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1. Introduction  
An inventory of shoreline conditions along major waterways and lakes is the third component of 

the CAR monitoring plan. This review is also intended to meet monitoring requirements of the 

Shoreline Master Program. Modifications to shorelines reduce the quality of habitat for ESA-

listed threatened fish populations as well as other aquatic and terrestrial species. Shoreline 

modifications also disrupt ecological processes such as channel migration and large woody 

debris recruitment that are necessary to maintain healthy rivers and lakes over the long-term. 

Excessive bank erosion and instability may indicate that ecological processes have been 

disrupted. 

 

In 2008 and 2009 shoreline surveys were conducted along navigable portions of the Snohomish, 

Snoqualmie, Skykomish, and Stillaguamish rivers and within publicly accessible lowland lakes 

in Snohomish County to establish a baseline. The surveys document the extent and type of 

shoreline modifications and instability. Quantitative remote sensing and field data collection 

techniques were employed to document conditions accurately and precisely. Shoreline conditions 

may be resurveyed in the future to evaluate trends. We hypothesize that mitigation and shoreline 

enhancement will offset any additional modifications, and thus there will be no net change in 

shoreline modifications and instability. 

2. Methods 

2.1 Site Selection  

Shoreline Rivers 

Site selection of river shorelines was determined through an analysis of river characteristics and 

the project objective. These factors included site access, navigability, safety, flow morphology, 

time allocation, and proximity. River shorelines were surveyed in their entirety on the 

Skykomish, Snoqualmie, Snohomish, North Fork Stillaguamish, South Fork Stillaguamish, and 

Stillaguamish rivers from the upper extent of safe navigability down to Puget Sound. 

 

Shoreline Lakes 

Of the 26 publicly accessible Shoreline lakes in the County, 13 lakes were selected for survey in 

2008 using a stratified random selection process. Lake shoreline lengths were plotted and 

delineated into three size classes based on natural breaks, resulting in 3 large, 8 medium and 14 

small lakes. A random, sequential number was assigned to each lake, and the top half within 

each class was selected. Two of the three lakes in the large lake group were selected to ensure 

that at least 50% of large-lake shoreline was surveyed. These 13 lakes will provide a baseline for 

future lake shoreline monitoring.  

 

In 2009, the SWM Habitat group partnered with the SWM Lakes group to survey the remaining 

13 lakes, resulting in a complete record of lake shoreline conditions. While these l3 lakes are not 

intended to be the focus of proposed future monitoring, establishing a complete baseline record 

of lake shoreline data will allow flexibility should priorities change or unforeseen site-specific 
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issues arise in the future. Figure 1 shows river reaches and lakes included in the sample 

population.  

2.2 Office Preparation 

Field maps displaying hydrography (water courses, shorelines, or water boundary), reach breaks, 

river miles, boat put-in/take-out locations, and the 100-year floodplain over recent aerial imagery 

were produced prior to the commencement of field surveys. These maps served as field guides 

and backups to GPS data collection. If previous survey points were recorded upstream or 

downstream of the area scheduled for survey, these data were also included on the field map to 

provide reference for start and/or end points and to facilitate seamless data collection.  

 

 

Figure 1 Lakes and Rivers included in the 2008-9 bank conditions survey. The South Fork Stillaguamish 

River was surveyed in 2006. 



 

 

Shoreline Inventory Status Report for Snohomish County Critical Area Monitoring January 2009 

    3 

2.3 Field Procedures 

Motorized watercraft and inflatable rafts were used to conduct field surveys. On rivers, when 

conditions were not suitable for motorized watercraft, surveys were conducted from two 

inflatable craft, one along each bank. When use of motorized watercraft was possible, one craft 

was used to survey both banks. When inflatable rafts were used, one crew surveyed each bank 

concurrently. In bifurcated channels bank conditions were assessed along the outer banks only. 

Each boat contained two crew members, one piloting the craft and the other collecting data. Both 

crew members observed banks from the boat and when necessary, as in the event of large dry 

bars, the data collector went ashore and recorded bank conditions while on foot. On all lakes, 

surveys were conducted using either electric or gas-powered motorized watercraft. Locations of 

changes in bank condition were recorded in a data dictionary using Trimble GeoExplorer XH 

GPS data collectors. 

 

To simplify data collection, changes in bank condition were recorded as point features along the 

continuous bank line. At a change in any of the descriptive attribute fields contained in the data 

dictionary, a GPS location was recorded as near the location of change as possible. On rivers, the 

attributes given to a point characterize the bank between this point and the next downstream 

modification point along the same bank. On lakes, bank point attributes describe the bank 

segment in a clockwise direction to the next point. 

 

Bank toe modifications, material and instability were recorded for all bank segments. Banks with 

human-made alterations, which impact channel and floodplain response to hydrologic processes, 

were classified as modified. Banks without alterations were classified as unarmored. Modified 

banks were further described by a modification type class. The modification classes included in 

the data dictionary were revetment: armoring placed on a bank; bulkhead: constructed vertical 

wall along a bank; grade: fill along roads or railroads immediately adjacent to the bank; and boat 

ramp: sloping concrete or gravel boat access points. An additional modification type of fill  was 

added to the lake shoreline data dictionary. This type was selected to describe lengths of bank 

that had non-native material (sand, gravel, etc.) imported to raise shoreline elevation or create an 

artificial beach. Bank toe material was categorized for each bank segment into one of 4 toe 

classes. Rock larger than 256 mm (10 in) placed as armor was classified as riprap. Armor 

material less than 256 mm was classified as rubble (Beamer & Henderson, 1998). Any 

constructed bank protection such as concrete, gabions and wood bulkheads were classifi ed as 

structural features. Earthen banks or banks with naturally occurring (non-placed) material, such 

as cobbles, boulders or wood, were classifi ed as earth/natural. Banks were deemed unstable if 

they showed indications of breakdown, slumping, or fracture or were steeper than 80
o 
from the 

horizontal and eroding at or above bankfull elevation (Bauer and Burton 1993). Otherwise, banks 

were recorded as stable. A vegetation condition feature was added to the lake shoreline data 

dictionary. In a similar fashion as bank toe conditions, Surveyors recorded points at changes in 

bank vegetation and classified each segment as having intact native vegetation or altered 

vegetation. 

 

To assist with post-processing of bank condition data, several additional attributes were recorded 

for each point. In rivers banks were classed as left or right facing downstream. In lakes the bank 

were always classed as left because the survey was always performed in a clockwise direction. A 

confidence field allowed data collectors to rate the collected points as being high, medium or low 
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quality based on their ability to occupy the exact location when recording the level of a change in 

bank condition. At some locations, shallow water depth or fast currents inhibited collection of 

data at the precise location of a change in bank condition. Comment fields and photographs were 

recorded as needed to communicate any necessary adjustments to the data manager. 

2.4 Data Post Processing 

The data manager downloaded files from the GPS field computers upon return from the field and 

reviewed data to assess quality and completed. Lake bank and vegetation condition data were 

combined and all data were ñsnappedò to river or lake banks in the Countyôs routed waterbody 

layer. Many spatial updates were made to the waterbody layer as needed to reflect accurate 

conditions at the time of the survey and previously un-routed lake banks were routed for this 

project. Using dynamic segmentation functions, the left and right riverbanks were routed and 

assigned measure lengths. Surveyed bank condition points were converted to linear GIS data. 

River data were overlaid with reach lines in order to assign appropriate reach labels to associated 

bank data, making it possible to summarize bank condition data by river reach. This step was not 

necessary for lake data because lakes are discrete features and attribution of lake names was 

straight forward. Bank condition and reach segment data sets were converted to ArcGIS feature 

classes for data summarization and mapping purposes. Data were summarized as length of 

modified bank, unstable bank, and toe material by reach for rivers and lakes. Altered and intact 

vegetation data were summarized by length for lakes as well. 

 

3. Results and Discussion 

3.1 River Shoreline Conditions 

Surveys of Shoreline conditions along navigable river reaches were conducted on the 

Snohomish, Stillaguamish, Snoqualmie, and Skykomish Rivers. The Skykomish was surveyed 

from river mile 23.1 near the City of Gold Bar down to the confluence with the Snoqualmie 

River. The Mainstem Snohomish River was surveyed from the confluence down to the 

Snohomish Estuary at river mile 0. The Snoqualmie River was surveyed from the County line at 

river mile 5.4 to the confluence with the Snohomish. The Stillaguamish River was surveyed from 

river mile 16.2 on the South Fork and river mile 21.4 on the North Fork to the confluence. The 

Mainstem Stillaguamish River was surveyed along its entire length to Port Susan with the 

exception of the Old Stillaguamish Channel. In total, approximately 172 km of river channel was 

surveyed resulting in data collected for 344 km of river shoreline. 

 

The lengths of river described above were divided into distinct reaches based on locations of 

major tributary inputs, channel bifurcations or changes in channel geomorphology. These 

reaches were originally created as part of salmon recovery modeling efforts in both 

Stillaguamish and Snohomish Basins. Table 1 lists these reaches by basin and describes their 

location by river mile and briefly by geographic location. The river miles and reach lengths 

displayed in Table 1 were generated from routed river centerline GIS data. These data are 

updated regularly to incorporate channel migration so river mile values may be different than 

those reported in previous reports. The reach break physical locations have remained unchanged. 
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Table 1. River Shoreline Survey Reach Descriptions. 

Basin River Reach Name 
RM 
DS 

RM 
US 

Total 
Length 

(mi) 

Surveyed 
Length 

(mi) Description 

S
ti

ll
a
g

u
a
m

is
h

 

Mainstem 

Hat Slough 0.0 0.3 0.3 0.3 Hat Slough mouth to the Old Stillaguamish River 

Reach 2 0.3 3.3 3.0 3.0 Old Stillaguamish River Divergence to Cook Slough  

Reach 3 3.3 8.3 5.0 5.0 
Cook Slough Convergence to Cook Slough 
Divergence 

Cook Slough 3.3 8.3 5.0 5.0 Cook Slough 

Reach 4 8.3 15.4 7.1 7.1 Cook Slough to NF and SF Convergence 

North Fork 

Reach 1 0.0 2.5 2.5 2.5 NF mouth to valley confinement 

Reach 2 2.5 9.5 7.0 7.0 Valley confinement to Cicero Bridge 

Reach 3 9.5 14.7 5.2 5.2 Downstream of Cicero Bridge to Deer Creek 

Reach 4 14.7 21.4 6.7 6.7 Deer Creek to C Post Bridge 

South Fork 

Reach 1 0.0 4.5 4.5 4.5 NF and SF Convergence to Jim Creek 

Reach 2 4.5 8.5 4.0 4.0 Jim Creek to Jordan Creek 

Reach 3 8.5 16.2 7.7 7.7 Downstream of Jordan Creek to Canyon Creek 

S
n

o
h

o
m

is
h

 

Mainstem 

Lower 0.0 13.4 13.4 13.4 Port Gardener to French Creek 

Reach 1 13.4 15.0 1.6 1.6 French Creek to below Thomas's Eddy 

Reach 2 14.4 19.8 5.4 5.4 Thomas's Eddy to Skykomish and Snoqualmie  

Skykomish 

Reach 1 0.0 4.1 4.1 4.1 Skykomish mouth to SR 203 Bridge 

Reach 2 4.1 10.9 6.8 6.8 SR 203 Bridge to Elwell Creek 

Reach 3 10.9 13.5 2.6 2.6 Elwell Creek to Sultan River 

Reach 4 13.5 14.7 1.2 1.2 Sultan River to Wallace River 

Reach 5 14.7 19.3 4.6 4.6 Wallace River to end of braided reach 

Reach 6 19.3 23.1 3.8 3.8 Braided reach to US 2 crossing above Gold Bar 

Snoqualmie Reach 1 0.0 5.4 5.4 5.4 Snohomish-Snoqualmie confluence to County line 

Totals       106.9 106.9  

 

 

The extent of bank toe modification and instability along river reaches varied widely (Table 2). 

Mainstem Reach 4, Hat Slough and Cook Slough in Lower Stillaguamish River valley had the 

highest level of bank modification at 37%, 35% and 34%, respectively. The Snohomish River 

estuary likely has an even greater extent of modification but it has not yet been surveyed. 

Stillaguamish Mainstem Reach 2, NF Stillaguamish Reach 3, Snohomish Reach 1, and 

Skykomish reaches 1 through 4 had 20% or greater bank modification. Only Skykomish Reach 6 

had less than 10% armored banks. The extent of river modification generally increased in a 

downstream direction. The Stillaguamish River mainstem had the highest percentage of modified 

banks (29%), followed by the Snohomish River mainstem (25%). The Skykomish River and the 

North Fork Stillaguamish River had a comparable level of armored bank (18-19%). Bank 

modifications were predominantly revetments comprised of riprap. Unstable banks comprised 

15% of the total surveyed length and ranged from a low of 6% in Hat Slough to a high of 32% in 

Skykomish Reach 6. Figures 2ï20 illustrate bank conditions, and modification location and 

extent for each reach surveyed. 
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Table 2. River Shoreline Condition Summary Data 

Basin Reach 

Surveyed 
Shoreline 

Length 
(km) 

Percent 
Armored 

Bank 

 Length of Bank by Toe Material and Stability  

Rock Revetment Structural Bulkhead Non Armored 
Stable 

(m) 
Eroding 

(m) 
Stable 

(m) 
Eroding 

(m) 
Stable 

(m) 
Eroding 

(m) 

S
ti

ll
a
g

u
a
m

is
h

 

Cook Slough 11.1 34% 3,254 455 19 0 6,092 1,233 

Hat Slough 7.5 35% 2,554 73 0 0 4,482 377 

Mainstem 1 10.7 17% 1,031 776 0 0 7,398 1,460 

Mainstem 3 15.4 21% 2,361 889 49 0 9,006 3,137 

Mainstem 4 22.3 41% 8,883 164 0 28 11,317 1,922 

North Fork 1 7.7 17% 1,226 67 0 0 5,573 809 

North Fork 2 22.6 19% 3,791 456 0 0 15,897 2,449 

North Fork 3 16.8 22% 3,585 0 47 0 10,895 2,273 

North Fork 4 21.5 16% 2,755 155 473 0 14,763 3,305 

South Fork 1 12.5 16% 1,455 477 44 26 6,568 3,950 

South Fork 2 14.7 1% 163 0 0 0 12,188 2,388 

South Fork 3 24.2 7% 1,360 194 154 0 19,502 3,033 

S
n

o
h

o
m

is
h

 

Skykomish 1 12.9 23% 2,939 0 0 0 7,954 1,968 

Skykomish 2 22.1 23% 4,705 51 251 0 13,187 3,938 

Skykomish 3 7.8 27% 1,610 516 0 0 4,105 1,551 

Skykomish 4 3.8 20% 594 141 29 0 2,328 685 

Skykomish 5 14.7 14% 2,064 67 0 0 8,437 4,169 

Skykomish 6 11.9 8% 943 0 0 0 7,130 3,818 

Snohomish 1 0 TBD TBD TBD TBD TBD TBD TBD 

Snohomish 2 4.2 25% 1,074 0 0 0 2,440 722 

Lower Snohomish 24.3 53% 12,622 101 124 0 10,299 1,117 

Totals 288.7  58,970 4,580 1,190 54 179,562 44,306 
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Figure 2. Bank Conditions for Hat Slough. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 3. Bank Conditions for  Stillaguamish Mainstem: Reach 2. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 4. Bank Conditions for  Stillaguamish Mainstem: Reach 3 and Cook Slough.   

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 5. Bank Conditions for  Stillaguamish Mainstem: Reach 4.  

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 6. Bank Conditions for  Stillaguamish North Fork: Reach 1. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 7. Bank Conditions for  Stillaguamish North Fork: Reach 2. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 8. Bank Conditions for  Stillaguamish North Fork: Reach 3. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 9. Bank Conditions for  Stillaguamish North Fork: Reach 4. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 10. Bank Conditions for  Stillaguamish South Fork: Reach 1. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 11. Bank Conditions for  Stillaguamish South Fork: Reach 2. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 12. Bank Conditions for  Stillaguamish South Fork: Reach 3. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 13. Bank Conditions for Lower Snohomish 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 14. Bank Conditions for  Snohomish: Reach 2. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 15. Bank Conditions for  Skykomish: Reach 1. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 16. Bank Conditions for  Skykomish: Reach 2. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.

R.M. 10.9

R.M
. 4

.1

Bank Conditions Skykomish: Reach 2

Bank Condition
Stability and Toe Class

Reach Break

Stable, Earth/Natural

Unstable, Earth/Natural

Stable, Rip Rap (> 256 mm)

Unstable, Rip Rap (> 256 mm)

Stable, Rubble (< 256 mm)

Unstable, Rubble (< 256 mm)

Stable, Structural

River
1,500 0 1,500750 Feet

EVERETT

MARYSVILLE

BOTHELL

MONROE

EVERETT

SULTANMILL CREEK

LAKE STEVENS

SNOHOMISH

GOLD BAR

GRANITE FALLS

LYNNWOOD

.



 

 

Shoreline Inventory Status Report for Snohomish County Critical Area Monitoring January 2009 

     22 

 

Figure 17. Bank Conditions for  Skykomish: Reach 3. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 18. Bank Conditions for  Skykomish: Reach 4. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 19. Bank Conditions for  Skykomish: Reach 5. 

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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Figure 20. Bank Conditions for  Skykomish: Reach 6.  

Snohomish County disclaims any warranty of merchantability
orwarranty of fitness of this map for any particular purpose,
either express or implied. No representation or warranty is

made concerning the accuracy, currency, completeness or
quality of data depicted on this map. Any user of this map
assumes all responsibility of use thereof, and further agrees
to hold Snohomish County harmless from and against any
damage, loss, or liability arising from any use of this map.
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3.2 Lake Shoreline Conditions  

 

Shoreline condition data were gathered from 13 lakes within Snohomish County in 2008 along 

44.0 km (27.9 miles) of shoreline, which is slightly above the goal of 50% of the total lake 

shoreline (Table 3). The remaining 13 lakes were surveyed in 2009 to provide a complete 

baseline survey. In total, 43% of shoreline surveyed was modified. Comprising 29% of the total 

shoreline length, bulkheads were the dominant type of modification, followed in decreasing 

order by revetment (12%), grade/fill ( 2%), and boat ramp (<0.5%). The percent of modified 

banks ranged from 1% at Lake Armstrong and Chain Lake to 78% at Lake Stevens. 

Modifications were much more extensive in the larger lake class. Seventy-one percent of the 

total shoreline of Lake Stevens, Lake Shoecraft, and Lake Goodwin was modified, whereas only 

11% of the total shoreline of small and medium sized lakes was modified. The extent of bank 

armoring appears to be positively correlated with the extent of development and negatively 

correlated with the percent intact forest cover. For example, Lake Armstrong is 99% unarmored 

and retains 96% unaltered vegetation. Lake Stevensô shoreline in contrast is 78% modified with 

84% of shoreline vegetation recorded as altered. Further data analysis will be completed in 2010 

once the riparian forest characterization using Quickbird satellite imagery is finalized. 

 

In addition to shoreline surveys, the number and extent of docks and overwater structures was 

quantified (Table 4). In total 2,366 docks were identified. Over 50% of docks were located on 

Lake Stevens, Goodwin, and Roesiger. Adding Lake Bosworth, Shoecraft, and Flowing Lake 

accounts for over two thirds of all docks. Chain Lake and Lake Bryant had no docks. While the 

average percentage of area that docks covered remained about 1% in most lakes, Martha Lake 

South had 6% of its surface covered by docks. The current density of docks on developed lakes 

is 1 dock every 34 meters. The aerial extent of docks and overwater structures on all lakes 

covered over 27 acres. 
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Table 3. Lake Shoreline condition values. 

 

Lakes 
 

Year 
Surveyed 

 

Armored 
(m) 

 

Percent 
Armored 

 

Total 
Shoreline 

(m) 

Bulkhead 
(m) 

 

Revetment 
(m) 

 

Fill 
(m) 

 

Boat Ramp 
(m) 

 

Veg 
Altered 

 

Veg 
Intact 

 

Armstrong 2008 15 1% 1765 0 0 0 15 4% 96% 

Bosworth 2008 919 26% 3497 683 210 15 11 86% 14% 

Cassidy 2008 64 2% 3166 17 22 0 26 6% 94% 

Chain 2008 14 1% 1810 0 0 0 14 5% 95% 

Goodwin 2008 6374 70% 9149 5706 605 44 19 96% 4% 

Howard 2008 396 28% 1397 92 274 0 10 59% 41% 

Loma 2008 250 16% 1542 97 127 18 9 55% 45% 

Lost 2008 117 10% 1219 40 22 48 8 33% 67% 

Shoecraft 2008 2146 53% 4044 1205 870 58 13 71% 29% 

Stevens 2008 9149 78% 11740 6726 2361 83 24 84% 16% 

Stickney 2008 73 4% 1628 30 0 28 15 22% 78% 

Storm 2008 193 7% 2718 58 42 79 13 31% 69% 

Wagner 2008 215 17% 1303 0 145 70 0 34% 66% 

Bryant 2009 0 0% 1136 0 0 0 0 0% 100% 

Crabapple 2009 391 20% 1909 270 111.7 0 9 50% 50% 

Echo 2009 465 33% 1411 194 231 22 17 87% 13% 

Flowing 2009 2184 51% 4259 952 918 288 26 64% 36% 

Ketchum 2009 509 24% 2096 392 54.1 43.1 20 73% 27% 

Ki 2009 1581 50% 3180 766 403 360 54 68% 32% 

Martha N. 2009 1138 38% 3006 633 424 71 9 66% 34% 

Martha S. 2009 1860 72% 2598 902 933 0 25 84% 16% 

Panther 2009 272 13% 2141 162 90 13 7 48% 52% 

Riley 2009 7 0% 1714 0 0 0 7 3% 94% 

Roesiger 2009 5606 56% 10063 4007 1545 34 20 80% 20% 

Serene 2009 1600 72% 2222 869 597 131 3 94% 6% 

Sunday 2009 484 22% 2209 201 70 213 0 62% 38% 

2008 Lake surveys 19925 
 

44978 14654 4678 443 177 
  2009 Lake surveys 16096 

 
37944 9348 5376 1175 197 

  Total 
 

36021 
 

82922 24002 10054 1618 374 
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Table 4. Docks and Overwater Structures. 

Lake 
Year 
Surveyed Number of Docks Dock Area (m

2
) 

Percent 
Cover 

Armstrong 2008 6 259 0.2% 

Bosworth 2008 128 4,567 1.1% 

Cassidy 2008 19 615 0.1% 

Chain  2008 0 0 0.0% 

Goodwin 2008 367 20,045 0.9% 

Howard 2008 35 1,061 0.9% 

Loma 2008 52 1,431 1.6% 

Lost 2008 43 763 1.4% 

Shoecraft 2008 124 6,091 1.1% 

Stevens 2008 402 33,755 0.8% 

Stickney 2008 33 1,329 1.3% 

Storm 2008 41 971 0.3% 

Wagner 2008 6 165 0.2% 

Bryant 2009 0 0 0.0% 

Crabapple 2009 49 1,614 1.1% 

Echo 2009 37 1,490 1.7% 

Flowing 2009 116 4,135 0.8% 

Ketchum 2009 50 1,066 1.0% 

Ki 2009 93 3,446 0.8% 

Martha North 2009 79 2,612 1.0% 

Martha South 2009 90 3,191 6.0% 

Panther 2009 32 1,021 0.5% 

Riley 2009 14 436 0.3% 

Roesiger 2009 453 17,313 1.2% 

Serene 2009 80 2,098 1.2% 

Sunday 2009 17 388 0.2% 

2008 Lakes   1,256 71,052   

2009 Lakes   1,110 38,811   

Total   2,366 109,864 1.0% 
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Lake Armstrong  

Lake Armstrong is a 12.1 ha lake located four km north of Arlington. It has an average depth of 

4.6 meters and a maximum depth of 7.3 meters. The watershed draining to the lake covers 149 ha 

and is mostly undeveloped. It has one of the least developed shorelines among county lakes. The 

shoreline of Lake Armstrong is 1.8 km in length. Less than one percent of the shoreline was 

modified (the boat ramp), and there are only six docks. Data analysis from a previous study 

indicates that there were only 8 homes along the shoreline in 1973 and 11 by the mid-90s, 

making this one of the least developed lakes in the county (Williams and Reynolds, 2003).  

 

 
 

Figure 21. Lake Armstrong shoreline conditions. 

Armored: 1% 

Unarmored: 99% 
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Lake Bosworth 

Lake Bosworth is a 41.3 ha lake located three miles south of Granite Falls. It is one of the deeper 

lakes in the county with a maximum depth of 24 meters and a mean depth of 10.7 meters. While 

the watershed is mostly undeveloped, the lakeshore is encircled with houses. Along the 

shoreline, there were approximately 81 homes in 1973 and 116 homes by the mid-1990s, making 

this one of the more densely developed lake shorelines in the county (Williams and Reynolds, 

2003). At 26%, shoreline modification is significant, but less pervasive than at the larger lakes. 

Bulkheads constitute 683 m or 74% of the shoreline alterations and revetments account for 23%. 

Shoreline vegetation has been highly altered with only 14% intact. The lake has 128 docks with a 

combined aerial extent of 4.6 ha.  

 

 
 

Figure 22. Lake Bosworth shoreline conditions.

Armored: 26% 

Unarmored 74% 
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Lake Cassidy 

Lake Cassidy is located north of Lake Stevens and 4.8 km east of Marysville. The shallow lake 

covers 50.6 ha with an average depth of 3.4 meters. Eighteen percent of the 1,002 ha watershed 

is developed. In 1974, there were 22 homesðmostly small cabinsðalong the shoreline. This 

number dropped to 18 year-round homes by the mid-90s (Will iams and Reynolds, 2003). 

Corresponding with the relatively low level of development, the shoreline contained only 3% 

armoring and 19 docks. Bank modifications consisted of 26 m of boat ramp, 21 m of revetment 

and 17 m of bulkhead. The Lake shoreline retains around 94% mostly natural vegetation. 

 

 
 

Figure 23. Lake Cassidy shoreline conditions. 

Armored: 2% 

Unarmored: 98% 




















































