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FIELD EXPLORATIONS
Subgrade soils on the Kellman Property were explored by advancing three
exploratory borings on the site, on June 29 and 30, 2011. The boreholes, designated
BH-1 through BH-3, were advanced within the limits of the proposed building
footprint. The locations of the borings are presented on Figure 3 – Site and
Exploration Plan. The depths of the borings ranged from 21.5 to 66.5 feet below
ground surface (bgs).
The boreholes were drilled by Holocene Drilling Inc., of Puyallup, under subcontract to HWA,
using a truck-mounted Mobile B-65 drill rig. The borings were advanced using hollow-stem
auger and employing Non-Standard Penetration Test (N-SPT) sampling methods. The N-SPT
sampling was performed using a 3.25 inch outside diameter sampler, with brass rings, which was
advanced using a 300 pound automatic-trip hammer. During the test, a sample was obtained by
driving the sampler 18 inches into the soil with the hammer free-falling 30 inches. The number
of blows required for each 6 inches of sampler penetration was recorded. The N-value (or
resistance in terms of blows per foot) is defined as the number of blows recorded to drive the
sampler the final 12 inches. This resistance provides an indication of the relative density of
granular soils and the relative consistency of cohesive soils. If a total of 50 blows was recorded
within a single 6-inch interval, the test was terminated, and the blow count was recorded as
50 blows for the number of inches of penetration achieved.
The undersigned HWA project geotechnical engineer monitored all subsurface explorations.
Soil samples obtained from the explorations were classified in the field and representative
portions were placed in plastic bags to prevent moisture loss and returned to our laboratory in
Bothell, Washington, for further examination and testing.
A Legend of Terms and Symbols Used on Exploration Logs is presented on Figure A-1,
Appendix A. Summary soil exploration logs are presented on Figures A-2 though A-4. It should
be noted that the stratigraphic contacts shown on the individual exploration logs represent the
approximate boundaries between soil types; actual transitions may be more gradual. Moreover,
the soil and ground water conditions depicted are only for the specific date and locations
reported and, therefore, are not necessarily representative of other locations and times.
LABORATORY TESTING
Laboratory tests were conducted on selected soil samples to characterize relevant engineering
properties of the on-site materials. The laboratory testing program was performed in general
accordance with appropriate ASTM Standards as outlined below.
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Moisture Content of Soil: The moisture content (percent by dry mass) of selected soil
samples was determined in accordance with ASTM D 2216. The results are shown at the
sampled intervals on the boring logs in Appendix A.



Particle Size Analysis of Soils: Selected samples were tested to determine the particle
size distribution of material in accordance with ASTM D 422. The results are
summarized on Figures B-1 and B-2, Appendix B, which also provide information
regarding the classification of the samples and the moisture content at the time of testing.



Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Atterberg Limits): Selected
samples were tested using method ASTM D 4318, multi-point method. The results are
reported on the attached Liquid Limit, Plastic Limit, and Plasticity Index reports found on
Figure B-3.

SITE CONDITIONS
The site is located to the southwest of the intersection of SE 8th Street and 228th Avenue NE and
currently consists of the Sammamish Commons and the Sammamish Library complex. The
overall topography is rolling and slopes downward to a large basin located to the west. It
appears that the area has been graded in the past to create relatively level building pads for the
existing library building and the Sammamish Commons, as well as for the residential structure
located in the center of the site. Based on the Concept Site Plan, provided by the City and
created by the architect, the elevation difference over the proposed Community Center footprint
extends from Elev. 525 to 485 feet, or approximately 40 feet.
The site is accessed from SE 8th Street using the paved access road that passes south of the
library and turns to head northward along the west side of the library. Between the library
building and the road, a swale has been constructed to hold storm water. We noted that the swale
had standing water in it at the time of our explorations. The elevation of the access road where it
enters the site is approximately Elev. 525 feet. A gravel parking area has also been constructed
west of the access road to hold over-flow parking for the Sammamish Commons.
West of the gravel parking/access road, is a relatively flat area that, according to the City, was
used as a staging area during construction of the library building. West of the staging area, the
slope increases to about 3H:1V (horizontal:vertical), until it reaches the level of the residential
structure, which is at about Elev. 490 feet. West of the house, the site slopes at about 5H:1V.
The slope continues down to about Elev. 390 feet where it intersects a stream to the west. A
steep slope measured to have a gradient of about 30 degrees borders the site along its south side.
This slope is about 15 feet in height.
Except along the southern edge, and where the residential structure with landscaping is located,
the site is covered by tall grasses. Standing water in a drainage ditch was noted east of the
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detached garage that comprises part of the residential development on site. The drainage ditch
extended to the south where the upslope end of a culvert was noted near the garage. The upslope
end of the culvert is shown on Figure 3. Based on the existing vegetation it appears this area is
typically wet most of the year. This vegetation also continues down slope along the south edge
of the Kellman Property.
GENERAL GEOLOGICAL CONDITIONS
The geologic maps for the project area (Booth and Minard, 1992 & USGS, 1995) indicate the
project site is underlain by Vashon glacial till and Vashon advance outwash deposits. Advance
outwash materials are typically sand and gravel deposited by melt water rivers and streams
issuing from the advancing ice sheet. Glacial till is a compact, unsorted, mixture of clay, silt,
sand, and gravel, and is know to also contain cobbles and boulders. Vashon glacial till was
glacially transported and deposited during the last glacial advance. Below the glacial till, we
observed glaciolacustrine materials, which were deposited by standing melt water, in a proglacial
lake environment. Glaciolacustrine deposits generally consist of silts and clays, with laminations
of varying thickness. Given that the glaciolacustrine deposits in the project area were observed
to be very stiff to hard in consistency, it appears that these glaciolacustrine materials were
deposited prior to the Vashon glaciation of the area. All of the deposits underlying the project
site have been over-ridden by up to 3,000 feet of ice and, therefore, have been highly
compressed, giving them very high strength suitable for support of foundations. The glacial till
and glaciolacustrine deposits are also relatively impermeable, except where sandy and/or highly
weathered zones are encountered. Generally, the till and glaciolacustrine deposits form an
impervious layer below which surface water cannot penetrate. Where sand overlies the till,
ground water is often perched within the sand or weathered soils on top of the dense to very
dense till.
SUBSURFACE SOIL CONDITIONS
Our interpretations of subsurface conditions are based on results of our field explorations, review
of available geologic and geotechnical data, and our general experience in similar geologic
settings. In general, soil conditions throughout the project site consist of imported surficial fill
over areas of weathered and non-weathered glacial till, over glaciolacustrine deposits. Each
major soil unit is described below, with materials interpreted as being youngest in origin and
nearest to the surface described first.


Fill – Fill materials were observed in each of the three borings, and ranged in thickness
from 2.5 feet at BH-2 and BH-3 to 7.5 feet in BH-1. The fill consisted of a few inches of
topsoil in borings BH-2 and BH-3, grading to light brown to dark brown, sandy silt or
silty sand. BH-2 also encountered a gravelly layer. Boring BH-1 encountered 3 inches
of hot-mix asphaltic pavement over a few inches of angular gravel base course. A
mixture of gravel and cobbles was observed to a depth of about 7.5 feet in BH-1. The
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gravel and cobbles observed in BH-1 and BH-2 were likely placed as fill during
construction of the Sammamish Commons and Library buildings.


Disturbed/Weathered Glacial Till – Disturbed and weathered glacial till was
encountered in each of our current borings. This material consisted of medium dense to
very dense, slightly gravelly to gravelly, sandy to very sandy, silt. This material extended
to depths ranging from 2.5 to 12.5 feet bgs where encountered in our borings. This
deposit was the thickest in BH-2, at 10 feet, and the thinnest in BH-3 at 2.5 feet.
Weathered glacial till is typically encountered directly above undisturbed glacial till.
This derivative of glacial till is a direct result of weathering of the underlying glacial till.
Generally, weathered glacial till is looser and more pervious than the underlying glacial
till.



Glacial Till – Glacial till was encountered in borings BH-1 and BH-2, but not BH-3. A
distinct transition from weathered till to unweathered till was not evident in BH-1;
however, the observation of ground water at about 12.5 feet, suggests a more
impermeable layer at this depth and extended to about 15 feet bgs. In BH-2, the glacial
till was observed at about 10.75 feet bgs and extended to about 17.5 feet bgs. The glacial
till was observed to consist of very dense sandy silt with varying amounts of gravel.



Glaciolacustrine Deposits –Glaciolacustrine deposits were observed in each of our three
borings. The unit was observed at depths ranging from 5.5 feet bgs at boring BH-3 to
17.5 feet bgs at boring BH-2. All of our borings were terminated in this layer. The
glaciolacustrine deposits were observed to transition from typical glacial till to typical
glaciolacustrine materials somewhat gradually. The glaciolacustrine materials are
characterized as very stiff to hard, gray, lean clay with varying amounts of gravel. Some
shear laminations and slickensides were observed in some of our samples, suggesting that
the movement of the glacier above applied a drag shearing force on the glaciolacustrine
materials below. At greater depths, the samples indicated laminations typical of a quiet
glacial lake environment where the water is still enough to allow the sediments to settle
out and be deposited at the bottom of the lake. Typically, the laminations can be
indicative of seasonal deposition sequencing where the coarser silt bands were deposited
more quickly in the summer months and the lighter suspended clay sizes were deposited
in the winter months when sediment load to the lake was reduced significantly.
In BH-3, an approximately 7.5 feet thick zone of permeable silty sand to sandy silt was
observed within the glaciolacustrine layer, which indicates a seam of sand and silt was
deposited within the glaciolacustrine sequence; possibly in a stream delta setting. The
extent of the sand seam is not known: however, it is typical to find these types of
permeable zones within glacial till and glaciolacustrine deposits.
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GROUND WATER CONDITIONS AND PRELIMINARY HYDROGEOLOGICAL ASSESSMENT
Ground water in the site vicinity occurs in the Vashon till and underlying Vashon advance
outwash. Because of the fine-grained matrix of the till, ground water in till is typically
concentrated within lenses of coarse-grained material included in the till, and/or ground water
perched on top of the dense till surface. In general, advance outwash is considered a major
aquifer in east King County, and numerous ground water supply wells utilize this aquifer (USGS,
1995). However, the three borings completed at the site only encountered fill over disturbed and
undisturbed till over glaciolacustrine soils. No deposits which could be a significant aquifer
were encountered in our limited site exploration program.
At boring BH-1, apparent perched ground water was encountered at the fill-till interface, or
within the disturbed till. Standing water was not observed in the borehole or soil samples, but
the split-spoon sampler was observed to be wet at 12 to 14 feet bgs. Perched ground water or
saturated soil conditions were not observed at a similar elevation at the location of boring BH-2.
Previous borings completed approximately 400 to 600 feet east of the site encountered perched
ground water within till soils at an elevation of approximately 495 feet (Kleinfelder, 2003).
Perched ground water was encountered at a similar elevation in BH-1, indicating that this ground
water may occur locally at this elevation, but may not be significant or continuous due to its
presence within apparent till soils.
At boring BH-3, located west and down gradient of borings BH-1 and BH-2, ground water was
encountered in a sand layer within the glaciolacustrine soils. The sand layer was encountered at
approximately 15 feet bgs (Elev. 474 feet). A piezometer was installed in the boring and ground
water subsequently rose to 6.5 feet bgs (Elev. 484 feet). This boring was drilled at the location
and to the depth of the proposed swimming and diving pool. The sand layer does not appear to
be continuous, and likely represents a coarse-grained lens within the glaciolacustrine soils, rather
than advance outwash or a separate formation.
Insufficient specific information is available to assess ground water flow direction and gradients
in the site area at this time. However, ground water flow at the site is expected to follow surface
topography to the west towards drainages and wet areas located west of the site.
PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS
Foundations
The current concept plan for the proposed underground parking structure shows the base of the
structure to be at Elev. 477 feet, while the lower level of the gymnasium floor is to be at about
Elev. 480 feet. Foundations for these components of the complex will be well below the existing
site grades, and are likely to be supported by either glacial till or glaciolacustrine deposits,
similar to those encountered in our borings BH-1 and BH-2 at these elevations. These materials
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will provide adequate bearing capacity for shallow foundations such as spread footings, slabs-ongrade, or mat foundations. If properly installed, settlement of shallow foundations in the
materials encountered is expected to be negligible. Depending on plasticity conditions in the
clay materials, swelling pressures may be a significant design consideration for foundations,
floor slabs and walls retaining this material. The single Atterberg Limit test on a sample of this
material (see Figure B-3) indicates that the clay soil is a low plasticity material and would not be
expected to have a high swelling potential. However, the natural moisture content of the sample
was determined to be several percent lower than the plastic limit of the soil, which indicates that
the soil is in a moisture deficient state and has the potential to take on moisture with some
possible potential to increase in volume. Further testing will be necessary to determine the
swelling potential of this material and significance to retaining wall, foundation and floor slab
design.
Drilled piers integrated with grade beams may also be a suitable foundation option. Drilled piers
or drilled shafts of the type suitable for foundation support for project structural components
would have diameters that range between about 16 and 36 inches. They would be constructed by
drilling open shafts without casing and installing reinforcing cages and concrete in the open
holes. In our experience, they are similar in cost to spread footings and would provide restraint
if swelling pressure is an issue for foundation heave.
The cross-sections and concept plan provided to us by the architect indicate that the floor level of
portions of the complex will be above existing site grades. Where this occurs, we recommend
the footings for the structure in these areas be founded on the dense glacial till materials
encountered within approximately 2 to 8 feet bgs. The foundations could then be extended up to
the desired floor elevation. During construction the upper topsoil and fill materials should be
removed and the dense glacial soils exposed before constructing the footings on the dense glacial
materials. Imported structural fill soil would be required to be placed to provide suitable
subgrade support for floor slabs on grade. Suitable structural fill would comprise well graded
sand and gravel materials compacted in lifts to not less than 95% of the Modified Proctor
(ASTM D1557) maximum dry density for the material.
Shoring and Basement Retaining Walls
With a proposed parking garage lower floor elevation of approximately Elev. 477 feet,
permanent basement walls up to 50 feet tall will be required to deal with existing site grades.
These walls will need to support excavations extending into native very dense, silty sand and
hard, lean clay. Based on our evaluations, we conclude that either permanent or temporary
shoring up to 50 feet high could be accomplished using a soldier pile and tieback system, or a
soil nail system.
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A soldier pile and tieback shoring system consists of wide flange beams set into concrete-filled
shafts positioned on 6- to 10-foot centers, depending on structural elements selected. Tiebacks
are soil anchors extending back from the soldier piles at a low declination from horizontal;
typically, about 20 degrees. Timber lagging is used for temporary shoring to span between the
soldier piles and support the excavated soils, as well as serve as a back form for the permanent
wall. Basement walls are then proportioned and constructed as permanent soil retaining
elements, followed by abandonment or removal of the temporary shoring system. Alternatively,
precast concrete panels may be substituted for timber lagging for permanent wall systems, and
the basement walls designed primarily as a facing element under limited to no soil lateral
loading.
Soil nail shoring consists of a series of soil anchors installed on a regular grid pattern, with a
shotcrete fascia. Soil nail shoring is completed in top-down steps. The first step is to create a
relatively shallow cut, of the order of 3 to 5 feet deep. The next step is to install a series of soil
anchors into the face of the cut at a uniform horizontal spacing, typically of the order of 6 to
8 feet. Typically, the soil anchors are installed at a declination of about 20 degrees from
horizontal. Next, the face of the cut is covered with drainage mats (geodrains) and a weldedwire reinforcing mesh, which is covered with a shotcrete fascia. The soil anchors are secured to
the shotcrete with bearing plates set into the wet shotcrete. When the shotcrete is cured
sufficiently the soil nail or anchor is loaded to the level necessary to resist the design soil
pressures. The excavation is then taken down another 6 to 8 feet, and the process is continued
until the desired depth is achieved. We anticipate that a typical design would entail up to
10 horizontal rows of soil nails.
Due to the density and high clay content of the glacial till, and more so the glaciolacustrine soils,
shallow cuts will stand nearly vertical for short durations. These soils are suitable for soil nail
wall construction. In our experience, a soil nail and shotcrete shoring system is more economical
than a soldier pile, lagging, and tieback shoring system. Moreover, required soil nail lengths will
be typically shorter than larger higher-capacity tiebacks, which will reduce soil anchor
encroachment onto adjacent properties. For these reasons, we consider soil nail and shotcrete
shoring appropriate for this project, where deeper excavations are required and sloping, or long
anchors, are not an option due to space limitations. However, care will have to be exercised in
shoring of the upper fill and reworked native soils, as some sloughing of loose materials may
occur.
For planning purposes, soil nail lengths of the order of 75% of the retained height of the
basement should be considered. Thus, for the 50-foot deep basement excavation along the
southern side of the proposed garage, 38-foot long soil nails should be planned for. We
understand that the City prefers to keep all permanent ground anchors on the City’s property and
not encroach onto the adjacent private properties. This would require the permanent shoring
wall be kept at least 40 feet north of the property line.
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The shotcrete-covered soil nail shoring walls can be designed as either temporary shoring, or can
be incorporated into the design of the permanent basement walls. In either case, we envision the
permanent basement retaining walls would consist of cast-in-place, reinforced, concrete. In
either scenario, a good drainage system must be installed between the soil and the shotcrete and
the permanent basement walls.
Pool Foundation and Retaining Walls
The proposed elevation of the pool deck is Elev. 490 feet, which is near the existing ground
surface. The base of the diving well is planned to be at Elev. 477 feet. Based on our
explorations at BH-3, the foundation for the pool will be supported on glacial deposits with
adequate bearing capacity. However, shallow ground water was observed at Elev. 485 feet at the
time of drilling in late June and may be higher during the wet season. Therefore, design of the
pool should include a system to temporarily dewater the area around the pool when it is emptied
for cleaning and maintenance. Alternatively, the design will need to compensate for buoyant
loading effects.
Temporary shoring may also be needed around the pool structure; here soil nails are not considered
appropriate. Soldier piles would be more appropriate in this area. The shafts of the soldier piles
would likely extend below the ground water table. Temporary casing will likely be necessary to
facilitate installation of the soldier piles, and dewatering will be necessary to facilitate construction
of the pools in relatively dry conditions.
Dewatering
Dewatering during construction is expected to be required. In the parking garage area, the
dewatering is likely to take place within the excavation, as no continuous water bearing strata
were observed that would be amenable to the use of dewatering well systems. At the pool
location, construction may require the use of dewatering wells around the excavation, or at least
on the uphill side to lower the ground water table during construction of the pool. At the pool,
no settlement issues are expected by dewatering the area around the pool.
Earthwork
Glacial materials, and particularly the clayey glaciolacustrine deposit, being highly consolidated
and hard, will likely be difficult to excavate using standard excavation equipment, and may
require ripping. Cobbles and gravel were observed in the glacial till encountered in our
explorations and it is likely boulders could also be encountered during excavation. The
contractor should be prepared to deal with these materials.
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Wet Weather Earthwork
Existing site soils are highly moisture sensitive (i.e. softening and losing strength on wetting) and
will prove to be difficult to handle or traverse with construction equipment during periods of wet
weather. Therefore, limiting wet weather earthwork is recommended for this project.
Excavations and shoring construction should be completed in the late summer months to
minimize ground water seepage and precipitation runoff. Moreover, water will have a
substantial destabilizing effect on silty glacial till and glaciolacustrine soils and should not be
permitted to accumulate in the basement area and foundation excavations. Thin concrete mud
slabs may be utilized to protect exposed soil bearing surfaces after they are prepared and
approved for support.
Utilities
During our site exploration, we observed that several utilities extend north and south along the
western edge of the access road. Thus, design should provide for the relocation of several
utilities. If desired, the location of the structure could be selected to limit or minimize the
number of utilities being impacted.
Temporary Excavations
Maintenance of safe working conditions, including temporary excavation stability, is the
responsibility of the contractor. In accordance with Part N of Washington Administrative Code
(WAC) 296-155, latest revisions, all temporary cuts in excess of 4 feet in height must be either
sloped or shored prior to entry by personnel. The existing fill and weathered glacial till are
generally classified as Type C soil, per WAC 296-155. Where shoring is not used, temporary
cuts in Type C should be sloped no steeper than 1½H:1V (horizontal:vertical). The existing nonweathered glacial till and glaciolacustrine soils classify as Type A Soil, and temporary
unsupported cut slopes in these materials should be inclined no steeper than 3/4H:1V
(horizontal:vertical). Composite slopes are permissible, where material types vary with depth.
These recommendations are applicable to excavations above the water table only; flatter side slopes
and/or shoring will be required if significant ground water seepage is encountered. Temporary
slopes should be protected from erosion, as necessary, by covering the cut face with well-anchored
plastic sheets. Heavy construction equipment, construction materials, excavated soil, and vehicular
traffic should not be allowed any nearer the cut slope crest than half the height of slope, measured
from the edge of the excavation, unless there is a shoring system in place that has been designed for
support of the additional lateral pressure. Exposure of personnel beneath temporary cut slopes
should be kept to a minimum.
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CONDITIONS AND LIMITATIONS
We prepared this preliminary geotechnical report for the City of Sammamish for use in
preliminary evaluation of this site for the intended purpose. This report is not a detailed
geotechnical engineering design report; and geotechnical engineering evaluations were not
conducted as part of this work.
Our work scope did not include environmental assessments or evaluations regarding the presence
or absence of wetlands or hazardous substances in the soil, surface water, or ground water at this
site.
Experience has shown that soil and ground water conditions can vary significantly over small
distances. Inconsistent conditions can occur between exploration locations and may not be
detected by a preliminary geotechnical evaluation of this nature. If, during future site operations,
subsurface conditions are encountered which vary appreciably from those described herein,
HWA should be notified for review of the recommendations of this report, and revision of such
if necessary.
Within the limitations of scope, schedule and budget, HWA attempted to execute these services
in accordance with generally accepted professional principles and practices in the fields of
geotechnical engineering and engineering geology in the area at the time the report was prepared.
No warranty, express or implied, is made.
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MOVEMENT SUMMARY

Site: 228th Ave SE and SE 10th St2030PM

228th Ave SE and SE 10th St
Year 2030 PM Peak Period
Roundabout

Movement Performance - Vehicles
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L
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R
105
Approach
1155
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22.0
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LOS C
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7.2
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R
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1
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245
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0.589
0.589

23.3
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Level of Service (LOS) Method: Delay & v/c (HCM 2010).
Roundabout LOS Method: Same as Sign Control.
Vehicle movement LOS values are based on average delay and v/c ratio (degree of saturation) per movement
LOS F will result if v/c > 1 irrespective of movement delay value (does not apply for approaches and intersection).
Intersection and Approach LOS values are based on average delay for all movements (v/c not used as specified in HCM 2010).
Roundabout Capacity Model: US HCM 2010.
HCM Delay Model used.
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center. These are based on the community center being constructed at the Kellman site right
here behind City Hall.
16. Which of the following three payment/membership fee models would you prefer?
17. Based on the information presented in the slides, would you be more likely to pay daily
fees to use the community center or membership fees?
18. Would you be more likely to purchase a three month or annual pass? (Some explanation
needed here that shorter term passes or daily passes may increase the subsidy
required). Would be nice to know if that would impact their recommendation overall,
although I’d still like to know their personal preference.)
19. Having now seen the influence certain spaces of the community center have on
revenue, would you be likely to change your priorities from earlier in the discussion?
POTENTIAL COSTS
20. What are your initial reactions to the two preliminary options (levy or utility tax) for
paying for the potential community center (i.e. are they too expensive, not expensive,
about right)? (May need to explain the difference between the two funding options).
21. Which range do you prefer for the cost of the potential community center (i.e. $30 to
$40 million)?
22. Having now seen the cost for each space of the community center, which spaces do you
believe are less important that the potential community center could do without?
23. Has the price ranged changed now that you’ve seen the costs for the spaces?
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