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1.0 INTRODUCTION 

This report presents the results of a preliminary landslide hazard assessment in the 
Maplewood area of Renton, Washington. The assessment is the first phase in a multi-phase 
assessment of landslide and flooding hazards and evaluation of the potential risks posed to 
the residential neighborhood and surrounding infrastructure and community. Maplewood 
is a residential neighborhood within the eastern extent of the City of Renton, located on the 
right bank Cedar River floodplain between SR 169 and the river, from about river mile 
(RM) 3.4 to 4.3 (Figure 1). The neighborhood is situated on the inside of a large meander 
bend of the river, the outer edge of which abuts the left valley wall, a steep forested 
hillslope. As part of the King County Flood Control District (FCD) budget adoption for 2017 
(FCD2016-20, SECTION 14), the FCD Board of Supervisors directed the Water and Land 
Resources Division to provide a report to the District Executive Committee assessing the 
landslide hazard on the left bank and strategies to mitigate flood hazards on the right bank 
of the Cedar River between RM 3.3 and 4.3 affecting the Maplewood neighborhood as part 
of the Cedar River Corridor Plan. The need for landslide and flood hazard assessment in the 
Maplewood neighborhood was originally identified in the Draft Cedar River Capital 
Investment Strategy (King County, 2017) which was completed as a milestone for the 
Corridor Planning Process.  

1.1 Project Goals and Objectives 

The goals of this project are to evaluate landslide hazards in the vicinity of the Maplewood 
neighborhood, analyze the potential for channel migration to impact landslide hazards, 
evaluate the potential for landslide-river interaction to cause flooding, and evaluate the 
risk that these hazards pose to residents. The study will be completed in two phases: Phase 
1 will consist of analyzing the landslide and flood hazards and Phase 2 will focus on 
evaluating risk to the neighborhood posed by the hazards defined in Phase 1. The goal of 
the work presented in this report is to conduct a preliminary assessment of landslide 
hazards in order to make specific recommendations for follow-on work phases.  The 
objectives of the hazard assessment (Phase 1) include the following: 

A. Identify the approximate size, character, and history of the landslide hazards.

B. Analyze slope stability both qualitatively and quantitatively across a range of

plausible antecedent conditions.

C. Evaluate the impacts to river flow, channel migration and changes to flood risk for

scenarios of partial or complete channel blockage by a landslide.

1.2 Scope of Report 

This report documents preliminary work done by King County staff to address objectives A 
and B listed above and is referred to as work Phase 1A for the overall project. The specific 
scope of work for Phase 1A included the following: 
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1) Research and review existing background information

2) Conduct a shallow landslide hazard assessment by means of

a) field reconnaissance

b) shallow slope stability analysis using limited site specific data

3) Conduct a deep-seated landslide hazard assessment by means of

a) field reconnaissance

b) deep-seated slope stability modeling by King County Department of Transportation

(DOT) Materials Lab using limited site specific data.

The results of these efforts are presented herein, along with a description of the site’s 
physical setting, geology, groundwater, development history, channel migration, and 
landslide hazards. 
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Figure 1.  Maplewood Landslide Hazard Assessment Study Area 
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2.0 EXISTING CONDITIONS 

In a previous countywide effort to map potential landslide hazard areas along the river 
corridors in King County (King County, 2016), several types of potential landslide 
movement were identified on the left (south) wall of the Cedar River between RM 2.9 and 
4.1, including the steep hillslope across the river from the Maplewood neighborhood (the 
site). Regional geologic mapping by U.S. Geological Survey (USGS) and others have 
identified numerous landslide deposits in the Cedar River valley including at the site. 
Historic landslide activity has been documented at the site and nearby sites with very 
similar settings. The types of potential movement identified at the site by King County 
(2016) included reactivation of existing deep-seated landslides and steep slopes potentially 
subject to shallow debris slides.  

Most of the homes in the Maplewood neighborhood are located on higher ground outside of 
the mapped 100-year preliminary Federal Emergency Management Agency (FEMA) 
floodplain on the right bank (FEMA, 2017). At the upstream end, the Erickson Levee (a King 
County flood protection facility) provides some flood protection for homes on the right 
bank, but it does not tie into high ground at either end, creating a pathway that may allow 
floodwaters to enter the neighborhood on the upstream end of the levee. Several privately 
owned revetments as well as the county’s Brodell Revetment have been constructed on the 
right bank downstream of the Erickson Levee. Although most of the neighborhood is not at 
risk from more moderate flood events, it is estimated that approximately 65 homes could 
be surrounded by floodwater during a 100-year flood event. Furthermore, 31 homes are 
located within the mapped severe channel migration hazard area and an additional 7 
homes are within the moderate channel migration hazard area (King County, 2015). The 
county’s Person Revetment is situated at the base of the steep slope on the left bank from 
RM 3.9 to 4.05, helping reduce the rate of toe erosion and bank undercutting by the Cedar 
River. The Person revetment and the toe of the landslide-prone slope at the base of the left 
valley wall also lie within the mapped severe channel migration area.  

On February 28, 2001, a landslide occurred on the right valley wall above the Cedar River 
channel at about RM 4.9 as a result of ground shaking from the Nisqually earthquake. The 
landslide debris filled the channel and caused flooding upstream and southward river 
channel migration onto the floodplain, a natural area adjacent to a municipal golf course. 
Local private contractors, at the request of the City of Renton, initiated immediate actions 
to remove debris from the shifted river channel flow and in so doing, mitigated upstream 
backwater flooding impacts. Based on field observations made during regular monitoring, 
sediment transport and channel response to the landslide continue to impact downstream 
areas.   
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The existing flooding and channel migration hazards identified near the Maplewood 
neighborhood could be significantly altered or increased if a landslide of sufficient volume 
were to originate on the steep slopes above the left bank and the slide runout were to 
partially or completely block the river channel, similar to the 2001 Nisqually landslide. 
Additional study of landslide and flood hazards, their potential for interaction, and 
associated risks to property and public safety are necessary in order to develop hazard and 
risk reduction alternatives for the Maplewood neighborhood. 
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3.0 METHODS 

3.1 Background Information Review 

King County River and Floodplain Management Section (RFMS) staff reviewed available 
documents and information resources pertaining to the site, summarized background 
information to inform field work and subsequent analyses, and developed a GIS database 
that includes geology, LiDAR, historical aerial photographs, Cedar River Channel Migration 
Zone (CMZ) mapping, stormwater outfalls, public land, and site access routes. Resources 
consulted include: 

• Cedar River Corridor Plan – Existing Conditions Report and Capital Investment

Strategy [June 2017]

• Cedar River Final CMZ (April 2015)

• Person Revetment Landslide Geotechnical Investigation (Golder Associates, 1990)

• King County River Corridor Landslide Hazard Maps (2015)

• Hydrogeologic and geotechnical information from publicly available sources

(Washington State Department of Natural Resources, Washington State Department

of Ecology)

• FEMA Preliminary Flood Insurance Maps (FEMA, 2017).

3.2 Field Reconnaissance 

King County RFMS staff conducted field work on October 16 and November 14, 2017, to 
inspect and map identified and potential landslide features across the river from the 
Maplewood neighborhood.  

1. Field reconnaissance included walking both deep-seated and shallow slide areas as

identified in the 2015 landslide mapping and documentation of pertinent field

conditions.

2. Field reconnaissance of landslide hazard areas identified surface geologic materials and

soils, geologic contacts, vegetation including growth habit of trees, surface water and

groundwater seeps, slope stability indicators, and evidence of active instability such as

cracks, hummocky terrain, loose or raveling soil, and bare soil. Representative slope

measurements were taken with a clinometer. GPS-located photographs of site features

were taken.

3. A representative transect was measured in the field to develop a profile of the ground

surface from the top of the slope to the river bank. Transect measurements included

changes in slope, aspect, vegetation, ground surface and soil conditions, surface water,

and other features pertinent to a slope stability evaluation.

4. RFMS staff identified potential locations and access routes for geotechnical borings to

be drilled near the top of the slope, on the slope, and at the slope toe during the next
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work phase (Phase 1B). Results from these borings will help refine geologic and 

groundwater input data for the slope stability analysis. 

5. Field data and photographs were compiled and used as input to slope stability analyses

described below.

3.3 Shallow Slope Stability Analyses 

Preliminary shallow slope stability analysis was performed using two methods: finite slope 
stability calculations based on profile models and a Culmann wedge model.   

3.3.1 Finite Slope Stability Analysis 

The calculations in this analysis are based on graphical interpretations of six profiles 
derived from the 2014 LiDAR digital terrain model at two locations along the left bank of 
the Cedar River (see Figure 1 for profile locations). Using existing topographic profiles, 
planar slip surfaces at an inclination of 2H:1V were drawn emerging at the toe of each 
profile wherever it became steeper than the assumed slip surface. The factor of safety (FS) 
was calculated for the assumed slip surface as follows, using estimated material properties 
matching those used for the river corridor landslide hazard mapping project (King County 
2016):   

FS = 
Sum of forces resisting sliding down slip surface 
Sum of forces tending to cause sliding down slip surface 

= 
cL + W cos  tan  

W sin  

Where: 

c = cohesion = 6 kPa 

L = length of slip surface 

W =  A 

 = unit weight = 21 kN/m3 

A = cross-sectional area of potential slide block 

 = slip surface inclination = 33.7 ° 

 = friction angle = 33.7 ° 

3.3.2 Culmann Wedge Model 

A second analysis was conducted using a Culmann wedge slope stability model (Collins and 
Sitar, 2011; Schmidt and Montgomery, 1995), which determines the maximum height of a 
slope for a given inclination and material properties. This analysis was performed for the 
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area upslope of the Person Revetment at RM 4.0, using the 2014 LiDAR-derived digital 
terrain model (DTM) and the same estimated material properties as were used for the 
finite slope stability analyses, above. The analysis examined the relationship between each 
3-foot by 3-foot DTM cell and every other cell in the area to determine the extent to which
any given cell was above the critical height with respect to its horizontal distance from any
other cell. The result produced a map of areas over the critical height and therefore
susceptible to shallow landsliding.

3.4 Deep-Seated Slope Stability Modeling 

To assess potential for rotational and/or deep-seated slope failure, King County DOT 
Materials Lab used Galena software (Clover Associates, 2014) to conduct stability analyses 
of slope profiles. Both Spencer-Wright circular and non-circular analysis options were 
utilized. The software resolves moment and equilibrium forces to arrive at a factor of safety 
for the critical slope section. The profiles analyzed include the 2014 LiDAR profile and a 
profile modified by RFMS staff to incorporate a potential future extent of river bank erosion 
from the existing river bank to the limit of the mapped severe channel migration zone 
boundary. Each profile was modeled for assumed normal and high groundwater conditions, 
as well as for estimated seismic loads. Profile stratigraphy and normal groundwater 
conditions were based on the profile and boring logs from the Golder Associates (1990) 
report, with reference to observations from the recent 2017 field reconnaissance. Material 
properties were initially assigned based on values for similar materials from the 
geotechnical literature, then modified using Galena’s back-calculation feature.  For 
additional details regarding model inputs and assumptions refer to Appendix A. 



Maplewood Area Landslide Hazard Assessment Report 

King County    9  March 2018 
River and Floodplain Management Section 

4.0 BACKGROUND INFORMATION 

This section presents the background information reviewed for the project. 

4.1 Site Setting 

The Maplewood neighborhood is located on the inside of a meander bend of the Cedar 
River within the City of Renton. The Maple Valley Highway (SR 169) borders the 
neighborhood on the northeast (Figure 1). The neighborhood is situated on the right bank 
of the river between RM 4.3 and RM 3.3. On the left bank of the river between RM 4.1 and 
RM 3.3, steep, wooded hillslopes rise from the riverbank to the Renton Plateau. These 
slopes are part of Soos Creek Park and the Cedar River Natural Zone. A small residential 
development situated adjacent to the Renton-Maple Valley Highway on river left is the only 
development on the lower slope of this river reach on the left. Molasses Creek discharges 
into the Cedar River at about RM 4.08 on the left side. 

4.2 Topography 

The Maplewood neighborhood lies on generally flat surface topography of the right bank 
floodplain and has a minimum ground elevation of between 71 and 78 feet (NAVD 1988). 
The Maplewood neighborhood elevations are between 10 and 20 feet above the low flow 
channel. The left bank slopes extend from the river bank up to a top elevation of between 
280 and 400 feet. Sand and gravel mining on the upper slope modified the slope top 
morphology to a narrow plateau and reduced overall relief. 

4.3 Geology 

Regional geologic mapping was prepared by Mullineaux in 1965 (Renton Quadrangle, 
1:24:000 scale). Subsequent mapping by Booth and others (2007) did not provide any 
updates or changes to surficial geologic unit mapping in the project area. Geologic units 
exposed in the project area are shown in Figure 2 as follows, from oldest to youngest: 

 Tertiary sedimentary rocks (Ts):  this unit includes conglomerate, mudstone and

shale with a zone of marine fossils and locally cemented by calcite or weathered

partly to clay. There is a large outcrop of this unit along the left river bank from RM

3.7 to RM 3.55 and further downstream.

 Undifferentiated older glacial and nonglacial deposits (Qu):  Pleistocene glacial till,

glaciofluvial sand and gravel, glaciolacustrine clay and sand, and nonglacial sand,

clay, and peat are included in this unit. Part of the upper slope at the project area is

mapped as undifferentiated older glacial and nonglacial because no distinguishing

characteristics are evident.

 Undifferentiated Vashon glacial drift (Qg):  thin deposits of outwash sand and gravel

overlying discontinuous till assigned to the Vashon glacial stade are present on the

upper slopes as well.
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Figure 2.  Geology in the Maplewood Study Area
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 Vashon recessional outwash (Qpa and Qiv):  glaciofluvial deposits of well-sorted

sand and gravel, unweathered, stratified; target of gravel mining operations. Terrace

deposits (Qpa) and linear valley trough fills (Qiv).

 Mass wasting deposits (Qmc):  colluvium consisting of internally deformed deposits

of reworked material deposited by landslides that is up to 40 feet thick and

continuous.

 Alluvium (Qas and Qac):  sand and gravel deposited by small streams in alluvial fans

(Qas) and in the Cedar River (Qac).

Based on the mapping, geology in the project area appears to be fairly complex and difficult 
to differentiate between units. Superposition of older units on top of younger units as a 
result of landsliding and injection of underlying sand units into overlying low-permeability 
material as a result of seismic activity (seismically injected sand-dikes) likely may have 
contributed to the complexity of differentiating geologic units. 

Seismic hazards are present in the Puget Lowland and ongoing research that updates the 
location and character of the hazards is being conducted by the USGS and others. The 
Seattle Fault Zone (SFZ), which consists of numerous strands of east-west trending, 
moderate to steeply dipping discrete faults, many of which are not evident on the ground 
surface, is located 3 to 5 miles north of site. Surface rupture associated with SFZ faulting is 
possible within several miles of the site and could result in significant and widespread 
surface impacts. Other seismic hazards associated with subduction zone earthquakes that 
originate offshore of the Washington Coast or deep below the Puget Lowland surface (such 
as the 2001 Nisqually earthquake) are present throughout the area and can generate 
several different types of earthquakes.  

4.4 Cedar River Channel Migration Zone 

The Cedar River channel migration zone was delineated by King County in 2015. Severe 
and moderate channel migration hazard areas are shown in Figure 3.  
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Figure 3.  Channel Migration Hazards in the Maplewood Study Area 
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4.5 Flood Facilities 

The following flood protection facilities are located within the project reach and are 
included in the King County inventory: 

 Person Revetment:  about 0.15 miles long; left bank, RM 3.9 to 4.05. Built in 1972,

last inspected Fall 2017.

 Erikson Revetment:  0.10 miles long; right bank, RM 4.1 to 4.2. Built after 1966, last

inspected Fall 2017.

 Brodell Revetment:  0.17 miles long; right bank, RM 3.31 to 3.48. Built in 1962, last

inspected Fall 2017.

 Lower Elliot Park revetment, left bank under SR 169 bridge and upstream, RM 4.26

to 4.42. Construction date unknown, last inspected Summer 2016.

 Maplewood Golf Course revetment, right bank under SR 169 bridge, RM 4.25 to RM

4.31. Built in 1965, last inspected Fall 2014.

Facility locations are shown on Figure 1. 

4.6 Geomorphology 

The Cedar River is situated against the south wall of the alluvial valley in the study area, 
and the outside of a meander bend is in contact with the toe of the steep slope that 
comprises the valley wall. The river is single-thread through this reach and very small 
lateral and point bars are developed in the reach. Woody debris loading in the reach is very 
low. Upstream of the project site, the river is situated against the north valley wall and is in 
contact with the slope toe at several locations. The river is confined by levees/revetments 
where it is conveyed beneath SR 169 between the upstream reach and the project reach 
and shifts from the north to south valley wall. A tributary drainage bisects the south slope 
from about RM 3.95 to RM 3.7 and the steep slopes are set back from the river. There is an 
alluvial fan from another small tributary on the left bank at RM 3.3 and a small point bar 
has built around the fan.  

4.7 Known Landslide Hazards 

The glacially-derived sediments that comprise the valley walls above the lower Cedar River 
are widely known to be landslide-prone and a number of landslide hazards are 
documented in the valley. Regional geologic mapping (see Figure 2) identifies multiple 
mass-wasting deposits on the lower slopes and valley floor. King County records document 
complaints and reports of erosion and landsliding, including the seismically-induced, 2001 
Nisqually landslide at RM 4.9.  
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The steep valley walls are composed of unconsolidated, granular glacial outwash sediments 
overlying cohesive, low-permeability silt and clay layers. Typically, an unconfined 
groundwater aquifer is present in the upper layer and groundwater permeates down to the 
outwash-silt/clay contact. The presence of groundwater on the outwash-silt/clay contact 
significantly decreases the shear strength of the contact surface and a preferential slip 
plane can develop, leading to failure and landsliding. Some landslides are exacerbated by 
erosion from upslope drainage concentrated and directed onto the slope from 
developments on top of the slope and/or undercutting of the slope buttress by channel 
migration or other processes. 

On February 28, 2001, the ground motion from the magnitude 6.8 Nisqually earthquake 
triggered a landslide on the north side of the Cedar River at about RM 4.9, one mile 
upstream of the project site. The geology underlying this slope is similar to the geology at 
the subject site. The slide runout crossed the river, completely filling a length of channel 
(about 600 feet) with mud and debris. For a short time, most of the river’s flow was held 
back by the blockage and water impounded behind the slide mass began flooding homes 
upstream of the blockage. Flooding was mitigated by rerouting the river to a floodplain side 
channel located south of the old channel. The slope, river channel and floodplain remains 
unstable and hazardous because of continued erosion along the river banks and repeated 
shallow landsliding on the slope. By 2017, the river channel had mostly reoccupied its 
location prior to the 2001 landslide but sediment and woody debris from the channel 
migration are still present in the reach. 

King County has records of at least six historical landslides, including the Nisqually slide, 
between RM 4.6 and RM 5.3 on the north (right) side of the lower Cedar River, sites with 
similar geology to the subject site. Some of these are associated with drainage complaints 
reported to King County that are causing erosion on the slope and could lead to sliding. A 
landslide was stabilized by King County when improvements to SE Petrovitsky Road just 
east of the subject site were completed in the late 1990s (HWA, 1997). 

Golder Associates was contracted by King County in 1989 to investigate the Person 
landslide that failed in the spring of 1989. The Person Landslide has been active since 
about the 1960s, and possibly earlier, based on a review of historical aerial photographs 
(Golder Associates, 1990; Dames and Moore, 1974). Golder also noted a landslide located 
west of the Person borrow pit and additional scarps west of the 1989 slide scarp. 
Construction of the road at the base of the slope and on top of the Person revetment may 
have contributed to destabilization of the slope, according to Golder Associates (1990). The 
slide was potentially reactivated in winter 2010-11, based on video and photographic 
observations made by a King County staff from an April 2011 site visit (Figure 4) (Dan 
Smith, personal communication 2017). 



Maplewood Area Landslide Hazard Assessment Report 

King County    15  March 2018 
River and Floodplain Management Section 

Figure 4. Landslide scarp, winter 2010-11 
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5.0 RESULTS 

This section presents the results of the field reconnaissance and slope stability analyses 
completed for Phase 1A. 

5.1 Field Reconnaissance 

King County RFMS staff conducted field reconnaissance on October 16 and November 14, 
2017. Preliminary data were collected on October 16 and locations for field developed 
transects were selected. At this time no signs of recent instability (such as exposed or 
displaced slope materials) were observed near the mapped landslide at RM 3.6 and 
Tertiary bedrock was observed on the slope. RFMS staff conducted additional 
reconnaissance in the vicinity of RM 4.0 on November 14 to measure field transects and 
collect more detailed information. Figure 5 presents the field mapped observations from 
the November 14 reconnaissance. Field reconnaissance information was incorporated into 
profiles that were subsequently used for deep-seated slope stability modeling (see Figures 
8 through 10). 

The upper scarp at RM 4.0 is very steep, with slopes ranging from 57 to 70 degrees. The 
slope is composed of light brown silty fine sand with some layering that was interpreted to 
be bedding. Lenses of coarse sand were observed within massive layers of silty fine sand 
and vertical sand dikes were observed crosscutting horizontal layers at several locations. 
Bedding in the sand ranges from massive to moderately thick and bedding is distorted in 
many areas. Where undistorted bedding can be seen, it dips out of the slope, with measured 
dips ranging from 28 to 45 degrees.  

It was raining during the October 16 visit, and abundant seeps, standing wet areas, and 
wetland plants such as horsetails were observed on the slide body. During the November 
14 reconnaissance, seeps and/or evidence of seeps such as noticeably more moist soil and 
horsetails were observed extending from the base of the upper scarp down to near the toe 
of the landslide body.   

The slide mass below the upper scarp consists of disturbed, loose silty sand with sparse 
vegetation. The surface of the slide mass and toe of the landslide is hummocky and several 
downed alder trees partially buried in the mass are present in various orientations 
(jackstrawed). The landslide toe is about 5 to 10 feet thick and appears to have originally 
extended over the footpath to the top of the Person Revetment. Approximately 40 feet 
downslope from the upper scarp, and directly below a relatively flat area of mature 
conifers that are tipped back slightly upslope, there is a secondary scarp that consists 
primarily of gray silt and clay with layers of fine-grained sand with sub-horizontal bedding. 
This scarp also has slopes ranging from 55 to 70 degrees. The slide mass below the 
secondary scarp is well-vegetated with herbaceous and young woody vegetation. The only 
signs of recent movement observed during the October and November 2017 field visits 
were minor raveling from the upper scarp. The lower slide mass was observed in April 
2011 and at that time appeared to have been active relatively recently (Dan Smith, 
personal communication 2017). 
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Figure 5.  Maplewood Landslide Field Reconnaissance Observations 
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5.1.1 Shallow Slope Stability Analyses 

Finite Slope Stability Analysis 

Shallow slope stability was analyzed using assumed slip surfaces, cohesion and friction 
angles, and material properties using two methods. Finite slope analysis profiles are shown 
in Figure 6. The calculated factors of safety for a range of profiles are presented in Table 1. 
Profiles analyzed include potentially unstable sections of existing slopes and hypothetical 
profiles that reflect a slope toe location adjusted for bank recession to the landward edge of 
the severe CMZ. A review of Figure 6 shows that the potential failure block area, length and 
therefore weight will change if the existing slope toe location moves from the existing 
location to the edge of the severe CMZ.   

Table 1. Shallow slope stability analysis results 

Profile Failure 
Block 

Description Area 
(sq m) 

Length 
(m) 

Weight 
(kN)1 

Factor 
of 
Safety2 

1 A scarp block 121.8 32.3 2558 1.14 
2 A scarp block 55.5 35.7 1165 1.33 
3 A slide block 513.5 92.4 10783 1.09 

A+B channel migration to edge 
of severe CMZ 

1016.9 122.8 21355 1.06 

A+B+
C 

channel migration to 
severe CMZ erosion 
setback 

1294.0 121.9 27175 1.05 

4 A scarp block 152.8 37.8 3209 1.13 
A+B channel migration to edge 

of severe CMZ 
687.9 118.9 14447 1.09 

A+B+
C 

channel migration to 
severe CMZ erosion 
setback 

1246.9 118.9 26186 1.05 

5 A scarp block 161.4 36.6 3389 1.12 
B channel migration to edge 

of severe CMZ 
177.9 45.1 3736 1.13 

A+B+
C 

channel migration to 
severe CMZ erosion 
setback 

633.5 100.3 13304 1.08 

6 B channel migration to edge 
of severe CMZ 

148.6 33.2 3122 1.12 

B+C channel migration to 
severe CMZ erosion 
setback 

409.4 66.4 8598 1.08 

1 Assuming unit weight of 21 kN/m3. 
2 Assuming Cohesion of 6kPa and Friction Angle of 33.69 degrees. 

Slopes with a FS of 1.0 are considered to be in a condition of imminent failure. As the FS 
increases above 1.0, slope stability confidence increases; King County’s river corridor 
landslide hazard mapping (2016) defined slopes with FS less than 1.25 as having a severe 
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shallow debris slide hazard, and slopes with FS between 1.25 and 1.5 as having a moderate 
hazard.  Slope stability results are discussed in Section 6. 

Culmann Wedge Model 

Culmann wedge analysis results are shown on the map in Figure 7. The results indicate that 
unstable slopes are present at the upper margin of the slide body and in the vicinity of the 
secondary scarp noted in the field. These locations are in general agreement with King 
County’s river corridor shallow-landslide susceptibility mapping. The Culmann analysis 
indicates a smaller area of potentially unstable ground than the river corridor mapping, but 
is consistent with field observations of disturbed and displaced slope materials. 

5.1.2 Deep-Seated Slope Stability Modeling 

Preliminary slope stability analyses performed using the Galena software program used the 
same profiles as used for the finite slope models. Geologic stratigraphy based on the 2017 
field work was used. Two profiles were analyzed:  the existing profile and a hypothetical 
profile that reflects a slope toe location adjusted for bank recession to the edge of the 
severe CMZ (channel migration profile). Two groundwater conditions and a seismic loading 
condition to evaluate stability during an earthquake were modeled. Complete results of the 
slope stability analyses conducted by the King County Department of Transportation 
Materials Lab can be found in Appendix A. Table 2 and Figures 8, 9, and 10 summarize the 
results for five analyses. 

Table 2. Slope stability analysis summary 

Figure Profile /Groundwater Condition Analysis Factor 
of Safety 

8 Existing Profile / Normal Groundwater Full Slope 1.40 
Existing Profile / Normal Groundwater Full Slope + Seismic 

Loading 
1.25 

9 Existing Profile / High Groundwater Full Slope 1.13 
Existing Profile / High Groundwater Full Slope + Seismic 

Loading 
1.00 

10 Channel Migration Profile / High 
Groundwater 

Full Slope 0.99 

Channel Migration Profile/ High 
Groundwater 

Full Slope + Seismic 
Loading 

0.90 

These results are based on assumed stratigraphy, material properties, and groundwater 
conditions.  Results indicate that groundwater conditions are a key determinant of slope 
stability at the site because the factor of safety decreases substantially under high 
groundwater conditions. Seismic loading (such as that experienced in the 2001 Nisqually 
earthquake) could be critical at times of high groundwater because the factor of safety is 
reduced to 1.0. Bank erosion and recession to the limit of the mapped severe channel 
migration zone (landward of the Person revetment) would result in even greater 
instability.  
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Figure 6.  Finite Slope Stability Analysis Profiles 
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Figure 7.  Culmann Wedge Analysis results for the Maplewood Study Area 
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Figure 8.  Deep-Seated Slope Stability Analysis, Existing Slope Normal Groundwater Profiles (from Appendix A) 
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Figure 9.  Deep-Seated Slope Stability Analysis, Existing Slope High Groundwater Profile (from Appendix A) 
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Figure 10.  Deep-Seated Slope Stability Analysis, Channel Migration Slope High Groundwater Profile (from Appendix A) 
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6.0 DISCUSSION AND CONCLUSIONS   

Based on the results of this study, both shallow and deep-seated landslide hazards exist at 
RM 4.0, and shallow landsliding has occurred at this location multiple times within the past 
30 years, most recently in the winter of 2010-11. Shallow landslides and steep slopes 
capable of producing shallow landslides and debris flows are present west of RM 4.0, but 
the steepest slopes are set back farther from the current Cedar River bank than at RM 4.0 
and are outside of the mapped severe and moderate hazard areas of the CMZ. The slope at 
RM 3.6 is underlain by bedrock and probably does not pose a landslide hazard. 

Slope stability analyses completed using assumed physical parameters and several 
analytical methods indicate that the slope at RM 4.0 is marginally stable under most 
conditions and could fail during an earthquake. Results further indicate that channel 
migration past the Person revetment, if it were to happen, has the potential to significantly 
exacerbate existing landslide hazards at RM 4.0. The FS for a deep-seated failure ranged 
from 0.90 to 1.13 for the full slope under normal to high groundwater condition and with 
or without seismic shaking. The FS determined for shallow landslide hazards ranged from 
1.05 to 1.33 for existing slope profiles and for profiles modified to simulate retreat to the 
landward extent of the mapped severe channel migration hazard zone, without considering 
seismic effects. The FS for all scenarios modeled decreases under the channel migration 
scenario.  

Although recent slide movement appears to have been shallow, recent research on factors 
influencing landslide volume along northwestern Washington river valley margins (Perkins 
et al., 2017) suggests that potential landslide volume may be strongly dependent on the 
relative thickness and position of silt- and clay-rich glaciolacustrine strata, as well as on 
groundwater conditions.  An improved understanding of stratigraphy and groundwater 
conditions is likely crucial to an accurate assessment of the potential for a river-blocking 
landslide and thus to evaluate risks to the Maplewood neighborhood from flooding. Further 
refinement of model inputs is therefore warranted to improve understanding of these 
factors. Such refinement would require subsurface investigation, ideally with one or more 
borings extending from the top of the plateau down to the river level, as well as 
groundwater monitoring during wet and dry seasons.   
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7.0 RECOMMENDATIONS 

Based on the results of this assessment which completes the scope for Phase 1A of this 
project, we recommend proceeding with the Phase 1B scope to refine the findings of this 
study. Site specific data on subsurface stratigraphy, soil material properties, and 
groundwater conditions should be obtained. Slope stability modeling should then be 
redone using the site specific data. Concurrent existing conditions flood modeling is 
warranted and will further the understanding of the potential effect of river shear stress on 
the Person revetment, as well as channel migration hazards. 
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