to verify the well depth using the water level probe.  The probe repeatedly 
stopped at 126.3 feet below the top of the casing.  This may indicate that an obstruction (e.g. pump, electrical conduit, etc.) is 
present at this height, or that the well not as deep as anticipated. 
 
 
Photographs: 
 

   
Photograph 1.  Plastic cover over well 

casing. 
Photograph 2.  Well casing Photograph 3.  Opened well casing 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
KOEPLIN FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Woodinville Lions Club, C/O Kenny Schlosser 

 PO Box 417  

 Woodinville, WA 98072  

 
ON SITE:   1400 OFF SITE:  1435 

 Page 1 of 1 

DATE: JOB NO: 
6/29/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
19008 168th Avenue NE, Woodinville, WA 98072 
OWNER: 
Woodinville Lions Club 

WELL REF: 
W128 

WEATHER: TAX PARCEL: 
Clear 0126059055 
PRESENT AT SITE: 
Kenny Schlosser, Woodinville Lion’s Club Board Member 
Jami Carter, Golder Associates 
                                              , (Other) 

 
 
 

Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 76.5 
Water Level From Top of Well Casing (feet) 59.7 
Top of Well Casing to Ground Surface (feet) 1.9 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 23  
North 56.2 Minutes 45 Degrees 56.2 Seconds 
West 54.4 Minutes 06 Degrees 54.4 Seconds 
 
 
Notes: 
 
Mr. Schlosser had partially removed vegetation that had covered the well house prior to my arrival.  He provided some history 
of the site; the building had been moved from Kirkland onto the property in the 1940s, by a school.  Later, it housed local 
volunteer firemen.  The building had been used as a community center prior to the Woodinville Lion’s Club purchasing the 
property in 1987.  To Mr. Schlosser’s knowledge, the well had not been used by the Woodinville Lion’s Club and he was not 
aware of who had originally had the well installed.  Mr. Schlosser continued to remove vegetation and construction debris 
from around the well pump, and then lifted the pump off of the top of the casing. 
 
 
Photographs: 
 

   
Photograph 1. Debris of former well 
house and well pump 

Photograph 2. Well pump on top of well 
casing. 

Photograph 3. Well pump removed from 
top of well casing. 

 
 

COPIES TO: City of Woodinville 

 File 

       

 
LIONS CLUB FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Brad and Debra Rich  

 18046 160th Place NE  

 Woodinville, WA 98072  

 
ON SITE:   1135 OFF SITE:  1147 

 Page 1 of 1 

DATE: JOB NO: 
7/20/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
18046 160th Place NE, Woodinville, WA 98072 
OWNER: 
Brad and Debra Rich 

WELL REF: 
W176 

WEATHER: TAX PARCEL: 
Heavy Rain 4045900085 
PRESENT AT SITE: 
Brad Rich 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 4 
Well Casing Material Concrete 
Depth of Well (feet) 11 
Water Level From Top of Well Casing (feet) 8.9 
Top of Well Casing to Ground Surface (feet) 0 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 33  
North 47 Minutes 45 Degrees 34.5 Seconds 
West 122 Minutes 07 Degrees 30.0 Seconds 
 
 
Notes: 
 
The well is located in a landscaped area located northeast of the residence and is not currently used.  Mr. Rich believes the 
well to be approximately 17 feet deep, but I could not get the probe to descend further than 11 feet.  This may indicate there 
is a deeper part of the well, the probe was obstructed by an obstacle, or that the well is not as deep as anticipated.  Mr. Rich 
has observed seasonal fluctuation of the water level within the well, and remarked that the water level will often mirror Lake 
Leota’s level toward the end of summer. 
 
 
 
 
 
 
 
 
Photographs: 
 
None available. 
 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
RICH FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Darryl and Patrice Welch  

 15728 NE 193rd Street  

 Woodinville, WA 98072  

 
ON SITE:   1230 OFF SITE:  1250 

 Page 1 of 1 

DATE: JOB NO: 
7/11/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
15728 NE 193rd Street, Woodinville, WA 98072 
OWNER: 
Darryl and Patrice Welch 

WELL REF: 
W1 

WEATHER: TAX PARCEL: 
Clear and hot 0226059171 
PRESENT AT SITE: 
Patrice Welch 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 180 
Water Level From Top of Well Casing (feet) 148.3 
Top of Well Casing to Ground Surface (feet) 149 
Static Level at Installation (feet) 145 on 5/26/1987 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 54  
North 47 Minutes 46 Degrees 02.5 Seconds 
West 122 Minutes 07 Degrees 40.5 Seconds 
 
 
Notes: 
 
The well is used primarily for irrigation.  There were no bolts holding the well cap onto the well casing when I arrived on site.  
I tried to put a nut and bolt on, but the cap didn’t seat close enough to the casing to be able to use the bolts I had with me. 
 
 
 
 
 
 
 
Photographs: 
 

  
Photograph 1. Welch well.  Photograph 2.  Welch well. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
WELCH FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: John and Shirley Worl  

 18828 156th Avenue NE  

 Woodinville, WA 98072  

 
ON SITE:   1240 OFF SITE:  1300 

 Page 1 of 1 

DATE: JOB NO: 
6/29/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
18828 156th Avenue NE, Woodinville, WA 98072 
OWNER: 
John and Shirley Worl 

WELL REF: 
W9 

WEATHER: TAX PARCEL: 
Clear 0226059055 
PRESENT AT SITE: 
John Worl 
Jami Carter, Golder Associates 
                                               

 
 
 

Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 49 
Water Level From Top of Well Casing (feet) Unknown 
Top of Well Casing to Ground Surface (feet) Not available 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 83  
North 47 Minutes 45 Degrees 50.0 Seconds 
West 122 Minutes 07 Degrees 52.8 Seconds 
 
Notes: 
 
Mr. Worl allowed me to take a GPS reading and photographs of his well, but asked that I not take a water level 
measurement.  Mr. Worl reported that he has had difficulties with the City of Woodinville and the Planning Department.  The 
well is currently the only water source although the property is within city limits.  Mr. Worl expressed concern regarding 
Golder and the City of Woodinville’s interest in his well.  He mentioned that he had just spent some money to rehabilitate the 
plumbing system within the well and remarked that he thought the Woodinville Water District may be interesting in taking his 
well. 
 
Mr. Worl has a water right for diverting water from a spring to the pasture area downslope from his house.  The water right 
had been used for watering cattle.  The spring is located on the south side of his driveway, adjacent to 156th Avenue NE.  He 
reported that there had been many springs on the hill around him prior to the current development. 
 
Photographs: 
 

  
Photograph 1. Worl well casing, 
background. 

Photograph 2. Worl well casing, close 
up. 

 
 

COPIES TO:       

       

       

 
WORL FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Woodinville Water District C/O Todd Young 

 PO Box 1390  

 Woodinville, WA 98072  

 
ON SITE:   0945 OFF SITE:  1025 

 Page 1 of 1 

DATE: JOB NO: 
      073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
17238 NE Woodinville-Duvall Road, Woodinville, WA 98072 
OWNER: 
Woodinville Water District 

WELL REF: 
W163 

WEATHER: TAX PARCEL: 
            
PRESENT AT SITE: 
Todd Young, Woodinville Water District 
Jeff Grapp, Woodinville Water District 
Jami Carter, Golder Associates 

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 42.5 
Water Level From Top of Well Casing (feet) 3 feet above ground surface 
Top of Well Casing to Ground Surface (feet) 3 feet 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 29  
North 47 Minutes 45 Degrees 46.1 Seconds 
West 122 Minutes 06 Degrees 30.2 Seconds 
 
 
Notes: 
 
The well is located at the north end of the Woodinville Water District property.  Todd Young, Utility Systems Technician and 
Jeff Grapp, Utility Systems Technician Assistant with Woodinville Water District provided access to the well and opened the 
sampling port.  The well does currently have a pump within the casing and is not being used by Woodinville Water District. 
 
 
 
Photographs: 
 

  
Photograph 1.  Well casing.  Photograph 2.  Well casing. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
WWD 1 FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�

Page 1A.1-80



 
18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Woodinville Water District C/O Todd Young 

 PO Box 1390 

 Woodinville, WA 98072 

 
ON SITE:   1105 OFF SITE:  1220 

 Page 1 of 1 

DATE: JOB NO: 
7/19/2007 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
156th Avenue NE and NE 203rd Place, Woodinville, WA 98072 
OWNER: 
Woodinville Water District 

WELL REF: 
W20 

WEATHER: TAX PARCEL: 
Overcast and warm 0226059059 
PRESENT AT SITE: 
Todd Young, Woodinville Water District 
Jeff Grapp, Woodinville Water District 
Jami Carter, Golder Associates 

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 190 
Water Level From Top of Well Casing (feet) 181.6 
Top of Well Casing to Ground Surface (feet) 183.5 
Static Level at Installation (feet) 101 (1994) 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 49  
North 47 Minutes 46 Degrees 29.2 Seconds 
West 122 Minutes 07 Degrees 50.7 Seconds 
 
 
Notes: 
 
The well is located within a chain-link enclosure, adjacent to the Wellington Reservoir.  Todd Young, Utility Systems 
Technician and Jeff Grapp, Utility Systems Technician Assistant with Woodinville Water District provided access to the well 
and opened the sampling port.  The well does not currently have a pump within the casing and is not being used by 
Woodinville Water District. 
 
Photographs: 
 

  
Photograph 1. Well casing. Photograph 2. Well casing. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
WWD 2 FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 

�
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Woodinville Water District C/O Todd Young 

 PO Box 1390 

 Woodinville, WA 98072 

 
ON SITE:   1105 OFF SITE:  1220 

 Page 1 of 1 

DATE: JOB NO: 
7/19/2007 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
156th Avenue NE and NE 203rd Place, Woodinville, WA 98072 
OWNER: 
Woodinville Water District 

WELL REF: 
W164 

WEATHER: TAX PARCEL: 
Overcast and warm 0226059059 
PRESENT AT SITE: 
Todd Young, Woodinville Water District 
Jeff Grapp, Woodinville Water District 
Jami Carter, Golder Associates 

 
 
 

 
Well Casing size (inches) 10 
Well Casing Material Steel 
Depth of Well (feet) Presumed to be ~660 
Water Level From Top of Well Casing (feet) 182.55 
Top of Well Casing to Ground Surface (feet) 184.9 
Static Level at Installation (feet) Unknown 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 49  
North 47 Minutes 46 Degrees 29.2 Seconds 
West 122 Minutes 07 Degrees 50.7 Seconds 
 
Notes: 
 
The well is located within a chain-link enclosure, adjacent to the Wellington Reservoir.  Todd Young, Utility Systems 
Technician and Jeff Grapp, Utility Systems Technician Assistant with Woodinville Water District provided access to the well 
and opened the sampling port.  The well does not currently have a pump within the casing and is not being used by 
Woodinville Water District.   
 
I attempted to measure the well depth with a 300-foot water level indicator.  The 300-foot tape and probe inadvertently was 
lost down the well because the locking pin had sheared off of the reel.  I picked up a 500-foot water level indicator from 
Golder’s equipment annex and returned to the site with Todd Young and Jeff Grapp.  I was unable to detect the bottom of the 
well with the 500-foot tape and probe.  Todd Young mentioned that Woodinville Water district records indicated that one well 
had been drilled to approximately 660 feet.  Because the other three wells drilled by Woodinville Water were all less than 200 
feet deep, this well is likely the well described in their records. 
 
Photographs: 

  
Photograph 1. Well casing. Photograph 2. Sampling port. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
WWD 3 FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Joseph & Barbara Aceti 

 17326 NE 152nd Street 

 Woodinville, WA 98072 

 
ON SITE:   1500 OFF SITE:  1640 

 Page 1 of 1 

DATE: JOB NO: 
6/29/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
17326 NE 152nd Street, Woodinville, WA 98072 
OWNER: 
Joseph and Barbara Aceti 

WELL REF: 
W90 

WEATHER: TAX PARCEL: 
Overcast with intermittent rain 1326059097 
PRESENT AT SITE: 
Joseph and Barbara Aceti 
Jami Carter, Golder Associates 
                                        

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 270 
Water Level From Top of Well Casing (feet) 178.45 
Top of Well Casing to Ground Surface (feet) 1.25 
Static Level at Installation (feet) 130 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / -   
North 47 Minutes 44 Degrees 19.6 Seconds 
West 122 Minutes 06 Degrees 28.4 Seconds 
 
Notes: 
 
Ms. Aceti gave me permission to measure the water level in the well upon my arrival.  The well is used for irrigation.  While 
removing the bolts from the well cap, one of the bolts sheared through.  I removed the rest of the bolts and took a water level 
measurement.  The probe and line were covered with flakes of rust when I removed them from the well.  The rust on the nuts 
and bolts made it difficult to rethread them properly, so I left the property and purchased new (stainless) hardware.  I returned 
to the property, secured the well cap, and spoke briefly with Mr. Aceti prior to leaving the property. 
 
Photographs: 
 

  
Photograph 1. Aceti Well Casing Photograph 2. Aceti Well Casing 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
ACETI FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Paul and Kimberly Cline  

 18533 156th Avenue NE 

 Woodinville, WA 98072 

 
ON SITE:   1400 OFF SITE:  1425 

 Page 1 of 1 

DATE: JOB NO: 
7/18/2007 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
18533 156th Avenue NE, Woodinville, WA 98072 
OWNER: 
Paul and Kimberly Cline 

WELL REF: 
W175 

WEATHER: TAX PARCEL: 
Heavy rain 3244500160 
PRESENT AT SITE: 
Paul Cline 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 8 
Well Casing Material Aluminum 
Depth of Well (feet) 34 
Water Level From Top of Well Casing (feet) 28.8 
Top of Well Casing to Ground Surface (feet) 29.6 
Static Level at Installation (feet) Unknown (1958) 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 40  
North 47 Minutes 45 Degrees 47.5 Seconds 
West 122 Minutes 07 Degrees 54.7 Seconds 
 
 
Notes: 
 
The well is located within a small structure on the northeast side of the property.  Mr. Cline remarked that the well is primarily 
used for irrigation, when used.  He believes the well was hand-dug in 1958. 
 
 
Photographs: 
 

 

Photograph 1. Well casing. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
CLINE FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Mark and Lola Corbridge  

 19020 176th Avenue NE 

 Woodinville, WA 98072 

 
ON SITE:   1030 OFF SITE:  1050 

 Page 1 of 1 

DATE: JOB NO: 
7/19/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
19020 176th Avenue NE, Woodinville, WA 98072 
OWNER: 
Mark and Lola Corbridge 

WELL REF: 
W31 

WEATHER: TAX PARCEL: 
Overcast and cool 0126059113 
PRESENT AT SITE: 
Lola Corbridge 
Jami Carter, Golder Associates 
Todd Young and Jeff Grapp, Woodinville Water District 

 
 
 

 
Well Casing size (inches) 1 
Well Casing Material PVC 
Depth of Well (feet) 78.5 
Water Level From Top of Well Casing (feet) 3 feet above ground surface 
Top of Well Casing to Ground Surface (feet) 3 feet 
Static Level at Installation (feet) Unknown (1993) 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 33  
North 47 Minutes 45 Degrees 55.7 Seconds 
West 122 Minutes 06 Degrees 13.9 Seconds 
 
 
Notes: 
 
The well is located on the south side of the original driveway, north of the current driveway, and west of the old bridge which 
crosses a small stream.  The well consists of a 1-inch PVC pipe within a 6 inch steel monument.  The well was installed in 
1993 by Woodinville Water District. 
 
 
Photographs: 
 

   
Photograph 1. Well monument. Photograph 2. Well monument. Photograph 3.  Interior of well monument. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
CORBRIDGE FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: Timothy Denn  

 17711 176th Avenue NE  

 Woodinville, WA 98072  

 
ON SITE:   1427 OFF SITE:  1438 

 Page 1 of 1 

DATE: JOB NO: 
6/27/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
17711 176th Avenue NE, Woodinville, WA 98072 
OWNER: 
Timothy Denn 

WELL REF: 
W59 

WEATHER: TAX PARCEL: 
Clear 1226059146 
PRESENT AT SITE: 
Timothy Denn 
Jami Carter, Golder Associates 
                                               

 
 
 

Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) 56 
Water Level From Top of Well Casing (feet) 6 
Top of Well Casing to Ground Surface (feet) 3 
Static Level at Installation (feet) 0 (artesian) 
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 23  
North 47 Minutes 45 Degrees 21.0 Seconds 
West 122 Minutes 06 Degrees 26 Seconds 
 
 
Notes: 
 
Mr. Denn had removed the bolts on the well cap prior to my arrival and lifted off the well cap for me to look inside.  The water 
level was just below the well’s overflow outlet, approximately 3-feet below ground surface.  Mr. Denn told me that water is 
pumped to a 1,000 gallon below-grade storage tank, and that water in excess of the tank is diverted to a water feature within 
the garden.  Mr. Denn commented that many of the wells on 176th are artesian or semi-artesian.  Mr. Denn did notice a drop 
in the pressure of his well after two 20-inch wells off of Avondale Road were installed. 
 
 
Photographs: 
 

  
Photograph 1. Denn Well Casing Photograph 2. Denn Well Casing 

 
 

COPIES TO: City of Woodinville 

 File 

       

 
DENN FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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18300 NE Union Hill Road, Suite 200 
Redmond, WA  USA  98052-3333 
Tel:  (425) 883-0777 
Fax:  (425) 882-5498 

 
TO: David and Melinda Janecek  

 16616 NE 190th Street  

 Woodinville, WA 98072  

 
ON SITE:   1105 OFF SITE:  1140 

 Page 1 of 1 

DATE: JOB NO: 
7/12/07 073-93365.001 
PROJECT: 
City of Woodinville Sustainable Development Study 
LOCATION: 
16616 NE 190th Street, Woodinville, WA 98072 
OWNER: 
David and Melinda Janecek 

WELL REF: 
W111 

WEATHER: TAX PARCEL: 
Overcast 0126059037 
PRESENT AT SITE: 
David Janecek 
Jami Carter, Golder Associates 
                                               

 
 
 

 
Well Casing size (inches) 6 
Well Casing Material Steel 
Depth of Well (feet) Unknown 
Water Level From Top of Well Casing (feet) Unknown�
Top of Well Casing to Ground Surface (feet) Unknown�
Static Level at Installation (feet) Unknown�
GPS ID Number: SEA0710  
GPS Accuracy (feet): + / - 60  
North 47 Minutes 45 Degrees 56.03 Seconds 
West 122 Minutes 07 Degrees 02.66 Seconds 
 
 
Notes: 
 
The Janecek’s well is located in a concrete-block vault beneath a steel plate on the north side of their home.  Mr. Janecek 
removed the steel plate and provided a ladder for me.  The bolts on top of the steel well cap had rusted to the cap and I was 
unable to remove them to measure the water level. 
 
Photographs: 
 

 �  
Photograph 1. Steel plate covering well 

vault. 
Photograph 2. Interior of well vault. Photograph 3.  Well cap. 

 
 

 
COPIES TO: City of Woodinville 

 File 

       

 
JANECEK FIELD REPORT.DOC

FIELD REPORT 
SIGNED:  

 Jami Carter, Project Environmental Scientist 
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TECHNICAL MEMORANDUM 
 
 
TO: Cindy Baker, City of Woodinville DATE: February 13, 2007 

FR: Bob Anderson, Dave Findley OUR REF: 063-1230 

RE: Preliminary Assessment of Hillside Drainages Infiltration  
 
 
This memorandum summarizes the a preliminary assessment of the possible effects of stormwater 
infiltration on the Hillside Drainages sub-basin, located on the western margin of the R-1 zoning area.  
This memorandum is a preliminary assessment and examines idealized conditions in the area based 
on limited information.  It is intended as a supplement to the Sustainable Development project and the 
hydrogeologic assessment conducted by Golder Associates Inc. as part of that project.  
 
METHODOLOGY 
 
The analysis of the relationship between stormwater infiltration and slope stability in the Hillside 
drainages sub-basin was conducted using a series of calculations based on an idealized geometry and 
input parameters for hydrogeologic and slope stability conditions.  Slope stability was examined 
using a factor of safety approach, as calculated from the slope stability program Slide1.  The Slide 
program includes water-level as an input to determine factor of safety of the assumed slope 
configurations.  A second series of calculations was made to determine what water-level changes 
might occur as a result of stormwater infiltration volumes.  These water-level changes were then used 
to relate stormwater infiltration volumes to slope stability in the Hillside drainages sub-basin.  
 
RESULTS 
 
Two idealized cross-sectional profiles were generated using slope stability software.  The two cross-
sections included a 30-degree and 40-degree slope, combined with a perching clay layer at elevation 
320 and a water table of 340 feet 50-feet behind the crest of the slope.  Using Slide, these two base 
case sections produced a factor of safety (FOS) of 1.66 and 1.18 respectively, where FOS is the ratio 
of forces resisting slope movement to forces driving slope movement.  Slopes with FOS greater than 
1.0 are mathematically stable.  Due to variability in subsurface conditions and slope geometry, and 
FOS of 1.3 is a generally accepted target for design purposes.  The schematic cross-sections and 
model output are provided in Attachment A.  The water table behind the crest of the slope was then 
increased at 1–foot intervals and the factor of safety was recalculated for each cross-section.  Table 1 
shows the results of the factor of safety calculations.  The change in the factor of safety associated 
with higher groundwater levels is related, in a relative sense, to the increase in risk of shallow 
landslides resulting from infiltration that increases seepage pressures at the crest of the slope. Without 
considering what volumes of stormwater infiltration might occur under R-4 zoning designation, the 
table shows that the FOS decreases as a result of increased groundwater-levels.  Therefore, any 
infiltration of stormwater on the Hillside drainage basin increases the risk of slope failure to some 
degree.   

                                                      
1 Slide – Version 5.025, Rocscience Inc. 
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TABLE 1 

Slide Slope Stability Results 
 

Groundwater 30 degree slope 40 degree slope
Elevation Factor of Safety Factor of Safety

340 1.66 1.18

341 1.65 1.18

342 1.65 1.17

343 1.65 1.17

344 1.64 1.17

345 1.64 1.17

346 1.64 1.17

347 1.63 1.16

350 1.61 1.16

355 1.55 1.14

360 1.49 1.12

365 1.40 1.08

370 1.32 1.03

375 1.23 0.97

380 1.20

385 1.11

390 1.02

395 0.97  
 

(See attachment for assumed cross-sectional geometry) 
 

In order to determine how infiltration of stormwater might increase groundwater levels at the crest of 
the slope, a groundwater flow calculation was made using a method described in Finnemore2.  An 
idealized infiltration pond geometry of 100’ x 200’ was assigned to calculate the mounding of 
groundwater beneath the pond from a design inflow rate based on the 24-hour storm event example 
presented in the Ecology Stormwater Manual3.  The design flowrate for a 10-acre site, with 39% 
                                                      
2 Finnemore, E.J., 1995.  MOUNDHT Version 1.1.  Groundwater Vol 33, No. 1, pp 139-143. 
3 Ecology, 2001.  Stormwater Manual for Western Washington.  Table 2.7, page 2-36. 
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impervious area was used to determine representative total infiltration volumes over a 1-day, 3-day 
and 7-day period.  Inflow rates ranged between 400,000 and 600,000 gallons per day.  The volumes 
were infiltrated into an aquifer with 20-feet of saturated thickness and hydraulic conductivities of 
10 ft/day and 50 ft/day.  These inflow and hydrogeologic parameters are considered representative of 
conditions in the Hillside Drainage and a typical stormwater infiltration facility.  Actual conditions 
will vary.  In general, the predicted rise of groundwater levels below the pond ranged from 10 to 15 
feet at the higher hydraulic conductivity, and between 25 and 30 feet at the lower hydraulic 
conductivity.  The idealized pond was placed a distances of 50, 100 and 500 feet from the crest of the 
slope and the head changes beneath the pond were then projected from the pond to the slope using an 
unconfined aquifer flow calculation using the Dupuit Forcheimer equation.  The equation calculates 
the groundwater level along a profile that includes an unconfined seepage face on a slope based on 
the following equation: 
 

• H = √(h1
2- h2

2) * x/L    where 

L = Distance to pond 
x = 50 feet behind crest of slope) 
h1 = Head change at pond 
h2 = 0 (free surface seepage at confining layer)  

 
The predicted change in groundwater level at the crest of the slope was translated into a change in the 
factor of safety (FOS), as predicted by Slide.  The results are shown on Table 2.  The table shows that 
for higher hydraulic conductivities, the change in FOS is as high as 6% at a distance of 50 feet from 
the crest of the slope.  For lower hydraulic conductivities, FOS could increase by 10% or more at 
distances of less than 100 feet from the crest of the slope.  At distances of 500 feet from the crest of 
the slope, FOS is less than 3% for both low and high hydraulic conductivity. 
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TABLE 2  
 

Estimated Seepage Pressure Changes 
 

Aquifer Hydraulic 
Conductivity

Distance from 
Crest of Slope at Pond at slope crest 30-degree slope4

Percent 
change 40-degree slope4

Percent 
change

(ft/day) (ft) (ft) (ft) (FOS) % (FOS) %

50 50 15 15 -0.10 -6% -0.04 -3%

50 100 15 10 -0.05 -3% -0.02 -2%

50 500 15 6 -0.02 -1% -0.01 -1%

10 50 30 30 -0.33 -20% -0.15 -13%

10 100 30 21 -0.17 -10% -0.05 -5%

10 500 30 9 -0.05 -3% -0.02 -2%

1
2
3
4
5

Initial FOS = 1.66
Initial FOS = 1.18

Calculated based on Finnemore (1995)
Calculated based on SLIDE calculations (see attachment)

Groundwater Level Change2 Stability Change3Pond Geometry1

Assumes 100'x200' pond, with a 20-foot aquifer saturated thickness, and 0.1 storage coefficient

 
 
CONCLUSION 
 
Based on the results of the analysis, infiltration of stormwater at distances of 500 feet or more from 
the crest of the slope appear unlikely to cause a significant increase in the risk of slope failure in the 
Hillside drainages sub-basin. Infiltration at distances of 50 feet or less from the crest of the slope 
could increase the risk of slope failure, particularly for aquifer conditions with lower hydraulic 
conductivity, which causes higher mounding beneath an infiltration pond.  The analysis described 
above contains a number of assumptions and an idealized geometry of stormwater infiltration, aquifer 
geometry, and geotechnical parameters related to slope stability. As such, a “setback distance” of 
500 feet for infiltration should be considered a guide, and may not be technically defensible under site 
specific circumstances.  Site specific information on shallow aquifer properties, stratigraphy, 
groundwater flow direction, and infiltration capacity is needed to determine infiltration feasibility at 
specific locations in the Hillside drainages. 
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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.   

Page 1B-19



February 2007 Lake Leota  

 

18

 

 

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-1 
Woodinville Additional Wetland Reconnaissance Survey, Jones & Stokes 



 



 

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

Introduction 
In February 2007, Jones & Stokes had previously conducted an independent wetland 
reconnaissance within the portion of Woodinville (the City) currently zoned as R-1, as depicted 
on the attached Figure.  That purpose of that work was to build on previous October 2006 
reconnaissance work by Cooke Scientific and to identify wetland areas based on a visual 
inspection from public roadways and signed private roadways.  The identification of wetland 
areas is intended to help the City more fully determine the extent and general nature of the 
wetland resources within the R-1 zone of the Sustainable Development Study.   

Our May/June 2007 work builds on our previous reconnaissance, providing additional details 
about the identified wetland resources specifically within the School Basin.  The main purpose of 
this additional reconnaissance was to determine the degree to which the wetlands previously 
identified within the School Basin are interconnected with each other and to the portion of Cold 
Creek to the northeast of Lake Leota.   

Our findings are based on greater access to private property, the assistance of local property 
owners in describing surface water flows and subsurface stormwater pipe connections, and a map 
of citizen-identified possible wetland areas and surface flow directions provided to the City by the 
Citizen’s Advisory Panel (CAP).  

 

Technical Memorandum 
Date: July 10, 2007 

To:    Ray Sturtz, Planning Manager, City of Woodinville 

From: Torrey Luiting, Wetland Restoration Biologist and John Soden Wetland Biologist, Jones & 
Stokes 

cc: Lisa Grueter, Senior Planner, Jones & Stokes 

Subject: Woodinville Sustainable Development Study 

 Critical Areas: Additional Wetlands and Impacts from Increased Density  
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Methods 
On May 25 and June 8, 2007, Jones & Stokes conducted additional wetland reconnaissance 
within the School Basin portion of Woodinville, Washington currently zoned as R-1, as depicted 
on the attached Figure.  In addition to determining the degree to which the wetlands previously 
identified within the School Basin are interconnected with each other and to the portion of Cold 
Creek to the northeast of Lake Leota, we also confirmed the presence/absence of ‘possible 
wetlands’ and the approximate extent of previously identified ‘potential wetlands’ and sought to 
field verify surface drainages/‘potential streams’ in the School Basin.  These ‘potential streams’ 
had been indicated within the City’s GIS data layers based on LIDAR interpretation, but had not 
been field verified.  

We were granted private property access to 39 of the 61 properties for which we requested access 
and in those areas were able to make a thorough inspection of the properties to determine the 
nature and extent of wetland and stream resources.  In some of these cases, local property owners 
assisted us in determining the location and flow direction of subsurface stormwater pipes in their 
areas.  In areas where we were not granted private property entry, we conducted our fieldwork 
based on a visual inspection from public roadways and from signed private roadways, in addition 
to interpretation of the City’s 2004 aerial photos and the National Wetland Inventory maps for the 
area.   

Verification of surface water connections and flow directions was based on visual evidence of 
surface flow, either flowing water or indications of water flow such as the existence of a defined 
bed and bank, slope or channel erosion, and/or topographic slopes and culverts. 

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 
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. 
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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 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 
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 required 
private property access. 
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For the purposes of this study, we have numbered the wetlands within the School Basin, 
Wetlands 1 through Wetland 11, as indicated on the attached Figure.  ‘Potential streams’ and/or 
subsurface stormwater pipes are not numbered.   

At the request of the City, we have also updated the inventory map with ‘citizen-identified’ 
possible wetland areas, based on hand-drawn map information provided to the City by the 
Citizen’s Advisory Panel (CAP) in February 2007.  Some of the wetland areas identified by the 
CAP had already been included on the inventory we compiled in February 2007, either as Jones 
& Stokes ‘possible’ or ‘potential’ wetland areas and those areas remain so identified on the map 
attached with this memo.  Only CAP-identified areas that had not previously been illustrated have 
been added to the attached map.  These CAP-identified wetland areas have not been specifically 
field investigated, as we did not have property access to these areas and/or we concluded that 
these areas would not likely meet the jurisdictional criteria as wetlands, based on their readily-
observable vegetation communities.  The CAP wetland information is shown as ‘possible wetland 
based on citizen identification’ on the attached map as a ‘flag’ for City staff. At the time of permit 
reviews, the City may require further investigation pursuant to its critical areas regulations. 

Results 
As described below, the wetlands along the southwestern boundary of the School Basin 
(Wetlands 1 and 2) would be considered within the Lake Leota basin, as they are hydrologically 
connected to each other and to the wetlands surrounding/discharging into the Lake. In contrast, 
the majority of the other wetlands and surface water channels/stormwater pipes within the School 
Basin appear to drain in a roughly south and eastern direction into the area mapped as Wetland 8, 
just south of the elementary school (see attached Figure). 

Surface Connections to Lake Leota 
Based on our fieldwork, we were able to confirm that Wetlands 1 and 2 located along the 
southern end of 162nd Avenue NE are connected to each other and that Wetland 3 is not 
connected to any other wetland or to the stormwater system.  Stormwater from many of the 
properties along 162nd Avenue NE is routed directly into Wetland 2 at its northwestern corner via 
subsurface stormwater pipes (see attached Figure).  Surface water then moves from Wetland 2 
south into Wetland 1 via a 12-inch diameter culvert beneath NE 187th Street, and then from the 
outlet of Wetland 1, southeast across NE Woodinville-Duvall Road via an 18-inch culvert.  Flows 
daylight briefly and then flow through a developed residential property via subsurface pipes and 
discharge to the west into a large forested wetland present within a largely undeveloped lakeside 
property.  Flows from Wetlands 1 and 2 thus directly connect into Lake Leota via this lakeshore 
wetland.   
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Surface Connections to Cold Creek 
The School Basin can be divided into two areas based on the connections between the wetlands: 
1) the area north of NE 195th Street and the elementary school, roughly between 164th Avenue NE 
and 166th Avenue NE, and 2) the area west of the ‘street of dreams’ roughly east of 161st Avenue 
NE.    

For the area west of the ‘street of dreams’ (a recent housing development), most of the surface 
runoff and wetland discharge is routed through stormwater ponds and pipes, rather than through 
surface water channels/’potential streams’.  We were able to confirm that Wetland 4 located 
along the eastern side of 162nd Avenue NE receives stormwater routed from a stormwater 
detention pond located along 161st Avenue NE.  The stormwater is then routed out of the wetland 
and into the large detention pond associated with the ‘street of dreams’ properties.  Wetland 5 
located at the northern end of 162nd Avenue NE and NE 195th Street receives surface water from 
its surrounding residential area and a small surface channel coming into it from the west.  Water 
moves through the wetland to the southeast and flows into a stormwater pipe from which it is 
routed into the ‘street of dreams’ detention pond.  Water from that detention pond flows south of 
the pond through a rock-line spillway and into the northwestern corner of the residential property 
located at the end of 165th Avenue NE.  From there the water is piped beneath this partially 
forested property into the western lobe of Wetland 8.    

North of the elementary school, surface waters from the properties along both sides of 164th 
Avenue NE are routed south into a detention pond and then into Wetland 7 (water from the west 
side of the street) or directly into Wetland 7 (waster from the east side of the street).  Wetlands 6 
and 7 are thus hydrologically connected to each other.  Water from Wetland 7 appears to move 
out of the southeastern corner of the wetland into the large ‘potential wetland area’ at the corner 
of NE 195th Street and 166th Avenue NE before flowing into a 24-inch culvert which pipes water 
under the elementary school field and into the northern end of Wetland 8. 

Unfortunately, we could not field verify a surface water connection linking the School Basin 
wetlands and surface water flows directly to Cold Creek.  No response was received from four 
key properties located south of the elementary school, including the properties that appear to 
contain much of Wetland 8, its outlet, and the potential connection between the School Basin 
wetlands and Cold Creek.  At this time, we are thus unable to verify the configuration, extent, and 
outlet of Wetland 8 and whether or not it directly connects (either seasonally, or perennially) with 
Cold Creek north of Woodinville-Duvall Road.   

However, we can confirm that the large, forested Wetland 8 does receive surface waters from 
Wetlands 4, 5, 6, 7, and 11 largely via subsurface stormwater pipes which enter the wetland from 
along its eastern and northern edges.  Based on the topography of the wetland visible from the 
school property, the wetland does appear to slope to the south and east and thus it is reasonable to 
conclude there may well be a surface channel outlet from the southeastern end of the wetland.  It 
is also possible that additional water enters Wetland 8 from properties to its east (which we did 
not have access to) and/or that any drainage out of Wetland 8 flows through subsurface 
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stormwater pipes across or through those properties.  Please see the ‘Conclusions’ section below 
for discussion of the potential significance of the connection between these wetlands.  

Surface Connections to Snohomish County Wetland Complex 
Based on our fieldwork, we confirmed that at least two wetlands located on the properties 
surrounding NE 200th Court and along NE 203rd Place (area of Wetland 10) are connected to each 
other by a series of narrow surface channels, which convey water to the north, out of the School 
Basin and into Snohomish County.  Surface waters from these wetlands are routed through a 
stormwater pond, and into the southern arm of a large National Wetland Inventory-mapped 
wetland located just north of the Woodinville city limits in Snohomish County (see attached 
Figure).  This wetland complex in Snohomish County north of the Woodinville city limit is large 
in scope, is mapped as having multiple wetland classes, and thus is likely complex in function and 
of some regional significance both to water quality and to local wildlife populations given its 
urbanized setting. 

Adjustments to ‘Possible’ and ‘Potential’ Wetland Areas 
The School Basin Wetland Inventory has been modified to reflect two minor adjustments to the 
previously identified ‘possible’ and ‘potential’ wetland areas. 

With the benefit of property access and two additional field visits within the growing season, 
Jones & Stokes determined that two areas that we had conservatively identified as ‘possible 
wetland based on vegetation’ areas after our February 8, 2007 reconnaissance, likely do not 
contain wetland.  These areas are located along NE 203rd Place to the east of 156th Avenue NE 
and at the corner of NE 195th Street and 160th Avenue NE.  Red alder trees dominate these 
‘possible wetland’ areas with understories dominated by salmonberry interspersed with upland 
shrub species.  Both of these areas had a greater proportion of subdominant vegetation that are 
characteristic of drier habitats, including big-leaf maple trees, sword fern, and salal (Gaultheria 
shallon, FACU), and the areas did not appear to contain an understory of subdominate 
hydrophytic herbaceous plants now that the growing season was well underway.   

Jones & Stokes identified two additional ‘potential wetland’ areas within the School Drainage 
basin (Wetlands 9 and 11 on attached Figure).  Both ‘potential wetland’ areas are located in 
topographic depressions.  Wetland 9 is located deep within properties north of NE 198th Street, 
just east of 159th Court NE.  Wetland 9 appears to be hydrologically isolated from other wetlands 
and is dominated by the typical mixture of hydrophytic trees and shrubs, predominately red alder 
(Alnus rubra, FAC) and black cottonwood (Populus balsamifera, FAC) trees.  The understory of 
this area is dominated by salmonberry (Rubus spectabilis, FAC+).  Given its estimated relative 
size, landscape position, and apparent vegetation class (forested, based on Cowardin et al. 1979), 
this ‘potential wetland’ area would likely be rated as a Category 2 or 3 wetland according to the 
City of Woodinville’s Critical Areas Development Standards (Chapter 21.24.320). 
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Wetland 11 appears to drain via a roadside ditch along NE 195th Street to the southeast into the 
northern end of the northern lobe of Wetland 5.  This wetland is dominated by hydrophytic trees 
and shrubs, predominately red alder (Alnus rubra, FAC), black cottonwood (Populus 
balsamifera, FAC), and western red cedar trees (Thuja plicata, FAC).  The understory of this area 
is dominated by salmonberry (Rubus spectabilis, FAC+) with some sword fern (Polystichum 
munitum, FACU).  Himalayan blackberry (Rubus armeniacus, FACU) is also present along the 
outer edges.  A site-specific field investigation of soil profiles and hydrology is necessary to 
determine whether or not this area meets all three wetland criteria and thus would be regulated as 
wetland.  Given its estimated relative size, landscape position, and apparent vegetation classes 
(forested and scrub-shrub, based on Cowardin et al. 1979), this ‘potential wetland’ area would 
likely be rated as a Category 2 or 3 wetland according to the City of Woodinville’s Critical Areas 
Development Standards (Chapter 21.24.320). 

Adjustments to ‘Potential Streams’ within the School Basin 
We field verified that several ‘potential streams’ previously depicted between 160th Avenue NE 
and the elementary school property and between NE Woodinville-Duvall Road and Lake Leota 
do not convey water through surface channels, but rather through subsurface, stormwater pipes 
(see attached Figure).   

Conclusions 
We verified that two of the city-mapped wetlands (Wetlands 1 and 2) are directly connected to 
Lake Leota.  Wetland 3 is not hydrologically connected to the lake, Cold Creek or any other 
wetlands.  We determined that two areas previously identified as ‘possible wetlands’ were likely 
not wetlands. We also identified two new ‘potential wetland’ areas (Wetlands 9 and 11) within 
the School Basin and verified surface water pathways, resulting in several areas previously 
depicted as having ‘potential streams’ being changed to more accurately depict flows traveling 
through subsurface storm water pipes. 

We verified that six of the city mapped/Jones & Stokes identified ‘potential’ wetlands located 
within the School Basin are hydrologically linked to each other via surface and/or subsurface 
connections.  We were unable to definitively verify whether or not these wetlands connect 
directly into Cold Creek near the intersection of NE Woodinville-Duvall Road and 168th Avenue 
NE due to a lack of private property access to that area.   

However, based on our verification that these wetlands are all connected to each other and do 
connect to Wetland 8 south of the elementary school, the LIDAR indications of possible drainage 
channels trending northwest to southeast, and the general topography in that area, it is reasonable 
to conclude that there may well be a seasonal (winter) surface and/or subsurface/piped connection 
between surface waters reaching Wetland 8 and Cold Creek.  The relative volume of any such 
seasonal (winter) contribution to flows in Cold Creek (which is unknown at this time) would be 
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based on the size of the wetlands, the depth of ponding within them, and on the dimensions and 
degree of constriction of any outlet from Wetland 8 into Cold Creek, if one exists.  

The data collected by Jones & Stokes and previously by Cooke Scientific indicate that the 
wetlands present within the R-1 area are typical forested and scrub-shrub wetlands (Cowardin et 
al. 1979), either depressional, riverine flow-through (associated with Cold Creek), or lacustrine 
fringe (surrounding Lake Leota) (Hruby 2004).  The wetlands are dominated by typical wetland 
trees and shrubs, which are commonly found throughout western Washington, particularly within 
urban areas 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.   

Taken separately, none of the mapped wetlands identified within the School Basin appear to be of 
exceptional local significance, or of irreplaceable ecological functions.  However, their 
interconnection with Lake Leota (Wetlands 1 and 2) and with each other does elevate their local 
significance.  This is particularly true for the six wetlands that are likely at least seasonally 
connected with Cold Creek.  These six wetlands provide water quality treatment and retention of 
the largely untreated storm water that runs off of local streets, homes, and landscaping within the 
School Basin.   

By intercepting, slowing, and treating this storm water, the School Basin wetlands essentially 
buffer/prevent this untreated storm water from reaching the upper portions of Cold Creek and 
affecting its water quality.  Because of their hydrologic connections, these wetlands cumulatively 
appear to perform a systemic function of water quality treatment within the School Basin and 
possibly also for the upper portions of Cold Creek. This function is likely provided mainly during 
the higher flow, winter months and extending into the spring and early summer as the wetlands 
fill, hold water within their soils and vegetation, and slowly release it as they seasonally dry out.   

During the lower flow summer months of July, August, and September, wetlands typically absorb 
most of the seasonal stormwater that they receive.  Unless there is an as yet unknown stormwater 
pipe connection between Wetland 8 and the upper portion of Cold Creek, and/or a significant low 
area and positive gradient from the southern end of Wetland 8 to Cold Creek, it is unlikely that 
any surface water is conveyed to Cold Creek during the summer months.  

Cold Creek’s contribution of cold, high quality groundwater to the Bear Creek system is of 
greatest local significance during the summer months.  However, the water quality treatment and 
attenuation of stormwater flows by the School Basin wetlands is also likely of importance (albeit 
arguably of lower significance) to the greater Bear Creek basin because little other water quality 
or stormwater retention currently occurs within the School Basin.  

The importance/local significance of the School Basin wetlands to Cold Creek in terms of water 
quality and stormwater retention could rise to the level of “the Litowitz test” criteria as identified 
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by the Central Puget Sound Growth Management Hearings Board based on the wetlands’ 
interconnectivity and their water quality functions to the basin and possibly to Cold Creek.  Both 
Lake Leota and Cold Creek are critical areas already determined to be likely to meet the Litowitz 
criteria (Steward & Associates 2007).  We have established that two of the School Basin wetlands 
are clearly functionally and hydrologically associated with Lake Leota and that six wetlands are 
at least functionally, and possibly hydrologically, associated with Cold Creek. It is thus possible a 
case could be made that the School Basin wetlands meet the Litowitz criteria based on these 
relationships.  At a minimum, complete property access to the properties surrounding Wetland 8 
would be required to more definitely determine the nature and degree of direct hydrologic 
connection between the six School Basin wetlands and Cold Creek north of Woodinville-Duvall 
Road.  

Application to Sustainable Development Project 
The combination of this and the previous February 8, 2007 reconnaissance by Jones & Stokes, the 
National Wetland Inventory, 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.   

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 delineations 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 
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). 

Compensatory mitigation would be required to replace/replicate the functions and values 
provided by these wetlands, including their water quality and stormwater retention functions, if 
they were to be impacted by future development.  The interconnection of the School Basin 
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wetlands could be regulated by the City through its Critical Areas Ordinance in regards to 
mitigation site location and design, taking into consideration that mitigation sites constructed 
outside of the School Basin or sites constructed separately (i.e. not interconnected in a similar 
manner to current conditions) could result in a loss of these functions to the larger Cold Creek 
basin.   

Qualifications 

Torrey Luiting 
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).   

John Soden 
Mr. Soden is a wetlands biologist specializing in delineation and assessment of aquatic resources, 
resource inventory and classification, riparian and wetlands research, impact assessment, and 
permitting assistance.  Mr. Soden has over 11 years of experience and formal training in wetland 
delineation using the methods described in the 1987 U.S. Army Corps of Engineers (Corps) 
Wetlands Delineation Manual.  He has completed wetland and stream delineations in 
Washington, Oregon, California, and Montana, and provided lead technical analysis for wetland 
functional assessments including hydrogeomorphic-based methodologies (WFAM), WSDOT’s 
Functional Assessment Tool for Linear Transporation Projects, and Ecology’s Wetland Rating 
System.  John has researched the effectiveness of streambank stabilization treatments within the 
riverine systems of the northern Rocky Mountains and has developed wetland mitigation and 



 

Woodinville Additional Wetland Reconnaissance Survey July 10, 2007 1C.1-

monitoring plans in the Northwest.  He has also written numerous programmatic and project-
specific biological assessments and technical sections of NEPA EISs.  Mr. Soden holds a Masters 
of Science degree from the University of Montana School of Forestry (1999) with an emphasis in 
riparian and wetland research, and a Bachelors of Science in Environmental Policy and 
Assessment from Western Washington University, Bellingham, WA (1994). 
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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  
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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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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 

Page 1D.1-7



  PRELIMINARY DRAFT 

R-1 Zone Land Use Study Page 4 October 2006 
 

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 

Page 1D.1-8



  PRELIMINARY DRAFT 

R-1 Zone Land Use Study Page 5 October 2006 
 

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. 
 

Page 1D.1-9



  PRELIMINARY DRAFT 

R-1 Zone Land Use Study Page 6 October 2006 
 

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. 
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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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Appendix D-2 
Low-Impact Development Materials Presented to Citizen’s Advisory Panel 



 



 
Introduction to Low Impact Development 
by Dean Franz, PE 
Perteet Inc. 
 
Using Low Impact Development (LID) for surface water management on a project site is a way 
to achieve a high degree of water quality which more closely emulates flow characteristics from 
natural forested conditions that in turn do a better job at protecting the environmental, as 
compared to conventional drainage design methods.  LID is a new way of stormwater 
management. 
 
 
GOALS OF STORMWATER MANAGEMENT 
 
The goal of stormwater management is primarily twofold:  a)  capture pollutants that are found in 
rainfall runoff prior to discharging to a lake or stream; and b) reduce peak flows that are caused 
by converting land from forest to buildings, streets and parking lots.  The increase in peak flows 
cause erosion of stream channels and destruction of aquatic habitat. 
  
Pollutants generated from human activities on a site are picked up from rainfall runoff which are 
then conveyed to our lakes and streams.   Left untreated, these pollutants can damage aquatic life 
and degrade our environment. 

 
Sources of Pollutants 
Pollutants Major Sources Minor Sources 

Total 
Suspended 
Solids 

Construction, 
Commercial 

Rain: ~ 20% 

Most Metals Vehicles Roofs 

Copper Brakes: ~ 99% Roofs 

Petroleum 
Hydrocarbons 

Vehicles  

 
Nitrogen, 
Ammonia 

 
Rain runoff  
(direct to streams)  

 
Fertilizers, pets,  
wood shingles  

 
 
DEFINITION OF LOW IMPACT DEVELOPMENT 
 
Low Impact Development (LID)  consists of a several drainage facilities that are integrated into 
the landscape features and which are distributed throughout a project site – such as a residential 
subdivision or commercial area – to provide treatment of stormwater near the source where 
pollutants are generated.  LID uses several smaller-features (such as rain gardens and grassed 
filter strips), instead of a single-large facility, like a large detention pond at the low-end of a site. 
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HOW DOES LID WORK? 
 
Low Impact Development uses natural biological processes in the plants and soil matrix to break 
down pollutants into harmless substances.   LID reduces harmful highly erosive flows by 
distributing the runoff into landscape areas where the runoff is captured by plants, partially 
retained in the soils, and put into the shallow topsoil where runoff more slowly dissipates into the 
downstream receiving waters.    
 
The more LID techniques that are used, the better the LID facilities will perform in management 
stormwater, capturing pollutants, and reducing high-erosive flowrates that discharge from a site.   
 
 
EXAMPLES OF LID 
     
 There are two different categories of LID techniques.  The first category is used within moderate 
to highly infiltratable soils, such as gravelly outwash soils, or sandy soils.  The other category 
applies to lands that have very low to virtually no infiltration capacity in the native underlying 
soils, such as till.   LID techniques can be used in either case, only a different set of LID tools are 
used for each category of soil condition encountered at an area or development site. 
 
Examples of LID are provided on the following pages. 
 
 

 
StreetScape & Low Impact Development 
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Rain Garden with Recessed Curb  
for a Residential Arterial Roadway 
 

 
 
Reduction in Imperious Area 
This LID technique can be used along with having shared driveways 
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Residential Lot with Multiple LID Techniques 
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Perco-Crete  
 
 
 

 
Porous Concrete, Seattle 
Porous Concrete Sidewalks 
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Biochannel, Seattle 
 
 
 
 

 
Biochannel, Lake Stevens 
 
Biochannel with Amended Soils  
localized detention & treatment of stormwater 
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Multiple Use:  Mini-Park & LID Stormwater Facility 
Shallow Pond Detention Plus Undergound Storage of Stormwater  
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Introduction 
The City of Woodinville has initiated a comprehensive Sustainable Development Study to 
address future development within the City’s R-1 zone.  The Sustainable Development Study 
includes among other elements an inventory of local environmental resources. The goal of the 
Sustainable Development Study is to provide recommendations for an approach that will balance 
Growth Management Act (GMA) requirements to protect critical areas and anadromous fisheries 
and accommodate appropriate residential growth within the study area. 

The City of Woodinville commissioned an Environmental Report for the R-1 zone as part of 
Phase 1 of the sustainable Development Study that was completed in February 2007 (Steward and 
Associates and City of Woodinville 2007).  The Environmental Report identified critical areas, 
including fish and wildlife habitat conservation areas, within the R-1 zone per Woodinville 
Municipal code Title 21.24.  The purpose of this technical memorandum is to evaluate the 
potential presence of wildlife corridors within the R-1 area and to evaluate impacts to any 
corridors that would result from an increase in density within the R-1 zone study area. 

Wildlife Corridors 
The term “wildlife corridor” generally refers to areas of habitat that wildlife may use to travel 
between larger patches of habitat that provide the life history requirements of a species.  Wildlife 
corridors function at different scales depending upon the species.  For large, wide ranging species 
capable of moving across the landscape, e.g. black-tailed deer (Odocoileus hemionus), a corridor 
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may be a landscape level feature connecting large patches of suitable habitat allowing for daily or 
seasonal movements or may allow for dispersal of young away from a natal area.  For a smaller, 
less mobile species such as a Pacific chorus frog (Pseudacris regilla), a corridor may be a much 
smaller feature allowing movement between ponds used for breeding and upland habitats used 
during other times of the year.  Wildlife corridors may also function to provide habitat continuity 
for smaller, less mobile species such as amphibians or small mammals and may function to 
maintain viable populations and help to avoid genetic isolation of small populations. 

Existing Conditions 

Methods 
A variety of methods were used to determine the potential presence of wildlife corridors within 
the City of Woodinville R-1 zone, including: 

 Review of the City of Woodinville Comprehensive Plan (City of Woodinville 2002). 

 Review of the city of Woodinville municipal code section describing Fish and Wildlife 
Habitat Conservation Areas (WMC 21.24.410). 

 Review of existing literature describing wildlife and wildlife habitat within the R-1 zone, 
including the Environmental Report for the R-1 Zone (Steward and Associates and City of 
Woodinville 2007) and the Wildlife Best Available Science Technical Memorandum 
(Adolphson 2004), and others as cited in the text. 

 Review of the Washington State Department of Fish and Wildlife (WDFW) Priority Habitats 
and Species (PHS) database (WDFW 2007a) for the R-1 zone. 

 Review of the King County Comprehensive Plan (King County 2004). 

 Aerial photograph interpretation. 

 A field review of the R-1 zone that included conversations with local residents. 

 Review of existing literature on wildlife corridors, habitat connectivity, and habitat 
fragmentation, as cited in the text.  

Field Review 
The field review was conducted on June 8, 2007 and was primarily a windshield survey.  The 
survey began at the southern boundary of the R-1 area, following the city limits and continuing to 
do so at they turn north on 164th Ave NE.  The survey continued north to NE Woodinville-Duvall 
Road then back to the west, along the roads in the portion of the Lake Leota Basin south of NE 
Woodinville-Duvall Rd and the Woodin Creek Basin (Figure 1). 
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The surveyor then went to Wellington Elementary school and walked along the western and 
southern property lines to view the Native Growth Protections Easement (NGPE) located to the 
west of the school, and privately owned parcels located to the south. 

The windshield survey then continued in the southern portions of the School and Daniels Creek 
Basins, the portion of the Lake Leota Basin north of Woodinville-Duvall Road, the Golf Course 
Basin, and the Hillside Drainages Basin.  The surveyor parked at the intersection of NE 195th 
Street and 148th Avenue NE and at the ends of NE 198th Street, NE 201st Street, and NE 202nd 
Street and observed the large undeveloped parcels along the northwest boundary of the R-1 area 
from the road. 

The windshield survey continued in the northern portion of the School and Daniels Creek Basins.  
The survey ended in the vicinity of 163rd Avenue NE and NE 200th Court where three property 
owners allowed the surveyor access and provided information about wildlife in the area.  The 
surveyor then walked with one of the property owners to the end of 164th Avenue NE, in 
Snohomish County, to view a large wetland that provides habitat for a number of wildlife species.  
The field survey then concluded. 

Regulatory Framework 
Review of existing literature did not result in the identification of any existing, mapped wildlife 
corridors within the City of Woodinville R-1 area.  It did, however, provide a set of parameters 
that can be used to identify potentially functioning corridors within the R-1 area. 

Woodinville 
The City of Woodinville Comprehensive Plan (City of Woodinville 2002), Environmental 
Element, includes a goal (ENV-3) to preserve and enhance aquatic and wildlife habitat.  Among 
the policies listed for that goal are the following: 

 ENV-3.1 Encourage preservation of the urban forest 

 ENV-3.2 Identify and ensure the protection of sensitive habitat areas, including wetlands, 
streams and shorelines. 

 ENV-3.3 Maintain a standard of no net loss in the functions and values of sensitive habitat 
features, including wetlands, streams, lakes and shoreline areas. 

 ENV-3.4 Maintain connectivity between sensitive areas, including the Sammamish River and 
related streams, to provide safe travel routes for wildlife and fish and improve the biological 
integrity of sensitive habitat areas. 

 ENV-3.6 Periodically review and update the Shoreline Master Program and sensitive areas 
regulations to ensure consistency with the policies of this Comprehensive Plan, the Shoreline 
Management Act and the Department of Ecology shoreline regulations. 
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 ENV-3.7 Encourage the use of native plants in residential and commercial landscapes. 

 ENV-3.8 Consider and incorporate the best available science, consistent with the GMA and 
applicable rules, in developing regulations for fish and wildlife habitat areas, wetlands, and 
other critical areas. 

 ENV-3.9 Employ adaptive management for natural habitat. Adaptive management allows the 
City to monitor and make adjustments to its regulations as appropriate in response to 
changing conditions or new information. 

 ENV-3.10 Encourage acquisition of sites that protect habitat, stream corridors and provide 
aquatic habitat. 

 ENV-3.11 Encourage the restoration of ecological functions and the natural environment in 
environmentally damaged areas. 

In addition the City of Woodinville Municipal Code (WMC) includes buffers on Class 1 wetlands 
and streams and native growth protection easements/protection areas as fish and wildlife habitat 
conservation areas (WMC 21.24.410) and provides specific protections for these areas (WMC 
21.24.430). 

WMC 21.24.410 defines fish and wildlife habitat conservation areas as an area that meets any of 
the following criteria: 

 (a) Documented presence of species listed by the Federal Government or the State of 
Washington as endangered or threatened; or 

 (b) Heron rookeries or active nesting trees; or 

 (c) Class 1 wetlands and buffers as defined in WMC 21.24.310; or 

 (d) Type 1 streams and buffers as defined in WMC 21.24.350; or 

 (e) Native growth protection easements/ native growth protection areas (NGPE/NGPA) and 
other areas designated by the City; or 

 (f) Sites containing a bald eagle territory as mapped by WDFW. Bald eagle habitat shall be 
protected pursuant to the Washington State Bald Eagle Protection Rules (Chapter 232-12-292 
WAC). 

Any area that meets one or more of these criteria is also considered a critical area, whether it has 
previously been formally identified or not, per WMC 21.24.410(2). 

WMC 21.24.310 requires that a habitat management plan be prepared whenever information 
indicates that species listed as endangered or threatened under federal law have a primary 
association with a site or if a site contains heron nests.  Habitat management plans must be 
prepared in consultation with the WDFW and must contain specific information about the site.  
Mitigation of impacts to fish and wildlife habitat is also required, with mitigation sites to be 
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located to provide continuous wildlife corridors and minimize habitat fragmentation. 

The City of Woodinville also has tree retention requirements, described in WMC 21.16.130.  This 
ordinance requires that a minimum number of trees be retained on a site when it is developed, 
with the number dependent upon the size of the trees on the site, measured as diameter-at-breast-
height. 

These policies, goals, and regulations provide a framework for identifying potential wildlife 
corridors within the R-1 area. 

Federal, State, and County 
Wildlife and wildlife habitat are managed under a variety of regulations at the federal, state, and 
local level.  Federal regulations that are applicable to wildlife in the R-1 area include the 
Endangered Species Act (ESA), the Bald and Golden Eagle Protection Ace (BGEPA), and the 
Migratory Bird Treaty Act (MBTA). 

The ESA, enacted in 1973, provides protection for species listed as either threatened or 
endangered under the act.  The U.S. Fish and Wildlife Service, which administers the ESA, also 
maintains lists of species that are candidates for listing or are of concern and so may be proposed 
for listing in the future.  Neither candidate nor concern species are protected under the ESA. 

The BGEPA, enacted in 1940, prohibits the harming of bald or golden eagles.  The MBTA 
prohibits the harming of migratory birds, except for those for which a valid hunting license is 
issued, and extends protection to their eggs and nests. 

The State of Washington also maintains a list of species classified as threatened, endangered, 
sensitive, or candidate that are protected from hunting and for which the State has established 
management recommendations.  These species, along with those that are managed as game 
species by the State, are classified as “priority species” by the WDFW.  The WDFW manages 
wildlife in the State and regulates activities that may impact certain listed wildlife species, as well 
as regulating hunting and fishing. For example, prior to conducting activities in the vicinity of a 
bald eagle nest, a bald eagle management plan must be completed.  The majority of priority 
species are not protected by specific State regulations other than hunting regulations, however the 
WDFW has developed management recommendations for those species.  The management 
recommendations are guidelines, not regulations, which are intended to provide guidance on the 
protection of priority wildlife species and their habitat. The management recommendations are 
based on the best available science  

King County’s Comprehensive Plan (King County 2004) includes policies and goals to protect 
habitat for raptors and herons of local importance throughout the County and to protect additional 
species of local importance primarily outside of urban growth areas.  Policy E-172 defines areas 
to be protected as fish and wildlife habitat conservation areas within the County and includes the 
following habitats for terrestrial wildlife species: 
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 Habitat for federal or state listed endangered, threatened, or sensitive species; 

 Habitat for raptors and herons of local importance: osprey, black-crowned night heron; and 
great blue heron;  

 Wildlife habitat networks designated by the county; and 

 Riparian corridors.  

Policy E-172 also includes habitat protection for red-tailed hawk and for candidate species, as 
listed by the WDFW, found in King County outside the Urban Growth Area. 

Policy E-173 provides protection for additional species in areas outside the Urban Growth Area 
and in habitats where the species are likely to be most successful.  Terrestrial wildlife species 
included under E-173 are: 

Birds – trumpeter swan, tundra swan, snow goose, band-tailed pigeon, brant, harlequin duck, blue 
grouse, mountain quail, and western blue bird. 

Mammals – marten, mink, Columbian black-tailed deer, elk, and mountain goat. 

The following habitats, defined as priority habitats by the WDFW, are protected under Policy E-
174: caves, cliffs, consolidated marine/estuarine shorelines, estuary, old growth/mature forest, 
unconsolidated marine/estuarine shorelines; snag rich areas, and talus slopes. 

Additional protection is afforded to a variety of species in King County through specific 
development standards applicable within areas defined as wildlife habitat conservation areas 
(KCC 21A.24.382).  These development standards establish buffers around key habitat elements 
for the included species within which seasonal timing restrictions prohibit activity that could 
disturb the species.  Protected key habitat elements are nest sites for bald eagles, great blue heron, 
marbled murrelet, osprey, peregrine falcon, northern spotted owl, Vaux’s swift, and red-tailed 
hawk.  Caves or structures (i.e. bridges or buildings) containing active maternal nursery colonies, 
winter hibernacula, or day or night roosts for Townsend’s big-eared bat are also protected. 

Wildlife Habitat 
Both Adolphson (2004) and Steward and Associates with the City of Woodinville (2007) provide 
descriptions of wildlife habitat within the R-1 area.  Steward and Associates with the City of 
Woodinville (2007) identified several areas within the R-1 area that meet the criteria of Fish and 
Wildlife Habitat Conservation Areas.  Areas identified include Cold Creek, including the portion 
that is mapped as an inlet to Lake Leota; Lake Leota; Woodin Creek; ravines along the northwest 
boundary of the R-1 area that are tributaries to Little Bear Creek; and several areas of NGPE, 
including at the headwaters of Woodin Creek and scattered throughout the R-1 area.  Adolphson 
(2004) mapped wildlife habitat within the City, using the habitat classification system described 
in Wildlife-Habitat Relationships in Oregon and Washington (Johnson and O’Neil 2001).  
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Habitats identified within the R-1 area are:  

 Westside lowland conifer/hardwood forest; 

 Westside riparian/wetlands; 

 Herbaceous wetlands and open water; and 

 Agriculture and urban environs (agriculture, pasture, and mixed environs; and urban and 
mixed environs). 

As described by Adolphson (2004) and field verified by Jones & Stokes during the June 8, 2007 
field visit, areas of Westside lowland conifer/hardwood forest within the R-1 area are a mixture of 
coniferous and deciduous trees dominated by Douglas-fir (Psuedotsuga menziesii), western 
hemlock (Tsuga heterophylla), western red cedar (Thuja plicata), big-leaf maple (Acer 
macrophyllum), red alder (Alnus rubra), and vine maple (Acer circinatum).  Understory plants 
include salmonberry (Rubus spectabilis), Indian plum (Oemleria cerasiformis), sword fern 
(Polystichum munitum), salaal (Gaultheria shallon) and Oregon grape (Mahonia nervosa).  In 
some areas, particularly those with a younger overstory and more recent ground disturbance, 
Himalayan blackberry (Rubus armeniacus) and English ivy (Hedera hibernica) are also common. 

Westside riparian/shrub habitats within the R-1 area include forested and shrub riparian areas and 
wetlands, generally associated with streams.  Dominant plant species within this habitat type are 
black cottonwood (Populus balsamifera spp. trichocarpa), red alder, willow (Salix sp.), Douglas 
spirea (Spiraea douglasii), salmonberry, red-osier dogwood (Cornus sericea), Himalayan 
blackberry, and reed canarygrass (Phalaris arundinacea) (Adolphson 2004). 

Herbaceous wetlands and open water habitat contain emergent vegetation including reed 
canarygrass, common cattail (Typha latifolia), creeping buttercup (Ranunculus repens), soft rush 
(Juncus effusus), small fruited bulrush (Scirpus microcarpus), and slough sedge (Carex obnupta). 

Agricultural and urban environs include areas of agriculture and pasture as well as developed 
residential and commercial areas.  Urban environs include areas of medium density, single-family 
lots many of which are less than an acre in size.  Large coniferous trees are commonly retained on 
these lots and a mixture of native and ornamental shrubs also occur.  Agricultural areas are less 
common in the R-1 area and include cultivated croplands and grazed pastures. 

Of these habitat types, the westside lowland conifer/hardwood forest, westside riparian/wetlands, 
and herbaceous wetlands and open water types are the most important for wildlife as they provide 
natural habitat features that wildlife are adapted to. 

Existing areas of wildlife habitat, particularly those that are afforded some level of protection 
such as wetlands and streams and their associated buffers and NGPEs, can provide important 
blocks of habitat on which to base a wildlife corridor. 

Although the R-1 area is urban in nature, with a minimum lot size per current regulations of 1 
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acre, a number of the privately owned parcels are actually larger than 1 acre and most residential 
lots, regardless of size, are heavily treed.  This contributes to connectivity between patches of 
habitat described above. 

Wildlife Species 
Information on wildlife species known to occur within the R-1-area was derived from several 
sources, including Adolphson 2004, Steward and Associates with the City of Woodinville 2007, 
PHS data, observations by Jones & Stokes biologists during a field visit on June 8, 2007, and 
information provided to Jones & Stokes biologists in the field by property owners within the R-1 
area. 

A variety of wildlife species are known or expected to occur within the R-1 area, some of which 
are considered special status species because they are listed as threatened, endangered, sensitive, 
or candidate species under the ESA and/or by the State of Washington.  Special status species that 
are known to occur or may occur in the R-1 Area are listed in Table 1.  Table 1 also includes 
species protected under WMC 21.24.410 and species of local importance in King County that 
may occur in the R-1 Area. 
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Table 1.  Special status species that are known to occur or may occur in the R-1 
Area. 

Species Status1 Source2 Habitat Association Designated protections – 
federal and state 

Bald eagle  

(Haliaeetus 
leucocephalus) 

ST 

WV 

1 Bald eagles generally nest near bodies 
of fresh or salt water with an adequate 
supply of fish and where trees for 
nesting, perching, and roosting are 
available.  They winter along rivers with 
abundant fish and with trees for perching 
and roosting or in areas where carrion is 
available (Watson and Rodrick 2000).  

The bald eagle has been 
removed from the federal list of 
threatened species, effective 
approximately July 28, 2007, but 
is protected under the Bald and 
Golden Eagle Management Act of 
1940. 

Peregrine falcon 

(Falco peregrinus) 

FCo 

SS 

1 Usually nest on cliffs that are 45 meters 
or greater in height but will also nest on 
ledges in vegetated slopes or on human-
made structures such as tall buildings or 
bridges (Hayes and Milner 1999)  

Previously listed under the ESA, 
peregrine falcons are monitored 
by the U.S. Fish and Wildlife 
Service but are no longer 
protected.  Protected from hunting 
by the State. 

Red-tailed hawk 

(Buteo jamaicensis) 

KC 2 Red-tailed hawks occur in a variety of 
habitats, utilizing open areas 
interspersed with patches of trees or 
other elevated perches.  They generally 
nest in trees and forage in open areas 
associated with roadway, agriculture, or  
natural openings (Seattle Audubon 
2007). 

Protected from hunting by the 
State. 

Pileated woodpecker 

(Dryocopus pileatus) 

SC 3 Inhabit mature and old-growth forests or 
younger forests with large snags and 
fallen trees (Lewis and Azzerad 2003). 

Protected from hunting by the 
State.  Management 
recommendations for nesting 
habitat maintained by the WDFW. 

Vaux’s swift 

(Chaetura vauxi) 

SC 

KC 

4 Forested areas containing large hollow 
snags required for nesting colonies; 
forage over water (Stokes & Stokes 
1996).  

Protected from hunting by the 
State.  Management 
recommendations for nesting 
habitat maintained by the WDFW. 

Great blue heron 

(Ardea Herodias) 

WV 

KC 

2 Fresh and saltwater wetlands including 
seashores, rivers, swamps, marshes, 
and ditches.  Nest in colonies in 
deciduous or coniferous trees and feed 
in aquatic or upland meadow habitats 
(Quinn and Milner 1999). 

Protected from hunting by the 
State.  Management 
recommendations for nesting 
habitat maintained by the WDFW. 

Oregon spotted frog 

(Rana pretiosa) 

FCa 

SE 

WV 

1 A highly aquatic species that inhabits 
marshes and marshy edges of ponds, 
streams, and lakes.  Prefer shallow, slow 
moving water with abundant emergent 
vegetation and a thick layer of dead and 
decaying plant material on the bottom 
(Nordstrom and Milner 1997a). 

Protected from hunting by the 
State.  Management 
recommendations for nesting 
habitat maintained by the WDFW. 

Western pond turtle 

(Clemmys marmorata) 

FCo 

SE 

1 Occur in both aquatic and terrestrial 
habitat.  Aquatic habitats include 
permanent and intermittent marshes, 

Protected from hunting by the 
State.  Management 
recommendations for nesting 
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Species Status1 Source2 Habitat Association Designated protections – 
federal and state 

WV ponds, sloughs, and small lakes.   
Terrestrial habitats are used for nesting 
and for dispersal and overwintering.  
Nesting occurs in dry, compact soil up to 
800 meters from aquatic habitat.  
Western pond turtles will over winter in 
both aquatic and terrestrial habitats.  
Terrestrial overwintering areas usually 
have a thick duff layer into which the 
turtle burrows (Nordstrom and Milner 
1997b). 

habitat maintained by the WDFW.

Townsend’s big-eared 
bat 

(Corynorhinus 
townsendii) 

FCo 

SC 

KC 

4 Occur in forested habitats including 
Westside lowland coniferous forest and 
may use hollow snags or large trees for 
maternal colonies, hibernacula, or day or 
night roosts.  Also use buildings, bridges, 
and caves (Woodruff and Ferguson 
2005). 

Protected from hunting by the 
State.  Management 
recommendations for nesting 
habitat maintained by the WDFW. 

1Status: FT = federally threatened; FCo = federal concern; FCa = federal candidate; SE = state endangered; ST = state threatened; SS = state 
sensitive; SC -= state candidate; WV = protected under WMC 21.24.410; KC = King County species of local importance. 

2Source: 1= identified as potentially present in Adolphson 2004; 2 = information provided by local resident; 3= observed in R-1 area during June 8, 
2007 field survey; 4 = may occur based on habitat conditions.. 

Based upon observation of wildlife habitat during the June 8, 2007 field survey, the following 
species listed as being of local importance in King County may also occur: osprey (Pandion 
haliaetus), black-crowned night heron (Nycticorax nycticorax), great blue heron (Ardea 
herodias), mountain quail (Oreortyx pictus), and black-tailed deer.  Of these species, great blue 
heron, mountain quail, and black-tailed deer are state priority species. 

Osprey may occur in the vicinity of Lake Leota, although they have not been documented there 
(WDFW 2007).  Black-crowned night herons and great blue herons may occur in association with 
wetlands within the R-1 area (Stokes and Stokes 1996).  Mountain quail may occur in the 
westside lowland coniferous forest and in the urban and agricultural environs, however they are 
unlikely to occur in areas of high-density development (Ware et al 1999).  Black-tailed deer 
inhabit a variety of habitats, requiring food, cover, and water.  They may use all of the habitat 
types within the R-1 Area. 

Several other wildlife species that do not have special status may occur in the R-1 area.  
Mammals that may occur, include coyote, raccoon (Procyon lotor), Virginia opossum (Didelphis 
virginiana), muskrat (Ondatra zibethica), beaver (Castor canadensis), river otter (Lutra 
canadensis), and a variety of bats. 

Several types of birds may also occur including waterfowl, woodpeckers, and resident and 
migratory songbirds.  Waterfowl species observed by local residents include wood duck (Aix 
sponsa) and mallard (Anas platythynchos).  Violet-green swallows (Tachycineta thalissina) were 
also observed in association with wetlands and open water habitat during the June 8, 2007 field 
survey.  Resident bird species observed by local residents include spotted towhee (Pipilo 
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maculatus), varied thrush (Ixoreus naevius), song sparrow (Melospizia melodia), American robin 
(Turdus migratorius) and chestnut-backed chickadee (Parus rufescens).  Migratory birds 
observed included Wilson’s warbler (Wilsonia pusilla), yellow warbler (Dendroica petechia), and 
Swainson’s thrush (Catharus ustulatus) (Adolphson 2004). Both red-tailed hawks (Buteo 
jamaicensis) and western screech owls (Otus asio) have also been observed by local residents. 
Hairy woodpeckers (Picoides villosus) were observed during the June 8, 2007 field survey. 

According to local residents, several amphibians have been observed in the R-1 area including 
Pacific chorus frog (Pseudacris regilla), long-toed salamander (Ambystoma macrodactylum), and 
roughskin newt (Taricha granulosa).  Non-native bullfrogs (Rana catesbeiana) have also been 
observed.  Reptiles within the R-1 area are northwestern garter snake (Thamnophis ordinoides) 
and common garter snake (Thamnophis sirtalis) (Adolphson 2004). 

 

Habitat Connectivity in the R-1 Area 
In general, the landscape within the R-1 area appears relatively permeable to wildlife, meaning 
that wildlife can move through the area with relative ease.  The abundant trees and large lot sizes 
along with protected areas provide for a relatively high level of habitat connectivity on a 
landscape scale.  Riparian zones with vegetated buffers and patches of wildlife habitat within the 
R-1 area provide for connectivity at the planning area scale also. 

As mentioned above under Wildlife Habitat, several areas meeting the criteria of Fish and 
Wildlife Habitat Conservation Areas per WMC 21.24.410 have been identified in the R-1 Area 
(Steward and Associates and City of Woodinville 2007).  These areas can be categorized in two 
ways in terms of their contribution to wildlife habitat connectivity in the R-1 Area: as habitat 
patches and as connective corridors. 

Areas containing relatively large blocks of contiguous habitat include areas of Westside lowland 
conifer/hardwood forest in the northwest corner of the R-1 area and the NGPE Area associated 
with Woodin Creek (Steward and Associates and City of Woodinville 2007).  A third large patch 
of forested wetland habitat is located to the north of the northeast corner of the R-1 Area in 
Snohomish County.   

Potential connective corridors between the large patches of habitat have also been identified as 
part of this analysis.  Potential corridor areas incorporate existing habitat features including 
wetlands and streams with their associated buffers; additional areas mapped as Westside lowland 
conifer/hardwood forest by Steward and Associates and City of Woodinville (2007), and 
additional NPGE areas.  Where these features are discontinuous across the landscape, relatively 
high areas of tree canopy coverage, as determined through aerial photograph interpretation, were 
included to provide connectivity.  Together, the patches of habitat and areas of potential 
connectivity between them have been identified as a Wildlife Habitat Connectivity Emphasis 
Area, shown on Figure 2.  The Wildlife Habitat Connectivity Emphasis Area also extends outside 
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of the R-1 Area to show potential linkages with neighboring jurisdictions, as described below.  It 
is not the intention of this analysis that the entire area identified as Wildlife Habitat Connectivity 
Emphasis Area be protected as a wildlife corridor, but that wildlife habitat connectivity be 
considered and maintained in these areas as part of future development plans for individual 
parcels. 

Habitat Connectivity Outside the R-1 Area 
Existing wildlife habitat within the City of Woodinville R-1 area may serve to help link wildlife 
corridors in unincorporated King County with habitat patches elsewhere.  No existing wildlife 
corridors have been mapped within the City of Woodinville R-1 area.  King County has mapped a 
wildlife corridor network in the unincorporated parts of the County (King County 2004).  Most of 
the corridors are located along stream corridors and are between Woodinville and Duvall.  Within 
the area of unincorporated King County to the south of Woodinville, there are areas identified in 
the King County Comprehensive Plan as King County open space system lands. These open 
spaces, along with riparian habitat along the Sammamish slough to the south of Woodinville may 
provide a connection to wildlife habitat to the south in Marymoor Park. 

To the east-southeast of the R-1 area, there are more patches of open space in unincorporated 
King County and several small lakes and wetlands.  These may provide habitat connectivity 
between the City of Woodinville and the Snohomish River.  The King County Comprehensive 
Plan identifies a wildlife corridor that follows the Snoqualmie River to the east of Woodinville.  
Zoning in the area between Woodinville and the Snoqualmie River, other than areas identified as 
open space, is Rural Residential, where density ranges from 0.2 domestic units per acre (RA 2.5) 
and 0.05 domestic units per acre (RA 20).  Low-density development in this area, coupled with 
patches of habitat designated as open space, may provide linkages between patches of habitat in 
the City of Woodinville and the wildlife corridor along the Snohomish River. 

Corridor Analysis 
An extensive literature review was conducted as a part of this analysis to help determine the 
appropriate recommendations for establishing wildlife corridors within the R-1 Area.  A brief 
summary of this literature review follows. 

In his 1991 paper Land Use Planning and Wildlife Maintenance: Guidelines for Conserving 
Wildlife in an Urban Landscape, Michael Soule, recognized as one of the leading authorities in 
conservation biology and population dynamics, states that “among the most important measures 
that can be taken (to reduce the loss of species diversity in isolated fragments) are consolidation 
of open space set-asides and the provision of corridors linking habitat patches”.  Corridors, 
including under-road links, can mitigate some of the negative effects of development on wildlife 
(Forman and Godron 1986).  In urban areas where habitat fragments are isolated by the built 
environment, corridors linking these fragments are especially important (Adams 1994). 
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A broad description of the ecological function of wildlife corridors is “to increase population 
persistence by allowing continued exchange of individuals among a previously connected 
population” (Rosenberg et. al 1997).  Reed Noss (1993) describes four functions of wildlife 
corridors.  These are: 

 Corridors as habitat for plants and animals; 

 Corridors for daily and seasonal movements; 

 Corridors for dispersal of animal populations and plant seed; and 

 Corridors allowing long-distance range shifts of species. 

Within the R-1 Area, the first three of these functions likely occur, with the habitat and 
daily/seasonal movements occurring most commonly and dispersal also occurring, particularly 
across the landscape.  A study on the movement of forest birds, as have been documented within 
the R-1 area, found that small gaps in forest cover can create barriers to the movement of these 
birds as they attempt to disperse into other suitable habitat fragments in the region (Belisle and St. 
Clair 2001).  Bridging the gap with a wildlife corridor would reduce this barrier effect.  
Rosenberg et al (1997) also argue that part of the effectiveness of wildlife corridors is through the 
dispersal of young produced in the corridor.  The long distance range-shift function of wildlife 
corridors is not likely to be applicable to the R-1 Area. 

There are few specific guidelines for the design of wildlife corridors, and limited research on the 
optimum size of a corridor.  Much of what does exist for wildlife corridor design pertains to the 
management of larger open lands, such as forest and range-lands.  The City of Redmond Wildlife 
Habitat Plan (Adolfson Associates, Inc 2000) utilizes corridors ranging form 100 feet to over 
2,000 feet in width.  However, these widths seem to be determined by availability of open space 
between habitat fragments rather than by design. 

There are a number of studies on the movement of amphibians that may help inform a decision on 
appropriate corridor widths.  In the Northwest, many amphibians use wet areas only for breeding, 
with a significant portion of the life cycle spent in adjoining upland areas (Richter 2003).  As 
examples of the range of movement of amphibians, Richter (2003) cites studies showing 
amphibian movements ranging from 534 feet to over 3,000 feet from the nearest water 
(Nussbaum et al 1983, Dumas 1966, Efford and Mathias 1969, Semlitsch and Brodie 1998). 

To summarize, there is abundant scientific literature supporting the efficacy of wildife corridors 
in protecting local plant and animal populations, and in reducing losses in species richness 
resulting from urbanization.  There is relatively little information on the specific design and siting 
of wildlife corridors; however, the effectiveness of corridors increases with corridor width. 

Effect of increased density 
If zoning within the R-1 area is changed to R-4, meaning a maximum density of 4 homes per 
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acre, the density of development within the area would be expected to increase.  Along with the 
increase in density, or number of homes, would be an increase in road density and a decrease in 
tree canopy cover.  This would decrease the amount of habitat connectivity for all wildlife in the 
R-1 area and would be expected to have the greatest affect on the smaller, less mobile species.   

Larger, more mobile species would likely still be able to move through the area; however those 
that are sensitive to human activity would be less likely to do so than with lower density 
development.  Features such as lawns and roads can be a barrier to lower mobility species, 
however, and increased development would be expected to fragment habitats for these species 
and may lead to formation of isolated populations. 

Regardless of density, some habitat protection would be afforded within the R-1 area through 
existing critical areas ordinance enforcement, particularly through protection of wetlands and 
streams and their associated buffers as described in WMC 21.24.320 through WMC 21.24 360 
and WMC 21.24.370 through 21.24.400, respectively.  In addition, areas that currently meet the 
criteria as Fish and Wildlife Habitat Conservation Areas would be protected per WMC 21.24.410 
through 21.24.440. 

Conclusions 
Habitat connectivity and the function of wildlife corridors within the R-1 area will differ for 
different wildlife species.  Potential barriers to movement within the area include large cleared 
areas such as for schools and commercial development and roads, particularly wider, more 
heavily traveled roads such as Woodinville Duvall Road. 

Wide ranging animals such as black-tailed deer or coyotes would be expected to travel through 
the R-1 area, using habitat within the R-1 area as part of a larger home-range area.  Because these 
species are large and mobile, features such as openings and roads are less likely to present a 
barrier to movement. 

Riparian zones with buffers would also provide habitat connectivity, on a landscape scale and 
also on a local scale, providing connectivity between wetland and stream habitat and upland 
habitat for smaller, less mobile species such as amphibians.  Features such as large openings and 
roads are much more likely to be a barrier to these species.   

In general, habitat connectivity for large, wide ranging species can be assessed at a landscape 
scale while habitat connectivity for smaller, less mobile species must be assessed at a local scale.  
The less fragmented the habitat on a landscape scale, however, the more likely it is that habitat 
connectivity is available for less mobile species. 

The City of Woodinville does not currently maintain a list of species of local importance against 
which the effectiveness of existing wildlife habitat connectivity can be assessed.  The current 
development density appears to provide a relatively high level of connectivity for species known 
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to occur, particularly since so many of them are relative habitat generalists. 

Wildlife Habitat Connectivity Management 
Several areas within the R-1 Area are protected as either streams and wetlands and their 
associated buffers.  These areas, along with areas of open space, provide essential habitat for the 
wildlife species that occur within the City.  Stream buffer requirements also lead to the 
maintenance of connectivity between patches of habitat.  Measures that the City can take to 
improve or maintain habitat connectivity include he following: 

 Maintain current buffer requirements on streams and wetlands; 

 Revise the City’s existing tree retention and landscaping ordinance (WMC Chapter 21.26) 
and/or implement tree retention best management practices for construction development. 

 Modify the existing critical areas ordinance to identify species of local concern within the 
City of Woodinville. 

 Include areas identified as a Wildlife Habitat Connectivity Emphasis Area as a Fish and 
Wildlife Habitat Conservation Areas, as defined under WMC 21.24.410, requiring an 
assessment of effects to connectivity from development within these areas and requiring 
protection of a corridor with a minimum width to maintain wildlife habitat connectivity. 

The minimum effective width of a wildlife corridor is difficult to define because is varies by 
wildlife species, habitat type, and a number of other variables.  In general, the existing literature 
concludes that wider corridors are more effective.  Because the City of Woodinville 
Comprehensive Plan identifies wildlife habitat connectivity as an important element of the 
environment (see Policy Env-3.4 above), wildlife corridors should be afforded the same 
importance as other protected habitat features and so minimum widths will be recommended 
based upon existing buffer widths for wetlands and streams in the WMC. 

Should the City adopt the Wildlife Habitat Connectivity Emphasis Area as a Fish and Wildlife 
Habitat Conservation Area, development proposals for individual properties that overlap the 
Wildlife Habitat Connectivity Emphasis Area should be evaluated through a critical area study, 
per WMC 21.24.110.  The critical area study should: 

 Evaluate whether streams and wetlands and their associated buffers are present on the 
property and whether they would adequately provide connectivity for wildlife to adjacent 
properties. 

 Where existing buffers are not present or are not adequate to provide connectivity, a wildlife 
corridor should be established on the parcel. 

 Wildlife corridor width should be determined based upon the size of the parcel that is 
proposed for development or for a short plat. 
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The recommended widths of wildlife corridors are shown in Table 2. 

Table 2.  Recommended widths for Wildlife Corridors within the Wildlife Habitat 
Connectivity Emphasis Area 

Parcel Size Standard Wildlife Corridor Width 
(feet) 

Wildlife Corridor Width with 
Enhancement (feet) 

10 acres or greater 150 115 

5 acres to 9.9 acres 115 100 

1 acre to 4.9 acres 75 50 

Less than 1 acre 50 35 

 

These recommended widths are similar to existing stream buffer widths for different stream 
classes in the City and were used in recognition that wildlife habitat connectivity is an important 
element of the City of Woodinville Comprehensive Plan and should be afforded similar 
protection as other important habitat features.  Corridor widths are reduced on smaller parcels in 
recognition that the relative impact to the developable area of a parcel is greater on smaller 
parcels. 

As with stream and wetland buffers within the City, the wildlife corridor width could be reduced 
if the quality of connective habitat within the corridor is enhanced.  Corridor enhancement would 
include: 

 Establishing native tree cover within the corridor and maintaining a tree canopy cover of 60% 
or greater within the corridor; 

 Establishing a native shrub understory;  

 Establishing a dense native shrub border along both edges of the corridor; and 

 Removing noxious weeds from the corridor and controlling the establishment of new 
populations of noxious weeds. 

Once wildlife corridors have been established, they should be subject to the same monitoring 
requirements as other designated critical areas, as described in WMC 21.24.140 and WMC 
21.24.150.  They should also be marked as described under WMC 21.24.160; a notice should be 
placed on the property title as under WMC 21.24.170, and the critical area should be shown on 
site plans as required under WMC 211.24.180.  

Qualifications 
Ms. Tate is a wildlife biologist specializing in terrestrial ecosystems, marine mammals and 
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reptiles, and aquatic amphibians.  She has conducted field habitat assessments and formal surveys 
for a variety of species and has analyzed impacts to both individual species and habitat for 
projects including ski area expansion, transmission line and highway construction, and submarine 
cable installation.  Heidi has prepared wildlife sections for SEPA/NEPA EISs and NEPA EAs, 
prepared project-specific biological assessments, and prepared mitigation and monitoring plans 
for wildlife species and habitats.  



 

11820 Northup Way, Suite E300  ♦  Bellevue, WA  98005-1946  ♦  Tel. 425.822.1077  ♦  Fax 425 822.1079 
www.jonesandstokes.com 
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10230 NE Points Drive 
Suite 400

Kirkland, WA  98033
Phone (425) 822-4446

Fax (425) 827-9577

Introduction 
 
Background and Rationale for Study 
As part of a review of its zoning densities, the City of Woodinville has identified two areas within its 
municipal boundaries as being of special environmental interest:  Lake Leota and Cold Creek. The 
criteria for identifying these two areas of interest derive from recent case law concerning 
Washington State’s Growth Management Act (GMA), heard before the Central Puget Sound 
Growth Management Hearings Board (Board). The Board decided that urban zoning densities less 
than what is considered “compact urban”—defined as a minimum of four net dwelling units per 
acre—may be authorized by local governments if three criteria are met: 
1. The area in question represents an environmentally critical area that is large in scope. 
2. The area in question represents an environmentally critical area that is complex in its structure 

and function. 
3. The area in question represents an environmentally critical area that is considered to be of a high 

rank order. 
 
These criteria stem from the Board case Litowitz v. Federal Way (CPSGMHB Case 96-3-005, 
7/22/96), and are collectively known as the Litowitz test.  
 
The City of Woodinville’s Sustainable Development Study – R1 Zone (2007) has determined that, within 
the City’s R1 density zone (defined as one dwelling unit per acre) and its municipal boundaries, Lake 
Leota and Cold Creek meet the three Litowitz criteria noted above. A primary consideration in 
granting Litowitz status to Lake Leota and Cold Creek is that both water features provide “cold, 
clear water” to downstream, salmon-bearing streams in the Sammamish River basin.  
 
The City of Woodinville contracted Otak, Inc. to provide an assessment of surface water within its 
municipal boundaries. Specifically, the City requested that Otak analyze the presence of “cold, clear 
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water” within the City’s drainage basins, and that Otak review any special protective measures or 
recommendations for stream and habitat protection/enhancement within the Bear Creek drainage 
or any other drainage basin in the City. This memo addresses these two concerns. 
 
Methodology 
 
Subbasin Areas 
Using maps and drainage delineations provided by the City of Woodinville, Otak calculated 
proportional surface area within each drainage basin and relative contributions of presumed runoff 
to surface waters within the City. GIS files were provided by the City of Woodinville, and were used 
to delineate subbasin areas within the R1 zone (Figures 1 and 2). Acreages and relative contributions 
of each subbasin to municipal run-off within the R1 zone were calculated.  
 
Temperature Data 
Stream gages, maintained and operated either by King County, the City of Woodinville, or the U.S. 
Geological Service, were used to provide mean monthly temperatures for streams of interest both 
within the City of Woodinville and within the larger Sammamish drainage. Data from 2003 until 
spring of 2007 were examined, and yearly fluctuations were graphed for ten gaging stations in six 
different streams (Figure 3). 
 
Document Review 
Otak conducted a literature and document review to determine whether any specific protections, 
recommendations, or enhancement measures existed for Bear Creek or any other stream systems 
within the municipal boundaries of the City of Woodinville. Primary resource material for the review 
was derived from King County and the City of Woodinville. 
 
Results 
 
Mapped Subbasins 
Based on data obtained from the City of Woodinville, a total of six subbasins were identified as 
comprising the R1 Zone (Figure 1). Subbasin areas and the relative percentages of each of the six 
subbasin areas to the R-1 Zone, as well as subbasin areas relative to their watersheds, are shown in 
Table 1.   
 
The Hillside Drainage and Golf Course Basin drain to Little Bear Creek to the west, and represent a 
relatively small portion of the entire Little Bear Creek watershed. The other portion of the Little 
Bear Creek drainage within the City of Woodinville occurs to the west, and generally consists of 
zoned Industrial and General Business areas. Most of the rest of the Little Bear Creek watershed 
occurs to the north in Snohomish County, and comprises approximately 80% of the watershed—the 
drainage area for Little Bear Creek within the Woodinville city limits makes up only 20% or so of 
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the total watershed basin.  The Hillside Drainage and Golf Course Basin combine to represent 
approximately 2% of the entire Little Bear Creek watershed. 
 
Based on information received from Woodinville citizens, the Golf Course Basin appears to have a 
perennially flowing stream associated with steep ravines within the basin. Although specific data 
concerning flow rates, volumes, fish use, temperatures, and other parameters are unavailable, it is 
possible that the stream represents a groundwater-fed stream system that may provide high value 
fish and wildlife habitat, particularly during the summer months.  Further characterization of this 
stream, including location and stream typing, is warranted. 
 
The Woodin Creek Basin drains west and southwestward to the Sammamish River, and the portion 
of the basin identified on the map represents only the R1 zone within the larger Woodin Creek 
Basin. The portion of Woodin Creek Basin within the R1 zone comprises approximately 40% of the 
total drainage for Woodin Creek, with much of the remainder of the Woodin Creek basin consisting 
of R4 and more dense zoning.  The Woodin Creek Basin contained within the R1 Zone represents 
approximately 1% of the Sammamish River subbasin. 
 
The Lake Leota Basin drains generally southeastward into Lake Leota, and is considered a part of 
the larger Cottage Lake Creek drainage that spans the Snohomish-King County boundary. The 
Cottage Lake Creek drainage is considered a subbasin of the Bear-Evans Creek watershed.  More 
than 90% of the Lake Leota Basin consists of R1 zoned lots, with a small portion of the basin 
consisting of Neighborhood Business zoning. The Lake Leota Basin comprises the largest 
proportion of Woodinville’s R1 zone, and represents approximately 1.6% of the total Bear-Evans 
Creek watershed. 
 
The School Basin also comprises a portion of the Cottage Lake Creek drainage, but does not 
discharge into Lake Leota. Rather, it is likely that surface water within the School Basin discharges 
into Cold Creek, at least during the wetter months of the year. Precise hydrological connectivity and 
surface flow routes connecting the School Basin drainage to Cold Creek are unknown at this time, 
due to difficulties obtaining property access to key sites. The School Basin appears to drain largely to 
the south and southeast, although a portion of the drainage seems to conduct water north and 
eastward into a stormwater pond and from there into a large wetland complex north of the city 
limits. Based on the available mapping and contour data, it appears that the large wetland drains to 
the south back into the School Basin as part of the larger Cottage Lake Creek drainage, itself part of 
the Bear-Evans Creek watershed.  The School Basin comprises less than 0.1% of the overall Bear-
Evans Creek watershed. 
 
The Daniels Creek Basin is located on the eastern edge of Woodinville, and also constitutes part of 
the Cottage Lake Creek drainage and the larger Bear-Evans Creek watershed. Surface water flow 
within the Daniels Creek drainage is generally to the east and south beyond the city limits, with 
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Daniels Creek as the proximal receiving water body. Daniels Creek then flows into Cottage Lake.  
The Daniels Creek Basin in the City of Woodinville comprises only 0.04% of the total Bear-Evans 
Creek watershed. 
 

Table 1 – R-1 Zone Basin Drainage Contribution 
R-1 Zone 

Drainage Basin 
Proximal 
Receiving 

Water 

R-1 Zone 
Basin Drainage 

Area (ac) 

Percent of R-1 
Zone Drained 
by Basin (%) 

Drainage Basin 
Watershed 

Percentage of 
Watershed 

Golf Course Basin Little Bear 
Creek 

123.9 10% Little Bear Creek 
Watershed 

1.2% 

Hillside Drainages Little Bear 
Creek 

69.4 5% Little Bear Creek 
Watershed 

0.7% 

Lake Leota Basin Lake Leota 505.3 39% Bear-Evans 
Creek Watershed

1.6% 

School Basin Cold Creek 285.7 22% Bear-Evans 
Creek Watershed

0.09% 

Daniels Creek 
Basin 

Daniels 
Creek 

136.1 11% Bear-Evans 
Creek Watershed

0.04% 

Woodin Creek 
Basin 

Sammamish 
River 

171.0 13% Sammamish 
River Subbasin 

1.0% 

Total - 1291.4 100 - - 

Stream Temperatures 
Monthly mean stream temperatures for six different streams over a four year period are shown 
Figure 3. Figure 3 also shows temperature ranges for properly functioning streams, streams 
considered at risk for proper functioning, and streams that would be considered to be not properly 
functioning. Different temperature ranges pertain to different life history stages of salmonids, with 
spawning salmonids showing the greatest susceptibility to higher temperatures. These temperature 
ranges are based on NOAA Fisheries matrices of pathways and indicators for assessing and 
documenting baseline conditions for salmonids.  
 
All of the streams show seasonal fluctuations in temperature, but some show more variance in 
temperature cycling than others. Of the six streams examined, five are considered at risk of proper 
functioning or not properly functioning during the summer due to thermal loading, generally from 
May until September or October. The Sammamish River shows the highest water temperatures 
during the summer, passing into the “not properly functioning zone” for several months during 
each of the years for which data was available. Temperatures in Bear Creek were similar to those in 
the Sammamish River, but not as high. Bear Creek showed summertime temperatures that are 
considered to pose a risk to stream function with regard to salmon, but temperatures only climbed 
into the “not properly functioning” zone during the hottest month or two, if at all. 
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Available data for Woodin Creek was limited, constituting an eight month period during 2003. 
Nonetheless, temperature trends in the Woodin Creek system reflected the general warming pattern 
seen in most of the other surface waters, with temperatures climbing into the “at risk” zone for four 
months of the sampling period. 
 
Little Bear Creek consistently showed lower temperatures than Bear Creek over the monitoring 
period, generally ranging from 1-3o C cooler than Bear Creek. Even Little Bear Creek, however, 
showed summertime temperatures that would be considered “at risk” during the hottest months.  
 
Only Cold Creek showed summer temperatures that stayed within the “properly functioning” range 
for all salmonid life history stages. The low variance associated with seasonal temperature cycles is 
indicative of a primary groundwater source for Cold Creek, as noted in Golder Associates 
Hydrologic Analysis in the City of Woodinville’s Sustainable Development Study – R1 Zone (2007). In 
general, groundwater provides temperature buffering to surface waters, providing cool water in the 
summer and relatively warm water in the winter. Clearly, Cold Creek provides just such a function 
when groundwater expresses as surface water in the vicinity of Cold Creek Springs. Once expressed 
as surface flow, however, water in Cold Creek is subject to temperature variations associated with 
surface water, as well as mixing with other surface flows. Figure 4 shows data from the two gages 
associated with Cold Creek—one right below the springs (02k) and one approximately 0.5 miles 
downstream (02h). Temperature fluctuations become more pronounced as water flows downstream, 
due both to the effects of ambient temperature and energy input from sunlight, as well as mixing 
with Cottage Creek. Even with increased temperature variance, water temperatures at the 
downstream Cold Creek gaging station still fall within properly functioning conditions, with one 
exception during the summer of 2006. 
 
Special Protective Measures and Recommendations:  Bear Creek and Other Drainages 
 
A variety of protective and restorative measures and recommendations exist for Bear Creek and 
many of the other drainages within the greater Sammamish watershed. Many of these protective 
measures and recommendations are derived from King County documents, and some are derived 
from the City of Woodinville’s Comprehensive Plan and the Woodinville Municipal Code. Both 
King County’s recommendations and the City of Woodinville’s environmental guidelines and 
recommendations often complement or support one another in their goals and objectives.  
 
Following is a set of recommended actions and protective measures for the Bear Creek and Little 
Bear Creek drainages. Protective measures and recommended actions can be relatively large in 
spatial scale (i.e. basin-wide recommendations or approaches), or they may be relatively small and 
precise in terms of scale (specific actions or activities particular to specific pieces of property).  The 
majority of these more general protective measures are aimed at providing and maintaining natural 
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hydrologic processes and habitat that provide water quality and quantity to support salmonid 
populations.   
 
Bear Creek Drainage:  Cottage Lake/Cold Creek subbasin: Basin-wide recommendations for this 
subbasin are derived principally from the Final WRIA 8 Chinook Salmon Conservation Plan (2005), and 
include general actions taken to protect headwater wetlands, seeps, and groundwater recharge.   
Other environmentally critical areas earmarked for particular conservation efforts include critical 
aquifer recharge areas, riparian buffers, and forest cover.   
 
In addition to basin-wide conservation goals in support of physical habitat protection and 
preservation, King County has emphasized the role of public outreach and education in the process 
of furthering salmonid and environmental conservation efforts.  These include educational programs 
to point out and stress the interconnectedness of stormwater, surface water, and wetlands for 
watershed health; education and outreach to promote the benefits of forest coverage, riparian 
corridors and buffers, the habitat benefits of large woody debris (LWD), and the rationale for 
supporting floodplain connectivity and channel complexity.  King County has encouraged the use of 
Low Impact Development (LID), promoting the use of such features as rain gardens, pervious 
paving, the use of native plant species for landscaping and design, and other low impact 
development techniques.  The County has encouraged public recommendation of designers and 
builders that utilize LID techniques, and has recommended promoting basinwide stewardship 
programs to work with property owners, land trusts, agencies, and other stakeholders to develop and 
implement conservation goals and provide incentives for approaches that encourage conservation . 
 
While King County does not explicitly recommend low density zoning in any of its environmental 
guidelines, the County implicitly and explicitly encourages habitat preservation and protection of 
large tracts of undeveloped land, limiting or avoiding development in environmentally sensitive 
areas, and encouraging LID approaches and restoration of habitat. 
 
Site- or Reach-Specific Actions and Recommendations: Within the Cold Creek and Cottage Creek 
drainages, several reach-specific activities and actions have been recommended.  These include 
addition of LWD to stream reaches, reduction of fines, identification of illegal water withdrawals, 
restoration of in-channel complexity, and restoration/replanting of riparian corridors.  Activities 
include protection of specific lots, often forested or in use formerly as agricultural lands.  Proposed 
activities are prioritized and accorded a benefit rank by specific stream reach within the system. 
 
Woodinville Actions and Recommendations: The City of Woodinville recommends and requires 
various preservation and conservation actions throughout its municipal boundaries, many of which 
are similar to those put forth by King County.  Similar to many of the measures proposed by the 
County, Woodinville’s environmental recommendations and ordinances promote fish habitat and 
surface water quality through protective and conservation measures.  These include wetland and 
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wetland buffer preservation with a standard of no net loss of wetland function; identification and 
preservation of wildlife corridors and other environmentally critical areas; protection goals for 
surface water, groundwater, and critical aquifer recharge areas; public outreach to encourage habitat 
restoration, and environmentally friendly design and LID; and cooperation with King and 
Snohomish Counties to preserve and enhance habitat at the edge of Woodinville in the 
unincorporated counties. 
 
The City of Woodinville, through their Comprehensive Plan and the Bear Creek Basin Plan adopted 
as a surface water management plan for the Bear Creek Basin, identifies some specific 
recommendations in the Basin Plan.  These include among other things:  promotion of low density 
zoning for 0.25 miles in either direction from stream banks, a minimum buffer of 150 feet from the 
ordinary high water mark on each side of the stream for Class 1 streams, a clearing limit of 25% for 
sites smaller than 2.5 acres to reduce erosion, revegetation of all cleared areas, and water quality and 
sediment transport monitoring.  
 
Little Bear Creek Basin: Basin-wide and specific recommendations for Little Bear Creek are very 
similar in type and scope to those mentioned above for the Bear Creek Basin.  Emphasis on basin-
wide protective measures for Little Bear Creek include protection for headwaters, wetlands, and 
forest cover in the basin.  The Final WRIA 8 Chinook Salmon Conservation Plan targets specific 
wetlands and forested land within the basin, identifying locations of the sites and recommending 
specific activities.  These include riparian restoration, addition of LWD to specified stream reaches, 
removal of fish passage barriers, and increasing floodplain connectivity and channel complexity in 
particular reaches of the system.  The City of Woodinville identifies small farm plans, streamside 
restoration, and fish passage barrier removal as being priorities within the system. 
 
Table 2 identifies and summarizes various protective and conservation recommendations and 
measures for Bear Creek and Little Bear Creek. 
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Table 2 – Protective and Conservation Measures Within and Around Woodinville 
Scale Basin Measure Type Measure Description 

Basin-wide Bear Creek Protection Protect headwater wetlands, seeps, and 
groundwater recharge areas 

Basin-wide Bear Creek Protection Protect riparian corridors, stream and wetland 
buffers, and forest cover 

Basin-wide Bear Creek Protection Protect soil infiltration and minimize increases in 
impervious surface 

Basin-wide Bear Creek Protection Protect water quality from degradation (fine 
sediments, metals, high temperature, high flows) 

Basin-wide Bear Creek Conservation/
Protection 

Conserve remaining forested and undeveloped 
land.  Limit or avoid development in areas 

providing critical habitat or environmental function
Basin-wide Bear Creek Conservation/

Protection 
Promote basinwide stewardship programs to work 

with property owners, land trusts, agencies, and 
other stakeholders to develop and implement 
conservation goals and provide incentives for 

approaches that encourage conservation 
Site-specific 

(within City of 
Woodinville) 

Bear Creek Conservation/
Protection 

Maintain no net loss of function for wetlands; 
identify and preserve wildlife corridors and other 

environmentally critical areas 
Site-specific 

(within City of 
Woodinville) 

Bear Creek Conservation/
Protection 

Establish or maintain low-density zoning within 
0.25 miles of stream banks; establish/maintain 
riparian buffers within 150 ft. of ordinary high 

water mark for highly rated streams; limit clearing 
to 25% on smaller sites 

Basin-wide Bear Creek Education Develop and implement public outreach programs 
stressing interconnectedness of stormwater, surface 

water, and wetlands 
Basin-wide Bear Creek Education Develop and implement public outreach programs 

to emphasize importance of riparian buffers, flood 
plain connectivity, and large woody debris (LWD) 

for watershed health 
Basin-wide Bear Creek Education Promote and encourage use of Low Impact 

Development (LID) techniques:  e.g. raingardens, 
pervious pavement, landscaping with native plant 

species, etc. 
Site-specific 

(within City of 
Woodinville) 

Bear Creek Education/ 
Outreach 

Encourage LID and environmentally friendly 
development; conduct public outreach to 

encourage restoration 
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Table 2 – Protective and Conservation Measures Within and Around Woodinville (Cont.) 
Site-specific 

(within City of 
Woodinville) 

Bear Creek Education/ 
Outreach 

Cooperate with King and Snohomish Counties to 
preserve and enhance habitat at the edge of 
Woodinville in the unincorporated counties. 

Site-specific Bear Creek Restoration Remove channel constrictions and fish passage 
blockages 

Site-specific Bear Creek Restoration Construct LWD jams at strategic locations. 
Site-specific Bear Creek Restoration Plant native species to restore riparian corridors 
Site-specific Bear Creek Restoration Restore in-channel complexity; re-establish flood 

plain connectivity 
Basin-wide Little Bear 

Creek 
Protection Protect headwater wetlands, seeps, and 

groundwater recharge areas 
Basin-wide Little Bear 

Creek 
Protection Protect riparian corridors, stream and wetland 

buffers, and forest cover 
Basin-wide Little Bear 

Creek 
Protection Protect soil infiltration and minimize increases in 

impervious surface 
Basin-wide Little Bear 

Creek 
Protection Protect water quality from degradation (fine 

sediments, metals, high temperature, high flows) 
Basin-wide Little Bear 

Creek 
Education/ 
Outreach 

Encourage LID, transferable property rights 
(TDR), and clustering growth to protect natural 

areas 
Site-specific Little Bear 

Creek 
Conservation/

Protection 
Protect remaining forested areas along Little Bear 

Creek, particularly forested wetlands identified 
along specific reaches of the system 

Site-specific Little Bear 
Creek 

Conservation/
Protection 

Acquire and conserve/preserve specific properties 
along Little Bear Creek, particularly land formerly 

in agricultural usage 
Site-specific Little Bear 

Creek 
Restoration Construct LWD jams at strategic locations within 

specific reaches of the system 
Site-specific Little Bear 

Creek 
Restoration Remove channel constrictions and specifically 

identified fish passage blockages 
Site-specific Little Bear 

Creek 
Restoration Plant native species to restore riparian corridors 

along specific reaches of the system 
Site-specific Little Bear 

Creek 
Restoration Restore in-channel complexity; re-establish flood 

plain connectivity along specific reaches of the 
system 
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Conclusion 
 
Temperature data for the various streams draining the subbasins occurring within Woodinville’s R1 
zone indicate that thermal conditions become inappropriate or suboptimal for salmonids during the 
summer months.  The exception to this pattern is Cold Creek, which maintains its properly 
functioning condition as thermal habitat for salmonids throughout the summertime.  Unlike most or 
all of the other streams in and around Woodinville, Cold Creek appears to provide an important 
source of cold, clear water—derived from groundwater expressions—to the Cottage Lake basin into 
the summer months.  This source of cold water may be unusual or even unique in the Sammamish 
watershed, where many of the water bodies exceed thermal habitat thresholds for several months 
out of the year.  Cold Creek appears to easily meet the Litowitz criteria cited above, and the cold 
groundwater source of recharge provides both habitat functional complexity and represents a habitat 
with a high rank order, both for the City of Woodinville and the Sammamish drainage as a whole. 
 
Both King County and the City of Woodinville have numerous and detailed protective and 
conservation measures and ordinanaces in place.  Both the County and City recognize the value of 
environmentally sensitive areas, acting to impose limits and restraints to development in areas 
deemed environmentally important.  Both the County and City have acknowledged the habitat and 
hydrological value of riparian areas, wetlands, stream systems, and wildlife corridors in providing 
critical functions for and necessary for the well-being of animal and plant communities and the 
health of surface water systems.  Recommendations for preservation of specific areas and limitations 
or prohibitions on development within many of those areas exist based in part upon the critical 
habitat and environmental functions provided by those areas.  Many of these areas meet the Litowitz 
criteria cited above, and may warrant further protection in the form of zoning and development 
limitations. 
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Figure 3—Monthly Mean Stream Temperatures
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Figure 4—Monthly Mean Temperatures at Cold Creek
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