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August 5, 2025 
Updated August 21, 2025 
ES-8157.03 

Bay Equity, LLC 
502 State Avenue, Suite 101A 
Marysville, Washington 98270 

Attention: John Murphy 

Subject: Geotechnical Evaluation 
Site Stabilization 
Pioneer Point 
Arlington, Washington 

Dear John: 

As requested, Earth Solutions NW, LLC (ESNW) has reviewed recently revised plans for 
residential development at the subject site. Specifically, development within existing areas of 
hillside prone to landside activity is no longer proposed. Instead, the bulk of the proposed 
development activity will now occur within the relatively flat (northerly) regions of the site where 
landslide risk is characterized as low. In any case, given the history of landslide activity, measures 
to stabilize the existing hillside and mitigate the risk of future landslide activity have been 
proposed. As such, this report intends to provide a method for mitigating the landslide hazard for 
the new (less aggressive) development proposal. Based on prior discussions with the City of 
Arlington and their 3rd party consultant, the overall goal with respect to mitigation will be to reach 
agreement with the City on the intended approach for achieving total site stabilization. Once 
concurrence with the City and their consultant is attained, preparation of final plans and 
engineering are expected to begin in earnest. The snippet presented below (extracted from the 
current civil site plan) illustrates the overall property limits and positioning of the proposed 
development area relative to the existing hillside. 
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Proposed Development Area (North of Existing Hillside) 

 
Site History 
 
Earlier proposals for developing the site included residential construction and related 
infrastructure improvement that intended to occupy almost the entirety of the site and areas of 
associated hillside. In anticipation of this earlier plan for developing the site, a new road was 
extended along the base of the hillside and into the site. This work was reported to have occurred 
in 1994. Previous investigations (by others) had characterized the near surface geologic condition 
as consisting largely of lacustrine silts (and transitional beds) of moderate plasticity with 
consistency characterized as stiff to moderately stiff (near surface). Groundwater was identified 
in discrete layers throughout the hillside and overall soil moisture was found to be elevated. Given 
the identified geologic and topographic setting, and in response to the 1994 excavation and 
related road cut, a rotational landslide was initiated along the alignment of the completed roadway. 
 
Based on review of follow up investigative reports and recent observations completed by the 
undersigned engineer, depth of rotation associated with the 1994 landslide appears to have been 
relatively shallow. Investigations (by others) conducted subsequent to the landslide reported head 
scarp features 30 to 40 feet uphill of the road cut. Consistent with the behavior of a classic 
rotational type rupture zone, uplift (“heave”) of the slide mass is visible at the termination, and is 
most pronounced at or near the centerline of the existing road alignment. The photograph below 
depicts the rough boundary (or edge) of the “heave” within the existing roadway. 
  

Existing Hillside 
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Existing Road Alignment – Relic “Heave” Condition (1994 Slide) 

 
It should be noted that underground utility installations within the roadway alignment pictured 
above still exist today. Additionally, it is our understanding that the original sewer alignment below 
the road reportedly remains intact. Further, it should be noted that continued (significant) 
displacement of the slide mass since the initial 1994 landslide event has not been detected, 
although it is likely that small displacements in the form of “creep” have likely occurred. In any 
case, and based on recent observations, it is the opinion of the undersigned engineer that the 
landslide likely has not remobilized to any significant extent since 1994, and likely resides 
currently in a state of near equilibrium (i.e. FS > 1.0). 
  

Landslide Initiated “Heave” In Roadway 
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Proposed Mitigation 
 
Development plans currently propose construction of 25 (detached) residential building sites and 
associated site infrastructure improvements. In contrast to earlier development proposals, the 
area of proposed construction will avoid the large expanse of hillside that dominates the central 
and southerly regions of the site. Instead, development will be focused throughout the 
topographically lower areas of the site located at the base of the hillside. Positioning of the 
development in this manner is intended to avoid disturbance and modification of the existing 
hillside to the greatest extent practicable. Also, it should be noted that the old road alignment 
established in 1994 will be abandoned as part of the new proposal. Access instead will be 
established along a newly constructed roadway occupying roughly the same alignment, but only 
after mitigation to support (and buttress) the base of the hillside has been accomplished. 
Additionally, and notwithstanding the current plans to consolidate and further separate the 
development area from the hillside, further measures to fully stabilize the site and mitigate the 
landslide hazard will also be implemented for the project. Such measures for stabilizing the hillside 
and mitigating the landslide risk will include the following: 
 
Rock Keyway and Drain – At the onset of construction, and during the process of abandoning 
the existing road alignment, installation of a deep rock keyway and drain is proposed along the 
base of the existing hillside. The rock keyway and drain installation will serve two purposes: 
 

1) Interruption and related strengthening of the landslide rupture zone through the introduction 
of high shear strength rock aggregate that will penetrate through the zone of slippage. The 
keyway should be lined with a filter fabric and filled with 2” to 4” quarry spalls. If approved 
by the presiding jurisdiction, a recycled concrete aggregate of similar size may also be 
considered for use.  

 
2) Improved dissipation of excess pore pressure along the slip plane which will help to further 

improve the current (residual) shear strength characteristics of the relic slide mass. 
 
Grade Modification (Resisting Force) – The current development plan intends to abandon the 
existing site access road and reestablish a new access positioned roughly along the same 
alignment. Most importantly, construction of the new road access will also involve abandoning the 
existing utility alignments and raising the existing site grade roughly 6 feet above the level of the 
old road surface. Raising the site in this manner will effectively restore the grade previously lost 
when the base of the hillside was cut to accommodate construction of the old (1994) road access. 
It should be emphasized that in the opinion of the undersigned engineer, excavation and related 
cuts executed in 1994 to construct the old road alignment likely provided the catalyst that initiated 
the rotational landslide at the site. Therefore, filling and restoring the areas of previous cut will 
effectively serve to reestablish stability of the hillside to its pre-1994 state. With respect to 
mitigation, the planned fill placement and its associated mass will also provide an added resisting 
force at the base of the hillside, essentially deriving an increased level of stability to the slope. 
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Passive Shear Pile (Soldier Pile Wall) – Subsequent to completing the grade modifications 
described above, a series of passive shear piles (soldier piles) will be installed along the southerly 
edge of the new road alignment (toe of slope). The soldier pile elements will be sized with sufficient 
length such that the pile and its encapsulating grouted shaft will penetrate through the landslide 
rupture zone. The added shear resistance introduced to the zone of rupture through installation 
of the passive shear piles will further contribute to stabilization of the hillside. Additionally, a small 
4-foot segment of each solder pile will extend above-grade along the pile wall alignment to function 
as a catchment. 
 
Stability Analysis 
 
For purposes of this report and analysis of stability, the reader is directed to Plates 1 and 2 
(attached) and the Slope/W limit equilibrium computer output (also attached). As outlined above, 
the current development plan intends to incorporate three measures of stabilization to ensure that 
a state of “total stabilization” is achieved for the site. Application of these mitigation measures 
(“rock keyway”, “fill-buttress”, and “passive shear piles”) were modeled in our slope stability 
analysis for the “post-mitigation” site condition. As demonstrated based on the results of our 
analysis along representative Cross Section A-A’, stability is satisfied for the post construction 
(“mitigation”) case. To demonstrate the process by which the results of our analysis were 
obtained, the following models were developed: 
 
Pre-1994 Rd. Cut – This model is intended to represent the natural topographic condition that 
predates the 1994 road excavation. Combined with the pre-1994 surface topography, subsurface 
data (acquired by others) were used to develop a representative cross section for the stability 
analysis. Once developed, this model formed the framework for subsequent model development. 
 
Back Calculation (Post-1994 Rd. Cut) – The Pre-Road Cut (1994) model described above was 
used as a basis for formulating the “1994 Road-Cut” cross section. Essentially, this cross section 
presents a representation of the existing road alignment and areas of associated cut. Most 
importantly, the model provides the cross-sectional geometry necessary to “back-calculate” the 
intra-slide strength characteristics of the soil units during the time of slope failure. Traditionally, 
the process of “back-calculation” is iterative, and resolves to establish a reasonable 
representation of soil strength when stability is diminished to a state of equilibrium (i.e. FS = 1.0). 
 
Post-Construction Mitigated Condition – The applied stabilization techniques described 
previously in this report are represented in the “Post-Construction Mitigated Condition” slope 
stability cross section. Specifically, the model geometry portrays the post-construction surface 
topography that will exist once the site is filled and raised to the level of the future road alignment. 
The previously described “rock-keyway” and “passive shear piles” are also represented in the 
model. Most importantly, soil strength characteristics derived from the prior “back-calculation” 
model are assumed in calculating the static and seismic factors-of-safety for the post-mitigation 
case. 
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It is emphasized again that for purposes of this report and analysis of stability, the reader is 
directed to Plates 1 and 2 and the Slope/W limit equilibrium computer output developed for the 
three slope stability models outlined above (see attached). With respect to the soil strength 
parameters input into the Post-Construction Mitigated Condition model geometry, values derived 
from the “Back Calculation” analysis were selected and assigned to the underlying (“weak” and 
“strong”) native silt deposits. Additionally, for the “Post-Construction Mitigated Condition”, strength 
values were assumed for the “rock keyway” and “new structural fill” layers. For clarity, the strength 
parameters assumed for all layers in the limit equilibrium analyses are summarized below: 
 

Soil Strength Parameters – Cross Section A-A’ Model Geometries 
 

New Structural Fill Rock Keyway Silt (Soft / Stiff)* Silt (Stiff / Hard)**  
 
       ϒ = 125 pcf      ϒ = 130 pcf     ϒ = 115 pcf               ϒ = 120 pcf 
       Φ = 34 deg.      Φ = 42 deg.     Φ = 18 deg.              Φ = 28 deg. 
        c = 0 psf       c = 0 psf       c = 75 psf*                c = 750 psf 
 
* Lacustrine (or Transitional Bed) Deposits. 
**  Transitional Bed Deposit. 
 
It should be noted that for the temporary seismic case, an increased value of cohesion (175 psf) 
was assumed for the silt (lacustrine) soil unit. Such temporary increase for short-term loading (i.e. 
seismic force) is considered justified due to “dilation” of the soil structure during sudden loading.  
 
Strength values used in the analysis were largely derived from the “back calculation” model 
geometry in which strength values in the “weak” mottled silt layer were adjusted sufficiently low 
such that a state of equilibrium (FS~1.0) was achieved. As such, and based on the above soil 
strength parameters specified for each soil unit represented in the model geometries, the following 
factors-of-safety were calculated: 
 

Model Geometry Factors-Of-Safety 
 

Model Geometry Static Factor-of-Safety Seismic Factor-of-Safety 
   
        Pre-1994 Rd. Cut    FS = 1.40   FS = 0.79 
 
        Back Calculation (Post 1994 Rd. Cut) FS = 0.99        N/A  
 
        Mitigated Condition    FS = 3.16   FS = 1.13 
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It should be noted that for the seismic stability case, a lateral seismic coefficient of 0.255 was 
assumed for the analysis. This coefficient represents one-half of the modified peak ground 
acceleration mapped for the site. Further, it is noted that a seismic stability analysis was not 
developed for the “Back Calculation” case as such analysis was not necessary for estimating soil 
strength characteristics of the underlying native silt (lacustrine / transitional bed) deposits. 
 
Based on the above, and given that a general range of reasonable factors-of-safety were derived 
from analysis of the three model geometries, the following can be concluded: 
 

 Prior to the 1994 excavation and removal of toe support along the existing access road 
alignment, the static stability of the hillside was calculated as moderately stable (approx. 
FS = 1.40). This assessment of stability was based on the back calculation strength values 
calculated for the Post 1994 Rd. Cut condition. 
 

 Back calculation (Post 1994 Rd. Cut) to estimate soil strength properties based on the post-
failure model geometry produced values of soil friction and cohesion that were reasonable 
and determined by the undersigned engineer as acceptable for use in the analysis of the 
mitigated (post-construction “mitigated”) model geometry. 
 

 The addition of the previously described stabilization measures for the post-construction 
(“mitigated condition”) model geometry improved substantially the static and seismic 
factors-of-safety for the site. 

 
Conclusions 
 
Model geometry analysis of three representative slope configurations was undertaken for the 
express purpose of determining the appropriate level of stabilization necessary to mitigate 
landslide risk for the intended post-construction site configuration. As outlined previously in this 
report, and as compared to earlier proposals, the owner and project design team have 
substantially reduced the footprint area within which development is proposed. Specifically, the 
project development will no longer require significant modification and related impacts to the areas 
of hillside positioned within the south and central regions of the site. Instead, the majority of 
planned development will reside throughout topographically lower areas of the site located north 
of the hillside. Most significant as it relates to the current design concept are plans to raise the 
existing grade and abandon the current road access positioned along the toe of the hillside. As 
discussed earlier in this report, the 1994 road cuts and related excavation work along the toe of 
the hillside created conditions that formed the catalyst for the documented landslide at the site.  
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In consideration of plans to restore the old road access to its pre-1994 configuration, and as 
demonstrated through limit equilibrium analysis, the proposed “passive shear pile” and “rock 
keyway” mitigation measures will further contribute to achieving a state of total stabilization for 
the completed development. As demonstrated by way of slope stability analysis and related model 
geometries developed for the site, implementation of the stabilization methods outlined in this 
report will mitigate the landslide hazard to a level that meets or exceeds the code specified factors-
of-safety for slope stability. More importantly, it is the professional opinion of the undersigned 
engineer that execution of the proposed mitigation, combined with efforts by the owner and design 
team to significantly reduce the development footprint and area of disturbance, post-construction 
total stabilization will be achieved for the project. As emphasized at the onset of this report, the 
goal of the owner and design team is to reach agreement with the City and their 3rd party 
consultant on the intended approach for achieving total site stabilization. Based on the findings of 
this report, it is the opinion of the undersigned engineer that stabilization methods proposed for 
installation at the site will fully mitigate the landslide risk for the project. In any case, it is 
acknowledged that ownership and the design team must reach concurrence with the City (and 
their 3rd party consultant) regarding our intended approach for stabilizing the site and future 
development area. Once such concurrence is obtained, design efforts and final engineering for 
the project are expected to commence. 

We trust this report and geotechnical evaluation of proposed site stabilization methods meet your 
current needs. If you have questions, or if additional information is required, please call. 

Sincerely, 

EARTH SOLUTIONS NW, LLC 

Raymond A. Coglas, P.E. 
Senior Principal Engineer 

Attachments: Plate 1 – Geotechnical Cross Section Assessment 
Plate 2 – Cross Section A-A’ 
Stability Analysis

cc:  Insight Engineering 
Attention: Brian Kalab, P.E. 

08/21/2025
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