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1.0 INTRODUCTION 1 

The South Fork Snoqualmie River (South Fork) between the Snoqualmie River and the Snoqualmie Valley Trail 2 
(River Mile (RM) 0 to 2.0) has historically experienced channel movement. Unlike the upstream leveed reaches, 3 
the channel in this segment of the South Fork is mostly unconstrained and able to move freely across the 4 
floodplain, except for a riprapped right bank (looking downstream) from RM 1.25 to RM 1.45. In the vicinity of the 5 
Circle River Ranch neighborhood, the right bank just upstream of the section of riprapped bank has experienced 6 
significant erosion over the past 5 years, threatening homes and structures in that neighborhood. In 2012, the 7 
hazards and risks in the neighborhood were documented in Geomorphic Hazards and Risks Assessment and 8 
Alternatives Analysis, South Fork Snoqualmie River Circle River Ranch Neighborhood (Herrera 2012). 9 

This technical memorandum provides an update of the geomorphic conditions, erosion hazards, and risks based 10 
on changes to the river and infrastructure since 2012. This technical memorandum also provides an assessment 11 
of potential actions for reducing ongoing flooding and geomorphic risk in the lower 2 miles of the South Fork 12 
Snoqualmie River. The findings from this investigation will be incorporated into the South Fork Snoqualmie River 13 
corridor plan and evaluated in terms of the suite of actions in the overall corridor planning process. 14 

The study area consists of the lower 2 miles of the South Fork Snoqualmie River (RM 0 to 2.0), located north of 15 
North Bend, WA, near the confluence of the Middle Fork, North Fork, and South Fork Snoqualmie rivers 16 
(Figure 1). The area is just downstream from the Snoqualmie Valley Trail. While much of the area is undeveloped, 17 
the Circle River Ranch residential area is located on the right bank of the river between RM 1.3 and 1.6. The 18 
Mount Si Golf Course is located on the left bank near RM 1.1. One river training structure, the Circle River Ranch 19 
revetment, is located near RM 1.45. 20 

2.0 METHODS 21 

2.1 DATA REVIEW 22 

There is a large body of existing information, studies, and reports on geomorphic conditions in the Snoqualmie 23 

River watershed. Existing literature relevant to the project area was reviewed, including the following: 24 

 An Overview of the Geology and Geomorphology of the Snoqualmie River Watershed (Bethel 2004) 25 

 Geomorphic Hazards and Risks Assessment and Alternatives Analysis, South Fork Snoqualmie 26 

River, Circle River Ranch Neighborhood (Herrera 2012) 27 

 Geomorphic Assessment, Middle Fork Snoqualmie River, Tanner to Three Forks Natural Area 28 

(Herrera 2013) 29 

 Channel Migration in the Three-Forks Area of the Snoqualmie River (Perkins 1996) 30 

 Sediment Transport Along the South Fork and Main Stem of the Snoqualmie River (Booth et al. 1991) 31 

 South Fork Snoqualmie River Gravel Removal Study (King County 2011) 32 

 2013 LiDAR data for the study area (King County 2014a) 33 

 2013 aerial photography for the study area (King County 2014b) 34 

2.2 CHANGES IN CHANNEL LOCATION 35 

The 2013 LiDAR and aerial photography were used to determine changes in channel planform since the 2012 36 

report and to document the position of the active and wetted channel of the South Fork between RM 0 and RM 2. 37 

The edge of the active channel was defined as the boundary between unvegetated areas of water or river bar and 38 

areas with perennial vegetation. In locations where mature trees are immediately adjacent to the wetted channel, 39 

the edge of the channel was assumed to be half of the crown diameter. 40 
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 1 

Figure 1. Vicinity Map 2 
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Short-term channel migration rates over the past 20 years were determined using 1993 and 2013 aerial 1 

photographs. The 1993 channel positions were provided by King County. Average channel migration rates were 2 

determined by summing the difference in new channel planform area within a sub-reach between the photo years 3 

and dividing by the length of the analysis sub-reach and the 20-year time between photographs. New channel 4 

area was determined by overlaying the 1993 and 2013 channel boundaries and removing the area common to 5 

both years (primarily middle of channel/wetted channel areas). This analysis was completed for the right bank and 6 

left bank separately so that the resulting rates reflect net channel migration on each bank. 7 

2.3 FIELD VISITS 8 

The project team visited the Circle River Ranch area (RM 1.5 to 2) on August 4, 2014 to document existing low-9 

flow conditions. Observations were made of gravel accumulations, large woody debris jams, and channel 10 

changes since the 2012 report. 11 

King County staff documented high-flow conditions on November 25, 2014 (peak flow approximately 5,700 cubic 12 

feet per second (cfs) at the North Bend gage, provisional data at USGS 12144000) and January 5-6, 2015 (peak 13 

flow on January 5 approximately 8,500 cfs at the North Bend gage, provisional data, USGS personal 14 

communication). King County staff also visited the Circle River Ranch area on January 9, 2015 to document post-15 

peak flow conditions. 16 

2.4 GRAVEL SAMPLING 17 

Eight gravel samples were taken on September 19, 2014 at gravel bars along the South Fork between RM 1 and 18 

RM 6 to document existing substrate conditions. At each sampled bar, a consistent location was chosen to 19 

represent the size of transported bedload, generally the upstream outer edge of the bar at low flow conditions 20 

(Leopold et al. 1964). A Wolman pebble count, the median diameter of 100 randomly selected particles, was 21 

measured in the chosen sample zone by walking heel-to-toe along transects through the sample zone and 22 

selecting the particle at the tip of the surveyor’s toe. The pebble count data was entered into an Excel 23 

spreadsheet to determine the particle size distribution and median grain size (D50). 24 

3.0 DISCUSSION 25 

3.1 GEOMORPHIC SETTING 26 

The South Fork Snoqualmie River valley in the Circle River Ranch area is part of the broader Snoqualmie River 27 

valley, a large, unconfined composite alluvial fan underlain by hundreds of feet of stream sediments deposited by 28 

the three forks of the Snoqualmie River (Bethel 2004, Perkins 1996). The higher-gradient (average 1 to 29 

3 percent), more confined upper reaches of the South Fork provide an ample supply of sediment that is deposited 30 

in the lower-gradient (0.4 percent or less), historically unconfined areas downstream of approximately RM 9.0. 31 

Channel gradient decreases throughout the lower 9 miles of river, resulting in deposition of cobble, gravel and 32 

finer materials within the active channel. Sampling of surface material on gravel bars shows a general decrease in 33 

bed material size in the downstream direction, with a median surface grain size of 77 mm (cobble) near RM 6 and 34 

28 mm (gravel) at RM 1 (Figure 2). 35 

Historically, the South Fork Snoqualmie River had a meandering, multi-channel form downstream from RM 7, 36 

actively migrating back and forth and storing sediment across the floodplain. Numerous old channels and oxbows 37 

are evident as low-lying swales in the floodplain, as seen on the ground and in LiDAR topographic data. Levees 38 

were constructed on the South Fork upstream from the study area in the mid-1960s between RM 6.5 and RM 2 at 39 

the Snoqualmie Valley Trail Bridge. The existing levees confine flows less than 10,000 cfs (Tetra Tech, 2014) to 40 

the main channel and affect sediment transport and deposition rates by confining peak flows and potential 41 

sediment deposition within the leveed channel rather than allowing the water and sediment access to the broader 42 

floodplain. The levees affect flow and sediment transport in the downstream, un-leveed reaches by transporting 43 

high flows and sediment more quickly through the leveed reach. 44 
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 1 

Figure 2. Median (D50) Grain Size on Bars along the South Fork Snoqualmie River. 2 

 3 

Bedload transport and deposition are functions of sediment supply and river hydraulics; most bedload transport 4 

and channel change takes place during high flows that provide enough energy to mobilize and transport the 5 

cobble and gravel material that covers the bed of the river. In the South Fork Snoqualmie River, flows over 6 

7,400 cfs (about the 20% annual chance flood (ACF)) are calculated to result in bedload movement and 7 

deposition (Booth et al. 1991). Bedload transport and deposition are episodic, with negligible transport during 8 

years without high flows and between 6,000 and 9,000 cubic yards transported in years with numerous high flows. 9 

Previous studies have indicated that bedload supply from the upstream watershed to the leveed reach averages 10 

4,400 cubic yards per year and deposition within the leveed reach averages 2,100 cubic yards per year 11 

(approximately 50% of the bedload supplied); this results in an average of 2,300 cubic yards per year being 12 

transported to the South Fork reach downstream of the levees at RM 2 (Booth et al. 1991 and King County 2011). 13 

Gravel that accumulates within the leveed reach decreases channel capacity. An estimated 63,000 cubic yards of 14 

gravel was removed from the South Fork Snoqualmie River to construct the existing levee system in the 1960s, 15 

the equivalent of approximately 15 years of average bedload input (King County 2011). Gravel continued to be 16 

removed from the leveed reach through the early 1990s to increase channel capacity and reduce flooding. 17 

Although no measurements of bedload transport have been made, previous studies and observations from aerial 18 

photographs suggest that since upstream gravel removal stopped in the 1990s, gravel deposition rates have 19 

increased in the lower 2 miles of the South Fork, resulting in higher channel migration rates. 20 
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3.2 HIGH FLOWS 1 

High flows present hazards to homes and infrastructure in the river floodplain, including flooding and potential 2 

channel migration. Annual peak flows (the highest instantaneous peak flow recorded at a stream gage each year) 3 

recorded at the USGS South Fork Snoqualmie River at North Bend gage show a wide variation over the period of 4 

record, ranging from less than 2,000 cfs to greater than 13,000 cfs (Figure 3). Flood probability of occurrence, 5 

shown as horizontal lines on Figure 3, is the probability of a flow of that magnitude occurring at that location in 6 

any given year. The most recent major flood events were in water years 2007 and 2009; the annual peak flow 7 

was about 13,600 cfs (approximately 2% ACF) in water year 2007 and 12,300 cfs (approximately 5% ACF) in 8 

water year 2009 (Tetra Tech, 2014). Peak flows since those events have been lower; the highest is the January 9 

2015 event, when flows reached over 8,500 cfs (approximately 20% ACF). 10 

 11 

Figure 3. Peak Annual Flow at USGS North Bend Stream Flow Gage 12 

3.3 HISTORICAL CHANNEL MIGRATION 13 

The South Fork channel in the study area has migrated across the floodplain for thousands of years. Channel 14 

positions taken from historical maps and aerial photographs since 1865 are shown in Figure 4, along with 15 

evidence of prior channel locations seen in the detailed topographic image from aerial LiDAR data. The South 16 

Fork has had a meandering pattern with both a single channel and a multiple/split channel form through the past 17 

150 years. Channel migration in the study area has been most active between RM 0.7 and RM 2.0. An analysis of 18 

the Three Rivers area between 1942 and 1991 by Perkins (1996) produced the channel migration zone (CMZ) 19 

areas shown in Figure 4. CMZ areas are classified by the relative migration hazard: 20 

 Severe hazard CMZ areas are those that the river is likely to occupy within the next century. 21 

 Moderate hazard CMZ areas are likely within the next 1-2 centuries 22 

 Potential hazard CMZ areas include all areas the river could potentially occupy in the distant future. 23 
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 1 

Figure 4. Historical Channel Positions and Channel Migration Zones 2 
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Perkins (1996) computed long-term channel migration rates for the South Fork downstream of RM 2 for the pre-1 

armor (prior to upstream levees and gravel removal, 1942 – 1961) and post-armor (with upstream levees and 2 

gravel removal, 1961 – 1993) periods (Table 1). Perkins found that average annual channel migration rates prior 3 

to upstream levee construction and gravel removal were higher than after levee construction and gravel removal, 4 

and that channel migration rates were higher between RM 1 and RM 2 than between RM 0 and RM 1. Herrera 5 

(2012) measured channel migration at a few spots between RM 1.5 and RM 1.8 by comparing 1993 and 2010 6 

aerial photographs and found an average of 4 to 7 feet per year of bank retreat in those locations. For the current 7 

study, average channel migration rates between 1993 and 2013 were computed over the entire reach based on 8 

methods similar to Perkins; average rates were 2.7 feet per year between RM 1 and RM 2 and 0.9 feet per year 9 

downstream of RM 1. 10 

Table 1. Comparison of Average Channel Migration Rates (feet/year) 11 

Location 

Pre-Armora  

1942-1961 

Post-Armor/Leveesa 

1961-1993 

Herrerab 

1993-2010 

This Studyc  

1993-2013 

RM 0-1 1.6 0.5 n/a 0.9 

RM 1-2 6.5 3.6 4-7 feet* 2.7 

a. Perkins, 1996. Perkins used average of measured channel migration distance every 20 feet along entire 

channel. 

b. Herrera, 2012. Herrera measured at just a few locations between RM 1.5 and RM 1.8; not averaged over reach 

like other reported rates. 

c. 1993-2013 analysis used new channel area divided by channel length to get average channel migration rate.  

 12 

To provide more detail on recent local channel migration rates, the short-term channel migration rate was 13 

evaluated for six reaches downstream of the Highway 202 Bridge between 1993 and 2013 (Figure 5 and Table 2). 14 

Separate right bank and left bank migration rates were calculated for some areas with side or split channels. 15 

Migration rates were very low in the reach with the Circle River Revetment (RM 1.25 to 1.45). Migration rates 16 

were high in the Circle River Ranch area (RM 1.45 to 1.9), where a side channel developed on the right bank as 17 

the river re-occupied an old channel location, and in the “big bend” area (RM 0.6 to 1.25). The 1993-2013 channel 18 

migration rates were used to compute short-term channel migration hazards (Table 2). 19 

The primary mechanism for channel migration in most reaches was bank erosion. The high channel migration 20 

rates in the Circle River Ranch area (RM 1.45 to 1.9, Figure 6) are the result of recent channel development of 21 

the right bank side channel as the river re-occupied an old remnant channel in the floodplain. In this reach, the 22 

migration rate includes both bank erosion and movement into the right bank side channel. Bank erosion rates 23 

calculated separately for this sub-reach were between 1.2 and 2.3 feet per year, similar to bank erosion rates in 24 

the downstream active area (RM 0.6 to 1.25). 25 

Channel migration is influenced by bank material strength, riparian vegetation/root structure, peak flows, flow 26 

obstructions such as large woody debris or revetments, and bedload material input/transport/deposition. Bank 27 

erosion can be rapid in areas with erodible banks of non-cohesive fine-grained material such as on the island 28 

separating the main channel from the right bank side channel between RM 1.45 and RM 1.7. Banks composed of 29 

resistant materials such as clay, or banks with well-developed and densely rooted riparian vegetation, generally 30 

have lower bank erosion rates. An example of this is at the “fish hook” area at the downstream end of the right 31 

bank side channel see Figure 6), where a clay lens is exposed near the base of the bank. A very sharp bend has 32 

developed at this location because the bank has been pinned at the corner of the hook. This sharp bend may 33 

persist, but the extent of the clay lens is unknown; future erosion could occur if the lens is small, if flow in the side 34 

channel increases, or if the severity of the angle of flow attack on the hook increases 35 
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Figure 5. Channel Migration 1993-2013 (Page 1 of 2) 2 
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 1 

Figure 5. Channel Migration 1993-2013 (Page 2 of 2) 2 
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Table 2. Short-Term Channel Migration Rates by Reach, 1993-2013 1 

RM Reach Description 

Reach 

Length 

(feet) 

Avg. 

Channel 

Migration 

Rate 

(feet/year) 

Migration 

over 5 

years 

(High 

Hazard 

Zone; feet) 

Migration 

over 10 

years 

(Medium 

Hazard 

Zone; feet) 

0-0.6 RB Main channel to main stem 3,322 1.6 8 16 

0-0.6 LB Main channel to main stem 3,310 1.0 5 10 

Lower RB 

Side Channel 

Lower side channel—connects to main stem 

(connects to main channel of the South Fork at 

approx. RM 0.5) 

1,850 0.3 2 3 

0.6-1.25 RB Big bend to lower side channel 4,279 2.1 11 21 

0.6-1.25 LB Big bend to lower side channel 4,300 2.4 12 24 

1.25-1.45 RB Revetment reach to big bend 1,041 0.2 1 2 

1.25-1.45 LB Revetment reach to big bend 900 0.4 2 4 

1.45-1.9 Circle River Ranch area—avulsions caused high 

channel migration rate 

1,943 6.5 32 65 

1.9-2.2 Highway 202 bridge to start of migration areaa 1,848 0.9 4 9 

a. The Snoqualmie Valley trail crosses the South Fork at RM 2.0 and upstream levees end at RM 2 

 2 

Future changes to the channel upstream of the study area could alter channel migration rates. Perkins (1996) 3 

showed that construction of upstream levees and gravel removal resulted in lower channel migration rates 4 

downstream of RM 2 (Table 1). Upstream gravel removal operations have ceased, and potential modifications to 5 

upstream levees are being considered as part of the South Fork Snoqualmie River Corridor planning process. 6 

Modifications to the upstream levee system that would appreciably increase the peak flow magnitude or increase 7 

sediment supplied to the study reach could increase channel migration rates. Changes to the upstream system 8 

that appreciably reduce the peak flow or store sediment could decrease channel migration rates. 9 

3.4 RECENT CHANGES TO GEOMORPHIC CONDITIONS 10 

Herrera (2012) documented existing geomorphic processes and likely future geomorphic changes in the Circle 11 

River Ranch neighborhood and identified geomorphic risks to structures in the neighborhood. One major area of 12 

concern was the right bank side channel; the potential for additional flow, bank erosion, or for this side channel to 13 

become the main channel was identified as a high risk. Since the 2012 Herrera report, there have been changes 14 

to the main channel and right bank side channel that affect local geomorphic risk/hazard zones and potential 15 

future geomorphic changes. These changes have occurred under a relatively moderate flow regime (see Section 16 

3.2); the highest peak flow occurred in January 2015 when flows reached over 8,500 cfs, approximately a 17 

20% ACF. King County staff reported that flow conditions in the study area approached bank-full conditions (Mark 18 

Ruebel, personal communication). The changes include the following (see Figure 6): 19 

 Much of the large woody debris that was partially blocking the upstream end of the upper right bank side 20 

channel was moved in the January 2015 peak flow event. As a result, additional water can enter the 21 

upper right bank side channel (see Photo 1). 22 
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 1 

Figure 6. Recent Changes to River and Infrastructure Affecting Geomorphic Conditions 2 
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 1 

Photo 1. Large Woody Debris Blocking Upper Side Channel Entrance Moved During January 2015 Peak Flow 2 

 3 

 Gravel/cobble bars in the main channel between RM 1.45 and RM 1.7 continue to grow, decreasing 4 

channel capacity. The bar at RM 1.7 is pushing the main flow toward the upstream end of the right bank 5 

side channel (see Photo 2). 6 

 Channel-spanning large woody debris in the main channel near RM 1.6 decreases channel capacity (see 7 

Photo 3). 8 

 The land bridge that separated the main channel from the upper/lower right bank side channel at RM 1.55 9 

has eroded, resulting in a connection between the main channel and right bank side channel at this 10 

location. The land bridge eroded between 2012 and 2014, a period with relatively low flows, highlighting 11 

the erodibility of the silty banks on the island. The January 2015 flood event moved the pieces of large 12 

woody debris that had been spanning the gap, and there is now a hydraulic connection between the main 13 

channel and right bank side channel under all flow conditions (see Photo 4). 14 

 The bend near RM 1.25 has been steadily migrating northwest, toward the Mount Si Golf Course. 15 

Changes to channel morphology described above could result in several possible channel configurations in the 16 

future: 17 

 If current flow trends continue, the former land bridge would continue to erode allowing greater volume of 18 

flow from the main channel to enter the lower right bank side channel at the former land bridge. The 19 

erosion hazard would increase for Circle River ranch for this scenario. 20 

 If movement of the large wood across the entrance to the upper right bank side channel continues, the 21 

larger volume of flow in this channel could flow into the lower right bank side channel. Continued bank 22 

erosion of the lower right bank side channel would increase flow capacity and increase the likelihood for 23 

this channel configuration. Also, more flow in the lower and upper right bank side channels would 24 

increase backwater at the land bridge and possibly slow the rate of erosion at the land bridge location. 25 
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 Existing wood and gravel bars at the upstream end of the lower right side channel could push water from 1 

the upper right side channel back into the main channel at the land bridge. This would reduce the 2 

likelihood of lower right side channel bank erosion and channel widening. 3 

 Even with bank erosion widening the lower right side channel, the hydraulic losses at the “fish hook” may 4 

be large enough to become a limiting factor to flow capacity for this channel. If that is the case, flow in 5 

excess of the capacity of the lower right bank side channel would discharge to the main channel at the 6 

former land bridge instead of into the lower right bank side channel. Less water in the lower right bank 7 

side channel would decrease the erosion hazard for Circle River Ranch. 8 

 9 

 10 

Photo 2. Large Gravel Bar Directing Flow into Upper Side Channel 11 

 12 

Photo 3. Wood Spanning Main Channel Increases Roughness 13 
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 1 

Photo 4. Land Bridge Has Eroded, Direct Connection to Main Channel 2 

3.5 CHANGES TO INFRASTRUCTURE IN PROJECT AREA 3 

Several changes to infrastructure have taken place since Herrera’s 2012 geomorphic risk assessment (see 4 

Figure 6): 5 

 King County has purchased four of the properties that were identified as having a high/medium 6 

geomorphic risk. The structures on these properties were removed, eliminating the risk at those locations. 7 

 The existing well and water line along the right bank side channel were not included in 2012 risk 8 

assessment. 9 

 Rock has been placed by local landowners along the bank at the fish hook area (see Photo 5). The rock 10 

does not appear to have been sized to withstand shear stress at high flows and may not have been 11 

permitted at the time of construction. The rock has been relatively stable at low flows, but it appears that 12 

some rock movement occurred during the January 2015 (20% ACF) event. 13 

3.6 UPDATE OF FLOODING/GEOMORPHIC HAZARDS AND RISKS 14 

The 2012 Herrera report documented geomorphic hazards and risks in the Circle River Ranch neighborhood. The 15 

following assessment builds upon that work to assess both flooding and geomorphic hazards and risks for the 16 

RM 0 to 2 reach of the South Fork Snoqualmie River, based on existing conditions and available data. 17 

 18 
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 1 

Photo 5. Small Rock Placed in Fish Hook Area 2 

3.6.1 Flooding Hazard 3 

A recent study used FLO-2D, a two-dimensional hydraulic model, to estimate peak flow and flood depth in the 4 

South Fork channel and floodplain for the 5%, 2%, 1%, and 0.2% ACF (Tetra Tech, 2014). Flood hazard 5 

identification used the result of this analysis to determine flood inundation in the modeled area upstream of RM 6 

1.0. Flood inundation outside the model area was approximated based on starting water surface elevations used 7 

in the model. 8 

Figure 7 shows the flood hazard based on inundation for each flood event. At the northern model limit east of 9 

Circle River Ranch, there is a slight discontinuity between the FLO-2D inundated area and the inundated area 10 

approximated based on starting water surface elevation. The FLO-2 flood water surface does not intersect with 11 

the existing ground in this area so the flood hazard may be under-predicted near 416th Avenue SE. Inundation for 12 

the 5% through 1% ACF may extend north and cross 416th Avenue SE stopping short of the residences on the 13 

north side of the street although the actual inundation extents area uncertain in the area. For the 0.2% ACF, the 14 

starting water surface elevation likely captures the true extent of inundation. 15 

Flood hazards were assigned numerical values in an overall hazard scoring system as follows: 16 

 5% ACF Inundation – 4 points 17 

 2% ACF Inundation – 3 points 18 

 1% ACF Inundation – 2 points 19 

 0.2% ACF Inundation – 1 point 20 

The flood hazard rating was increased by a factor of 1.5 in areas within the floodway, based on King County 21 

floodway mapping (reference). 22 



Circle River Ranch Geomorphic Conditions, Hazards and Risks Update March 2015 

 16 Draft Technical Memorandum 

 1 

Figure 7. Relative Flood Hazard 2 
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3.6.2 Geomorphic Hazard 1 

The geomorphic hazard rating for the lower 2 miles of the South Fork Snoqualmie River was based on the long-2 

term and short-term channel migration hazard (see Section 3.3). Figure 8 shows the combined geomorphic 3 

hazard. 4 

3.6.2.1 Short-Term Channel Migration Hazard 5 

The short-term channel migration hazard indicates the risk of channel migration and bank erosion within 5 to 6 

10 years. The computed 1993-2013 short-term channel migration rates by sub-reach shown in Table 2 were used 7 

to define a high short-term migration hazard zone (migration occurring at the average short term rate over 8 

5 years) and medium short-term migration hazard zone (migration occurring at the average short term rate over 9 

10 years). These hazards were assigned the following numerical values in the overall hazard scoring system: 10 

 High short-term migration hazard – 4 points 11 

 Medium short-term migration hazard – 3 points 12 

The high and medium short-term migration hazard zones were enlarged along the Circle River Ranch right bank 13 

side channel to account for the possibility of the right bank side channel widening to the average width of the main 14 

channel (40 feet) if most of the flow moves into the side channel (see Figure 6). 15 

Herrera (2012) included a medium geomorphic hazard zone along a swale that runs from the right bank side 16 

channel in the fish hook area at approximately RM 1.5 toward 416th Avenue SE and SE 100th Street (see 17 

Figure 6). This swale was a river channel on the 1865-1881 mapping and is inundated with water during high 18 

peak flow events. This area was not included as a short-term channel migration hazard zone for this study. The 19 

recent FLO-2D modeling showed that the maximum flow depth (2 feet) and velocities (0.47 feet/second) over the 20 

roadway where the swale crosses 416th Avenue SE are not enough under the 1% ACF to erode the asphalt 21 

roadway and road fill and lead to channel avulsion in 5 to 10 years. However, the area remains as a flood hazard 22 

zone and long-term channel migration hazard zone. 23 

3.6.2.2 Long-Term Channel Migration Hazard 24 

The long-term channel migration hazard rating was based on King County CMZ mapping. The long-term channel 25 

migration hazard mapping was based on historical maps and aerial photographs from 1942-1993 and included 26 

both bank erosion and avulsion hazards (Perkins 1996). These coverages included three hazard categories and 27 

were given the following hazard scoring: 28 

 Severe CMZ Hazard (potential for river to occupy this area within 50 to 100 years) – 2 points 29 

 Moderate CMZ Hazard (potential for river to occupy this area within 100 to 200 years) – 1 point 30 

 Potential CMZ Hazard (all past channel locations) – 0 points 31 

3.6.3 Relative Combined Flooding and Geomorphic Hazard Zones 32 

The flood and geomorphic hazards were combined using the following relationship: 33 

Relative Combined Flood and Geomorphic Hazard = Flood Hazard * Floodway + Geomorphic Hazard 34 

After computing the hazard, the data were classified as low (1 to 3 points), medium (4 to 6 points) and high (7 to 35 

10 points) relative hazard areas Figure 9 shows the combined flood and geomorphic hazard zones. 36 

3.6.4 Flooding/Geomorphic Risk to Structures and Infrastructure 37 

The presence of a roadway, building or other facility in a low, medium or high hazard area represents a risk to that 38 

structure or infrastructure. Flooding and geomorphic risk to structures and infrastructure are shown on Figure 9. 39 
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Figure 8. Relative Geomorphic Hazard 2 
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INSERT MAP 1 

Figure 9. Combined Flood and Geomorphic Hazard Zones and Risks 2 

3 
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3.6.4.1 High-Risk Facilities 1 

High-risk facilities are structures and roads that lie partially or completely within areas that are designated a high 2 

hazard flooding and geomorphic hazard zone. High-risk zones are confined areas of the floodplain directly 3 

adjacent to the river bank. Seven structures in the study area are designated high-risk facilities: three houses, 4 

three outbuildings, and the Circle River Ranch revetment. High-risk houses and outbuildings are generally located 5 

near RM 1.4. In addition, there are 2.7 miles of public roads designated as high-risk. Figure 9 shows the location 6 

of the high-risk structures and public roads. 7 

3.6.4.2 Medium-Risk Facilities 8 

Medium-risk facilities are structures and roads that lie partially or completely within areas that are designated a 9 

medium hazard flooding and geomorphic hazard zone. Medium-risk zones adjoin and extend landward from the 10 

outer edge of high-risk zones. There are 16 structures in the study area designated medium-risk facilities: 11 

12 houses and 4 outbuildings. Medium-risk houses and outbuildings are generally located between RM 1.2 and 12 

RM 1.6. In addition, there are 1.3 miles of public roads designated as medium-risk. Figure 9 shows the location of 13 

the medium-risk structures and public roads. 14 

3.7 POTENTIAL EFFECTS OF UPSTREAM CORRIDOR-SCALE 15 

APPROACHES 16 

King County is developing a long-term corridor plan for the South Fork to resolve flooding, geotechnical, and 17 

ecological problems. Corridor-scale approaches to reduce flood risk are being considered for the South Fork 18 

Snoqualmie levee system upstream of RM 2. These potential changes could affect flow and alter the sediment 19 

supply to the study reach (RM 0 to 2). Corridor-scale upstream approaches to improving the level of flood 20 

protection include the following: 21 

 Levee-Setback Approach—Existing levees would be removed and new setback levees constructed on 22 

the left bank of the South Fork between Snoqualmie Valley Trail (RM 2.0) and 436th Avenue SE (RM 23 

5.9). Existing levees would be removed and new setback levees would be constructed on the right bank, 24 

except between Bendigo Boulevard South (RM 2.85) and RM 4.0, where the existing levee would be 25 

raised in place. 26 

 Raise-in-Place Approach—Existing levees on the left and right banks of the South Fork would be rebuilt 27 

with higher levee crests between Snoqualmie Valley Trail and 436th Avenue SE. The exception is on the 28 

left bank between West North Bend Way (RM 2.45) and Bendigo Boulevard South (RM 2.85), where a 29 

setback levee would be installed. 30 

3.7.1 Impacts to Flood Hazard 31 

Hydraulic modeling of both approaches upstream of Snoqualmie Valley Trail (RM 2.0) is documented in the 32 

Technical Evaluation Report (Tetra Tech, 2015). The hydraulic model included the reach downstream of 33 

Snoqualmie Valley Trail to RM 1.0 to establish an accurate water surface profile at the model study limits at 34 

RM 2.0. Hydraulic results between RM 1.0 and 2.0 are considered to be approximate because no calibration was 35 

performed for this reach. However, the model results can provide a general understanding of potential relative 36 

changes to flooding extent and channel hydraulics that could result in this reach from implementation of either of 37 

the corridor-scale approaches. Table 3 shows peak flow for existing conditions, the levee-setback approach, and 38 

the raise-in-place approach. The results are not useful for assessing the South Fork below RM 1.0 because 39 

backwater effects from the Snoqualmie River main stem control hydraulic conditions in that reach. 40 

The levee-setback approach would result in a reduction in peak flow rates in the South Fork channel for all flood 41 

events analyzed, compared to existing conditions. However, peak flow in Ribary Creek at Snoqualmie Valley Trail 42 

would increase significantly for all events. For example, the 5% ACF, peak flow would be almost 5 times higher 43 

than the existing-condition peak flow. The increase in peak flow would result in flood depths almost a foot higher 44 

in the left overbank for the 5% ACF. For higher flood magnitudes, backwater from the Snoqualmie River would 45 

limit the increase in flood depth; increase in flood depth for the 0.2% ACF is only about 0.3 feet. For the right 46 
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overbank area (Circle River Ranch), flood depth would be unchanged or slightly lower (<0.1 foot) for all flood 1 

events. Higher flood depths would not change the extent of the flood hazard in the study area (see Figure 7) 2 

because of the extensive flooding in the left overbank area that occurs under existing conditions. 3 

Table 3. Peak Flow at Snoqualmie Valley Trail (from FLO-2D Analysis) 4 

Flow Scenario 5% ACF 2% ACF 1% ACF 

South Fork Snoqualmie River    

Existing Conditions 11,700 12,400 12,700 

Corridor Scale Levee Setback Approach 9,500 10,400 11,000 

Corridor Scale Raise in Place 11,300 12,600 13,600 

Ribary Creek     

Existing Conditions 230 570 770 

Corridor Scale Levee Setback Approach 1,010 1,190 1,290 

Corridor Scale Raise in Place 530 670 750 

a. The Snoqualmie Valley trail crosses the South Fork at RM 2.0  

 5 

 6 

Figure 10. 5% ACF Flow Hydrograph at Snoqualmie Valley Trail 7 

For the raise-in-place approach, peak flows in the South Fork at Snoqualmie Valley Trail would be slightly lower 8 

than existing conditions for more-frequent flood events (e.g. 5% ACF) but higher for less-frequent flood events. 9 

Some of the peak flow increase would be transferred downstream, but a significant volume of water would leave 10 

the channel and flow northwest along Snoqualmie Valley Trail. For Ribary Creek, the relationship would be 11 

reversed: peak flow would be higher than existing conditions for more-frequent floods and about equal for less-12 

frequent floods. Overall, the change in flow would balance with the increase in flow from the South Fork so that 13 

the increase in flood depth would be limited to about 0.3 feet for all floods. Flood depth in the right overbank area 14 

(Circle River Ranch) would be unchanged for the 5% ACF and slightly higher (about 0.1 feet) for other flood 15 
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events analyzed. The flood hazard would not change in the left overbank study area because of the extensive 1 

flooding that already occurs in that area under existing conditions. For the right overbank area, the flood hazard 2 

would not change because of the small increase in flood depth. 3 

3.7.2 Impacts to Geomorphic Hazard 4 

High rates of channel migration in the un-leveed areas of the South Fork Snoqualmie occur in areas where 5 

bedload accumulation leads to the development of large, active gravel bars. Changes to upstream sediment 6 

supply or changes to bedload transport capacity and the amount of energy focused on stream banks within the 7 

study reach as a result of upstream changes to peak flows could alter the channel migration rates in the RM 0-2 8 

reach. 9 

One way to qualitatively investigate the influence of the upstream changes in sediment supply and flows from 10 

upstream levee improvement activities is to review changes in hydraulic parameters that control bedload transport 11 

capacity in the un-leveed areas of the South Fork Snoqualmie. Bedload transport is greatly influenced by shear 12 

stress in the main channel. In the South Fork, flows over 7,400 cfs (about the 20% ACF) result in bedload 13 

movement and deposition (Booth et al. 1991). The lowest flow analyzed with the FLO-2D model was about 14 

11,000 cfs (5% ACF), higher than the flow that initiates bedload movement. Channel shear stress in the South 15 

Fork was compared for existing conditions and the two corridor-scale approaches to determine potential changes 16 

to bedload transport capacity with implementation of either approach. 17 

Compared to existing conditions, average channel shear stress in the South Fork would be similar to the levee-18 

setback approach and the raise-in-place approach. The difference in shear stress between either approach and 19 

existing conditions would be small—less than 0.3 pounds per square foot —and well within the existing variability 20 

in shear stress along the channel (see Figure 11). This is especially true for the raise-in-place approach, for which 21 

only minor changes in shear stress would occur compared to existing conditions. It is possible that additional 22 

storage of bedload could occur in the upstream setback levee area, where shear stress is predicted to be slightly 23 

lower than existing conditions (RM 3.7 to 4.5); this could slightly reduce bedload input downstream of RM 2.0. 24 

However, the relative difference in shear stress is so small that deposition rates are uncertain based on the 25 

existing model predictions. 26 

Rapid channel migration during high flow events is driven by sediment deposition. In more sinuous, meandering 27 

channels, sustained flow under bankfull conditions can often cause larger migration than larger floods as the bank 28 

flow flows tend to attack the same location along the bends. High flows may short-circuit the outside of bends and 29 

transfer higher energy flow to the floodplain. Under bankfull conditions, channel migration for both corridor scale 30 

approaches would occur at rates similar to existing conditions because flow rate at the assumed bankfull 31 

condition (50% ACF) would remain unchanged for all three scenarios. Figure 10 shows that the flow for all three 32 

scenarios coincide until about 7,000 cfs which is higher than the 50% ACF  33 

High flow rates are more directly responsible for widening of newly activated channels (such as the lower right 34 

bank side channel). Channel migration caused by large flood events may be reduced for the levee-setback 35 

approach because flow rates are expected to be lower in the South Fork for this approach. Table 3 shows that 36 

peak flows for the levee-setback approach are reduced by about 20% for the 5% ACF compared to existing 37 

conditions. For the raise-in-place approach, peak flow rates are relatively unchanged from existing conditions so 38 

would not likely affect channel migration in the study area. 39 

Shear stress in Ribary Creek downstream of the Snoqualmie Valley Trail Bridge would be three to six times 40 

higher (0.45 pounds per square foot) for the corridor-scale approaches compared to existing conditions. The 41 

substrate composition in Ribary Creek would coarsen and the creek channel would widen. It is unlikely that this 42 

widening would significantly affect the main South Fork channel unless there was appreciable channel 43 

enlargement and flows from the South Fork moved into the enlarged Ribary Creek channel downstream of RM 44 

1.5. 45 

Based on these data, it is anticipated that there could be a slight reduction in bedload transport capacity in the 46 

South Fork downstream of RM 2.0 for either corridor-scale approach. Differences would likely be within the range 47 

of natural variation and not large enough to change the geomorphic hazard condition in the study area. However, 48 

it is likely that current geomorphic trends of bar aggradation and channel migration would continue. 49 
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These conclusions are based on a qualitative assessment of model-derived estimates of shear stress. A more 1 

quantitative analysis would provide more certainty in identifying changes in the sediment balance and its 2 

implications on the morphology of the South Fork.  3 

These conclusions also do not account for sediment storage areas that may be incorporated into future corridor 4 

scale projects. If these facilities are effective at storing large volumes of sediment, channel migration in the study 5 

reach would tend to occur at reduced rates.  6 

 7 

Figure 11. Peak Average Bed Shear Stress Compared to Existing Conditions and Grain Size, 5% ACF 8 

 9 
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4.0 POTENTIAL ACTIONS TO REDUCE FLOODING AND GEOMORPHIC 1 

RISK 2 

Several potential actions were evaluated to reduce flooding and geomorphic risk downstream of RM 2 in the 3 

South Fork Snoqualmie River: 4 

 Revetment repair and extension 5 

 In-stream structures to redirect flows 6 

 Gravel management 7 

 Home elevation 8 

 Property acquisition. 9 

The goal, as identified in the Snoqualmie River Corridor planning process, is to reduce flooding and geomorphic 10 

risk in a long-term, cost-effective manner while maintaining or augmenting ecological values. 11 

4.1 REVETMENT REPAIR AND EXTENSION 12 

The existing Circle River Ranch Revetment appears to be relatively stable. The revetment could be extended 13 

upstream to protect structures from channel migration, or bank protection could be installed in other areas. 14 

Installation of additional bank protection would reduce the likelihood of future bank erosion in those areas, thus 15 

reducing the geomorphic hazard to structures along the bank. Possible bank protection methods include the 16 

following: 17 

 Bioengineering—Bioengineering includes natural bank and riparian materials such as live crib walls, 18 

willow stakes or posts, root wads, soil rolls, etc. Bioengineering can be used in conjunction with other 19 

bank stabilization techniques to improve aquatic and riparian values. 20 

 Riprap—Riprap provides a high degree of bank stability but poor aquatic and riparian habitat value. 21 

 Timber crib wall—a timber crib wall provides a relatively high degree of bank stability and is often used in 22 

conjunction with bioengineering. 23 

 Gabions—Gabions are wire cages filled with rocks that are placed to provide bank protection. 24 

 Buried groins—Buried groins are buried rows of stabilization material, often riprap, that are placed in 25 

trenches perpendicular to the stream bank rather than along the bank. They provide hard points that limit 26 

bank erosion by deflecting flow away from the bank. Groins can provide protection without placing riprap 27 

along the entire bank. 28 

4.1.1 Potential Benefits 29 

Potential benefits from bank protection include a relatively high degree of certainty that future geomorphic and 30 

bank erosion risk will be reduced. The level of certainty depends on methods chosen and site-specific conditions. 31 

Hard armoring techniques, such as riprap, gabion baskets, and groins would provide a relatively high level of 32 

protection against streambank erosion. Timber crib wall would also provide a relative high level of protection but 33 

are less durable than hard armoring techniques because the wood structure would eventually decay. 34 

Bioengineered techniques as a single form of protection provide the lowest level of protection and would be more 35 

effective when used in conjunction with more other techniques. 36 

4.1.2 Potential Concerns 37 

Aquatic and riparian habitat value would be reduced with hard engineering techniques such as riprap or gabions. 38 

To reduce this concern, these techniques can be used in conjunction with bioengineering to provide both a high 39 

degree of certainty and beneficial habitat value. 40 

If bank protection is not tied in at the upstream end of the existing revetment, flow can run flank structure and 41 

erosion can progress long the backside of the revetment. The potential for this exists along the upper right bank 42 

side channel at RM 1.45 and is increased by the abrupt change in flow direction at the fish hook area. If additional 43 

flow is captured by the side channel, then the potential for flanking of the bank protection will be increased. 44 
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4.2 IN-STREAM STRUCTURES TO REDIRECT FLOWS 1 

Flow-redirection structures could be installed to direct flow away from existing properties and structures at risk. 2 

Flow-redirection techniques include engineered log jams, strategic relocation of existing large woody debris to 3 

different areas in the channel, and grade control structures. Such options could be implemented in the main 4 

channel to direct flow away from the right bank side channel or the left bank near the golf course, or at the 5 

upstream end of the upper or lower right bank side channel to help restrict flow from entering the side channel. 6 

In addition, the capacity of overflow channels in the downstream portion of the left floodplain (RM 1.45-1.6) could 7 

be increased to convey more flow during peak flow conditions. Channel capacity could be increased by regrading 8 

the left bank floodplain channel and reducing roughness elements (vegetation and large woody debris). 9 

4.2.1 Potential Benefits 10 

Potential benefits from installing log jams or large woody debris include relatively low cost and potential 11 

enhancement of aquatic habitat. 12 

4.2.2 Potential Concerns 13 

Installation of flow-redirection structures require careful placement during construction to operate effectively. 14 

Poorly installed structures may not as operate as planned and could increase streambank erosion if not placed 15 

carefully. Engineered log jams can pose a hazard to recreational users of the river. Potential concerns about 16 

increasing the capacity of the left bank overflow channels include possible negative effects on aquatic and 17 

riparian habitat, difficulty permitting in-channel equipment work, and difficulty accessing the side channel with 18 

heavy equipment. There is also the possibility of future aggradation in the left floodplain channel, which would 19 

reduce the effectiveness of this option over time. 20 

4.3 GRAVEL MANAGEMENT 21 

Large gravel and cobble bars developing in the main channel between RM 1.45 and RM 1.7 are reducing main 22 

stem channel capacity, increasing the likelihood of additional flow in the side channels and potential channel 23 

migration. Selective removal of portions of the gravel and cobble bars would increase capacity in the main 24 

channel and reduce the potential for increased flow in the side channels. 25 

4.3.1 Potential Benefits 26 

Potential benefits include the relatively low cost of implementation and an increase in main channel capacity. 27 

4.3.2 Potential Concerns 28 

Potential concerns include environmental effects, difficulty in permitting in-channel gravel removal, and difficulty 29 

accessing the bars with heavy equipment. This action is not sustainable over the long term because sediment 30 

transported into the reach from upstream sources will continue to be deposited on the bars. Periodic removal will 31 

be required to maintain long-term benefits. 32 

4.4 HOME ELEVATIONS 33 

Elevation of the living quarters of homes above a specified elevation can reduce flood risk to those structures. 34 

4.4.1 Potential Benefits 35 

Elevation of living quarters of homes would reduce the flood risk to those structures. 36 
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4.4.2 Potential Concerns 1 

Elevation of living quarters of homes would not reduce erosion risks. It also provides no benefit to other properties 2 

in the floodplain because this measure does nothing to alter flooding or geomorphic processes. 3 

4.5 PROPERTY ACQUISITION 4 

Acquisition of property can permanently reduce flood and geomorphic risk to at-risk structures. Structures would 5 

be removed from purchased properties and the areas would be planted with native vegetation to establish riparian 6 

and upland conditions as appropriate. 7 

4.5.1 Potential Benefits 8 

Potential benefits from acquisition of at-risk property include complete reduction of risk to removed structures, 9 

relatively simple permitting, restoration of the riparian area to a more natural condition, no need to alter the 10 

channel or river banks, and low ongoing maintenance cost. 11 

4.5.2 Potential Concerns 12 

Potential concerns include a higher initial cost, and no change to the future flooding/geomorphic risk of other 13 

properties in the floodplain because no measures would be undertaken to alter flooding or geomorphic processes. 14 

4.6 POTENTIAL ACTIONS NOT CONSIDERED 15 

Several type of actions that analyzed in the South Fork Snoqualmie River Corridor Plan Technical Evaluation 16 

Report (Tetra Tech, 2015) were not considered for the RM 0-2 reach: setback levee, revetment removal, and 17 

bridge/culvert replacement. 18 

5.0 EVALUATION OF POTENTIAL ACTIONS 19 

Each of the tools described in this section was evaluated against a set of performance measures developed to 20 

meet reach-based objectives. The evaluation used performance measures related to hydraulics, structure 21 

stability, geomorphology, ecology and economy. Each tool was qualitatively assessed to determine whether 22 

implementation would result in moving toward goals, moving away from goals, or having a neutral effect (neither 23 

moving towards or away from goals). Table 4 provides detail on how the qualitative rating are applied for each of 24 

the performance measures. 25 

Potential actions were evaluated for their ability to meet the established criteria for two reaches within the study 26 

area: the Circle River Ranch area on the right bank from RM 1.7 to RM 1.4; and the Mount Si Golf Course area on 27 

the left bank at RM 1.25. Reach-based assessments for implementation of actions in these two reaches are 28 

provided on the following pages. The assessments are presented in a format developed for the South Fork 29 

Snoqualmie River Corridor Plan. The South Fork Snoqualmie River corridor planning process will take these 30 

potential actions into account and will be the method for implementation. Specific projects implementing each 31 

potential action are described in the appendix. 32 
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Table 4. Performance Measures 1 

Significant movement 

toward meeting goal (2) 

Moves toward 

meeting goal (1) Neutral (0) 

Moves away from 

meeting goal ( -1) 

Significant movement away 

from meeting goal (-2) 

Hydraulic Performance Measure—Ability of the action to resolve flooding problems during peak flood events 

Eliminates multiple 

hydraulic problems or 

one problem with high 

relative risk. 

Eliminates one 

hydraulic problem. 

Not able to 

affect 

performance 

measure. 

Does not resolve hydraulic 

problems. 

Worsens existing hydraulic 

problems or creates new 

problems. 

Structure Stability Performance Measure—Structure stability and certainty of outcome. 

Estimated design life of 

structure is 30+ years or 

high level of certainty of 

outcome with 

implementation. 

Estimated design life 

of structure between 

10 and 30 years. 

Moderate level of 

certainty of outcome 

with implementation. 

“Normal” 

maintenance 

required to 

extend 

functional life of 

structure. 

Significant maintenance 

required annually to 

maintain structure 

functionality. Moderate 

level of uncertainty of 

outcome with 

implementation. 

Project action is unable to 

withstand more than one peak 

flood event. Highly uncertain 

outcome with implementation. 

Geomorphic Performance Measure—Effect on natural geomorphic processes, including channel migration and/or sediment 

transport 

Restores natural channel 

migration and sediment 

transport mechanisms. 

 Not able to 

affect 

performance 

measure. 

 Reduces natural channel 

migration and alters sediment 

transport capability. 

Aquatic Habitat Area Measure—Area of interconnected aquatic and terrestrial floodplain habitat 

Significantly increases 

connections to previously 

disconnected aquatic 

habitat in the floodplain. 

Moderately increases 

connections to 

previously 

disconnected aquatic 

habitat in the 

floodplain. 

Not able to 

affect 

performance 

measure. 

Moderately reduces 

connections between 

channel and aquatic 

habitat in the floodplain. 

Measurably reduces aquatic 

and/or floodplain habitat area. 

Habitat Quality Measure—Effect on in-water habitat quality, including velocity refuge, cover or wood in-channel, gravel bed 

condition and riparian condition 

Improves riparian 

function and increases 

velocity refuge. 

Improves riparian 

function. 

Not able to 

affect 

performance 

measure. 

Degrades habitat quality. Significantly degrades habitat 

quality. 

Short-Term Economic Performance Measure—Cost to implement the project 

No cost to implement 

project. 

Cost to implement 

project less than 

$500,000. 

Not able to 

affect 

performance 

measure. 

Cost to implement project 

between $500,000 and 

$1,000,000. 

Cost to implement project 

greater than $1,000,000. 

Long-Term Economic Performance Measure—Future structure inundation during flood events as an indicator of the 

magnitude of long-term flood damage 

Reduces number of high-

risk and medium-risk 

structures. Significantly 

reduces long-term 

maintenance costs. 

Reduces number of 

high and/or medium-

risk structures. 

Reduces long-term 

maintenance costs. 

Not able to 

affect 

performance 

measure. 

Increases the number of 

medium-risk structures. 

Increases the number of 

high-risk structures. 

 2 
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5.1 RIGHT BANK, CIRCLE RIVER RANCH AREA 1 

(RM 1.7 TO 1.4) 2 

Description: The Circle River Ranch revetment (RM 1.4 to 1.5) provides 3 

bank stabilization spanning five private riverfront properties but does not 4 

contain flood flows. The risks in this reach are from flooding and channel 5 

migration. There are seven homes inundated beginning at the 5% ACF, 6 

increasing to 32 at the 0.2% ACF. One home is exposed to channel 7 

migration risk within the next five years, two within the next 10 years and 8 

six within 50 years. 9 

Problems: The following problems are to be addressed on the right bank 10 

Circle River Ranch area: 11 

 High rates of channel migration 12 

 Erodible banks along river upstream and downstream of the Circle 13 

River Ranch revetment. 14 

 Widespread inundation beginning at the 5% ACF 15 

Hydraulic Linkage: 16 

 This reach is impacted by actions upstream 17 

Reach Objectives: The objectives for actions on the right bank Circle 18 

River Ranch area are as follows: 19 

 Mitigate risk from erosion and inundation to residence and roadways. 20 

 Protect the riparian forest and aquatic habitat diversity. 21 

 Remove invasive weeds from the channel and riparian corridor. 22 

 23 

 24 

Performance Measure 

Setback 
Levee 

Revetment 
Removal 

Revetment 
Repair and 
Extension 

In Stream 
Structures 

to 
Redirect 

Flows 
Gravel 

Management 
Home 

Elevation 
Property 

Acquisition 

Replace 
Bridge or 
Culvert 

Hydraulic  NA NA 0 0 1 2 2 NA 

Structure Stability NA NA 1 -1 -1 0 0 NA 

Geomorphic NA NA -2 -1 -2 0 2 NA 

Aquatic Habitat Area Measure NA NA -2 0 -2 0 2 NA 

Habitat Quality Measure NA NA -2 0 -2 0 2 NA 

Short-term Economic  NA NA 1 1 2 0 -2 NA 

Long-term Economic NA NA 2 2 1 0 2 NA 

1 or 2 = Moves toward meeting goal; -1 or -2 = Moves away from meeting goal; 0 Neutral 

NA = Analyzed in South Fork Snoqualmie River Corridor Planning document but not applicable to this reach  

 25 

5.2 LEFT BANK, MOUNT SI GOLF COURSE AREA (RM 1.25) 26 
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Description: The Mt. Si Golf Course is 1 

located near the rapidly migrating “big bend” 2 

near RM 1.25. The river bend migrated 3 

toward the southeastern part of the golf 4 

course at an average rate of 8.5 feet per year 5 

from 1993 to 2013. The risks in this reach are 6 

from channel migration. 7 

Problems: The following problems are to be 8 

addressed on the left bank Mount Si Golf 9 

Course area: 10 

 High rates of channel migration, both 11 

currently and historically 12 

 Rapidly retreating erodible banks 13 

along river near the southeastern 14 

portion of the golf course. 15 

Hydraulic Linkage: 16 

 This reach is impacted by actions upstream. 17 

Reach Objectives: The objectives for actions on the left bank Mount Si Golf Course area are as follows: 18 

 Mitigate risk from erosion to portions of golf course. 19 

 Protect the riparian forest and aquatic habitat diversity. 20 

 21 

 22 

Performance Measure 

Setback 
Levee 

Revetment 
Removal 

Revetment 
Repair and 
Extension 

In Stream 
Structures 

to 
Redirect 

Flows 
Gravel 

Management 
Home 

Elevation 
Property 

Acquisition 

Replace 
Bridge or 
Culvert 

Hydraulic  NA NA 0 0 NA NA NA NA 

Structure Stability NA NA 1 -1 NA NA NA NA 

Geomorphic NA NA -2 -1 NA NA NA NA 

Aquatic Habitat Area Measure NA NA -2 0 NA NA NA NA 

Habitat Quality Measure NA NA -2 0 NA NA NA NA 

Short-term Economic  NA NA 1 1 NA NA NA NA 

Long-term Economic NA NA 0 0 NA NA NA NA 

1 or 2 = Moves toward meeting goal; -1 or -2 = Moves away from meeting goal; 0 Neutral 

NA = Analyzed in South Fork Snoqualmie River Corridor Planning document but not applicable to this reach  

 23 
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APPENDIX. POTENTIAL PROJECTS TO REDUCE GEOMORPHIC AND 1 

FLOODING RISKS IN THE CIRCLE RIVER RANCH NEIGHBORHOOD 2 

Eight project actions were developed to reduce flooding and geomorphic risk in the Circle River Ranch 3 

neighborhood. Potential projects consist of property acquisition, flow redirection techniques, channel capacity 4 

improvements, gravel removal, large wood structures, and bank protection structural techniques. Two of the eight 5 

projects were brought forward from the 2012 Herrera report to develop updated cost estimates. This appendix 6 

summarizes the elements for each of the potential projects. Cost estimates are documented in Attachment A. 7 

PROJECT 1: ACQUIRE HIGH RISK PROPERTIES 8 

Three structures are located in high flooding and geomorphic hazard area on the right bank of the South Fork. 9 

Property acquisition and structure removal would eliminate risk in this high hazard area. Property acquisition is 10 

shown in Figure A-1. 11 

 Acquire three high-risk private properties on the right bank of the South Fork in the Circle River Ranch 12 

neighborhood. 13 

 Remove structure (houses and outbuildings) on the property. 14 

 Relocate water well and 750 feet of water supply line. 15 

 Restore 1.1 acres of riparian area. 16 

Acquiring high risk properties would reduce risk to high hazard property and structures. Acquired property would 17 

be restored to a more natural riparian condition. No channel modifications are required. Property acquisition 18 

would not change the flood and geomorphic risk of other properties in the floodplain because no measures would 19 

be undertaken to alter flooding or geomorphic processes. 20 

The planning level cost for property acquisition and other items is estimated to be $1,614,000. 21 

 22 

Figure A-1. Project 1: Acquire High Risk Properties 23 
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PROJECT 2: INSTREAM STRUCTURES TO REDIRECT FLOW 1 

Bank erosion in the lower right bank side channel has the potential to increase the geomorphic hazard in the 2 

Circle River Ranch neighborhood. Channel roughening elements would impede flow and redirect flow to the main 3 

channel. Reducing flow in this channel would reduce the geomorphic risk to structures and infrastructure along 4 

the right bank of the South Fork. Flow reduction techniques are shown in Figure A-2. 5 

 Install 10 large woody debris structures in the lower right bank side channel 6 

 Each structure would contain 20 logs and logs with rootwads 20 – 30 feet long. 7 

 Anchor structures using piles, bank embedment, or by ballasting for structure stability 8 

Flow redirection techniques would not provide bank protection along the side channel, but reduced velocities in 9 

the side channel would reduce erosive forces on the bank. Large woody debris installation would improve aquatic 10 

and riparian habitat. Wood would need to be securely anchored to maintain stability during large floods. Wood in 11 

the river would also create a potential safety risk to recreational boaters. Structures will need to be carefully 12 

designed and installed to avoid flanking during high flows. 13 

The planning level cost for side channel flow reduction techniques is estimated to be $796,000. 14 

 15 

Figure A-2. Project 2: Instream Structures to Redirect Flows 16 

 17 
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PROJECT 3: EXCAVATE LEFT FLOODPLAIN CHANNEL TO IMPROVE 1 

CAPACITY 2 

Increasing the capacity of the downstream portion of left bank floodplain channel (RM 1.45-1.6) would allow more 3 

flow in the main channel and reduce flow in the right bank side channel during high flow events. Channel capacity 4 

improvements are shown in Figure A-3. 5 

 Excavate the left bank floodplain channel from RM 1.45 to RM 1.6 and remove 6,000 cubic yards of 6 

material to widen the existing floodplain channel. 7 

 Remove vegetation and woody debris to reduce channel roughness. 8 

Enhancing the capacity of the left bank side channel (RM 1.45-1.6) could result in more flow entering the left bank 9 

floodplain channel, reducing flow in the right bank side channel. It is likely that cobble and gravel would redeposit 10 

in the left bank floodplain channel over time (or possibly during a single large peak flow event) and reduce 11 

channel capacity, resulting in the need for on-going maintenance or gravel/vegetation removal. 12 

The planning level cost for improving channel capacity is $321,000. 13 

 14 

Figure A-3. Project 3: Excavate Left Floodplain Channel to Improve Flow Capacity 15 
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PROJECT 4: GRAVEL REMOVAL IN MAIN CHANNEL RM 1.45 - 1.8 1 

There are several channel-spanning large woody debris jams and growing gravel/cobble bars in the main channel 2 

between RM 1.45 and RM 1.8. These gravel bars are reducing flow capacity in the main channel. Channel 3 

modification would increase flow capacity and allow a greater volume of flow in the main channel. More flow in the 4 

main channel would reduce the volume of flow to the right bank side channel. Figure A-4 shows location for 5 

modifications to the main channel to improve capacity. 6 

 Selectively remove portions of the large gravel/cobble bars to increase channel capacity and decrease 7 

roughness. Approximately 10,000 cubic yards of gravel will be excavated. 8 

 Relocate the large woody debris from a channel-spanning position to a position parallel to the channel. 9 

Cost is incidental to gravel removal. 10 

Gravel removal would increase flow capacity of the main channel (RM 1.45-1.7) could result in more flow entering 11 

the left bank floodplain channel, reducing flow in the right bank side channel. On-going maintenance would be 12 

required a cobble and gravel would redeposit on the bars over time. 13 

The planning level cost for enhancing the flow capacity in the main channel is $433,000. 14 



Circle River Ranch Geomorphic Conditions, Hazards and Risks Update March 2015 

 A-5 Draft Technical Memorandum 

 1 

Figure A-4. Project 4: Gravel Removal in Main Channel RM 1.45 - 1.8 2 
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PROJECT 5A: LOWER RIGHT BANK SIDE CHANNEL BANK PROTECTION – 1 

TIMBER CRIB WALL 2 

A timber crib wall would be installed in the lower right bank side channel to protect the right bank and reduce the 3 

erosion and geomorphic hazard to structures along the bank. Bank protection would be extended downstream 4 

and tie in with the existing revetment. Figure A-5 shows modifications to the lower right bank side channel with 5 

timber crib wall. 6 

 Construct 1,100 feet of timbered crib wall between RM 1.45 and 1.6 7 

 Incorporate natural bank and riparian materials such as willow stakes, root wads, soil rolls, etc. into the 8 

timber crib wall structure. 9 

 Relocate water well and 750 feet of water supply line. 10 

Bank protection along the right bank of the lower right bank side channel would increase the stability of the bank 11 

and protect the bank from high flow velocity, reducing the likelihood of bank erosion for the life of the timber crib 12 

wall. If flow increases in the right bank side channel and the channel widens, the left bank of the side channel 13 

would erode and recruit large woody debris into the channel. The large woody debris could force flow into the 14 

right bank protection measures, possibly requiring repairs. 15 

Bank protection along the right bank side channel include a high degree of certainty that future geomorphic/bank 16 

erosion risk will be reduced. Native plantings in the timber crib wall would improve aquatic and riparian habitat. 17 

The timber cribwall could be designed to include roughening element to reduce the capacity of the right bank side 18 

channel and force a larger volume of flow into the main channel. The timber crib wall will need to be designed to 19 

be tied into the exiting bank at the upstream end and the revetment at the downstream end to keep flow from 20 

flanking the structure. 21 

The planning level cost for installing a timber crib wall along the lower right bank side channel is $1,855,000. 22 

 23 

Figure A-5. Project 5a: Lower Right Bank Side Channel Bank Protection – Timber Crib Wall 24 
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PROJECT 5B: LOWER BANK RIGHT SIDE CHANNEL PROTECTION AND 1 

CHANNEL REALIGNMENT 2 

Removal of the “fish hook” from the right bank of the lower right side channel will reduce bank erosion by creating 3 

a smoother, more efficient transition from the side channel to the main channel. The timber crib wall bank 4 

protection installed on the right bank of the new side channel would further reduce the likelihood of future erosion 5 

and reduce the geomorphic hazard to structures along the bank. Bank protection would be extended downstream 6 

and tie in with the existing revetment. Figure A-6 provides an overview of the proposed channel with timber crib 7 

wall. 8 

 Widen and realign 500 feet of lower right bank side channel side channel. Excavate 7,500 cubic yards of 9 

material for realignment. 10 

 Backfill new channel with 400 cubic yards of gravel for stream stability. 11 

 Construct 1,000 lineal feet of timbered crib wall along right bank of new channel between RM 1.45 & 1.6 12 

 Incorporate natural bank and riparian materials such as willow stakes, root wads, soil rolls, etc. into the 13 

timber crib wall structure. 14 

 Place excavated channel material as fill behind timber crib wall to remove “fish hook”. 15 

 Restore area behind timber crib wall with native riparian vegetation. 16 

 Relocate water well and 750 feet of water supply line. 17 

The planning level cost to install a timber crib wall and channel excavation along the lower right bank side channel 18 

is $2,048,000. 19 

 20 

Figure A-6. Project 5b: Lower Right Bank Side Channel Bank Protection and Channel Realignment 21 
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OPTION 6: INSTALL FLOW REDIRECTION STRUCTURES RM 1.6-1.8 1 

This option is included in the 2012 Herrera report as Alternative 3 and is shown in Attachment B. 2 

 Install eight engineered log jams in the main channel between RM 1.8 to 1.6 to deflect flow toward the left 3 

bank and into the left bank floodplain channel. 4 

 Install four of the eight log jams as apex (mid-channel) jams and four as medium-sized bank deflector 5 

jams. 6 

 Each jam would be composed of approximately 20 logs 30-50 feet long with intact root wads. 7 

 Vertical timber piles would be used to secure the logs and designed to be structurally stable in a 1% ACF. 8 

 Place logs and vertical timber piles at the inlet to the upper right bank side channel to help reduce the 9 

potential for flow entering the right bank side channel. 10 

 Excavate a new channel, 200 feet long, 75 feet wide, and 3 feet deep, between the left bank of the main 11 

channel at RM 1.6 to direct high flows into the left bank floodplain channel. 12 

The planning level cost for flow redirection structures is $1,502,000. 13 

OPTION 7: INSTALL FLOW REDIRECTION STRUCTURES RM 1.8-2.0 14 

This option is included in the 2012 Herrera report as Alternative 4 and shown in Attachment B. 15 

 Install five engineered log jams in the main channel between the mouth of Silver Creek (RM 0.8) and 16 

Snoqualmie Valley Trail Bridge (RM 2). 17 

 Install one medium and two large bank deflector log jams along the right bank of the main channel, 18 

 Install two apex log jams mid-channel. 19 

 Excavate four new channels in the left bank flood plain550 to 800 feet long, 20 feet wide, and 6 feet deep, 20 

roughly 200-300 feet apart to reactivate existing relic left bank floodplain side channels. 21 

The planning level cost for flow redirection structures is $1,559,000. 22 
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