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Abstract

I address the large-scale stability and potential past and future triggers of the Lost Lake
Landslide on Vashon Island, one of the largest mapped landslides in the Puget Lowland. I focus
on three landslide triggers; groundwater fluctuation, the Seattle Fault Zone and the Tacoma Fault
Zone and identify the most likely trigger. No previous work has analyzed the trigger, age, or
stability of the slope. Using an end member approach, I calculate the factor of safety and seismic
critical acceleration using a two-dimensional limit equilibrium model for three different Lost
Lake Landslide scenarios. Two scenarios are a reconstruction of potential past failure and one
scenario is a future failure of the modern slope. Using USGS ShakeMaps I compare modeled
Seattle Fault Zone and Tacoma Fault Zone peak ground accelerations with calculated critical
accelerations from this study. I find that significant groundwater fluctuations have a surprisingly
low influence on large-scale slope stability. Additionally, shaking from either a Seattle Fault
Zone or Tacoma Fault Zone earthquake could have triggered the Lost Lake landslide. A Tacoma
Fault Zone earthquake is a more likely trigger due to its greater exceedance of the required
critical acceleration to cause a slope failure. My results indicate that large magnitude crustal
earthquakes can potentially trigger extremely large landslides in the Puget Lowland. As a first
order assessment, factor of safety and critical acceleration analysis can potentially identify other
large co-seismic landslides in the Puget Lowland.
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1.0 Introduction

Landslides along coastal bluffs are a common and sometimes deadly hazard in the Puget
Lowland (Schulz, 2007). Landslides can be generated by numerous causes both natural and
anthropogenic. Historically, landslides occur during the wet season and coincide with increased
winter precipitation (Tubbs, 1974). Development of regional co-seismic landslide models has
also identified large magnitude crustal earthquakes as a future trigger for thousands of landslides
(Allstadt et al., 2013; Grant, 2017). The combined effect of using historical evidence of
landslides and predictive modeling of landslides develops a foundation for addressing future
landslide triggers and risk. Landslide case studies that use slope stability analysis provide a more
detailed look into local characteristics which address both the factor of safety (FS) and hillslope
critical acceleration.

Slope stability analysis using the FS indicates that rapid changes in groundwater due to
precipitation events can critically reduce the FS, causing slope failures in the Puget Lowland
(Cool and Gordon, 2013). Stability analysis can also include seismic analysis, which identifies
the required acceleration of the ground, known as the critical acceleration, to trigger a landslide.
In the Puget Lowland, evidence for seismically triggered landslides is less abundant than
groundwater-triggered landslides. This, however, does not reduce the importance of performing
seismic analysis when addressing slope stability, especially when considering the likelihood of a
future large magnitude crustal earthquake.

The Puget Lowland has experienced at least two large crustal earthquakes in the past 1200 years
from the Seattle Fault Zone (SFZ) and Tacoma Fault Zone (TFZ) (Bucknam et al., 1992; Sherrod
et al., 2004). The last major SFZ earthquake was a magnitude 7 or larger which occurred around
900 A.D., raising shorelines as much as 7 meters and generating a tsunami in Puget Sound
(Bucknam et al., 1992; Atwater and Moore, 1992). The last major TFZ earthquake was between
A.D. 770 and 1160 and was approximately a magnitude 7 (Sherrod et al., 2004). A landslide on
Mercer Island was identified as a co-seismic landslide and is linked with the SFZ 900 A.D. event
(Jacoby et al., 1992). This landslide exhibits 40 to 50 m high headscarps and bathymetric lobes
which traveled 200 to 400m into Lake Washington with a total width from head scarp to toe of
500 to 750 m.

There are other potential co-seismic landslides in the Puget Lowland, which resemble the Mercer
Island landslide in scale, geomorphic features and topographic/geologic setting. One such
landslide is the Lost Lake landslide, located on an eastward facing slope on the southern tip of
Vashon Island, Washington (Figures 1 and 2). Like the Mercer Island Landslide, the Lost Lake
landslide has a bathymetric toe which displaced up to 750 m into quartermaster harbor. Both
landslides also share similar topographic and geologic settings.



Slope stability analysis using two-dimensional limit equilibrium modeling presents an approach
to calculate the FS and seismic critical acceleration. This can potentially isolate whether
seismicity or groundwater fluctuation triggered a landslide. Seismic trigger scenarios can be
examined by comparing the magnitude of critical acceleration (K¢) of the slope with peak ground
accelerations (PGA) from modeled earthquake scenarios. K¢ is the required acceleration in
percent gravity that will reduce the factor of safety to a value below 1.0, which theoretically
triggers a failure. K is measured in the horizontal and downslope direction. PGA is a
measurement (or model prediction) of the largest magnitude ground acceleration in percent
gravity for a given location during a specific magnitude earthquake.

The goal of my study is to determine if historical earthquakes on the Seattle or Tacoma Fault
could have triggered the Lost Lake landslide as either a first-time failure or reactivation of a
preexisting failure. To make the determination I compare K. and PGA in a slope stability
analysis using a two-dimensional limit equilibrium model. Groundwater fluctuations are
examined as a potential trigger by using distinct wet and dry season scenarios which affect pore
pressure. Wet and dry seasons are also considered when calculating K¢, addressing the impact of
an earthquake on slope stability in both wet and dry seasons. Using this approach, I make a first
order assessment of groundwater fluctuations and/or seismic shaking as triggers for both past and
future large-scale deep-seated failure of the Lost Lake landslide.

2.0 Geologic History & Setting

Vashon Island shares the same geologic history as the surrounding Puget Lowland and therefore
a similar stratigraphy. During the Quaternary period numerous glacial and interglacial cycles
occurred, leaving behind complex and highly variable packages of sediment. The deposits of
interglacial and glacial origin which range from silts and clays to sands and gravels were
subsequently covered by deposits from the most recent glaciation, the Vashon Stade. The most
commonly exposed pre-Vashon deposits on Vashon Island are the Pre-Fraser interglacial coarse
— and fine-grained units. The Pre-Fraser deposits include the Possession Drift and Pre-Olympia
deposits (Booth, 1991; Booth et al., 2015).

The Vashon Stade of the Fraser glaciation deposited a relatively consistent package of glacial
sediment associated with the advance and retreat of the glacier between 18,000 and 16,000 cal.
yrs BP (Porter and Swanson, 1998). Around 18,000 cal. yrs BP the Vashon glacier began its
advance into the Puget Lowland from British Columbia and divided into two lobes, the Puget
Lobe and Juan de Fuca Lobe. As the glacier advanced south, the Juan de Fuca Lobe blocked the
north drainage from the Puget Lowland. This process created a large proglacial lake in low lying
topography that collected fine-grained deposits of silt and clay known as the Lawton Clay. As
the glacier advanced south, proglacial deltas deposited thick layers of sand and gravel known as
Vashon Advance Outwash over the Lawton Clay. The Advance Outwash deposits were



subsequently overridden by the advancing glacier and capped by sediment directly deposited
subglacially known as the Vashon till.

The Puget Lowland’s topography is also a product of glacial and glaciofluvial processes from
numerous continental ice sheet advances and retreats during the Quaternary. These processes left
behind the deep troughs now occupied by Puget Sound and many of the region’s rivers.
Subglacial scouring also created much of the steep topography across the landscape today
(Troost and Booth, 2008).

In addition to its dynamic glacial history, the Puget Lowland is also subject to progressive
deformation. South to north compression, produces east-west thrust faulting, including the SFZ
and TFZ - two main crustal fault zones near Vashon Island (Figure 3). The SFZ is located 23km
north of the Lost Lake Landslide (LLL) and is an east-west trending, north-verging reverse fault
consisting of three strands (Blakely et al., 2002), although the exact fault geometry is still
argued. The SFZ has produced large earthquakes, most recently a magnitude 7 or greater which
occurred between 900-930 A.D (Bucknam et al., 1992). Vertical slip of the fault resulted in as
much as 7 m of offset in Puget Sound (Bucknam et al., 1992). The earthquake generated a
tsunami in Puget Sound and triggered landslides that left deposits in Lake Washington (Atwater
and Moore, 1992; Jacoby et al., 1992). The TFZ is an active east-west trending south-verging
reverse fault consisting of multiple fault strands which intersect Vashon Island and the LLL
(Figure 3; Brocher et al., 2001). Uplift along the TFZ was either associated with the 900 A.D.
SFZ uplift, or occurred as an unrelated event between A.D. 770-1160 (Sherrod et al., 2004). The
TFZ can generate earthquakes of ~ magnitude 7 much like the SFZ (Sherrod et al., 2004).

Evidence for landslides triggered by seasonal fluctuations in groundwater is much more
prevalent in the Puget Lowland than evidence for co-seismic landslides. Groundwater aquifer
type and orientation must be carefully addressed in order to properly consider groundwater
contributions to slope stability. Generally, groundwater in the Puget Lowland is split into two
categories, shallow unconfined and deep confined aquifers. Shallow groundwater typically
fluctuates 0.3 to 3.3 meters and responds quickly to seasonal fluctuation (Vaccaro et al., 1998).
Previous regional scale co-seismic landslide modeling in the Puget Lowland used a wetness
factor to quantify fluctuations in shallow groundwater between seasons (Grant, 2017). Deep
groundwater typically fluctuates less than 1.2 meters and displays a seasonal lag of 1 to 3 months
(Vaccaro et al., 1998). Both shallow unconfined and deep confined groundwater are considered
for slope stability analysis.

3.0 Background

Vashon Island, Washington is in south Puget Sound, north of the city of Tacoma and south of the
city of Seattle (Figure 1). Like surrounding areas of the Puget Lowland, Vashon Island hillslopes
are susceptible to extensive landsliding due to primed steep bluffs with layers of high



permeability deposits (outwash) overlying layers of low permeability deposits (glaciolacustrine
deposits and tills) and high mean annual precipitation throughout the region. Of the numerous
landslides on the island one landslide stands out as the largest and most distinct feature. The Lost
Lake landslide (LLL) is a roughly 1.1 km? landslide located near the southern tip of the island
with bathymetric lobes that traveled 500 to 750 m into Quartermaster Harbor (Figure 2). The
landslide is 2.5 km wide and extends between 250 and 500 meters back from the beach. The
slope above the head scarp is approximately 110 meters above the beach with an average slope
of 11 degrees across the landslide deposit and local slopes as steep as 36 degrees. The head scarp
has an average height of around 50 m. The landslide is split into a north and a south section by
an intact lobe protruding from the center of the head scarp. Adjacent and south of the intact lobe
is a deep ravine carved by Chen Creek. The northern portion of the landslide contains one sag
pond named Lost lake while the southern portion of the landslide contains two unnamed sag
ponds (Figure 1). The surface features of the LLL, including a substantial head scarp, series of
back tilted benches, and extreme width of failure, indicate a deep-seated rotational failure
(Figures 2 and 4). Rotational failures are most easily identified by their prominent head scarps
and back tilted topographic benches (Hungr et al., 2014). Deep rotational failures are typically
driven by groundwater conditions influenced by extensive wet periods (Baum et al., 2005).

Several large landslides and landslide complexes around the Puget Lowland share similar
geology and geomorphic features as the LLL. Most recently, in 2013 the Ledgewood landslide
on Whidbey Island initiated as a reactivation within a much larger rotational landslide complex
and displaced 75 m into Puget Sound. The entire complex is ~2.4 km in length and similar in
length to the LLL however, the widest portion of the failure is ~ 190 m which is approximately
half the width of LLL (Figure 5). The cause of the most recent reactivation of the Ledgewood
slide was a combination of over steepening from wave erosion at the toe and unfavorable
groundwater conditions (Cool and Gordon, 2013). Failures of this type primarily respond to
groundwater and as such, the slope of the Ledgewood slide will continue to be unstable. The
original trigger of the larger Ledgewood complex is unknown and may have begun as a
coseismic landslide. Many other landslides in the Puget Lowland resemble the Ledgewood
landslide style of failure. The Southeastern Mercer Island landslide (SMIL) is a larger landslide
than the Ledgewood Landslide and similar in scale to the LLL, with a length of ~1.5 km and
~330 m wide (Figure 6). The SMIL represents a one-time large-scale failure that responded to
seismicity. This landslide is one of the few in the Puget Lowland which is considered direct
evidence for a coseismic landslide triggered by the 900 A.D. Seattle Fault earthquake (Jacoby et
al., 1992). Both the Ledgewood landslide and SMIL share similar geologic, geomorphic and
topographic conditions to the LLL indicating that these features alone cannot distinguish a
trigger for the LLL.

The Woodway landslide is another deep seated rotational failure which was likely triggered by
increases in pore water pressure in January, 1997 (Savage, 2000). The landslide was



approximately 180 m wide with a toe that extended 220 m from the head scarp and occurred
after a period of increased precipitation (Savage, 2000). The Woodway landslide is significantly
smaller than the LLL but still caused significant damage by derailing 5 freight train cars, pushing
them into Puget Sound. Finite element modeling predicted that the landslide would have required
a pore pressure head of 5 m above the Lawton Clay to fail (Savage, 2000). Prior limit
equilibrium modeling of failure also predicted a pore pressure head of 5 m above the Lawton
Clay (Arndt, 1999). Pore-pressure transducers installed post-failure show that perched
groundwater above the Lawton clay fluctuates seasonally by approximately 0.5 m and is
approximately 2.4m thick (Savage, 2000). While prior studies indicate that the landslide was
most likely triggered from increased pore pressure it is difficult to say if these groundwater
conditions existed at the time of failure (Savage, 2000).

The Puget Lowland is one of many geologic settings which has the potential for widespread
landslide damage from earthquake shaking. Vashon Island specifically is susceptible to
progressive deformation and active faulting because of its proximity to the SFZ and TFZ. While
the Puget Lowland lacks recent evidence of co-seismic landslide potential, other regions in North
America have experienced recent widespread co-seismic landsliding from shallow crustal fault
earthquakes. These events have contributed to our overall understanding of co-seismic
landslides. The 1994 Northridge, California Earthquake was a magnitude 6.7 generated from an
unknown blind thrust fault. The event triggered more than 11,000 landslides, with tens to
hundreds of deep-seated failures thicker than 5 m (Harp and Jibson, 1996). A few of the deep-
seated landslides reached volumes in the several millions of meters. Most of these deep-seated
failures were reactivations of existing landslide complexes. Landslides triggered by the
Northridge Earthquake were in mostly topographically steep and undeveloped regions, causing
minor damage to infrastructure in cities like Los Angeles. As shallow crustal fault sources, both
the TFZ and SFZ are similar to the Northridge thrust fault and can generate even larger
magnitude earthquakes. While the co-seismic landslide hazard of Seattle is analogous to the
Northridge Earthquake, the risk of damaging densely populated communities is much higher due
to the steeper topography in populated areas. Allstadt et al., (2013) predicted that a M 7.0 SFZ
earthquake could generate between 4977 and 30,000 shallow co-seismic landslides across Seattle
and did not take deep seated landslides into account. Using ground motions from Allstadt et. al.,
(2013), Grant, (2017) determined that a magnitude 7.0 SFZ earthquake is severe enough to cause
widespread deep rotational and shallow translational landslides in dry conditions and much more
severe landsides in wet conditions.

Recent retroactive study on seismically induced landslides, and model development has refined
our understanding of co-seismic landslides and revealed that landslide hazards can often be
underpredicted (Villeneuve et al., 2017). Past regional scale co-seismic landslide hazard models
often only considered PGA, under the assumption that co-seismic landslides and PGA are
spatially coincident. However, other factors should be considered, such as proximity to the fault



rupture, topographic amplification, rupture characteristics, earthquake source characteristics,
geology, vegetation and aftershocks (e.g., Massey et al., 2018; Gorum and Yildirim, 2017;
Roback et al., 2018; Villeneuve et al., 2017). These retroactive studies suggest that factors other
than PGA can potentially have a larger impact on slope stability.

4.0 Methods

Slope stability modeling and analysis calculates the FS to quantify a slope as either stable or
unstable. The FS is a ratio of the shear stress to the shear strength. In theory if the shear stress is
greater than the shear strength the FS < 1 and the slope is considered unstable and if the shear
strength is greater than the shear stress the FS > 1 and the slope is considered stable. In
geotechnical practice, the FS must be considerably greater than one to be considered stable.
Seismic analysis can be used with the FS to assess the seismic acceleration required to reduce the
FS below 1 if a slope is already stable. To address the shear stress the FS calculates the
component of stress that operates in the down-slope direction using soil unit weight, soil
thickness and slope angle. To address shear strength the FS calculates the variables that resist
shear stress, i.e. cohesion, angle of internal friction and the normal force.

To determine whether seismic shaking could have or will in the future trigger mass wasting at
the LLL, I developed three model scenarios which address potential past configurations
(scenarios 1 and 2) and future failure (scenario 3). I used a collection of new field mapping,
unpublished geologic maps, surface topography analysis in GIS and existing subsurface data to
build a representation of the LLL. For the elevation profile, I selected a cross section which is
located on the southern half of the landslide (Figure 1) due to its strong geomorphic
characteristics (Figure 2 & 4) and proximity to available subsurface data (Appendix).

4.1 Subsurface Stratigraphy & Material Properties

To calculate the FS of the LLL I had to establish the subsurface stratigraphy and assign material
properties to each soil unit. The subsurface stratigraphy is depicted in a conceptual geologic
model which designates material properties and provides a short summary of each unit (Figure
7). I determined the stratigraphy for the model using field verification of soils where possible, an
unpublished geologic map and cross section (Figure 8 and 9; Troost and Booth 2004), publicly
available well logs and geotechnical boring logs (see Appendix for all logs). Through field
mapping [ was able to identify the upper ~50 m of stratigraphy as Vashon till at the top of the
head scarp which occasionally had a thin cap of recessional outwash. Vashon advance outwash
underlies the Vashon till and is exposed in a road cut through the head scarp. Below the Advance
Outwash and exposed in both a road cut and the Chen Creek Ravine is a Pre-Fraser fine-grained
unit. Both the unpublished geologic map (Figure 8) and boring logs within the upper ~50 m of
the slope were consistent with my field mapping. Stratigraphy of the lower ~60 m of the slope
was not exposed so I constrained it by comparing 13 boring logs. The information in the boring



logs below the upper ~50 m of the slope became inconsistent and often difficult to interpret.
However, the geologic map (Figure 8) and the typical glacial sequencing of Vashon Island
(Figure 9) provided context to the logs and helped constrain the lower stratigraphy. I assigned
Mohr-Coulomb material properties to each layer for unit weight, saturated unit weight, cohesion
(c) and friction angle (¢). Geologic material properties are from a study in the Puget Lowland
(Troost et al., 2017).

4.2 Groundwater Determination

Groundwater generally falls into two categories on Vashon Island, shallow unconfined
groundwater (~ 60-70 m elevation) within the advance outwash unit, and deep confined
groundwater in the Pre-Fraser deposits (33 m elevation). These separate groundwater systems are
represented by a water table (shallow groundwater) and a piezometric line (deep groundwater)
and generate pore pressures within the model. I used a combination of well monitoring data near
the LLL (Figure 10) and general wetness index values for the Puget Lowland to determine the
groundwater for both the dry and wet seasons in the shallow aquifer. The wetness index is a ratio
of the saturated thickness of a layer to its total thickness. Typical wetness index values for dry
season fall within 0.0 to 0.2 and between 0.4 to 0.6 for the wet season (Smith et al., 2017). 1
used a wetness value of 0.2 for the dry season which was consistent with a nearby dry season
well reading (see 11056 in the Appendix), and a wetness value of 0.4 for the wet season. This
corresponds to a total fluctuation in groundwater between wet and dry season of 7.6 m (~25
feet). This fluctuation generally agrees with the fluctuation observed in a monitoring well over
three years of monitoring (Figure 10) but is significantly more than other monitored groundwater
fluctuation near bluff landslides (Savage, 2000). To determine the piezometric line for the deep
aquifer I used two wells close to the LLL which were screened near sea level (see 12057 &
12156 in the Appendix), a commonly observed depth of the Pre-Fraser confined aquifer. The
average elevation of the piezometric line from the two well logs was 33 m elevation. Since the
deep confined groundwater on Vashon Island does not significantly fluctuate between wet and
dry seasons (Bilir, 2013) I used a static level of 33 m for all scenarios.

For Scenarios 2 and 3 that include landslide deposits, quantifying groundwater within the
landslide unit was complicated because of a lack of data on water level and seasonal variations in
water level. Water levels within landslide deposits can be highly variable and unpredictable,
making groundwater determination difficult. Sag ponds within the landslide and one
geotechnical boring (see B-1 in the Appendix) provided some context on where the water table is
located but lack enough information to advise the entire model. For these scenarios I used sag
ponds as guidance for the groundwater table shape in wet and dry seasons. Fluctuation in
groundwater between wet and dry seasons was ~6 m at each topographic peak within the
landslide debris. This is a high degree of fluctuation in groundwater between wet and dry seasons
when compared to typical fluctuation ranges seen in shallow groundwater (Vaccaro et al., 1998).



4.3 Bluff Reconstruction

To perform analysis on the pre-failure conditions of the LLL, I created an intact idealized bluff
(Scenario 1) using existing intact bluffs as analogs. I collected four profiles of intact bluffs on
Vashon and Maury Islands surrounding the LLL (Figure 11). Modern intact bluffs on Vashon
and Maury Islands share similar geology and setting and are the most accurate representation of
an intact bluff at the LLL location. The average slope of the selected bluffs is 35 degrees (Table
1). T used this slope value for Scenario 1. Bluff profiles 1 through 4 are found in the Appendix.

4.4 Model Setup

I used a two-dimensional limit equilibrium slope stability model to calculate the FS of a circular
slide plane within the bluff subsurface. Generally, limit equilibrium models use statics to solve
for vertical forces, horizontal forces and moments acting between thin vertical slices which are
discretized by the model across the slide mass (GEO-SLOPE, 2012; Figure 12). These
forces/moments are also known as interslice forces and moments. The model uses the sum of the
interslice forces (Equation 1) and/or moments (Equation 2) across the entire slide mass to
calculate an overall FS. In order to solve the FS, different limit equilibrium methods make
different assumptions about the interslice shear and normal forces and their resultant angles.
Some methods only satisfy force equilibrium between slices and others only moment
equilibrium. Rigorous methods satisfy both force and moment equilibrium using a function to
define interslice relations and require computer algorithms to solve.

F = Yc't+ (N —.ul)tan(p’] 0
Y Wsina

F = Y[c'lcosa + (N - ul)tang'cosa] 2)
Y'Nsina

The terms in the equations are:
F,,= moment factor of safety
Fy= force factor of safety

¢’ = effective cohesion

¢’ = effective angle of frictions



U= pore pressure
[= geometric parameter

N = sslice base normal force
W = slice weight

a = inclination of slice base

Circular failure planes are generated based from a grid point above the slope surface. The grid
point is a part of a collection of other grid points which are placed at regular intervals inside a
grid box above the slope. The failure dimensions and geometry are defined by the radius of the
failure (i.e., the radius of the circle used to define the slip plane) and the location of the grid point
above the slope (i.e., the point within the grid box from which the radius of failure is generated).
After the slide plane is created, vertical slices are discretized, and the limit equilibrium method is
performed. I used the General Limit Equilibrium / Morgenstern Price method within Slide for all
LLL analyses. This method is a rigorous method that satisfies both force and moment
equilibrium.

For every grid point, the model generated rotational slide planes (using different radii selected by
the model) which were within the bounds of the designated initiation zone and exit zone. This
means that only specific combinations of failure grid point locations and radii (essentially the
failure depth) were within the bounds of my analysis. I forced the model to create deep-seated
failures at locations and depths of interest. Without this designation the model tended to generate
shallow slide planes that were not applicable to the large-scale failure approach of this study. I
averaged the minimum FS values for each grid point within the bounds of the analysis to
estimate the FS of a failure resembling the LLL. Averaging FS values from a range of
constrained model generated failure geometries reduces potential bias from assuming a single
failure geometry.

The model can also determine K. by calculating the required ground acceleration for failure
(FS=1). The model performs the analysis for different failure planes by using the same grid point
method as for FS calculation. Slide uses Newmark analysis in order to calculate the required K
in the horizontal downslope direction. I used the same averaging technique for evaluating the
value of K. along multiple constrained failure geometries for each scenario.

To put the K¢ into perspective with realistic earthquake scenarios I used ShakeMap PGA’s
developed by the United States Geological Survey (USGS) for two different scenarios; a
magnitude 7.2 SFZ scenario (Figure 13; USGS Seattle, 2017) and 6.9 TFZ scenario (Figure 14;
USGS Tacoma, 2017). ShakeMaps are a realization of a potential earthquake assuming a
magnitude, location and fault rupture geometry (Wald et al., 2006). I compared the predicted
PGA from ShakeMaps with the K. output from each scenario to determine in which scenarios Kc¢
was exceeded and by how much. Implementing factors other than PGA into coseismic landslide



hazard models requires more detailed earthquake modeling data for the Puget Lowland. This data
will develop and become available over time and in response to future earthquake data.
Meanwhile, PGA alone provides a good first order estimation of regional and local scale
coseismic landslide hazards.

4.5 Model Scenarios

I developed multiple model scenarios and calculated FS for both wet and dry season
groundwater. If the FS for a scenario was greater than 1 and therefore already theoretically
stable, I calculated the critical seismic acceleration (Kc) required to bring the FS to 1. I
performed this analysis for three different scenarios, two reconstructions of a potential paleo-
bluff and a future scenario using the existing bluff configuration. I split the past scenarios into a
reconstruction that assumed a single large failure occurring on an intact bluff (Scenario 1) and
another reconstruction which assumed an iterative style of failure of a previously bluff (Scenario
2). For the future failure scenario (Scenario 3) I used an elevation profile from a LiDAR-derived
elevation dataset (Figure 2). I assumed the future failure would be a new large-scale failure
initiating behind the current head scarp. Scenario 1, 2 and 3 have average slopes of 35, 16 and 11
degrees respectively.

For both Scenario 1 and 2, I constrained the boundaries for where the failure plane was initiated
and where it exited. For Scenario 1, I set the initiation zone between 470 m and 500 m back from
the base of the intact bluff (Figure 15a & 15b). For this scenario, I assumed the base of the
reconstructed paleo-bluff was located at the current beach location and that the failure initiated
behind the paleo-bluff face at the current head scarp location. For Scenario 2, I created a pre-
LLL failure complex by taking the upper back tilted bench of the current profile (Figure 4) and
shifting it upslope back into place (Figure 16). Scenario 2 models bluff failure assuming
progressive failure, similar to the style of failure seen at the Ledgewood landslide complex. I set
the initiation zone for Scenario 2 between 470 m and 500 m behind the base of the modern
beach/slope interface (Figure 17a & 17b), a distance in which a reactivated failure resembles the
modern head scarp location. For Scenario 3, I set the initiation zone between 0 m to 50 m behind
the current head scarp to resemble a future deep-seated failure initiating behind the current head
scarp (Figure 18a & 18b). For all scenarios, I designated the slide plane exit zone as 0 m to 200
m beyond the base of the bluff or slope. I used a large range in exit zone distance to account for
the lack of information on the location of the slide plane at the toe.

Each scenario has an external boundary, which defines the total area of the analysis. Failure
planes are not allowed to exit the external boundary and then re-enter. In other words, all
generated failure plains must be contained within the external boundaries. In this regard, the
bottom external boundary acts as a limit on the total depth of each failure plain. I defined the
elevation of the bottom external boundary as 40 m below sea level. This allows the model to
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generate a collection of different failure geometries but confines it from creating failures which
are unrealistically deep.

5.0 Assumptions

Slope stability modeling inherently relies on the information available to the user. Given the
generally limited information, it is impossible to conclude definitively the characteristics of the
LLL such as failure history and failure depth. However, the modeling is meant to analyze
potential end members of failure and place bounds on likely triggers.

Given the available information, I had to make several assumptions:

I constrained the lower half of the stratigraphy (Qpff and Qpf units) to the best of my
ability considering well logs were vague and field verification of the soils was not
possible because of the extent of cover by blocky landslide debris. I made informed
assumptions of the lower stratigraphy based on regional cross-sectional data for Vashon
Island (Troost and Booth, 2004) and typical Vashon Island stratigraphy (Booth et al.,
2015; Figure 9). This provided context to develop the most likely lower subsurface
configuration. Since, the deposits in the lower half of the bluff are known to be
interbedded fine and coarse grained, I used average values.

For both Scenario 1 and 2 (pre-failure intact bluff and reactivation) I assumed that the
base of the paleo-bluff was at the location of the modern beach/bluff interface (Figure
19). The current beach/bluff interface is likely a reasonable representation of a historical
shoreline that existed pre-failure or in between failures. I also assumed for both scenarios
that the most recent sliding initiated near the current location of the head scarp.
Groundwater data within the landslide debris was limited to only one boring which
provided limited information. For Scenarios 2 & 3 that included landslide debris I
estimated the groundwater level and amount of fluctuation within the portion of the slope
that included landslide deposits. I assumed that during the dry season the sag ponds were
less deep and generally discharging into the groundwater and during the wet season were
deeper and recharging from groundwater. I also assumed that groundwater fluctuation
between wet and dry seasons was ~6 m at the peaks of groundwater elevation. This
groundwater variability is less than the variability used in the intact materials (7 m) to
account for the bluff face as a discharge point. Furthermore, given the interbedded nature
of the deposits in the lower half of the bluff, additional groundwater layers are likely
present.

6.0 Results

The results for the FS and K are split into the 3 scenarios and into wet and dry seasons for each
scenario. Scenario 1 had a dry and wet FS of 2.49 and 2.46 and a K. 0.28 g and 0.28 g
respectively. Scenario 2 had a dry and wet FS of 2.53 and 2.48 and a K. 0.29 gand 0.29 g
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respectively. Scenario 3 had a dry and wet FS of 3.65 and 3.58 and a Kc0.34 gand 0.33 g
respectively. These data show that all scenarios were stable in both dry and wet seasons and have
minimal sensitivity to changing groundwater. Scenario 1 has a slightly lower FS than Scenario 2
but not enough to observe a difference in the K¢. Scenario 3 has a significantly higher FS and K¢
which indicates the slope is in a more stable configuration today than in the past. FS and Kc
results for each scenario are presented in Table 2 and displayed in Figures 20 to 31.

PGAs for the M 7.2 SFZ earthquake vary from 0.32 to 0.36 across the LLL and vary from 0.52
to 0.56 for the M 6.9 TFZ earthquake (Figures 13 and 14). PGAs decrease from north to south
across the LLL for both earthquake scenarios. For the slope stability, seismic analysis results are
presented as a K. exceedance magnitude. This value represents the amount by which K. for each
scenario was exceeded by the PGA in percent gravity (%g) for either the SFZ or TFZ. K¢
exceedance magnitudes are represented as a range because of variability in PGAs across the LLL
and are presented in Table 3. Scenarios 1 and 2 with a TFZ source had the largest magnitudes of
K. exceedance and Scenario 3 with a SFZ source had the smallest magnitude of K. exceedance.
The variability in K¢ exceedance from fluctuating groundwater was minimal due to the low
sensitivity of the FS to groundwater fluctuations.

7.0 Discussion

Slope stability analysis using 2-D limit equilibrium modeling presents an approach to calculate
the FS and seismic Kc. Referencing these values with ShakeMaps can isolate whether seismicity
or groundwater fluctuation triggered the LLL. Generally, all scenarios show a surprisingly low
sensitivity to seasonal changes in groundwater. The most sensitive scenario to groundwater was
Scenario 3 with a decrease of 0.06 in FS and .01 g in K¢ in the wet season, while Scenarios 1 and
2 show virtually no sensitivity to groundwater fluctuations. This low sensitivity indicates that for
both past and future large-scale failures, changes in pore pressure of shallow groundwater had
little to no role in the failure. If fluctuations in groundwater are influencing slope stability it is
likely that they contribute more heavily to shallow failures along steep localized sections of the
slope. It is possible that a groundwater driven shallow failure on the landslide toe of Scenario 2
or 3 could de-buttress the landslide upslope and lead to a larger failure. If groundwater has
contributed to large-scale stability across the whole landslide it has likely contributed in this
manner, rather than directly initiating a singular large failure event. These types of progressive
failures are common in the Puget Lowland.

The 2013 Ledgewood landslide began as block movement within the toe of the complex days
before the final larger event. The block movement caused progressive failure up the slope
leading to approximately 30 m of material being removed from the head scarp (Cool and
Gordon, 2013). Past failures were typically observed between February and March and the 2013
failure displayed significant seepage from the head scarp post failure. Both are indicators that
seasonally perched groundwater above or within the colluvium is responsible.
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If I had not constrained the model to only generate deep-seated failures it would have identified
numerous shallow low FS slip surfaces on localized steep slopes. My results do not address the
importance of groundwater fluctuation on these types of low FS shallow landslides which are
likely more sensitive to changes in shallow groundwater. My results are also not meant to
undervalue the importance of groundwater fluctuation on deep-seated landslides but does
highlight that in certain cases groundwater alone may not explain large deep-seated failures.

Changes in groundwater level had little impact on large-scale failure at the LLL, earthquakes
from the SFZ and TFZ produce ground accelerations capable of triggering large-scale
movement. This is surprising considering that previous studies from Arndt et al., (1999), Savage
et al., (2000), Cool and Gordon, (2013) suggest that the stability of other deep seated landslides
in the Puget Lowland are highly sensitive to and likely triggered by groundwater. However, my
results suggest that larger failures like the LLL are not as sensitive to groundwater and have FS
that are double or event triple that of landslides like the Ledgewood and Woodway landslide. In
these situations, it may be unreasonable to assume that changes in groundwater can reduce the
FS enough to reach a critical level and trigger a large failure. This is substantiated by the SMIL
which is a similar scale failure as the LLL and was not triggered by groundwater but rather by
the 900 A.D SFZ earthquake.

In all scenarios either a 7.2 M SFZ or 6.9 M TFZ could have exceeded the K. of a new large slip
plane starting behind the existing head scarp. Scenario 3 is an exception in that for a 7.2 M SFZ
earthquake, K. is not exceeded by the lower range of PGA (0.32 g) but is exceeded by the upper
range (0.36 g). For both Scenarios 1 and 2 K¢ exceedance indicates that either a SFZ or TFZ
earthquake could have triggered the LLL in the past but that the TFZ is a much more convincing
source. PGAs for the TFZ scenario are significantly higher than PGAs for the SFZ scenario at
the LLL. This is a result of the proximity of the TFZ to the LLL (Figure 3) and results in PGAs
which more confidently exceed the required K. than the SFZ PGAs. K. exceedance alone cannot
dictate which fault is more likely to have triggered the LLL, however, scenarios where PGA
exceeds K¢ by a larger magnitude portrays a higher confidence that shaking would overcome K¢
in a real-world situation. Recent evidence also suggests that proximity to the deepest section of
fault rupture can play a major role in co-seismic landslide hazards (Roback et al., 2018).

K. exceedance magnitudes suggest that both Scenarios 1 and 2 could have been in response to
either a SFZ or TFZ earthquake. Scenario 1 and 2 require almost identical K. for both seasons
(within 0.01 g) and have FS that are within 0.02 to 0.04 of each other. Scenario 1 is the slightly
less stable configuration with a lower FS and K.. The slight decrease in FS and K¢ may be
attributed to the increase in average steepness of the slope, from 35 degrees in Scenario 1 to 16
degrees in Scenario 2. This means that if the slope had failed previously, that it may have failed
into a slightly more stable position in regards to large scale failures. The slight decrease in FS
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and K. suggests that Scenario 1 would have been slightly easier to trigger from seismic
acceleration. Ultimately, the difference in FS and K. insignificant and makes determining the
more likely scenario difficult.

Interpreting future failure of the LLL is as, if not more important than reconstructing past
failures. Analysis of modern conditions and future large failure in Scenario 3 show more
intriguing results than Scenarios 1 and 2. The FS for a future large failure was higher than that of
a past failure, ranging from 3.58 in wet to 3.65 in dry. This indicates that the current slope is
much less likely to fail as a new large failure than in Scenario 1 and 2. Scenario 3 shows the
most variability in FS due to groundwater, although still not significant enough to affect overall
stability. This variability could result from the larger mass of colluvium which has undulating
topography. These conditions may allow for water to more readily collect on and within the
slope and reduce efficiency of water seepage to the Sound. Colluvium is often highly variable in
consistency and tilted blocks of silt and clay can effectively “dam” groundwater and increase
pore pressures. This type of “damming” effect on groundwater was attributed to having
influenced the 2013 Ledgewood landslide (Cool and Gordon, 2013).

Due to the higher FS, the K¢ are 0.04 to 0.06 g higher (0.33 g for wet to 0.34 g for dry) than both
past scenarios. This increase in K is significant, raising the K¢ to a value that straddles above and
below the SFZ PGAs. Meaning in certain situations SFZ PGAs exceed K¢ while in others they do
not. SFZ PGAs range from 0.32 to 0.36 g across the LLL with most of the study area within the
lower 0.32 g zone (Figure 13). The overlap of Kc and PGA values suggests that a future M 7.2
SFZ scenario would be at the theoretical cusp of triggering a new large failure at the LLL. This
means that a future M 7.2 SFZ earthquake would potentially not reach the required acceleration
and would require greater PGA. In this configuration small changes in groundwater could
theoretically reduce the FS by just enough to prime the slope for a co-seismic landslide. More
likely, the SFZ would cause localized failures within the LLL complex, potentially leading to
reactivation style failures like the 2013 Ledgewood landslide. Whilst a future M 7.2 SFZ
scenario is at the cusp of triggering a new large failure of the current slope, a M 6.9 TFZ scenario
could still easily trigger the same scale failure in Scenario 3. The magnitude of K. exceedance by
the TFZ PGA is still much greater than the required acceleration for future global movement,
exceeding K. by 0.18 g to 0.23 g. This reasoning does not rule out the SFZ as a trigger but
highlights that the TFZ has a greater likelihood and potential to generate the required
accelerations for future large failure initiating behind the existing head scarp.

8.0 Limitations

The aim of this study was to analyze potential end members of past and future failure and to
constrain potential triggers given available information. The conclusions of this study are based
on the limited information I have and educated assumptions I made to the best of my ability.
Using a slope stability model with limited information to constrain a landslide trigger is an
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inherently disadvantaged method compared to other methods such as radiocarbon age matching
of landslide age and fault rupture. The FS, K. values, and groundwater sensitivity are highly
dependent on characteristics of the landslide that are only loosely constrained, such as the failure
plane geometry, deep subsurface, and groundwater depth/variability. However, given the model
configuration is roughly representative of actual conditions, it is a reasonable first order
approximation of which landslide triggers and scenarios are more likely.

9.0 Conclusion

2-D limit equilibrium slope stability modeling of global failure revealed that all scenarios, past
and future have a low sensitivity to groundwater and have K. values which are exceeded by both
the TFZ and SFZ PGA. My results suggest it is unlikely that seasonal fluctuations of
groundwater alone were responsible for past large-scale failures at the LLL. Analysis also
indicates that a future large-scale failure behind the current head scarp would not be initiated by
fluctuations in groundwater. This analysis does not recognize the influence of groundwater
fluctuations on localized failures which could lead to larger failures. While this is a potential
scenario it is beyond the scope of this study. My modeling indicates that potential past slope
configurations and the current slope configuration of the LLL are unstable during seismic
shaking. Both the SFZ and TFZ earthquakes could theoretically have caused the LLL in both
Scenario 1 and 2. Due to potential inaccuracies in the model, from limited groundwater and deep
subsurface information, I have more confidence that movement on the TFZ triggered the LLL
than the SFZ. The TFZ consistently exceeds the K¢ by tenths of a g while the SFZ only ever
exceeds K¢ by hundredths of a g. Modeling of a future failure (scenario 3) shows thata M 7.2
SFZ earthquake may not exceed K¢ while a M 6.9 TFZ earthquake would significantly exceed
Ke. It is important to note that the magnitude of K. exceedance is not a direct indicator of which
seismic source is a more probable trigger. For a landslide to occur it only requires that the
shaking source reach the critical acceleration not that it exceed it. However, given the potential
model inaccuracies, the magnitude by which each source exceeds the K. provides confidence
that during an actual earthquake a landslide would be triggered.

Understanding the scale of potential co-seismic landslides is an important aspect in
understanding future potential landslide hazards. My study supports that large deep-seated
landslides like the LLL are potentially coseismic and can be triggered from an earthquake on the
SFZ or TFZ. Although modeling results suggest that it is reasonable that the LLL failed as one
large mass it is also could have failed as three smaller rotational failures in sequence which
would have required less energy to generate. This style of failure would only require a relatively
small initial rotational failure at the bluff face which would then de-buttress the newly exposed
slope and cause further failures into the slope. Regardless of the failure style, my modeling
suggests that it is possible that the LLL and other landslides similar in scale could respond as a
singular event during earthquake shaking from the TFZ or SFZ. Slope stability analysis using FS
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and K. could prove a useful and relatively quick first order tool in identifying other co-seismic
landslides in the Puget Lowland.

10.0 Recommendations for Further Study

More detailed modeling in the future could reveal unknown characteristics of the LLL and
influence our overall understanding of the failure. However, this would require better constraint
on key characteristics such as slide plane(s) depth(s) and geometry (s), groundwater depth and
fluctuation and deep stratigraphy type/thickness. Geotechnical drilling and installing monitoring
wells and slope inclinometers within the LLL and behind the head scarp would help to constrain
key characteristics and quantify ongoing movement. The LLL also has a significant amount of
landslide debris covered by water in Quartermaster Harbor (Figure 2). This material could
contain tree stumps and presents an opportunity for future radiocarbon dating of wood much like
the SMIL. The sag ponds also present an opportunity for radiocarbon dating of either wood or
bulk sediment obtained through coring of the bottom of the sag pond sediment. Radiocarbon
studies could directly link the failure age to a past SFZ or TFZ earthquake.
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TABLES

Bluff Slope (Degrees)
1 35
2 34.2
3 37.5
4 345
Average 35.3

Table 1: Average slope of intact bluffs used for Scenario 1 model. Location of bluff profiles are
found on Figure 10.

Intact Bluff Reactivation Future
(Scenario 1) (Scenario 2) (Scenario 3)
FS Kc (%g) FS Kc (%g) FS Kc (%g)
Dry 2.49 0.28 2.53 0.29 3.65 0.34
Wet 2.46 0.28 2.48 0.29 3.58 0.33
Average Slope (Deg.) 35 16 11

Table 2: Factor of Safety and critical acceleration results for all model scenarios in wet and dry
seasons.

Intact Bluff Reactivation Future
(Scenario 1) (Scenario 2) (Scenario 3)
SFZ TFZ SFZ TFZ SFZ TFZ

Dry K¢ Exceedance (%g) | 0.04-0.08 | 0.24-0.28 | 0.03-0.07 | 0.23-0.27 | -0.02-0.02 | 0.18-0.22
Wet Kc Exceedance (%g) | 0.04-0.08 | 0.24-0.28 | 0.03-0.07 | 0.23-0.27 | -0.01-0.03 | 0.19-0.23

Average Slope (Deg.) 35 16 11

Table 3: Magnitude of K¢ exceedance for all model scenarios in wet and dry seasons. Values
are presented as a range, resulting from variation in ShakeMap PGAs across the LLL (Figures 12
and 13). Negative values represent scenarios where the K. is not exceeded.
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Figure 1: Location Map of the Lost Lake Landslide located on the southern end of Vashon

Island, Washington. Aerial imagery of Vashon Island is displayed as aerial imagery over a DEM

hill shade.
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Figure 2: The terrestrial portion of the LLL in LiDAR and the bathymetry of the toe in
Quartermaster Harbor. LiDAR acquired from the Washington State DNR LiDAR Portal and

bathymetry acquired from NOAA bathymetric data viewer. Note the large landslide on the south
end of Maury Island on the right side of figure. Another large landslide exists on Maury Island

below the index map.
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Figure 3: The Seattle Fault Zone (Blue) and Tacoma Fault Zone (Red) within Puget Sound. The
Lost Lake Landslide falls within the Tacoma Fault Zone. Fault data acquired from Washington

State DNR Geology Portal (Washington, 2019)
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Figure 4: Modern profile of the Lost Lake Landslide. Vertical exaggeration is approximately 2x. See Figure 1 for profile location.
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Southeastern Mercer Island Landslide
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Figure 6: Southeastern Mercer Island Landslide highlighted in yellow.
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Unit Description
Recessional Outwash Deposits: Loose to dense, grayish brown, Advance Outwash Deposits: Dense to very dense, brownish grey, Deposits of Pre-Fraser Glaciation Age: Very dense to hard sand,
sand and gravel, horizontally to cross bedded, well graded. interbedded sand and gravel with low plasticity silt lenses gravel, siltand diamicts, interbedded.

Qur Locally 0 to 1.5 m thick. common in upper and lower portions of the deposit,

predominantly medium grained sand, horizontally to cross
bedded. Locally 43 m thick.

Vashon Till: Highly varied deposits of very dense, brown to grey,
silt, sand and gravel . Often contains sand lenses, cobbles and

sometimes boulders. Matrix supported with subrounded to well
rounded grains. Locally 7.5 m thick.

Qpff

Pre-Fraser Fine Grained Deposits: Hard, grey, low plasticity silt
and clay with occasional fine sand partings, laminated to
massive, localized iron-oxide cemented layers. Locally 30.5 m
thick.

Landslide Deposits: Very loose to very dense or soft to hard
diamict transported by downslope movement. Mixed fine and
Qls coarse grain deposits. Blocks of intact material are common
and often display fracturing, rotated bedding, or slickenslided
surfaces. Variable thickness.

Figure 7: Conceptual geologic model of the Lost Lake Landslide location. Indicates orientation and thickness of
subsurface layers and also Mohr-Coulomb properties used for each.

27



AbojodDH pue|ST uoysep

e GaoMaENW
[
I

e
Con-weens
=

7 moasma )t Lo iy et s 0
Scarps e
— —

T T o Pro-Fraser e raned sevost.

King County Straets. B oo POt agn st

— Mo Roaes T ot Pre Cryeea e v ogoats

Exploration typs. [0 o e Ot e gramns et
[ ] - Pre O aon el epsnts
Cone pemsromeer | Comgc. Fre-imoi coamegraned gacel desosts
Eon I o - oo on o s cwors
Nmseng we I - Pre oo sl -
Prie. I oo Poe Coymns rorac
o | Gponc - PeCiymps cowme-raned rongecsl depoass

2 ot s I - Oven
Exposure type T - Pt o e
[ Pet—
— m— Komaters. ooy Deposits (Pleistocens, >780Ka)
el T - Peverey magnenzsd aepeans
112,000 ]

Figure 8: Geologic Map of Vashon Island, Washington. The profile B to B’ is shown in Figure 9
(Troost and Booth, 2004).
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Figure 10: Well monitoring data from well VAS-W-64 used for groundwater fluctuation
determination (Ferguson, 2009).
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Figure 11: Location of intact bluffs around Vashon and Maury Island selected for comparison.
Profiles from these locations were used to determine an average slope for the reconstructed bluff
in Scenario 1. See Table 1 for slope values and the Appendix for bluff profiles.
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Figure 12: Division of slide mass into vertical slices and discretization of shear and normal
forces acting on a slice. Rotational slide mass is shown in green. (GEO-SLOPE, 2012).
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Figure 13: Peak ground acceleration contours for a magnitude 7.2 Seattle Fault Zone earthquake.

Peak ground acceleration data was acquired from a M 7.2 USGS ShakeMap model scenario

(USGS Seattle, 2017).
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Figure 14: Peak ground acceleration contours for a magnitude 6.9 Tacoma Fault Zone
earthquake. Peak ground acceleration data was acquired from a M 6.9 USGS ShakeMap model
scenario (USGS Tacoma, 2017).
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Figure 15a: Model Scenario 1 during dry season. The water surface column describes which groundwater surface defines the pore

pressure for the corresponding units. The water surface is the upper blue line labeled W and the piezometric line is the lower blue line

labeled 1.
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Figure 15b: Model Scenario 1 during wet season.
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Figure 16: Set up of model Scenario 2. Shows how the uppermost back-tilted block was shifted upslope and into place to re-create a
potential previous iteration of failure. This is not model Scenario 2, only a depiction of how it was set up. Scenario 2 is shown in
Figures 17a and 17b.
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Figure 17b: Model Scenario 2 during wet season.
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Figure 18b: Model Scenario 3 during wet season.
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Figure 19: Reconstruction of the paleo-bluff based on the current head scarp and beach/bluff interface.
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Figure 20: Scenario 1 dry season model results for ractor or sarety. 1ne average of all slip surfaces was used to assign a general factor
of safety to this scenario. The factor of safety value shown in green is the global minimum slip surface. Note the grid box above the
slope which constrains where failure grid points are generated.

43



=3
W safety Factor
E 0.00
=E
@ : 0.33
%- 0.57
L
: 1.00
o
o=
LSE 1.33
o 1.67
[
3 2.00
o
[k
E 2.33
o
%— 2.87
k: 3.00
=K
w
: 3.33
%) e
= ¥ 3.67
(&} 3
~— 7
g = 4,00+
= 8
a g UnitWeight |Cobesion | Phi
o= = Material Mame | Color Wiatersurface
o B e | ikPs] | ieg)
e E
= : o ] 20.4 2.4 34 Watersurface
m %_: Wr & 2
> :
(5} E ot | 22.78 2399 | 38 Watersurface
[SE
10—
i Ova ] 16.49 470 | 36 Watersurface
o
27 apif ] 1885 2294 | 25 WaterSurface
% apf . 13.54 11.37 30 FiezometricLine 1
o
=i
o
107
o
o
E
e o T e o R e Y e I I I T T R T B o e F i B P B P T ] e o o L o Jo Y o I o R e T L T R T E e
a 50 100 180 200 280 300 350 400 450 SO0 A80 GO0 G800 700 7AD | 800 &S50 GO0 @50 4000 1050 4400 4450 4200

Distance in Meters

Figure 21: Scenario 1 wet season model results for factor of safety. The average of all slip surfaces was used to assign a general factor
of safety to this scenario. The factor of safety value shown in green is the global minimum slip surface.
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Figure 22: Scenario 1 dry season model results for critical acceleration. The average of all slip surfaces was used to assign a general
critical acceleration to this scenario. The critical acceleration value shown in green is the global minimum slip surface.
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Figure 23: Scenario 1 wet season model results for critical acceleration. 'I'he average of all slip surfaces was used to assign a general

critical acceleration to this scenario. The critical acceleration value shown in green is the global minimum slip surface.

46



Elevation in Meters

Figure 24:

g_ Gafety Factor

z 0.00
E
e 0.33
g H .67
I“'\-: 2

—: 1.00
D
o 1.33
o 1.67
27 :

2 2.00
o
B3 2.33
e | 267
o

£ 3.00
g 3.33
D' 3.67
=

E 4.00+
%_ 2 ¥ & %
m_ Material Mame  (Color UT:&:_I:JM Co(l;{ep:l]on (::;J Water Surface
o
g- ] 204 24 | 34 | waterSurface
g_ [ | 328 339 = WaterSurfacs
R

5 [ | 15.49 48 36 WaterSurface
n
g; ] 13.9 238 | 25 WaterSurface
%_ . 19.8 12 20 FiezometricLine 1

‘ 12.9 2.4 20 WaterSurface
o
2
=
i
|l?_.

T e is0 200 Tze0 00 zso | a0n | 4s0 s00 =80 600 | eso | 7o0 780 800 | es0 @00 @S0 4000 1080 1100
Distance in Meters

Scenario 2 dry season model results for factor of safety. The average of all slip surfaces was used to assign a general factor

of safety to this scenario. The factor of safety value shown in green is the global minimum slip surface.

47



Elevation in Meters

Figure 25:

o
27 safety Factor

: 0.00
=
E— 0.33
= g 0.67
E-.

2 1.00
B 1.33

5 1.67
o
B =

2.00
e 2.33
uwx ] s

E | z.67
o ]
2=

: 3.00
oK 3.33
EE

7 3.67
D_
9: 4. 00+
=

E UnitWeight |Cobesion | Bhi
g: Material Meme  (Color IE:I‘Q}:—:] D{kp:;jn I:de;] Wiater Surface
g
=¥ [ | 20.4 2.4 24 WaterSurface
2] B 228 338 | 3| WaterSurface
GE

o | 16.45 43 L Water Surface
ek
EE ] 12.4 238 | 25 Waterfurface
g_ . 19.8 12 20 Fiezometricline 1

E 12.9 2.4 0 WaterSurface
o

T T T T T T T T T T T
400 4450 500 550 GO0 G50 00 7a0 200 8450 ano 950 1000 1050 1100

Distance in Meters

Scenario 2 wet season model results for factor of safety. The average of all slip surfaces was used to assign a general factor
of safety to this scenario. The factor of safety value shown in green is the global minimum slip surface.

48



Distance in Meters

Critical Seismic Coefficient
_ 0.oo
g- 0.08
"‘ 0.24 2
i — 0.17
=k
3 0.25
=
B—E 0.33
= 0.4z
o
=
j = 4 0.50
2 0.58
o
z 0.67
=25
M 0.75
o 0.83
) ¥
E : 0.92
(] 3:
S LE 100+
g %- UnitWeight |Cobesion | Phi
o Material Meme [Color WiaterSurface
g _: (ks | ikPa) | fdes)
o S
.- 1]
g
§ 20.4 2.4 24 WaterSurface
=2
228 2219 22 Waterfurface
84
16.49 4.2 36 Waterfurface
18.9 239 25 WaterSurface
158.6 12 20 FiezometricLine 1
18.9 2.4 30 WaterSurface
(R BT | LR SRS R TR Bt AL SRR C RS |
840 Q00 950 1000 1050 1100
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Figure 27: Scenario 2 wet season model results for critical acceleration. The average of all slip surfaces was used to assign a general

critical acceleration to this scenario. The critical acceleration value shown in green is the global minimum slip surface.
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Figure 29: Scenario 3 wet season model results for factor of safety. The average of all slip surfaces was used to assign a general factor
of safety to this scenario. The factor of safety value shown in green is the global minimum slip surface. Note the Factor of safety scale
is from zero to four rather than zero to three on Scenarios 1 & 2.

52



o o . o
a2 Critical Zeismic Coefficient
= 0.0a00
=
& 0.083
: 0.210
o 4 0.1a67
=H
Ies
= 0.250
5
fies 0.333
=K 0.417
E
_ 1 0.500
o
2=
£ 0.583
ol 0.667
CE
= 0.750
o
%—.
E 0.833
ol
%) 2= 0.917
8 =
154 o 1.000+
= %
= UnitWeight |Cokesion [ Phi
(=} | Material Mame  |Color & WaterSurface
i e (kM 2] [kPa) | (d=g)
g e
o :
= o ] 0.4 34 24 WaterSurface
< EE
% : [ 228 238 | 38 WaterSurface
o8 GE ] 165 43 = WaterSurface
ot
g 1] 12.9 338 | 3% WaterSurface
D . 19.6 1z 20 Fiezometric Line 1
I('j_
: 1285 239 | 30 Watersurface
=
=
5
L
o
ol
CE
RS RPN EEUY LAY EEVE ARSI RV R S EE RERT R R R REVT R RS LR RV RIS ALY W ALY LEY L0 R APLY LY ALY AL LYES DA DET S DDA RA DES S NAPA DA DR LCAPA Y FRNRLFNT & LFENRLEAE S YR LT LFATE S P PR PR PR R DS N U PR R PR ALY LY A R Y Pl
0 50 00 450 200 250 300 350 400 450 SO0 580 GO0 G50 700 FAD 00 850 000  OA0 1000 4050 4400 4450 4200

Distance in Meters

Figure 30: Scenario 3 dry season model results for critical acceleration. The average of all slip surfaces was used to assign a general

critical acceleration to this scenario. The critical acceleration value shown in green is the global minimum slip surface.
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Figure 31: Scenario 3 wet season model results for critical acceleration. The average of all slip surfaces was used to assign a general

critical acceleration to this scenario. The critical acceleration value shown in green is the global minimum slip surface.
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Diam Siot Baw from LR n BE
1 O MeTe
QravelFdec packed: O%s Mo DSascipmalesnd £ ECOLOGY
Massarks! piced from # i #
P — Ohe ., Tu 7
h:mimud i BT ¢ R 5
D ey wirilia GOTRBE unishbbis water™ T'ves No
Ty of st Dugit of siras
wﬂ_ﬁmd
M PUMP: Wanfschirers Name
Trpe WP
L] ﬂ'l'll WWW&::’W ok Stareg %:5 r‘a! E : ;. : i
Mw.,,_m.___.mwwrm Dam_ <~ <
Arisan winr i
(s, vave, iz ) WELL CONSTRUCTION CERTIFICATION
) WELL TENTH: Cemwtiown iy amount wais: inval i lowered bakrw 5 gtk vl 1mﬁmrww:n-mmmmmwmm s
mlmuﬂxT"gﬁ Oha  Hyes hl;'ﬂ“‘"j—:;-———-—-—;ﬂ- mmmmﬁmmmnwmmmﬂ
Veid ____galimin. wih [p——" | pee it ramesPENS OA \eumtin_ (220
Yiald _____gelimin wih " afas ] {Lwarisea DrillgvEngenoar)

Anoguery datn {19m thlasn &8 3800 when Bump |umed off] (waiar iesel mbssurad from
wal ton o water leval)

T Vieier Lo b Walhe Ll Tir Wi Livad

Darm of vt

Balerbest S0 gumin with___Z02 _h debwdown ater___ ¢ R

Aram SE—T LR A dw [T T ]

Ariean fiow, @ Qurbe [USE ADDTIOMAL SHEETE [F NECERSARY|
peratuns of wate Was u cremical snaiysle made?  Tves o

Ecology m an Egust mmuﬂlh' nmmm empiove’ For spoms:
ECY 080- 1.2 {1 +/08) ascammodabon resde coriact the Water Rascurces Program ai (30 47,

8800 mmw.m.mm
Gle 342
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Fig Dogral win
Deamrtment of Ecology

/008 D

Eecand Cigr - Owiars Cogy STATE OF WASHINGTON
Thind Sopy - Drlleds Cogy

WATER WELL REPORT Nelze V1773

UMICUE WELLID & _
Waser Righ! Parmit o,

0 onen, e HAXTEON , DElIPIAT e /55 7 IR L CF ST,

@

LOCATION OF WELL: Courty M

M W selE PR NREE

\2a) mmmmnrqu..WM- TS
TAX PARCEL NO. 2D 22— Z s P 5226 2%K
13y PROPOSED USE: ‘! Cammsta = Ircuging) 3 Municipal {10} WELL LOG or DE PROCEDURE DESCRIFTION
O Iviggition 1 Taen Wit T Othr Foemafinn Leacring by color, sharacter, ssy of molbes! and si-usiuns, snd
O Da\Watar e kan Grd Adluna o 9 Mblenal inaach slraium peraiaded, wih al was
I TYPE OF WORK: Ouwinar's numpar of wall {1 mare Man are| ora eniry ior aach chango of infeemation Indicale ol wals: § EOUMTEMS.
Maw Wl Mathog T WATEAIAL FROM | TO
o Dowperbd 0 Dug = Borsd
1 Asconcibonsd O Cabis L1 Drivar AL 2 ;f 2—
1 Decameiesian Mnr_-ury O Jetted
) MENSHONS: Clamatsr of sl wnehas | A
Onbae, 2P fawl Dapth of compisted wal -;(.'-9.2- r b : Fed | o
i) GCONSTRUCTION DETAILS i
g Irstatied:
g Waded _@,_‘ Dhan fren Lﬂ_ ] éﬁ‘ﬂ ‘Ir
Lingr installed i, | Damfreen ________ oA ¥
7] Themadad - Dham Freen 1w f
Pariorations: C¥ea '#’Nn |'
Type of parkorstor Lsad . |
SIFE ol parforations "oy n ;
—__ pérlomalons bram ft m, i
Sereeny: Wves Cimi ok Aﬁmm =T — .|
Manufachrars Name __ 1 ;
i o= RECEIVED |
Blam Slot Slxs é{_.-h e éf;"-._"l
Diar, Elat Slaw LR P
JUC o T AT
GravlFiiter packed: (s J&No 11 Size of grvalisard
Material piacac fre nw — H DEFT OF ECOLOGY
Burtace beal; ¥es T o Wﬂ,
Miaberial Lsad in sasl
Crd wory $3rate coaln uniusable waler? ves L]
Type of water? Depth of sirata
Miaihod of seaung strate off =
i
(7] PUMP: Manufacturar's Nams 1
e MR [
WATER LEVELS: e alovabion a5ove mean aan vl /
B it M balw top ol wel an mtﬂm_m. Comnpieted //M
Arsiariproggurs Wb perecuaraingh Date T
Arelan walss ia contratiad "
™ wlkaty i P WELL CONSTRUCTION CERTIFICATION:
() WELLTESTS: Drewdown = AMool wasar 1evel 18 s baiow siabe sl | eensinicied andior aceapt respansinlify for construzhon of fus well and e

Was 3 pump test made® [Yes Tkl M yes. by whom? i
Yinkl galimin, with . deawdown after Fm
ekt gal dmin, wilh ft drawd il hra
Voghas galimin win f it fira
Ancormry doke (16na baken &8 D70 wihen pame wmed off] dwater kaved ronsurad fom
wll bop to water el

T Wirler Lave! Tima Wartar Lvel Tursd Watsr Laved

Date of el

Boiar inat Fi 1,iu.rmr- with 2(2?2 B armwdown ahe__ :'?"r_
irsat gal. i, W N o awdmen afr Fag
Artegan flow, gpm Dumia

aif vt Wms & chameal snalves made? [ Yee W

SCy nS0-1-20 (11/848)

100D %

compilance wilh sll Washingion well constrocton standards  Matenaw ussd
nng 1he Frlarmarksn reporied above @ frue 1o mw bas] knowiedon and behel

Typ6 or Pro Nm.&ﬁé@&’ " Licarastio €2 27
(iLssanaad O inerEngensn]

. , -. 7Ty
;d,.zwﬁ 2&?’%"’23 TUHy S,

e PR 2 n 50/

(LUEE ADDITIONAL BHEETS IF KECESTAAY)

Ecokgy 1 an Equal Oppartunity and Afrmaive Acion emplkyer For speca:
accommodation reeds, contact e Water Resuurces Progeam &t (363) a07.
BE00. The TOD number s (365) 407-8006
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Fiba Thwageaal and Firsd Cogy with
Gwokft sl ol Dcology

Second Copy— Owner's Copy
Thind Cagry—Diiler's Copy

(1) OWNER: mme VildEDs O

(2) LOCATION OF WELL: Coumy. m‘f

{Za) STREET ADDORESS OF WELL (or neassat searsens LG HA307

L ﬂp- .Wu ﬂéi Tﬁll. &:WH
tfu-q

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

Fesmalion: Dweacriss by color, charscier. sie of muaterisl and i aee

(3) PROPOSED USE: X D PO e O
O Dewater  Tost Weil [ Other O

{4) TYPE OF WORK; Jimacs st of wed
Abandoned 1 Wew ws Ewm m - ]
Daspaned Cable [] Driven [
Reconditionsd [ Rotanyydl  Jatied O

wnd e kingd and saiurs of The maierial i ssch aralen penasied,
ol Inhormislion,

of squiiers
with ol les#! o8 enitry for such chenge

(S) DIMENSIONS: bipmatecctwell— &2 inches.
Dl =23 S e, Depth ot completad well =2 25 .

(6) CONSTRUCTION DETAILS:

-::-mmnl-m .__&__ Dilasm. from ,L M

L““m ® Ddum. from . io.
Threaded —_ " [Diam. from. m.%a
Parforstions: Yes|  HolPH R
Typa ol perforaior weed .. e
SAZE ol pueleralicnn by n A - -
- — P Anm e n
— par ham It io n = s
— e purioratione from —Min n
Sormans: vel ]  no[ X
- “a Hame o _
Tres Madel No.
[P T — " —
Ciam.__ Sigkeize________ Wom__ [ N ——
Gravei packed: Vel ] HlR ging of gravet |
rnvel placed Irom n. o [ — =
suceres vl w0 o | RECEIVED ~

Mylerinl uned In soel
D any sirate contein unisabie watsr? yvas[ |

malJ

Type ol waiart, Dapitof sivate
atiad ol waaling abrata off —'ﬁp"_ﬂf'mﬁ'_'__“‘”_'_ o PR
{7} PUMP: L e s ] T A
Type: He |
[}

(8) WATER LEVELS: L3I n
P—— 72 ﬂwmum

Tris, pit ol ik Db e

Arisalan wubsr s controllsd By

(9) WELL TESTS:
Wan & pund bes madesT Yeu
Tiald: —T I -ﬂh

wilier el lowered balow shatlo el
I i, by whaom?
N, drawedown after

L

| wWork anied 18 Compleied T

WELL CONSTRUCTOR CERTIFICATION:

| construcied and/or scoept mm for consirection of this wall,
and Nw with il al will construction standerds.

Renovary data (s taken a8 1865 whes Bump fumed o (water el "]
M“llﬂﬁlﬂ‘w"m
Wi Levsl

Time Winter Lyesd Tirw Waher Lpewi

mm_;_%#.lmm_&glm-w '(

hru
L8

Msterizls used and the information reporisd sbove ste iree 1o my best
and balial,
TPERBON. PR, DR COPPORATION) [TYFE OR PRITH

ﬁm“ PR Ei
e o b/25 W

Aimast gl iiri. wii® mtam eEl ar B, tor
Artwainn llow gpm Dete
Temparaturs of wabar _____ 'Was 8 ghamicsl snalysls mada? \'HD ‘hﬁ

ECYOS0-1-30  (MO/ETE 1309 i 5

[USE ADDITIONAL SHEETS F NECESSARY)

MM&@&
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e O | and Farst Copy with = R
cpurietent T eolo " WATER WELL REPORT Avuticaaon . . e
acond Cupy — Owner's Copi

i Coply —-Diriliec's Oopat STATE OF WASHINGTON Permit Mo .

(1) OWNER: s fon filtcheld & i %y Box 2245, Burton, Wa. ?L'f‘.*?_'.;.':?_ o

(7' LOCATION OF WELL: county fidng.. W W wdb 2 B

-2 and distance from section or subdivisten coiner

{1} PROPOSED USE: Domestic ¥ Industrial 0 Munseipal [) {lﬂ]ﬂLLL Lo: Z ﬂ/ c:'l iy ffa &
Irrigation [] Tost Well [0 Other [ | Formation: Deseribe by colar, E?Ja'ruur aere of maoterinl and steucture, ond
show thickness of aqucfers and the ki wl and nuture of the molerial in each
R e e :Er_n_ll_.tzu__rfﬂ!irﬂcd with of least one enatry for each ¢F|qs|g¢ of fermatian
(4) TYFPE OF WORK: st S aner . - MATERIAL “Traom | 1o
Haw well = Metnod - Dug (] Baored [T
Deepenad [} Cable £ Drven O | — - . —— e e
Recanditianed [] Rotary 0 Jetted [0 Jopaoil o 12"
l:s} DIMENS ER Diaraeter of well ... 0 inches. R _“.-..Fﬂ:tﬂ PR E.I__ e e j. = :"—' S —
Drilled .. }?P ........ ft Depth of completed mll_...ﬁ .......... ft. _@5‘ - GAIVE b o Ul T
(8) CONSTRUCTION DETAILS: i Fm““ - .
i . 5 " 4] &f = et b A
Casing installed: 6  Dram. from e B n TR T Ty LT
Threaded [J ... Diam. from .. . B . IR,
Welded L . f - e
& Sand and Little pafen 1 5% lad

Perforations: wveeq Mo f®
Trpe of perforator used.....
SIZE of perferations ...
.................... perforations from .
... perforations from .

.. perforations from

.ﬁrﬂ..-’fiﬂﬂﬂ

— i sl 85 (37~
- . Ha .:v;;;uﬂn ? &7 |90

B QJ;'J!:";; Aand qa iy ..

Screens: vespxr Mo 4

Manut éam;-r_l;;fadd.

. Slot slze _
— Slot size

_ Pulled mdc_éﬁmgiﬁ 6f feed.

Gravel packed: ves g mog
Grevel placed Moo e R, . ft. o

Surface seal: vesgg  wo EF what depth?
Materlal used in seal...... enfonite
DI any strata contain uﬂu:-&'hk water? Yes [

i - IR TL T | ] o O ———— Depth of strata. .
Alethod of sealing strata off
(7 PUMP: Manulacturer's NMame. . —————r
PR ittt i ————— — —— — i
' - Lanag-surface #levalion e i i
Ea} WATER LEVELS: above mean sea level. .
Static level . . I . Ab Dalow wop af well "au Sl o
Artesian presaure i Ibg, per square inch Date..

Arteslan water is controlled by

fELL ) TS: Drrawehisw) mount waier level is e
{9y W IES lawersd hﬂnw Static 1evel Warlk started 5)’? . mog Completed f,?
Was a pump test made? Yes O Wo OB !f ye= by whomP .
Yield: ____BAlSmin with Tt dlrawdawn a.!lt*r hirs, WELL DRILLER'S STATEMENT:
! i - i - This well was drilled under my jurisdiction and this report is
- " - true to the best of my knowledge and beliet.

covery data {lime taken as rero '-Inm uump turned off} {water level

CD.
‘(Persan, firm, of “carporation)  (Type or print)

Adarlée 10, {745 Wy Sutton Rd,,Brem. ,Wa., 98310

3 -
2 2oy
[Signed] . /821y b ] AP Ro e T y L

Lute :.c?.. 28 ,113’-'?":'J

PO02181 01 oy

{USE ADDITIONAL SH'EE"'" II NECESEANY

meAsiiEed from well top o water level NAME. R{?y -j‘iﬂﬂ f: d '! llr;l

Time Waoier I-ruﬂ

Time Water Level Timse Water Lovel

Date of test fzgfm‘ -

2ailer test... . gal femln wun P ft. drawdown after..
Arteginn fow : - ~Epm. Date .
Temnperaturs of water. !.ru a =h-m1cn1 analysis mad!‘ 1‘= E.‘I No EF T—-'t ense

... hEs,
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e Original and Fiost Copy with
e spariment o Ecolory
secand Copy — Owner's Copy
rhard Copy — Dnliers Copy

WATER WELL REPORT
STATE OF WASHINGTON

- -
Applicaty

Loty ~— L e

Fermlt Mo

m OWNER: um.___i; Pt 11; r.—az.{:a—a-ér—-erhh

Anumfgg_.a’ 4{_..;.,,5/-?-._ z/{-«;il-l-f/m ,!F@,?ﬂ

{2 LOCATION OF'WELL: county...... A <<t

and distance fmom secton or subdivision m)_r_ﬂ_e_r_/

_.{,j. .-

szws& Mﬂ/smf & 22 B 2w

(3) PROPOSED USE: Domestic m‘ Industrial [0 Bunieipal [

Irptgation [J Test Well [0 Odher [m]

Dwner's number of well
(il mare than onel....

{1) TYPE OF WORK:

Toaw well :[EI\ Method: Dug [ Bored D
Deepened ] Cable Diriven O
Reconditiened [ Rotary [ Jeited O

Diaraeter of well ... ( ....... hies.

(3) DEIENSIO}?:?:
Depth of completed wel _JR.

Drilled.. £l

..... ft.

22/8 — 26 D

Formation: Describe by color, cheracter, g=a of material and structure, and
thow thickness of oguifers and the k!ld‘d‘ﬂdf- nafird af the malerial in “each
:I:rﬂturr: penetrated, _nlth at least one enity for dach change of formation.

(10) WELL LOG:

j—_,.éﬁlf;_f (f_.a_.-u-c‘!; o= fﬂ
:2’ ..//f’:" /0 | dad

,A;l_,.ei« fz,éff?z ETAr

§) CONSTRUCTION DETAILS:
ik - s STAVEr)
Casing installed: * Dism. from ... it to l.‘t. x _r" -
Threaded ] S Diam, from . £ 0 7 =
Welded ) " Dlam. trom {0 o L3 3 1, e ""-:’_é‘ Z/C} Va2 AR VP -/'-’*"JGJ’
Perforations: yes m.;!\
Type of perforater wsed S
SIZE of perforallong mnby ———— ———— in.
[— S T ELER iz, o £t.
e PETIOTAHORS (PO 5. to £t —
perforations from fu. o _'t,_
Screens: vy NoO - rf
m-.:mm-s THame L
Maodel Ne. "
Dilm .é._sm:lu,f,l_:mm.b’fr mﬂ.ﬂ
Slot slze from ft. to e
Gravel par_‘:td.: Yes [ Nu;{ Size of gravel: — ...
Grave! placed from fit. to ft.

n‘hﬂdﬂﬂi?—iL[t.

Surface seal: Yal NeD

Materis) nsed ic seal

Did any stata contain I.u!llﬂhw:ltqi Yes [
Type of water? Depth of strata

No 'g

of sirata off
T 2T o
. . - PR ) wg - ST

(8) WATER LEVELS: Landsuface elevation 20

Statie level Hi;):_d_ﬂ. pelow top of well Date. S8 =7 /_ﬁ

Artesian pressure
Ariesian water is mntm!ltd by

(T) PUMP: 5

{Cap, valve, ete.)

Drawdown 18 amount \l'nu leval 13
towered below static level

(8) WELL TESTS:

Was & pump test made? Yes [0 No i If yes, by w!wm!' R e
Yield: Falfmin, with ik ft. drawdown after hrs.
o - " "

Recovery data (tiswe taken as zero wher pump turned off} (water lewel
wall 1ap tq water level)

measure

Time Woter Leoel

Date of test
Eailer rrn__é_ galfmin, with. B i - G o
Actesian flow. Rl gom. Date e

emputatice 6f WATET ... Was a chemicsl analysis made? Yes [ No:ﬁ'

(USE ADDITIONAL SHEETS

. oTMENT OF ECOLUMT
 pRTHWEST REGUT

Work started_F. =2 2., 10120 Completed..f. =/ wis /)
WELL DRILLER'S STATERIENT:

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and beliel.

nms._./.‘ucﬂ_’g@ﬁ/ e L élf f?
f-..

{Person, Grm, of corperation) (Type ty
Address 5(':(:-',?__0 5 /?c’l I ‘5- 2 L €-
_ 2 il
[Signed).— (Well Driller)

thmseNa._.f? ...... .,.e?_(—:" ........... r.l.'ll,e_,..e/{:' "_f'/’;—. lf.lé?.y

U2 Le\] 128560\ 7T D
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Second Copy — Qwner's Copy
Third Copry — Dutfer's Cogy i

STATE OF WASHINGTON hatme Right P "o

- . . . '22_2""
mowmrmem |01 AR WELL REPORT e 27 f—;gj

UMIQUEWELLILD 9

1) OWHER: Narm MW&‘{M

. PR E Deidripp T il 72d VA

{2) LOCATION OF WELL: cCouny ‘Zﬂﬁr

{28) STREET ADDRESS OF WELL jor rmirst achasa

{1} PROPCSED USE: gnnm-m Industial [

(10) WELL LOG or ABANDOMMENT PROCEDURE DESCRIFTION

[0 Dot Teat Wl s

Formamion. Deacrbe by ooloe, chirscter, sizs of makrial ing STuclum, and show Mickirms ol squites
wrd the kind s Ratere o the maledlal i gach st parslinided, Wi o e ona enity dd sach

{4) TYPE OF WORK: Qumers pumom of we

Abandonad ] pewwaii B Memod Dug Dl
Despared [ Cabe (1
Faconditiones [ Fotary Y5

chusge of misrmatien,

(5) DIMENSIOND. Chmater ol well

bl N SARL o _Aer™e o 35%;_2
+f o) e % 2

EALEE. i T &:ﬂﬂmﬁ )

[B) COMSTRUCTION DETAILS:

Caning Inatalied: _E‘L' MM_LIH_&R
Vil = Diam. from nm
e lan. fremm "o
Pustorations: ves [ Nolﬁ"’
Ty of e
87 of e i by

feom L8]

loin [ N1

parteranzns lam i

e w F

=0, ro go2 | 7
AT }%AWM{

RE~

*“'E‘f'l_:

oo i "‘9;-72#5&"‘}"'77”—‘—

i gy sirata contain unusabls water?  You [ un

£n
T

Type of wainc? Dapth o strsts, i e
et of seiilg et off YLERy .n.-"': " e
il ST
1) PUMP:  anuischrsrs Nums UGy |
Type: HE

1..1. | e

27 A
w-m;?_" EY L7 .-tw.@' = AL

WELL CONSTRUCTOR CERTIFICATION:

Arsiar P Ex. pae acpire inch [l
Armsian watnr 1 4 mndiar scoepl respansibilty for constuction of This wed, and its
T, Vibve, i | mm-wmmm Wialnrials used and
(9) WELL TESTS: Ormwoiown i arwess wites levnl in iowernd belvw islc sl e “51’;1‘[?1 ot pmiﬂ;ﬂﬁﬁo
W pump st racte? Vs (1 Ma [ ¥ pon. by whor? NAME a8 oo AR
sl galirin. with .8 e P enten 1 ¥3s
Faceiery cris [Hme takon e peeo whish gt hurrsd o) (sior vl madsensd irom wall
107 63 Wi leval)

Tima W Lovel T Water Lavel

Tim  Wlar Lovei

mnr[j:gumm S "

=gl A

ol /i, weth giem sed al

0 o

M—mh-__im Dt
Tompesture of il Wika & chemical snafyals mads?
BCY 050-1-30 (9 "1

vl

L. Y
.

{USE ADDIMONAL SHEETS IF NEGESSARY)

Ecology is en Equal Opportunity and Affirmative Action emplayer. For spe-
cial acoommodation needs, comact the Water Resourcas Program at [206)
4078800, Tha TDD nurmber is (206) 407-B006.
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: —
e, WATER WELL nemnE NTE R o L JAGE

feoan Copy - Dwrard Capy STATE OF WASHINGTON

Third Copy’ - D'y Copy YV Might et Mo,

w omanvem N5 (MupZ 0000 4 e
W LOGKTION OF WiLL: County gyl ter .‘immmaﬂf&uléﬂ:m

o) STABET ACOREDE OF WELL: (o nowrsel adduss) __amddPbolfee— T —— L S
TAX MACEL NO.: e o L = 3

19 WELL LOG or DEO0WMUERIOMING PROCIDUNE

O iigaiion = Tl Vet 0 Other mewm_uumuﬂmm

il king & meiriues of thee ISl N Sach PSRN DAt wHh B kn
) TYPL OF WORI e of Wl { mons Man ore) e sry lo? sach Chinge of informamion. Indicene Al wale: srcoyrseed
Vinl

P— ‘O MBS = HoPag Location SESTTUET
Marwisohuy Haene

Troe [reesere i
Diarn, St S ey ) n L
Duaem, Bicd Biza roen " " MOV 15 ‘Iqq‘:}:
QrwvelPiner posiings  Cves 730G iaw of o .
Matenal oo fegen, i " e

-

Peerey— ) dope? T
Sl Uaed @
Sl Ay P GOt urusabis weth?  CYee

Tyos of wanr? —_Depth of strain
Muthod of paaling Frise oif

M M Manuisctsrecy Nama i
Trow: e t

W WETER LEVELS: ‘wowention shove Fullh sed bl L3 . "o
B lovel ;m N bk o5 of wal  Dute wosuned . Compuisd /| i,Z
Aot _._.____.hl.n--m Date_{ — °
Lrm—— -

Cap. v, o} WELL COMSTRUCTION CRATIRICATION: .

M WELL TESTE: Dravdown b Smount walsr iaves i iowend idow sgiic vt | e AnG/0r oo m-ll'lr m«m-uu-u-
s 8 pup e et TiYes Che ¥ yes, by whem? .m wﬂ‘w foe e e M
m_ﬂ-ﬂﬂ_______ﬂ.dm ,.__.._.rn b
Ve gl Jrmins, vl W#MHN-ML-—H- 2o
viewmk _____gailjmin with ﬂ-' -- M. iLicarasd Oldrgmes|

Fascownry dgl (Her Lnine) ki BBD whain) furng Surns offt (amer lews rhdidors Bom

wall p 10 wesee bevel) Thaines Mame r e
Tene Waster Laved T LT L Tme Wmmer Lavel Deiling
prom Licanad No. _£2 £ &
ILioarmed DrllacErginde!)

s 2D D rFe D N AT 3
T 2 S —— DI /s
- ST o st 2 ALY 2 o fn AL Y]

A P/, Wil L arEecen BT, T —
Artnetan fow, Samn Dre - [LHE ADDHTIONAL SHEETS IF MECESEARY)
ol walas [rr———————— TR ]

Ecniogy s an Fousl Dpporiurily sne Afirmative Achon amaicws, Fol ipees
ACTOMPGRGN T, SOMBE e Wit Pasoroes Progrve i (B0 act
ECY 050-1-20 (11598 l 8800 Tha TOD rumber m (380) 4072008,
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- =

Flis Original and Firsl Copy wiih

Dapartmss of Ecology

Eacond = O

Tows ooy oriers Gonr 7o bor STATE OF
£

1?“{3

WATER WELL REPORT M o

(1) OWHER: mw

(2a) STREET ADDDRESS OF WELL ior newrest sddrees)

LOCATION OF WELL: WM

{3) PROPOSED USE: g-':’ﬂ""ﬂb indusirinl [ Municipal 0 | (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
O Dewaler TestWed O Other O [ by eokor, and show
ol -!hmw—hndhmh-uh“-—p-mm
urmunnmi I Fmom ™0
Absndonsd (1 nnrwl % Mo m: m] P E
Mmd =] i’ = E
(5) DM Mrumﬁw
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