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1. Introduction

An inventory of shorelineonditionsalong major waterways and lakes is thied component of
the CAR monitoring planThis reviewis also intended to meet monitoring requirements of the
Shoreline Master Program. Modifications to shorediselice 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 necegdarmaintain healthy rivers and lakes over the l@rg.
Excessive bank erosion and instability may indithétecological processes have been
disrupted.

In 2008 and 2009 shoreliseirveys wereconducted along navigable portions of the Snohomish,
Snoqialmie, Skykomishand Stillaguamish rivers and withpublicly accessibléowland lakes

in Sndhomish Countyo establib a baselineThe surveg document the extent and type of
shoreline modificationand instability Quantitative remote sensing and fidkta collection
techniques were employed to document conditions accurately and preSismiglineconditions
maybe resurveyeth the futureto evaluate trend$Ve hypothesize thamitigation andshoreline
enhancement will offset any additional modifioas, and thugherewill 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 projecibjective These factorgncluded site access, navigability, safékyw morphology,

time allocation, and proximityRiver shorelinesveresurveyedn their entiretyonthe

Skykomish, Snoqualmie, Snohomish, North Fork Stillaguamish, South Fork Stillaguandsh
Stillaguamishriversfrom the upper extent of safe navigability down to Puget Sound.

Shoreline Lakes

Of the B publicly accessibl&horelindakesin the County, 13akes were selected for surviey
2008using a stratified random selection procésdke storeline lengths were plotted and
delineated into three size classes based on natural presiiéing in3 large,8 medium and 14
small lakesA random, sequential number was assigned to each lake, and the top half within
each class was selectdavo of the thredakes in the large lake growygere selected to ensure
thatat least 50% olargelakeshorelinewas surveyedlhese 13 lakes will provide a baseline for
future lakeshorelinemonitoring.

In 2009, the SWMHabitat grougpartnered with the SWM Lakegroup to survey the remaining
13 lakes, resulting in a complete record of lake shoreline conditdmite these I3 lakeare not
intended tdoe the focus of proposed futur@nitoring, establishing a complete baseline record
of lake shoreline data willllow flexibility should priorities change or unforeseen-specific
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issues arise in the futuréigurel shows river reaches and lakes included in the sample

population.

2.2 Office Preparation

Field maps displging hydrography (water courses, shoreljrmsvater boundary), reach breaks,
river miles, boat puin/take-out locationsand the 10§/ear floodplain over recemterial imagery
wereproducedorior to the commencement of field surveyhese maps served feld guides
andbackusto GPS data collectioti. previous survey points were recorded upstream or
downstream of the area scheduled for survey, thesevéagalso included on the field map to
provide reference for start and/or end points and tatiteilseamless data collection.
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Figure 1 Lakes and Rivers included in the 2008 bank conditions survey. The South Fork Stillaguamish

River was surveyed in 206.
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2.3 Field Procedures

Motorized watercraft and inflatable raft®me used to conduct field surve@nrivers, when
conditionswerenot suitable for motorized watercraftirgeyswereconducted from two
inflatable craft, one alongach bankWhen use of motorized watercrafaspossible, one craft
wasused to survey bbtbanksWhen inflatable rafts were used, one caweyedeach bank
concurrentlyln bifurcatedchanneldank conditions wreassessedlong the outer banks only.
Each boat contaedtwo crew members, one piloting the craft and the other collectingBiatia.
crew members obserd®anks from the boat and when necessary, as in the event of large dry
bars, the data collectorentashore andecordedbank conditionsvhile on foot.On all lakes,
surveys were conducted using either electric ofpgagered motozed watercraftLocations of
changsin bankcondition wererecordedn a data dictionarysing Trimble GeBxplorerXH
GPSdata collectas.

To simplify data collection, changes in bank conditie@ravecorded as point features alahg
continuous bankne. At a change in any of the descriptive attribute fields contained in the data
dictionary, a GPS locationagrecorded as near the location of change as pos€iblevers, he
attributes given to a point characterize the bank between this poirtteandx}t downstream
modification pointalongthe same bank. On lakdsank point attributes describe thanix

segmentn a clockwise direction to the next point.

Banktoe modifications, mateal and instability were recded for all bank segment3anks wth
humanmade alterationsvhichimpactchannel and floodplain responsehiarologicprocesses,
wereclassified asnodified Banks without alterationseveclassified asinarmored Modified

banks verefurther described by a modification type class. uelification classes included in

the data dictionary wemevetmentarmoring placed on a bangilkhead constricted vertical

wall along a bankgrade fill along roads or railroads immediately adjacent to the banboat
ramp: sloping concrete or gravbbat access pointdn additional modification type dill was

added to the lake shoreline data dictionary. This type was selected to describe lengths of bank
that had nomative materialgand gravel, etc.) imported to raise shoreline elevation oter@a
artificial beachBank toe materiavascategorized for each bank segment into one of 4 toe
classes. Rock larger than 256 mm (10 in) placed as avawclassified asprap. Armor

material less than 256 mwasclassified agubble (Beamer & Hendersg 1998). Any

constructed bank protection such as concrete, gahimhwood bulkheadsereclassfied as
structuralfeaturesEarthen banker banks with naturally occurring (ngsfaced) material, such

as cobbles, boulders or woadereclassfi ed asearth/natural Banks weredeemed unstable if

they shovedindications of breakdown, slumpingy; fracture orweresteeper than 8@rom the
horizontal and eroding at or above bankfull elevation (Bauer and Burton 1993). Otherwise, banks
wererecorded as stablé. 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 hawaujnative vegetation aaltered

vegetation.

To assist with pogprocessing of bank condition daseveral additional attributes wenecorded
for each point. In rivers banksaneclassed akeft or right facing downstream. In lakes the bank
werealways classed dsft because the surveyasalwaysperformed in a clockwise direction. A
confidence field allowddata collectors to rate the collected points as bieigly mediumor low
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quality based on their ability to occupy the exact location when recording the level of a change in
bank candition. At some locationsshallow water depth or fast currents inhibited collection of

data at the precise location of a change in bank cond@iemment fields and photograpivere
recorded as neededdommunicate any necessary adjustments to thenttager.

24 Data Post Rocessing

The data managelownloaded files from the GPS field computers upon return from the field and
revieweddata to assess quality and completeake bank and vegetation condition data were
combined and allata wergisnageddto riverorlake banki n t h e rdliedwaterbody s

layer. Many spatialupdates were made to the waterbody layer as needed to reflect accurate
conditions at the time of the survagd previously wrouted lake banks were routed for this
project Using dynamic segmentation functions, the left and right riverbamkenuted and
assigned measure lghg. Surveyed bank condition pointgeereconverted to liear GIS data

River data wer@verlaid with reach lines orderto assignappropriateeach labedto associated
bank datamaking it possible to summarize bank condition data by river reHais. step was not
necessary for lake data because lakes are discrete features and attribution of lake names was
straight forwardBank condition and reach segnelata setsvereconverted to ArcGIS feature
classes for data summarization and mappungosesData weresummarized alength of

modified bank, unstable bank, and toe matédxryateach for rivers anldkes Altered and intact
vegetation data were sumrizeed by length for lakes as well.

3. Results and Discussion

3.1 River Shoreline Conditions

Surveys ofShoreline conditions along navigable riveachesvereconducted oithe

Snohomish, Stillaguamis®noqualmieand Skykomish River The Skykomish wasusveyed

from river mile23.1nearthe City ofGold Bar down to the confluence with the Snoqualmie
River. TheMainstem Snohomish River was seyed from the confluence downttze

Snohomish Estuary at river mile he Snoqualmie River was surveyed from @wnty line at
river mile 5.4to the confluence with the Snohomidthe Stillaguamish River was surveyed from
river mile 16.2on the South Fork and riverile 21.4on the North Forko the confluence. The
MainstemStillaguamish River was surveyed alongjeéntire lengtho Port Susawith the
exception of the Old Stillaguamish Chanraltotal approximatelyl72 km of river channel was
surveyed resulting in data collected 884 km of river shoreline

The lengths of river described above were dividéd dhstinct reachelsased on locations of

major tributary inputsgchannel bifurcationsr changes in channel geomorphology. These

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

Stillaguamish and Snohomish Basimablel lists these reaches bgsin 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

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 ReachDescriptions.

Total  Surveyed
RM RM Length Length

Basin River Reach Name DS US (mi) (mi) Description
Hat Slough 0.0 03 0.3 0.3 Hat Slough mouth to the Old Stillaguamish River
Reach 2 03 33 3.0 3.0 Old stillaguamish River Divergence to Cook Slough
Mainstem C_ook Slough Convergence to Cook Slough

Reach 3 33 83 5.0 5.0 Divergence

- Cook Slough 3.3 83 5.0 5.0 Cook Slough

E Reach 4 8.3 154 7.1 7.1 Cook Slough to NF and SF Convergence

s Reach 1 00 25 25 25 NF mouth to valley confinement

g North Eork Reach 2 25 9.5 7.0 7.0 Valley confinement to Cicero Bridge

n Reach 3 95 147 5.2 5.2 Downstream of Cicero Bridge to Deer Creek
Reach 4 14.7 214 6.7 6.7 Deer Creek to C Post Bridge
Reach 1 0.0 45 4.5 4.5 NF and SF Convergence to Jim Creek

South Fork Reach 2 45 85 4.0 4.0  Jim Creek to Jordan Creek
Reach 3 85 16.2 7.7 7.7 Downstream of Jordan Creek to Canyon Creek
Lower 0.0 134 13.4 13.4 Port Gardener to French Creek
Mainstem 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

S Reach 1 00 41 4.1 4.1 Skykomish mouth to SR 203 Bridge

E Reach 2 41 109 68 6.8 SR 203 Bridge to Elwell Creek

é Skykomish Reach 3 10.9 135 2.6 2.6 Elwell Creek to Sultan River

v Reach 4 135 147 12 12 Sultan River to Wallace River
Reach 5 14.7 193 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 00 54 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 idddle2).
Mainstem Reach 4, Hat&lgh 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%rmoredbanks. The extent of river modification generally increased in a
downstream direction. Th8tillaguamish River mainstem h#uke highest percentage of modified
banks (29%), followed by the Snohomish River mainstem (25%@ Skykomish River and the
North Fork Stillaguamish River had a comparable levarofored bank18-19%). Bank
modifications were predominantly revetments comprised of rifyaptable 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.@-igures 220 illustrate bank conditionsna modification location and

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

Surveyed Length of Bank by Toe Material and Stability
Shoreline  Percent  Rock Revetment  Structural Bulkhead Non Armored
Length Armored Stable Eroding Stable Eroding Stable Eroding
Basin Reach (km) Bank (m) (m) (m) (m) (m) (m)
Cook Slough 111 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
ﬁ 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
E 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 1 125 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
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
é’ Skykomish 4 3.8 20% 594 141 29 0 2,328 685
2 Skykomish 5 14.7 14% 2,064 67 0 0 8,437 4,169
(,g) 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
Shoreline Inventory Status Report for Snohomish County Critical Area Margtori January 2009
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Figure 2. Bank Conditionsfor Hat Slough.
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Figure 3. Bank Conditionsfor Stillaguamish Mainstem: Reach 2.
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Figure 4. Bank Conditionsfor Stillaguamish Mainstem: Reach 3 and Cook Slough
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Bank Conditions Stillaguamish Mainstem: Reach 4
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Figure 9. Bank Conditionsfor Stillaguamish North Fork: Reach 4.
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Bank Conditions Skykomish: Reach 3
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Bank Conditions Skykomish: Reach 4
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Bank Conditions Skykomish: Reach 5
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Figure 19. Bank Conditions for Skykomish: Reach 5.
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3.2 Lake Shoreline Conditiors

Shoreline condition data@vegathered from 13 lakesgithin Snohomish Countin 2008along

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

shorelire (Table3). The remaining 13 lakes were surveyed in 2009 to provide a complete
baseline surveyn total, 43% of shoreline surveyed wasodified. Comprisin@9% of the total
shoreline length, bulkheads were the dominant type of modtirceollowed in decreasing

order byrevetment 12%), gradefill (2%), and boat ramp<0.5%). The percent of modified

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

Modifications were much more extensive in the larger lakescbeventyone percenof 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:xtent of bank

armoring appears to be positivelgrrdated with theextent of developmersind negatively

correlated with th@ercent intact forest covefor example Lake Armstrong is 99% unarmored
and retains 96% unalter ed incewmasis 78% madifiedwitha k e St
84% of shorelie vegetation recorded as alterEdrther data analysis will be compleied2010

once the riparian forest characterizatiming Quickbird satellite imagery finalized.

In addition to shoreline surveys, the number and extent of docks and overwaterssrwas
guantified Table4). In total2,366 dockswere identified. Oveb0% of docks were located on

Lake StevensgGoodwin and RoesigeAdding Lake BosworthShoecraft, anélowing Lake

accounts for over twthirds of alldocks Chain Lakeand Lake Bryanhad no dockswWhile the
average percentage of area that docks covered remained about 1% in most lakes, Martha Lake
South had 6% of its surface covered by doGke current density of docks developed lakes

is 1 dockevery 34 meterslhe aerial extent of docks and overwater structanesll lakes
coveredover 27 acres
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Table 3. Lake Shoreline condition values.

Year Armored Percent Total Bulkhead Revetment Fill  Boat Ramp Veg Veg
Lakes  Surveyed (m) Armored Shoreline (m) (m) (m) (m) Altered Intact
(m)

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 1992¢ 4497¢€ 14654 4678 443 177

2009 Lake surveys 1609¢€ 37944 9348 5376 1175 197

Total 36021 82922 24002 10054 1618 374
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Table 4. Docks andOverwater Structures.

Year Percent

Lake Surveyed Number of Docks Dock Area (m2) 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 42.1ha lake locatedour km north of Arlington It has an average depth of
4.6 meters and maximum depth of 7.3 metefihe watershedraining to tle lakecoversl49ha
and is mostly undevelopel.has one of the least dewvpkd shorelines among county lakBEise
shoreline of LakéArmstrong is1.8 kmin length.Less than one percent of the shoreline was
modified (the boat ramppand there are onkix docks Data analysis from a previogsidy
indicates thathere were only 8 homedong the shoreline 1973 and 11 by the mi@i0s,
making this one of the least developed lakes in the cqWitirams and Reynolds20@3).

Armored: 1%

g Unarmored: 99%
ST TS TP

| Lake Shoreline Amoring

Boat Ramp e ot Amoned
won Bulhead  essses Revatment

Figure 21. Lake Armstrong shoreline conditions.
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Lake Bosworth

Lake Bosworth is 41.3 haake 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 undevelopteh lakeshore is encircled with houses. Along the

shoreline, there were approximately 81 homes in 1973 and 116 homes by-1@9@sd making

this one of the more densely developed lake shorelines in the c@vitlitgrs 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 alteré&t wnly 14% intactThe lakehas128docks with a
combined aerial extent df6 ha

" Lake Shoreline Armoring

Boat Ram | e NOtA more d

v BURI2Ad  esssss Revetnent

Figure 22. Lake Bosworth shoreline conditions.
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Lake Cassidy

Lake Cassidy is located north of Lake StevensaB#m east of MarysvilleThe shallowlake
covers50.6 hawith an average depth of 3.4 metdfgghteen percent of tiE002 hawatershed
is developedin 1974, there were 22 hongesnostly smé cabing along the shorelinéhis
number dropped to 18 geround homes by the mi@0s(Williams and Reynold2003.
Corresponding with the relatively low level of developméms, shoreline containezhly 3%
armoring and 19ocks.Bank modifications consisted 86 m of boat ramp, 2in of revetment
and 17m of bulkheadTheLakeshorelineretans around 94% mostly natural vegetation.

Armored: 2%

Unarmored: 98%

Figure 23. Lake Cassidy shoreline conditions.
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