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I.  PROJECT AND SITE CONDITIONS 
 
 
1.0  INTRODUCTION 
 
This report presents the results of our subsurface exploration, geologic hazard, and 
geotechnical engineering study for the subject project.  Our recommendations are preliminary 
in that construction details have not been finalized at the time of this report.  The location of 
the subject site is shown on the “Vicinity Map,” Figure 1.  The approximate locations of the 
explorations accomplished for this study are presented on the “Site and Exploration Plan,” 
Figure 2.  If any changes in the nature or design of the proposed lot layout are made, the 
conclusions and recommendations contained in this report should be reviewed and modified, 
or verified, as necessary. 
 
1.1  Purpose and Scope 
 
The purpose of this study was to provide subsurface data to be used in the design and 
construction of a new storage facility. Our study included reviewing available geologic 
literature, drilling four exploratory borings, and performing geologic studies to assess the type, 
thickness, distribution, and physical properties of the subsurface sediments and shallow 
groundwater conditions. Geotechnical engineering studies were also conducted to assess the 
type of suitable foundation, allowable foundation soil bearing pressures, anticipated 
settlements, retaining wall lateral pressures, floor support recommendations, and drainage 
considerations. This report summarizes our current fieldwork and development 
recommendations based on our understanding of the project. 
 
The site exploration work was performed in conjunction with a Supplemental Phase II 
Environmental Site Assessment, reported under separate cover. 
 
1.2  Authorization 
 
Our study was accomplished in general accordance with our proposal dated March 27, 2018. 
This report has been prepared for the exclusive use of Gramor Development Washington, LLC 
and their agents for specific application to this project. Our services have been performed 
within the limitations of scope, schedule, budget, and generally accepted geotechnical 
engineering and engineering geology practices in effect in this area at the time our report was 
prepared. No other warranty, express or implied, is made. It must be understood that no 
recommendations or engineering design can yield a guarantee of stable slopes. Our 
observations, findings, and opinions are a means to identify and reduce the inherent risks to 
the owner. 
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2.0  PROJECT AND SITE DESCRIPTION 
 
The property is a roughly rectangular lot located at 17414 State Route 527 in Mill Creek, 
Washington and is part of a well-developed commercial and residential corridor along 
State Route 527. The approximately 4-acre lot is developed with a plant nursery, operated as 
Li’l Sprout Nursery & Garden Center. We understand from review of a “Conceptual Site Plan” by 
PacLand dated December 28, 2017 that the development includes removal of the existing 
greenhouses, parking lot, and other derelict buildings, and then construction of two multi-story 
storage buildings, a parking lot, and stormwater facilities. Detailed plans for the proposed 
construction have not been provided at this time. 
 
The site slopes down to the west with total vertical site relief of about 30 feet. Parts of the 
property have been filled by earlier grading to provide two relatively level building terraces. The 
slopes between terraces are inclined at about 2H:1V (Horizontal:Vertical) to 1H:1V. The nursery 
is situated on the upper terrace, slightly below street grade. 
 
Deciduous and evergreen trees are located along the north, west, and south property 
boundaries. The lowest portion of the property to the southwest is a Category II wetland, with 
typical wetland vegetation. Adjacent property to the north is primarily pasture, to the south is 
partly lawn and partly undeveloped woods, and to the west is wetland. 
 
 
3.0  SITE EXPLORATION 
 
Four exploratory borings were advanced and three monitoring wells were installed on April 30 
and May 1, 2018, in conjunction with an environmental assessment. The various types of 
materials and sediments encountered in the explorations, as well as the depths where 
characteristics of these materials changed, are indicated on the exploration logs presented in 
the Appendix. The depths indicated on the logs where conditions changed may represent 
gradational variations between sediment types in the field. If changes occurred between 
sample intervals in our borings, they were interpreted. The approximate locations of the 
exploration borings are shown on Figure 2. The conclusions and recommendations presented in 
this report are based on the exploration borings completed for this study. The locations and 
depths of the explorations were completed within site access and budgetary constraints. 
Because of the nature of exploratory work below ground, extrapolation of subsurface 
conditions between the field explorations is necessary. It should be noted that differing 
subsurface conditions may sometimes be present due to the random nature of deposition and 
the alteration of topography by past grading and/or filling. The nature and extent of any 
variations between the field explorations may not become fully evident until construction. 
If variations are observed at that time, it may be necessary to re-evaluate specific 
recommendations in this report and make appropriate changes. 
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3.1  Exploration Borings 
 
The exploration borings were drilled using a track-mounted, hollow-stem auger drill rig. During 
the drilling process, samples were obtained at 2.5- and 5-foot intervals. The borings were 
continuously observed and logged by a field geologist from our firm. The interpretive 
exploration logs presented in the Appendix are based on the field logs, drilling action, and 
inspection of the samples collected. 
 
Disturbed but representative samples were obtained by using the Standard Penetration Test 
(SPT) procedure in accordance with American Society for Testing and Materials (ASTM) D-1586. 
This test and sampling method consists of driving a standard, 2-inch outside-diameter, 
split-barrel sampler a distance of 18 inches into the soil with a 140-pound hammer free-falling a 
distance of 30 inches. The number of blows for each 6-inch interval is recorded, and the 
number of blows required to drive the sampler the final 12 inches is known as the Standard 
Penetration Resistance (“N”) or blow count. If a total of 50 blows are recorded at or before the 
end of one 6-inch interval, the blow count is recorded as the number of blows for the 
corresponding number of inches of penetration. The resistance, or N-value, provides a measure 
of the relative density of granular soils or the relative consistency of cohesive soils. These 
values are plotted on the attached boring logs. 
 
The samples obtained from the split-barrel sampler were classified in the field and 
representative portions placed in water-tight containers. The samples were then transported to 
our laboratory for further visual classification and geotechnical laboratory testing, as necessary. 
 
The various types of soil and groundwater elevations, as well as the depths where soil and 
groundwater characteristics changed, are indicated on the exploration boring logs presented in 
the Appendix of this report. The locations of our explorations and reconnaissance were 
approximated by measuring from known site features. 
 
3.2  Monitoring Wells 
 
Following drilling, groundwater monitoring wells were installed in exploration borings EB-2W, 
EB-3W, and EB-4W to allow for groundwater sampling and monitoring of groundwater levels 
below the site prior to redevelopment. These wells each consist of a 2-inch-diameter, polyvinyl 
chloride (PVC) Schedule-40 well casing with threaded connections. The lower 10 feet of each 
well is constructed with 0.010-inch machine slot well screen to permit water inflow. The 
annular space around the well screens was backfilled with Monterey #2/12 sand, and the upper 
portion of annulus was sealed with bentonite grout and chips. Steel, flush-mount monuments 
were placed over the top of the wellheads for protection of EB-3W and EB-4W. A steel, stick up 
monument and three bollards were installed over the top of the EB-2W wellhead for 
protection. The as-built configurations of these wells are illustrated on the associated boring 
logs included in the Appendix. The wells were developed on May 1, 2018 with a plastic Mini-
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TyphoonR pump and a Waterra 5/8-inch, outside-diameter tubing assembly. The entire length of 
the well screens was surged incrementally from the top down until the water had minimal 
turbidity. Following surging, approximately 45, 55, and 35 gallons of water was pumped from 
the wells in EB-2W, EB-3W, and EB-4W, respectively. 
 
The water level after well development on May 7, 2018 was measured at about 1.42 feet below 
the ground surface in EB-2W, about 5.32 feet below ground surface in EB-3W, and about 
8.28 feet below ground surface in EB-4W.  
 
 
4.0  SUBSURFACE CONDITIONS 
 
Subsurface conditions at the project site were inferred from the field explorations 
accomplished for this study, visual reconnaissance of the site, and review of applicable geologic 
literature. As shown on the field logs, the exploration borings encountered hard surfacing, fill, 
Vashon recessional outwash, Vashon advance outwash sediments, and pre-Fraser 
undifferentiated deposits. The following section presents more detailed subsurface information 
organized from the youngest to the oldest sediment types. 
 
4.1  Stratigraphy 
 
Hard Surfacing 
 
About 3 inches of asphalt pavement was encountered in boring EB-3W located in the parking 
lot. Base course, and gravel were encountered below the asphalt and at the surface in the 
remainder of the borings to depths ranging from 2 to 6 inches. These materials were likely 
placed during construction and operation of the existing nursery to provide parking, walkways, 
and driveways. These materials may be recycled for use as fill if processed to remove fines, 
organics, and deleterious materials, and if permitted by project plans.  
 
Fill 
 
Loose and soft, sand and silt with variable organic material and debris, such as wood chips, 
asphalt rubble, and plastic, was encountered in exploration borings EB-2W and EB-4W below 
the surface to a depth of about 10 feet and 15 feet, respectively. This deposit is interpreted as 
artificial fill and does not appear to have originated from on-site sources based on its 
dissimilarity to the natural soils. Because the quality, thickness, and compaction of the fill 
materials is low or variable, and due to the relatively high silt and organic contents, the fill is 
not suitable for structural or pavement support in its current condition. 
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Vashon Recessional Outwash Sediments 
 
Medium dense, slightly moist, grayish brown, fine to medium sand interbedded with silt and 
with trace gravel was encountered in exploration EB-1 from about ½ foot to about 12 feet 
below the ground surface. This deposit is interpreted as Vashon recessional outwash. Vashon 
recessional outwash sediments were deposited by meltwater streams flowing from the 
receding Vashon glacier approximately 10,000 years ago. This unit is generally suitable for 
support of lightly- to moderately-loaded foundations and for pavement subbase when properly 
prepared as discussed in this report. 
 
Vashon Advance Outwash Sediments 
 
Dense to very dense, slightly moist to wet, grayish brown, sand with occasional silt lenses 
interpreted as Vashon advance outwash was encountered in explorations EB-1, EB-3W, and 
EB-4W. The advance outwash was encountered in thickness ranging from 10 to 22 feet and 
extended to a maximum depth explored of 26.5 feet in EB-4W. These sediments were 
deposited by flowing water from the base of the southward advancing Vashon glacial front. 
The advance outwash was overridden by as much as several thousand feet of ice, resulting in 
the dense to very dense condition of this deposit. This unit is suitable for foundation support or 
for reuse as structural fill if moisture-conditioned. 
 
Pre-Fraser Undifferentiated Deposits 
 
Sediments encountered from about 11 feet to the maximum depth explored of 21.5 feet in 
boring EB-2W consisted of medium dense to dense, wet, gray, gravelly, medium to coarse sand 
with some fine sand and trace silt interpreted as pre-Fraser undifferentiated deposits. These 
sediments were deposited prior to the Fraser Glaciation of the region. Similar to the advance 
outwash sediments, this deposit was consolidated by the weight of the glacial ice that overrode 
it subsequent to its deposition. This unit is suitable for foundation support or for reuse as 
structural fill if moisture-conditioned and processed to remove fines. 
 
4.2  Geologic Literature 
 
Our interpretations of subsurface conditions onsite generally agree with the conditions shown 
on the The Geologic Map of the Bothell Quadrangle, by J.P. Minard, 1985. The referenced map 
indicates that the site is underlain by Vashon advance outwash sediments, with Vashon 
recessional deposits relatively near the site.  
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4.3  Hydrology 
 
During drilling, groundwater was encountered in all the borings. Monitoring wells were 
installed in three of the borings (EB-2W, EB-3W, and EB-4W) and after stabilization elevations 
of the groundwater were observed. During drilling the water level in EB-1 was at about 10 feet 
below the surface. Measurements the following day in the monitoring wells indicate EB-2W at a 
depth of 4 feet, EB-3W at 5 feet, and in EB-4W at 8 feet. We interpret this groundwater as a 
local aquifer likely associated with the wetlands southwest of the site. 
 
Groundwater conditions should be expected to vary over time due to seasonal influences. 
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II.  GEOLOGIC HAZARDS AND MITIGATIONS 
 
 
The following discussion of potential geologic hazards is based on the geologic, slope, and 
shallow groundwater conditions, as observed and discussed herein. 
 
 
5.0  LANDSLIDE AND EROSION HAZARD AREAS AND MITIGATION 
 
5.1  Landslide and Erosion Hazard Areas 
 
The City of Mill Creek Municipal Code 18.06.1210(C)(1) states 
 


“Erosion hazard areas include those identified by the U.S. Department of Agriculture’s 
Natural Resources Conservation Service as having a moderate to severe, severe, or very 
severe erosion hazard because of natural characteristics, including vegetative cover, soil 
texture, slope, gradient, and rainfall patterns, or human-induced changes to natural 
characteristics. Landslide hazard areas are areas potentially subject to risk of mass 
movement due to a combination of geologic, topographic, and hydrologic factors. 
Landslide and erosion hazard areas include areas with the following characteristics: 
 
a. Areas that have shown movement during the Holocene epoch (from 10,000 years ago 
to the present) or that are underlain or covered by mass wastage debris of that epoch; 
 
b. Slopes that are parallel or subparallel to planes of weakness (such as bedding planes, 
joint systems, and fault planes) in subsurface materials; 
 
c. Slopes having gradients steeper than 80 percent subject to rock fall during seismic 
shaking; 
 
d. Areas potentially unstable because of stream incision and stream bank erosion; 
 
e. Areas located in a canyon, ravine, or on an active alluvial fan, presently or potentially 
subject to inundation by debris flows or flooding; 
 
f. Any area with a slope of 40 percent or steeper and a vertical relief of 10 or more feet 
except areas composed of consolidated rock and properly engineered manmade 
slopes/retained fill. A slope is delineated by establishing its toe and top and measured 
by averaging the inclination over at least 10 feet of vertical relief; 
 
g. Areas with a severe limitation for building development because of slope conditions, 
according to the Natural Resource Conservations Service; and 
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h. Areas meeting all three of the following criteria: slopes steeper than 15 percent 
except that slopes of less than 15 percent may be considered erosion hazard areas if 
they have certain unstable soil and drainage characteristics; hillsides intersecting 
geologic contacts with a relatively permeable sediment overlying a relatively 
impermeable sediment or bedrock; and wet season springs or ground water seepage.” 


 
In general, the site does not meet these criteria and is not considered subject to erosion or 
landslide hazard. There exist fill slopes onsite greater than 10 feet in height at about 50 percent 
inclination; we understand these were constructed by previously permitted grading work and 
therefore do not consider these landslide hazard areas. No detailed slope stability analysis was 
performed for this study, nor is one warranted, in our opinion. 
 
5.2  Landslide and Erosion Hazard Mitigation 
 
So as to not increase the threat of landslide or erosion hazard to the site or adjacent properties, 
we offer the following recommendations: 
 


• Any stormwater runoff entering the site should be captured and directed away from 
slopes, retaining walls, or foundations and toward approved stormwater facilities. 
Stormwater should not be permitted to discharge near the top of or over slopes. 


 
• Existing fill slopes and a buffer along the top of the slope equal to the height of the 


slope should not be used for structural support, nor be temporarily or permanently 
loaded, such as by heavy equipment or stockpiles. 
 


• Native vegetation should be maintained in any unbuilt areas, particularly on and above 
any slopes. 
 


During construction, erosion hazard mitigation measures may include: 
 
• Scheduling construction during the drier periods of the year. 


 
• Providing quarry spall construction access to reduce the sediment “track-out” by 


construction traffic. 
   


• Collecting and directing all stormwater from impermeable surfaces via tightline away 
from work areas and to an approved facility. Stormwater falling on pervious surfaces 
should be dissipated by sheet flow and not allowed to pool or form channels on the 
surface. No stormwater should be allowed to discharge over the steep slope. 


  
• Placing silt fences along the lower elevations of areas to be cleared or disturbed. 
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• Protecting stockpiles by covering with plastic sheeting, using low stockpiles in flat areas, 
and using silt fences along the perimeter of stockpiles. 


 
• Installing sediment control devices such as interceptor swales and rock check dams. 


 
• Covering areas stripped of vegetation, such as by mulching and hydroseeding, 


replanting, or covering with geotextile or plastic sheeting as soon as active work on that 
area is done.   


 
• Regularly inspecting erosion control measures, especially following storm events, and 


maintaining, replacing, or modifying as necessary to preserve functionality.  
 


The mitigation strategies identified above should not be considered complete or exhaustive. 
Erosion control measures used during construction should be maintained until permanent 
erosion control measures are in place. An erosion control plan should be developed and 
included in project plans and implemented during construction. 


 
It is our opinion that, with implementation of mitigations identified above, the proposed 
construction will not generate erosion or landslide hazards. Further recommendations are 
presented in the “Preliminary Design Recommendations” section of this report. However, it 
must be understood that no recommendations or engineering design can yield a guarantee of 
stable slopes.   
 
 
6.0  SEISMIC HAZARDS AND MITIGATIONS 
 
Earthquakes occur regularly in the Puget Lowland. Most of these events are small and are not 
felt by people. However, large earthquakes do occur, as evidenced by the 2001, 6.8-magnitude 
event; the 1965, 6.5-magnitude event; and the 1949, 7.2-magnitude event. The 1949 
earthquake appears to have been the largest in this region during recorded history and was 
centered in the Olympia area. Evaluation of earthquake return rates indicates that an 
earthquake of the magnitude between 5.5 and 6.0 is likely within a given 20-year period. 
 
Mill Creek defines seismic hazard areas as “areas subject to severe risk of damage as a result of 
earthquake-induced ground shaking, slope failure, settlement, soil liquefaction, lateral 
spreading, or surface faulting. Settlement and soil liquefaction conditions occur in areas 
underlain by cohesionless, loose, or soft-saturated soils of low density, typically in association 
with a shallow ground water table.” The potential for each of these hazards to adversely impact 
the proposed project is discussed below. 
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6.1  Ground Motion 
 
Based on the subsurface stratigraphy and visual reconnaissance of the site, it is our opinion that 
earthquake damage to the proposed structures when founded on a suitable bearing stratum, 
would likely be caused by the intensity and acceleration associated with the event. At the time 
of this report, the project is subject to the 2015 International Building Code (IBC) as adopted by 
the City of Mill Creek. In our opinion, the native soils at the site are consistent with seismic Site 
Class “D” as defined in Table 1613.5.2 of the 2015 IBC, and structural design of the new 
buildings should be in accordance with the publication ASCE 7 - Minimum Design Loads for 
Buildings and Other Structures referenced therein. 
 
6.2  Seismically Induced Landslides 
 
Due to an absence of significant slopes on or adjacent to the site, it is our opinion that the 
project is not susceptible to seismically induced landslide hazard. A slope stability analysis was 
beyond our original scope and we do not believe one is warranted.  
 
6.3  Settlement and Soil Liquefaction 
 
Liquefaction is a temporary loss in soil shear strength that can occur when loose granular soils 
below the groundwater table are exposed to cyclic accelerations, such as those that occur 
during earthquakes. The advance outwash sediments and pre-Fraser undifferentiated deposits 
observed in our explorations were of a high relative density typically not considered susceptible 
to liquefaction. Fill deposits encountered below groundwater were silty sand or sandy silt; 
these soil types generally have some cohesiveness and are not considered susceptible to 
liquefaction. 
 
Where lower density, granular soils were encountered, such as the medium dense recessional 
outwash sediments in EB-1, the saturated layer at the time of our exploration was relatively 
thin. A limited liquefaction analysis was performed for this condition; estimated settlement was 
less than ¾” and is not considered a significant liquefaction hazard.  
 
6.4  Lateral Spreading and Surface Faulting 
 
The site is located in the vicinity of the South Whidbey Island Fault Zone (SWIFZ). The SWIFZ is 
currently understood to consist of a northwest-southeast-trending zone typically approximately 
2 miles wide. The SWIFZ is thought to be an active fault zone capable of generating 
displacements including surface fault ruptures during earthquakes. Displacement within the 
fault zone is not evenly distributed and is understood to occur on discreet fault “strands.” 
Surficial processes including natural sediment deposition, erosion, and previous earthwork 
activities have degraded or destroyed potential surface expressions of fault strands in a 
substantial portion of the project area.  Detailed Light Detection and Ranging (LIDAR)-based 
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topographic maps and indirect subsurface geophysical mapping are typically used to help locate 
locations where geophysical anomalies and linear topographic features coincide, and such 
locations are tagged for direct observations using excavated trenches or similar methods. Our 
research of potential fault strands in the project area using the Washington State Department 
of Natural Resources Geology Portal suggests that the nearest potential fault strand to the 
project is approximately ¼ mile away to the southwest. No field study of potential fault strands 
was completed as part of our study, and none is warranted, in our opinion. 
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III.  PRELIMINARY DESIGN RECOMMENDATIONS 
 
 
7.0  INTRODUCTION 
 
Based on our findings, from a geotechnical engineering standpoint, the property is suitable for 
construction of the new development provided the recommendations contained herein are 
properly followed. In general, shallow foundations bearing on dense to very dense advance 
outwash sediments may be used for support of the structures. Where existing fill is found in 
relatively thick deposits, structures may be supported by deep foundations on advance 
outwash, or on structural fill following overexcavation and replacement of the existing fill. 
Groundwater was observed at relatively shallow depths within the existing fill in our 
explorations, and plans should include dewatering for any excavations made in the fill. 
Pavement subgrades can be supported on medium dense to very dense native soils or on 
structural backfill following overexcavation of fill deposits in accordance with the following 
sections of this report. 
 
 
8.0  SITE PREPARATION 
 
8.1  Site Drainage 
 
Prior to earthwork, the site should be provided with adequate, temporary drainage to prevent 
surface water accumulation on any part of the site. Timely and economical completion of the 
grading for this project will depend on adequate control of surface water, as well as any ground 
water seepage that is encountered during construction. Groundwater was encountered in our 
explorations at relatively shallow depths, and should be expected to fluctuate seasonally and in 
response to changes to the site. 
 
8.2  Clearing, Stripping, and Grubbing 
 
Site preparation of planned building areas and parking areas should include removal of all 
existing structures including foundations and utilities, demolition debris, vegetation, and 
organic topsoil. Existing fill should be removed from parking areas and areas where shallow 
foundations are planned. Any remaining roots should be grubbed. For planning purposes, 
stripping depths of up to several feet should be assumed. Volume estimates for stripped 
material should include a typical swell factor of approximately 25 percent relative to the 
in-place volume. Areas where loose surficial soils exist due to grubbing operations should be 
considered as fill to the depth of disturbance and treated as recommended below for structural 
fill placement. 
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8.3  Temporary Cut Slopes 
 
In our opinion, stable construction slopes should be the responsibility of the contractor and 
should be determined during construction based on the local subsurface soil and moisture 
conditions encountered at that time and location. For estimating purposes, we anticipate that 
temporary, unsupported cut slopes in the existing fill can be made at a maximum slope of 
2H:1V and temporary, unsupported cut slopes in the medium dense to very dense native soils 
can be made at a maximum slope of 1H:1V. Steeper excavations will require shoring in 
accordance with recommendations for retaining walls, below. As is typical with earthwork 
operations, some sloughing and raveling may occur, and cut slopes may have to be adjusted in 
the field. Excavations that encounter groundwater seepage will require flatter slope inclinations 
and/or groundwater seepage mitigation; dewatering will be required where excavations are 
planned below the groundwater table. With respect to all temporary slope operations, 
WISHA/OSHA regulations should be followed at all times. Permanent slopes in the dense native 
sediments that will not be exposed to standing water can be designed with inclinations of 
2H:1V or flatter, and otherwise should be faced with a retaining wall in accordance with 
recommendations in the “Cast-in-Place Retaining Walls” section of this report. 
 
8.4  Site Disturbance and Wet Weather Construction 
 
The existing fill soils contain a high percentage of fine-grained material that makes them 
moisture-sensitive and subject to disturbance when wet. The contractor must use care during 
site preparation and excavation operations so that these soils are not softened. If disturbance 
occurs, the softened soils should be removed and the area brought to grade with structural fill. 
 
If earthwork will be completed during winter months or "wet seasons" (typically October 
through April), we recommend budgeting to construct all structural fills with select, 
free-draining fill materials. Soils which are determined to be over optimum moisture content 
will require significant effort to scarify, aerate, and dry to reduce moisture content prior to 
compaction in structural fill applications. Care should be taken to seal all earthwork areas 
during mass grading at the end of each workday by grading all surfaces to drain and sealing 
them with a smooth-drum roller. Stockpiled soils should be covered whenever rain is possible. 
 
If wet season construction is expected, crushed rock fill could be used in the construction 
entrance and staging areas. The stripped subgrade should be observed by the geotechnical 
engineer, and should then be covered with a geotextile fabric, such as Mirafi 500X or 
equivalent. Once the fabric is placed, we recommend using a crushed rock fill layer at least 
10 inches thick.   
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8.5  Frozen Subgrades 
 
If earthwork takes place during freezing conditions, all exposed subgrades should be allowed to 
thaw and then be recompacted prior to placing subsequent lifts of structural fill or foundation 
components. Alternatively, the frozen material could be stripped from the subgrade to reveal 
unfrozen soil prior to placing subsequent lifts of fill or foundation components. The frozen soil 
should not be reused as structural fill until allowed to thaw and adjusted to the proper 
moisture content, which may not be possible during winter months. 
 
 
9.0  STRUCTURAL FILL 
 
Structural fill may be required in parking areas where native soils are found below planned 
subgrade and where overexcavation and replacement of existing fill is selected for building 
support. Associated Earth Sciences, Inc. (AESI) recommends overexcavation of existing fill in 
proposed fill areas prior to placing structural fills on dense to very dense, native sediments. The 
following recommendations shall apply and shall be subject to approval by the geotechnical 
engineer. All references to structural fill in this report refer to subgrade preparation, fill type, 
placement, and compaction of materials as discussed in this section. If a percentage of 
compaction is specified under another section of this report, the value given in that section 
should be used. 
 
9.1  Subgrade Preparation 
 
Before fill is placed, any existing fill within the proposed fill area should be removed. 
After overexcavation/stripping has been performed to the satisfaction of the geotechnical 
engineer/engineering geologist, the exposed ground should be recompacted to a firm and 
unyielding condition. If the subgrade contains too much moisture, adequate recompaction may 
be difficult or impossible to obtain and should probably not be attempted. In lieu of 
recompaction, the area to receive fill should be blanketed with washed rock or quarry spalls to 
act as a capillary break between the new fill and the wet subgrade. Where the exposed ground 
remains soft and further overexcavation is impractical, placement of an engineering 
stabilization fabric may be necessary to prevent contamination of the free-draining layer by silt 
migration from below. 
 
9.2  Structural Fill Type, Placement, and Compaction 
 
After recompaction of the exposed ground is approved, or a free-draining rock course is laid, 
structural fill may be placed to attain desired grades. Structural fill is defined as non-organic 
soil, acceptable to the geotechnical engineer, placed in maximum 8-inch loose lifts with each lift 
being compacted to at least 95 percent of the modified Proctor maximum density using 
ASTM D-1557 as the standard. As an alternative, clean crushed rock in the size range of 2 inches 
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to 4 inches may be used if groundwater is encountered and compaction of granular fills is not 
attainable.  
 
In the case of utility trench filling, the backfill should be placed and compacted in accordance 
with current City of Mill Creek standards. The top of the compacted fill should extend 
horizontally a minimum distance of 3 feet beyond the locations of building footings or driveway 
edges before sloping down at a maximum inclination of 2H:1V. 
 
9.3  Monitoring 
 
The contractor should note that any proposed fill soils must be evaluated by AESI prior to their 
use in fills. This would require that we have a sample of the material at least 72 hours in 
advance to perform a Proctor test and determine its field compaction standard. Soils in which 
the amount of fine-grained material (smaller than the No. 200 sieve) is greater than 
approximately 5 percent (measured on the minus No. 4 sieve size) should be considered 
moisture-sensitive. Use of moisture-sensitive soil in structural fills should be limited to 
favorable dry weather and optimum subgrade moisture conditions. Existing fill is not suitable 
for reuse as structural fill. Excavated outwash sediments and pre-Fraser undifferentiated 
deposits may be suitable for structural fill material if processed to remove fines and if properly 
moisture-conditioned. 
 
A representative from our firm should inspect the stripped subgrade and be present during 
placement of structural fill to observe the work and perform a representative number of 
in-place density tests. In this way, the adequacy of the earthwork may be evaluated as filling 
progresses and any problem areas may be corrected at that time. It is important to understand 
that taking random compaction tests on a part-time basis will not assure uniformity or 
acceptable performance of a fill. As such, we are available to aid the owner in developing a 
suitable monitoring and testing frequency.   
 
 
10.0  FOUNDATIONS 
 
We recommend that new foundations be supported by the dense to very dense, native 
sediments underlying, in some areas, relatively thick existing fills. Based on the explorations 
performed for this study, we anticipate that suitable soils for foundation support are present at 
depths from approximately 1 to 15 feet below the existing ground surface at the locations of 
our explorations. Therefore, where the native soils are not found at the depth of the 
foundation excavation, either a pipe pile foundation system or conventional spread footings 
founded on structural fill following overexcavation and replacement of existing fill would be 
suitable for the proposed new foundations. However, the depth of the groundwater should be 
taken into account when considering overexcavation. We anticipate that shallow spread 
footings may be used in the northern one-half to two-thirds of the building. As the building 
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envelope proceeds to the southwest, the fill becomes deeper and is up to 15 feet deep at the 
southwest corner of the proposed building pad. This may be too deep to remove without 
dewatering in order to place fill. If the excavation can be performed in the drier summer 
months, the water table may be low enough that overexcavation can be accomplished. If not, 
dewatering or a deep foundation may be needed. The following sections provide our 
recommendations for foundation support. 
 
10.1  Pipe Pile Foundations 
 
We recommend 4-inch-diameter or 6-inch-diameter, Schedule 40, galvanized steel pipe piles as 
an option to support the new buildings. The following table presents pipe pile installation and 
allowable vertical design criteria. 
 


Table 1 
Pipe Pile Refusal Criteria and Design Capacity 


 


Pipe Pile Diameter 
(inches) 


Minimum 
Hammer Size 


(pounds) 
Refusal Criteria (1) 


(seconds per inch) 
Allowable Vertical Capacity 


(tons) 
4 1,100 10 10 
6 3,000 6 15 


(1)Refusal is defined as less than 1 inch of penetration in “X” seconds under constant driving.  


 
Batter piles should be used if lateral resistance is needed. The horizontal component of the axial 
pile load should be used for design. Batter piles should not be inclined at angles shallower than 
1H:4V. 
 
Pile lengths will vary depending on the depth to the bearing stratum, consistency of the natural 
soils, pile size, and hammer energy. We estimate pile lengths up to about 20 feet for estimation 
purposes. The allowable design load given in Table 1 should be verified by a load test 
(200 percent of allowable load) in accordance with ASTM D-1145 “quick load test.” At least 
3 percent of the piles, and no less than one pile, should be load-tested. Pile installation and load 
test(s) must be observed by AESI to verify that the design bearing capacity of the piles has been 
attained and that construction conforms to the recommendations contained herein. AESI, 
acting as the owner’s field representative, would determine the required pile lengths, and keep 
records of pertinent installation data. The City of Mill Creek may require such inspections. 
 
The total length and driving resistance required for each pile may be adjusted in the field, based 
on required capacity and conditions encountered during driving. Since completion of the pile 
takes place below ground, the judgment and experience of the geotechnical engineer or their 
field representative must be used as a basis for determining the required penetration and 
acceptability of each pile. Consequently, use of the presented pile capacities in the design 
requires that a qualified geotechnical engineer or representative from our firm observe all pile 
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installation. AESI’s field representative would be able to interpret and collect the installation 
data and observe the contractor’s operations. AESI, acting as the owner’s field representative, 
would determine the required lengths of the piles and keep records of pertinent installation 
data. A final summary report would then be distributed following completion of pile 
installation. 
 
A qualified structural engineer, using the design guidelines presented herein, should complete 
design of the foundation system. Prior to design completion, AESI should review the plans and 
specifications and verify proper interpretation of our recommendations. 
 
10.2  Spread Footings 
 
Spread footings may be used for building support when founded on undisturbed, dense to very 
dense native sediments or approved structural fill placed as previously discussed. For footings 
founded on such, we recommend that an allowable bearing pressure of 2,500 pounds per 
square foot (psf) be utilized for design purposes, including both dead and live loads. An increase 
of one-third may be used for short-term wind or seismic loading. Perimeter footings should be 
buried at least 18 inches into the surrounding soil for frost protection. However, all footings 
must penetrate to the prescribed bearing stratum, and no footing should be founded in or 
above loose, organic, or non-structural fill soils.  
 
It should be noted that the area bounded by lines extending downward at 1H:1V from any 
footing must not intersect another footing or intersect a filled area that has not been 
compacted to at least 95 percent of ASTM D-1557. In addition, a 1.5H:1V line extending down 
from any footing must not daylight because sloughing or raveling may eventually undermine 
the footing. Thus, footings should not be placed near the edge of steps or cuts in the bearing 
soils. 
 
Anticipated settlement of footings founded as recommended above should be less than ½ inch. 
However, disturbed soil not removed from footing excavations prior to footing placement could 
result in increased settlements. All footing areas should be inspected by AESI prior to placing 
concrete to verify that the design bearing capacity of the soils has been attained and that 
construction conforms with the recommendations contained in this report. Perimeter footing 
drains should be provided as discussed under the “Drainage Considerations” section of this 
report. 
 
10.3  Slab-on-Grade Floors 
 
Slab-on-grade floors may be used over medium dense to very dense native soils, or over 
structural fill placed as recommended in the “Site Preparation” and “Structural Fill” sections of 
this report. Slab-on-grade floors should be cast atop a minimum of 4 inches of pea gravel or 
clean crushed rock to act as a capillary break. The floors should also be protected from 







 Subsurface Exploration, Geologic Hazard, and 
Cubes Self Storage Mill Creek Geotechnical Engineering Report 
Mill Creek, Washington Preliminary Design Recommendations 


 


 
May 22, 2018; Revised August 10, 2018 ASSOCIATED EARTH SCIENCES, INC. 
NS/ld - 170690E001-3 - Projects\20170690\KE\WP Page 18 


dampness by covering the capillary break layer with an impervious moisture barrier at least 
10 mils in thickness. Floor slabs that are supported by site soils prepared in accordance with the 
“Site Preparation” section of this report, or by structural fill should experience 1 inch or less of 
settlement. Differential settlements across the length or width of the floor could approach 
one-half of the actual total settlement.   
 
Floor slab sections should never be placed atop loose, soft, organic, or frozen soil, slough, 
debris, or surfaces covered by standing water. We recommend that an AESI representative be 
allowed to monitor all floor slab construction to verify suitable conditions. Our monitoring 
services would include probing of subgrade soils, observation and testing of underslab fill 
layers, and a check of layer thicknesses. Drainage should be provided for all slabs as discussed 
under the “Drainage Considerations” section of this report. 
 
 
11.0  CAST-IN-PLACE RETAINING WALLS 
 
11.1  Lateral Earth Pressures 
 
All backfill behind foundation walls or around foundation units should be placed as per our 
recommendations for structural fill and as described in this section of the report. Horizontally 
backfilled walls that are free to yield laterally at least 0.1 percent of their height may be 
designed using an equivalent fluid equal to 35 pounds per cubic foot (pcf). Fully restrained, 
horizontally backfilled, rigid walls that cannot yield should be designed for an equivalent fluid of 
50 pcf. Walls with sloping backfill up to a maximum gradient of 2H:1V should be designed using 
an equivalent fluid of 55 pcf for yielding conditions or 75 pcf for fully restrained conditions. 
If parking areas are adjacent to tops of walls, a surcharge equivalent to 2 feet of soil should be 
added to the wall height in determining lateral design forces.  
 
As required by the 2015 IBC, retaining wall design should include a seismic surcharge pressure 
in addition to the equivalent fluid pressures presented above. Considering the site soils and the 
recommended wall backfill materials, we recommend a seismic surcharge pressure of 9H and 
11H psf, where H is the wall height in feet for the “active” and “at-rest” loading conditions, 
respectively. The seismic surcharge should be modeled as a rectangular distribution with the 
resultant applied at the midpoint of the walls. 
 
The lateral pressures presented above are based on the conditions of a uniform backfill 
consisting of approved, excavated on-site native soils, or imported structural fill compacted to 
90 percent of ASTM D-1557. Greater compaction is not recommended, as this will increase the 
pressure acting on the walls. A lower compaction may result in settlement of any structures 
supported above the walls. Thus, the compaction level is critical and must be tested by our firm 
during placement. Surcharges from adjacent footings or heavy construction equipment must be 
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added to the above values. Perimeter footing drains should be provided for all retaining walls, 
as discussed under the “Drainage Considerations” section of this report. 
 
It is imperative that proper drainage be provided so that hydrostatic pressures do not develop 
against the walls. This would involve installation of a minimum 1-foot-wide blanket drain to 
within 1 foot of finish grade for the full wall height using imported, washed gravel against the 
walls. If situations exist where a footing drain is not feasible for a foundation wall or retaining 
wall, the wall should be designed for saturated lateral earth pressures and a hydrostatic 
surcharge. We should be allowed to offer situation-specific recommendations if this situation 
arises. The use of drainage improvements as recommended herein does not alleviate the need 
for waterproofing where finished spaces are planned on the interior side of basement walls. 
Backfilled walls with finished interior space should be waterproofed in accordance with 
recommendations of the building designer. 
 
11.2  Passive Resistance and Friction Factors 
 
Foundation design may assume a base friction coefficient of 0.35 for concrete footings cast 
against native sediments or structural fill as described in this report. Passive resistance against 
foundation elements backfilled with structural fill as described in this report may be assumed to 
be 300 pcf, expressed as an equivalent fluid. These are allowable values and include a factor of 
safety. 
 
 
12.0  PAVEMENT 
 
Pavement areas should be prepared in accordance with the “Site Preparation” section of this 
report. If the stripped native soil can be compacted to a firm and unyielding condition as 
determined by the geotechnical engineer, no additional overexcavation is required. Soft or 
yielding areas should be overexcavated to provide a suitable subgrade and backfilled with 
structural fill. 
 
The exposed ground should be recompacted to 95 percent of ASTM D-1557. If required, 
structural fill may then be placed to achieve desired subbase grades. Upon completion of the 
recompaction and structural fill, a pavement section consisting of 3 inches of asphaltic concrete 
pavement (ACP) underlain by 4 inches of 1¼-inch crushed surfacing base course is the 
recommended minimum in areas of planned passenger car driving and parking. In heavy traffic 
areas, a minimum pavement section consisting of 4 inches of ACP underlain by 2 inches of 
5/8-inch crushed surfacing top course and 4 inches of 1¼-inch crushed surfacing base course is 
recommended. The crushed rock courses must be compacted to 95 percent of the maximum 
density, as determined by ASTM D-1557. All paving materials should meet gradation criteria 
contained in the current Washington State Department of Transportation (WSDOT) Standard 
Specifications. 
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Depending on construction staging and desired performance, the crushed base course material 
may be substituted with asphalt treated base (ATB) beneath the final asphalt surfacing. The 
substitution of ATB should be as follows:  4 inches of crushed rock can be substituted with 
3 inches of ATB, and 6 inches of crushed rock may be substituted with 4 inches of ATB. ATB 
should be placed over a native or structural fill subgrade compacted to a minimum of 
95 percent relative density, and a 1½- to 2-inch thickness of crushed rock to act as a working 
surface. If ATB is used for construction access and staging areas, some rutting and disturbance 
of the ATB surface should be expected. The general contractor should remove affected areas 
and replace them with properly compacted ATB prior to final surfacing. 
 
 
13.0  DRAINAGE CONSIDERATIONS 
 
Groundwater was encountered at the time of our exploration and depending upon the time of 
year that construction is performed, may be encountered nearer the surface in any proposed 
excavations. Therefore, prior to site work and construction, the contractor should be prepared 
to provide temporary drainage and subgrade protection, including during utility installation as 
necessary. 
 
All footings, slabs, and retaining walls should be provided with a drain at the footing or slab 
subgrade elevation. Drains should consist of rigid, perforated, PVC pipe surrounded by washed 
pea gravel. The level of the perforations in the pipe should be set downward and at the bottom 
of the footing or slab subgrade elevation at all locations, and the drain collectors should be 
constructed with sufficient gradient to allow gravity discharge away from the buildings. In 
addition, backfilled foundation walls should be lined with a minimum, 12-inch-thick, washed 
gravel blanket provided to within 1 foot of finish grade that ties into the footing drain. Roof and 
surface runoff should not discharge into the footing drain system, but should be handled by a 
separate, rigid, tightline drain. No drainage should be permitted to discharge on or near existing 
fill slopes. In planning, exterior grades adjacent to foundations should be sloped downward 
away from the new buildings to achieve surface drainage.   
 
13.1  Stormwater Pond 
 
We understand a stormwater facility is proposed in the northwest corner of the property in the 
vicinity of boring EB-2W. Exploration EB-2W in this area encountered about 10 feet of fill over 
dense native sediments and groundwater at a depth of about 1 foot below existing grade. We 
do not recommend infiltration in these conditions due to the limited vertical separation from 
groundwater and the presence of fill soil as a receptor.  
 
The 2016 Washington State Department of Ecology Stormwater Management Manual for 
Western Washington (Ecology Manual) requires at least 5 feet of vertical separation between 
seasonal high groundwater and the bottom of a proposed infiltration facility, as well as a soil 
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layer of sufficient thickness and hydraulic conductivity to infiltrate runoff. Much of the site is 
underlain by advance outwash sediments which, due to their consolidation by glacial ice, must 
be tested according to the Pilot Infiltration Test (PIT) method to determine an infiltration rate. 
Glacially consolidated advance outwash was encountered in EB-3W on the east side of the 
proposed building. In this location we also installed a monitoring well. Groundwater was noted 
at 5 feet after the well was developed. As noted, glacially consolidated sediment must be tested 
using the PIT method according to the Ecology Manual. However, based upon a grain-size 
distribution test we estimate a rate of 0.15 inches per hour in this location similar to the 
condition in EB-2W, for planning purposes. 
 
At the northwest corner of proposed building infiltration may be feasible based upon the 
information obtained in EB-1, where about 5 feet of unsaturated, medium dense, recessional 
outwash was encountered. Since the outwash was not glacially consolidated, an infiltration rate 
for recessional outwash can be determined from a grain-size distribution according to the 
Ecology Manual. Based upon the amount of fines in the sample, we recommend a rate of 0.15 
inches per hour. 
 
Additional studies will be necessary to determine the seasonal high groundwater here, and may 
provide for a reduction of the minimum vertical separation to groundwater. In-depth 
infiltration testing and analyses were not included in this scope of work.  
 
If stormwater detention is selected to manage surface runoff, AESI should be allowed to 
provide recommendations for pond liner and berm construction before design plans are 
finalized. 
 
 
14.0  PROJECT DESIGN AND CONSTRUCTION MONITORING 
 
We are available to provide additional geotechnical exploration and consultation as the project 
design develops and possibly changes from that upon which this report is based. We 
recommend that AESI perform a geotechnical review of the plans prior to final design 
completion. In this way, our earthwork and foundation recommendations may be properly 
interpreted and implemented in the design. This review is not included in our current scope of 
work and budget. 
 
We are also available to provide geotechnical engineering and monitoring services during 
construction. The integrity of foundations depends on proper site preparation and construction 
procedures. In addition, engineering decisions may have to be made in the field in the event 
that variations in subsurface conditions become apparent. Construction monitoring services are 
not part of this current scope of work and will likely be required by the City of Mill Creek. 
If these services are desired, please let us know, and we will prepare a cost proposal. 
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recommendations will aid in the successful completion of your project. If you should have any 


questions or require further assistance, please do not hesitate to call. 


Sincerely, 
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Kirkland, Washington 


Nicki Shobert Matthew A. Miller, P.E. 


Senior Staff Engineer Principal Engineer 


Attachments: Figure 1: Vicinity Map 


Figure 2: Site and Exploration Plan 


Appendix: Exploration Logs 
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APPENDIX 
 











Gravel / Topsoil


Vashon Recessional Outwash


Slightly moist, grayish brown, fine to medium SAND, some silt interbedded with
SILT, trace gravel; faintly laminated (SP-SM/ML).


As above.


Wet, grayish brown to brown, fine to medium SAND, some silt; silt lens (4
inches thick); faintly stratified (SP-SM).


Vashon Advance Outwash


Wet, grayish brown, fine to medium SAND, trace silt, trace gravel interbedded
with laminated SILT (SP/ML).


Wet, grayish brown, fine to medium SAND, trace silt, trace coarse sand; faintly
stratified (SP).
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Gravel - 2 inches
Fill


Wet,  dark brown, sandy, SILT ranging to silty, SAND; abundant wood
debris (ML-SM).


Very moist to wet, dark brown, sandy, SILT; abundant wood debris and
organics (ML).


As above; occasional waste debris (plastic).
Pre-Fraser Undifferentiated


Wet, gray, gravelly, medium to coarse SAND, some fine sand, trace silt
(SP).


No recovery; water in spoon; blowcounts possibly overstated.


As above, trace gravel (SP).
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Stick Up
J-Cap Well Cap


Concrete 0 to 3 feet


Bentonite chips Pure Gold
medium chips 3 to 6.5 feet


Cemex lupis dustre #2/12
sand 6.5 to 21.5 feet


2-inch I.D. Sch. 40 PVC
casing 0 to 10 feet


2-inch I.D. Sch. 40 PVC well
screen 0.010-inch slot width
10 to 20 feet


Threaded end cap


Well Tag: ECY #BKF-442
Boring terminated at 21.5 feet.
Well completed at 20 feet on 4/30/18.
Groundwater encountered at ~2.5 and ~3.97 feet.
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Asphalt - 3 inches
Base Coarse - 6 inches


Vashon Advance Outwash


Slightly moist, grayish brown, fine to medium SAND, some silt, some
gravel; faintly laminated (SP-SM).


Slightly moist, grayish brown, gravelly, fine to medium SAND, some silt;
occasional laminated silt lenses (SP-SM).


Wet, grayish brown, medium SAND, some fine sand, trace to some silt,
trace coarse sand (SP).


Wet, grayish brown, medium SAND, some fine and, trace silt; faintly
laminated (SP).


Wet, grayish brown, medium SAND, trace fine and coarse sand, trace
silt; faintly laminated (SP).


13
16
14


16
18
17


10
19
21


13
35


50/3"


15
21
28


Flush mount monument
J-Cap Well Cap


Concrete 0 to 2 feet


Bentonite chips Pure Gold
medium chips 2 to 7 feet


Cemex lupis dustre #2/12
sand 7 to 21.5 feet
2-inch I.D. Sch. 40 PVC
casing 0 to 10 feet


2-inch I.D. Sch. 40 PVC well
screen 0.010-inch slot width
10 to 20 feet


Threaded end cap


Well Tag: ECY #BKF-443
Boring terminated at 21.5 feet.
Well completed at 20 feet on 5/1/18.
Groundwater encountered at ~10 and ~4.94 feet.
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Grass
Textile Fabric / Base Coarse


Fill


Slightly moist, bluish gray with pockets of grayish brown, very silty, fine
SAND, trace medium sand; occasional organics (SM).


Slightly moist, bluish gray, clayey, SILT, some fine sand, trace medium
sand; scattered organics (ML).
Wood chips.


Moist to very moist, bluish gray, SILT, trace sand interbedded with
asphalt and wood chips; blowcounts possibly overstated (ML).


Vashon Advance Outwash
Wet, gray, gravelly, medium to coarse SAND, trace silt (SP).


As above.


Wet, brownish gray, fine to medium SAND, trace silt; faintly stratified
(SP).
Wet, brownish gray, gravelly, fine to medium SAND; occasional
laminated silt lens (SP-SM/ML).
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Flush mount monument
J-Cap Well Cap


Concrete 0 to 2 feet


Bentonite chips Pure Gold
medium chips 2 to 7 feet


Cemex lupis dustre #2/12
sand 7 to 21.5 feet
2-inch I.D. Sch. 40 PVC
casing 0 to 10 feet


2-inch I.D. Sch. 40 PVC well
screen 0.010-inch slot width
10 to 20 feet


Threaded end cap


Well Tag: ECY #BKF-444


Boring terminated at 26.5 feet.
Well completed at 20 feet on 5/1/18.
Groundwater encountered at ~15 and ~7.89 feet.
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Particle Size Distribution Report
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TEST RESULTS


Opening Percent Spec.* Pass?


Size Finer (Percent) (X=Fail)


Material Description


Atterberg Limits (ASTM D 4318)


Classification


Coefficients


Date Received: Date Tested:


Tested By:


Checked By:


Title:


Date Sampled:Location: Onsite
Sample Number: EB-1 Depth: 2.5-5'


Client:


Project:


Project No: Figure


Silty SAND Some Gravel


.75
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#200
#270


100.0
95.5
89.8
84.4
82.8
70.3
39.0
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18.9
16.4
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np nv


SM A-1-b


4.8731 2.5250 0.6635
0.5403 0.3257
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Cubes Self Storage Mill Creek


170690 E001


PL= LL= PI=


USCS (D 2487)= AASHTO (M 145)=


D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=


Remarks


* (no specification provided)







Particle Size Distribution Report
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TEST RESULTS


Opening Percent Spec.* Pass?


Size Finer (Percent) (X=Fail)


Material Description


Atterberg Limits (ASTM D 4318)


Classification


Coefficients


Date Received: Date Tested:


Tested By:


Checked By:


Title:


Date Sampled:Location: Onsite
Sample Number: EB-3 Depth: 2.5-5'


Client:


Project:


Project No: Figure


Very Gravelly Silty SAND
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D50= D30= D15=
D10= Cu= Cc=


Remarks


* (no specification provided)
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