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I. PROJECT AND SITE CONDITIONS

1.0 INTRODUCTION

This report presents the results of our subsurface exploration, geologic hazard, and final
geotechnical engineering study for the proposed bujlding additions to be constructed at
Fruitland Elementary School located at 1515 Fruitland Avenue East in Puyallup, Washington.
The location of the subject site is shown on the Vicinity Map, Figure 1. The addition
locations, approximate locations of the explorations accomplished for this study, and other
pertinent site features, are presented on the Site and Exploration Plan, Figure 2. In the event
that any changes in the nature, design, or location of the structures are planned, 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
development of the above-mentioned project. Our study included a review of applicable
seologic literature, drilling test borings, and performing geologic studies to assess the type,
thickness, distribution, and physical properties of the subsurface sediments and shallow ground
water conditions. Engineering studies were also conducted to assess the type of suitable
foundation, allowable pile capacities, anticipated settlements, and drainage considerations.
Our services were completed in accordance with our August 6, 2004 scope of work letter. Our
preliminary findings and recommendations were presented in a summary letier dated
September 15, 2004. This report summarizes our current fieldwork and offers final
development recornmendations based on our present understanding of the project and
discussions with the project structural engineer,

1.2 Authorization

Authorization to proceed with this study was granted by Mr. David Johnson of the Puyallup
School District. This report has been prepared for the exclusive use of the Puyallup School
District, and their agents, for specific application to this project. Within the limitations of
scope, schedule, and budget, our services have been performed in accordance with 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.
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2.0 PROJECT AND SITE DESCRIPTION

The site is an existing elementary school located east of Fruitland Avenue East and north of
23" Avenue SW in Puyallup, Washington. The site is located on the eastern flank of the
western ridge that slopes down to the Puyallup River valley.

Based on information provided to us, it is our understanding that two new additions are
planned at the northwest and southeast corner of the main school building as shown on the Site
and Exploration Plan, Figure 2. Based on discussions with the project structural engineer, we
- understand that slab-on-grade floors will support conventional pedestrian loads (i.e., no heavy
equipment or concentrated loads) and that continnous perimeter foundations for the school
buildings will be designed with line loads on the order of 1 kip per lineal foot with column
loads on the order of 40 kips. The foundation recommendations presented in this report are
based on these assumptions.

3.0 SUBSURFACE EXPLORATION

Our field study included drilling five exploration borings on August 28, 2004 with a trailer-
mounted drill rig to gain subsurface information about the site. The boring logs are included
in the Appendix of this report. The various types of sediments, as well as the depths where
characteristics of the sediments changed, are indicated on the exploration logs presented with
this report. 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. Our explorations were approximately
located in the field by measuring from known site features shown on the site plan dated July
26, 2004 by the Puyallup School District.

The conclusions and recommendations presented in this report are based on the five
exploration borings completed for this study. Because of the nature of exploratory work below
ground, extrapolation of subsurface conditions between field explorations is necessary. It
should be mnoted 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
reevaluate specific recommendations in this report and make appropriate changes.

3.1 Exploration Borings

The exploration borings were completed by advancing a hollow-stem auger with a trailer-
mounted drill rig. During the drilling process, samples were generally obtained at 5-foot depth
intervals. The borings were continuously observed and logged by a geotechnical engineer
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from our firm. The exploration logs presented in the Appendix are based on the field logs,
drilling action, and inspection of the samples secured.

Disturbed but representative samples were obtained by using the Standard Pepetration Test
(SPT) procedure in accordance with 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 is recorded within 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 boring logs in the Appendix.

The samples obtained from the split-barrel sampler were classified in the field and

representative portions placed in watertight containers. The samples were then transported to
our laboratory for further visual classification and laboratory testing, as necessary.

4.0 SUBSURFACE CONDITIONS

Review of the geology mapped in the site arca as shown on the State of Washington
Department of Conservation Division of Water Resources, Water Supply Bulletin No. 10:
Geology and Ground-Water Resources of Pierce County, Washington, Volume 2 (1966)
indicates undifferentiated Vashon glacial drift. Actual geology observed on the site is more
complex than is shown on the published map. For this reason, published geologic information
for the project area provides a suitable background for this study, but does not provide specific
information that is applicable to the specific project site.

Subsurface conditions at the project site were inferred from the field explorations accomplished
for this study, visual reconnaissancé of the site, and review of applicable geologic literature.
Because of the nature of exploratory work below ground, exirapolation of subsurface
conditions between 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 reevaluate specific recommendations in this report
and make appropriate changes. The following sections present more detailed subsurface
information.
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4,1 Stratigraphy

Fill

The site appears to have heen partially graded to provide the relatively level pad on which the
existing structures and hardscape are now situated. Previous grading appears to have resulted
in man-placed fill within the northern portion of the site. The fiil materials appeared to consist
of soil similar in gradation to the underlying native soils as discussed below. Where native s0il
was displaced by past earthwork activity on-site, it was difficult to distingnish from the
undisturbed native soil in the exploration borings. In general, we assume that existing fill is
present in the vicinity of the existing buildings and parking/drive areas and above buried
utilities. The exploration logs might not accurately depict areas of existing fill since they were
difficult to differentiate from underlying native soil.

Soil interpreted to be man-placed fill consisting of a mixture of sand, gravel, and silt m a
damp, loose to very dense (probably overstated) condition was encountered to a depth of 10
feet in EB-1, 8 feet in EB-2, 9.5 feet in EB-3, and 2 feet in EB-4. No fill was encountered in
EB-5. Because the existing fill was observed to vary in demsity, we recommend that the
existing fill not be vsed for direct support of new foundations, floors, or paving without prior
remediation. Portions of this fill may be used as structural fill if appropriately moisture-
conditioned and compacted.

Lacustrine Soil

Below the fill in EB-2 a 3-foot-thick layer of damp to moist, stiff, silty clay was encountered.
Below the fill in EB-4 corresponding to the location of the southeast building addition, a 12-
foot-thick layer of moist to wet, soft to medium stiff clayey silt was encountered. These soils
were interpreted to be lacustrine soils deposited within the last 10,000 years in a low-energy
environment (lacustrine) such as a lake or slow-moving stream, which allowed the fine-grained
particles to settle undisturbed. Being post glacial, facustrine soils are normally consolidated
and prone to consolidation (settlement) if stress levels increase above the current levels.

Lacustrine soil as encountered in our exploration borings is not, in existing condition,
considered suitable for foundation support, With appropriate remedial treatment, the soil,
where moisture content is within the compactable range, may be considered suitable for

support of hardscape and paving.

In general, the soil where moisture content is within the compactable range is considered
suitable for reuse as structural fill. It should be noted that where soils are above their optimum
moisture content for compaction; their reuse as structural fill during all but the driest times of
the year will be difficult. Existing lacustrine soil was observed to contain silt and is considered

very moisture-sensitive.
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Till

Natural soils beneath the lacustrine deposit soil in EB-4 and near surface in EB-5 within the
western and southern portions of the site consisted of glacially consolidated till. In EB-5, the
upper horizon of the till, interpreted as weathered till, consisted of 2 medium dense, moist,
light brown silt to clayey silt. The weathered zone was approximately 2.5 feet in thickness.
Below the weathered zone in EB-5 and below the lacustrine deposit in EB-4, the till consisted
of a 4.5-foot-thick layer of dense, moist, silty sand with gravel. Several thousand feet of ice
consolidated this material during the last glacial advance. This process resulted in a compact
soil possessing high strength, low compressibility, and low permeability characteristics. The
unweathered till is suitable for foundation support. The unweathered till is anticipated to be
difficult to excavaie with conventional earthmoving equipment. Heavy-duty rippers will
probably be suitable. Till soils typically contain a substantial fine-grained soil fraction, which
makes them moisture-sensitive and susceptible to disturbance when wet site or weather
conditions exist. ‘Till soils may be suitable for reuse as structural fill where properly moisture-
conditioned and compacted.

Ice Contact Deposits

Underlying the fill in EB-1 and EB-3 and underlying the till in EB-5 was a mediom dense to
very dense, damp to wet mixture of gravel, sand, and silt, This material is interpreted as ice
contact. Ice contact represents sediment which has been in contact with the margin of the ice
sheet or stagnamt blocks of ice and in some instances may not be as dense as sediment
deposited directly under the ice sheet. This material will provide suitable foundation support
for the proposed structures.

Advance Outwash

Below the till in EB-4, very dense, damp, fine sand with trace silt interpreted as advance
outwash was encountered. Advance outwash sediments were deposited as outwash from rivers
flowing from the base of the southward advancing glacial front. Glacial till, which represents
the ground moraine of the southward advancing glacier, is generally found above the advance
outwash and may have been scoured away in other areas of the site. The advance outwash has
been overridden by several thousand feet of ice resulting in a dense to very dense, competent
soil mass. This process resulted in a compact soil possessing high strength and relatively low
compressibility characteristics. The very dense advance outwash is considered to be suitable
for foundation support.

4.2 Hydrology

No ground water seepage was observed in our borings during exploration. The encountered
soils do not typically produce large volumes of water during the short length of time the
explorations were open. An accurate evaluation of ground water levels would require the
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installation of monitoring wells. It should be noted that the levels of ground water secpage
beneath the site may vary in response to changes in such factors as season, precipitation, and
site use. Perched ground water is likely to occur above dense soil layers such as the till during
wet weather. The volume and duration of flow from a perched layer depends on soil grain
size, topography, and season.
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II. GEOLOGIC HAZARDS AND MITIGATIONS

The following discussion of potential geologic hazards is based on the geologic, topographic,
and shallow ground water conditions as observed and discussed herein.

5.0 SEISMIC HAZARDS AND RECOMMENDED MITIGATION

Earthquakes occur in the Puget Lowland with great regularity. The vast majority of these
events are small and are usually not felt by people. However, large earthquakes do occur as
evidenced by the 1949, 7.2-magnitude event, the 2001, 6.8-magnitude event, and the 1965,
6.5-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.

Generally, there are four types of potential geologic hazards associated with large seismic
events: 1) surficial ground rupture; 2) seismically induced landslides; 3) liquefaction; and
4) ground motion. The potential for each of these hazards to adversely impact the proposed
project is discussed below.

5.1 Surficial Ground Rupture

Generally, the largest earthquakes that have occurred in the Puget Sound area are sub-crustal
events with epicenters ranging from 50 to 70 kilometers in depth. For this reason, no surficial
faulting or earth rupture resulting from deep, seismic activity has been documented, to date, in
the area of the subject site. Therefore, it is our opinion, based on existing geologic data, that
the risk of surface rapture impacting the proposed project is low.

5.2 Seismically Induced Landshides

It is our opinion that the potential risk of damage to the proposed development by seismically
induced landsliding is low due to the lack of steep slopes in the project area.

5.3 Liquefaction

The site soils have a low potential for liquefaction due to the lack of adverse groundwater
conditions within the softer sediments and the relatively high strength of the glacial deposits.

Ociober 6, 2004 ASSOCIATED EARTH SCIENCES, INC.
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5.4 Ground Motion

It is our opinion that any earthquake damage to the proposed additions when founded as
discussed in the Design Recommendations section of this report would be caused by the
intensity and acceleration associated with the event and not any of the above-discussed impacts.
Due fo the thickness and consistency of the lacustrine sediments identified in EB-4 beneath the
proposed southeast building addition, amplification of seismic motion upward through the soil
column is possible. The approximate proposed building period should be compared to the
estimated soil column period of vibration to check for resomant conditions. It is these
conditions that result in our recommendation for the more stringent Se soil type classification
for use with the Uniform Building Code (UBC) standards and Site Class E for use with the
International Building Code (IBC) as discussed below. However, for the northwest building
addition, soil type Sc (UBC) and Site Class C (IBC) can be used for desiga.

The project site is located within a Zone 3 rating for seismic activity on a scale of 1 (lowest) to
4 (highest) based on the Seismic Zone Map of the United States, Figure No. 16-2 in the 1997
edition of the UBC. ‘This zonation is based on past earthquake activity in the Puget Sound
region. As such, design recommendations in this report accommodate the possible effect of
seismic activity in areas with a Zone 3 rating, corresponding to a peak ground acceleration of
0.3g (a Richter magnitude 7.5 earthquake occurring directly beneath the site), in accordance
with UBC guidelines. For the reasons indicated in the previous paragraph, this seismic zone
factor for the southeast building addition should be used with soil type Se.

Alternatively, guidelines presented in the 2003 IBC, Section 1615, may be used. Information
presented in Figure 1615(1) indicates a mapped spectral acceleration for short periods of S¢ =
1.25. Tnformation presented in Figure 1615(2) indicates a mapped spectral acceleration for a 1
second period of Si = 0.40. Based om the resulfs of subsurface exploration and on an
estimation of soil properties at depth utilizing available geologic data, Site Class “E” in
conformance with Table 1615.1.1 may be used. Site coefficients F: = 0.9 and Fv = 2.4 in
conformance with IBC Tables 1615.1.2(1) and 1615(2), respectively, may be used. For the
northwest building addition, Site Class “C” should be used with Fa = 1.0and Fv = 1.4,

6.0 EROSION HAZARDS AND MITIGATION

The surficial fill and weathered till soils contain substantial quantities of silt and fine sand and
will be sensitive to erosion. In order to reduce the amount of sediment transport off the site
during construction, the following recommendations shouid be followed.

1. Silt fencing should be placed around the lower perimeter of the cleared area(s). The
fencing should be periodically inspected and maintained as necessary to ensure proper
function.

October 6, 2004 .  ASSOCIATED EARTH SCIENCES, INC. .
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2. If possible, construction should proceed during the drier periods of the year.

3. Areas stripped of vegetation during construction should be muliched and hydroseeded,
replanted as soon as possible, or otherwise protected. During winter construction,
hydroseeded areas should be covered with clear plastic to facilitate grass growth.

4. If excavated soils are to be stockpiled on the site for reuse or to await off-site transport,
measures should be taken to reduce the potential for erosion from the stockpile. This
could include, but is not limited to, covering the pile with plastic sheeting, the use of
low stockpiles, and the use of straw bales/silt fences around pile perimeters.
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III. DESIGN RECOMMENDATIONS

7.0 INTRODUCTION

Based on the soil types encountered in EB-4 (southeast addition) and EB-5 (northwest addition)
and the light loads provided by the project structural engineer for the proposed structures, it is
our opinion that supporting the structures on spread footing foundations over a properly
prepared subgrade is appropriate. Our summary letter dated September 15, 2004 presented
several options for supporting structures on deep foundations that extend through the soft to
medium stiff lacustrine deposits. However, our current analysis predicts settlement within
tolerable Hmits if the foundations are placed on 2 feet of compacted structural fill over the
lacustrine sediments. For the northwest addition, spread footing foundations can be placed
directly on medium dense to very dense glacial sediments.

8.0 SITE PREPARATION

Preparation of existing ground will include removal of any existing structures, utilities,
pavement, underground storage tanks (USTs), trees, brush, debris, and any other deleterious
material within the building addition footprint. Resulting depressions should be backfilled with
structural fill as discussed under the Structural Fill section of this report.

The on-site soils contain a high percentage of fine-grained material, which makes them
moisture-sensitive and subject to disturbance when wet. The contractor must use care during
site preparation operations so that the surficial soils are not softened resulting in an impassable
site. Depending on the time of year construction commences, the ground surface within the
construction area may require stabilization similar to that described below for staging areas to
allow access.

To the extent that it is possible, we recommend that the existing paving be used for
construction staging. Where existing pavement areas cannot be used, consideration should be
given to protecting access and staging areas with an appropriate section of crushed rock or
asphalt treated base (ATB). If crushed rock is considered for the access and staging areas it
should be underlain by engineering stabilization fabric to reduce the potential of fine-grained
materials “pumping wp” through the rock and turning the area to mud. The fabric will also aid
in supporting construction equipment, thus reducing the amount of crushed rock required. We
recommend that at least 12 inches of 2- to 4-inch-diameter crushed, angular rock be placed
over the fabric; however, due to the variable nature of the near-surface soils and differences in
wheel loads, this thickness may have to be adjusted by the contractor in the field.

In our opinjon, stable construction slopes should be the responsibility of the contractor and
should be determined during comstruction. For estimating purposes we anticipate that
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temporary, unsupported cut slopes in the lacustrine deposits can be made at a maximum slope
of 1.5H:1V (Horizontal: Vertical), Temporary, unsupported cuts in weathered or unweathered
glacial soils can be made at a maximum slope of IH:1V. As is typical with earthwork
operations, some sloughing and raveling may occur and cut slopes may have to be adjusted in
the field. Tn addition, WISHA/OSHA regulations should be followed at all times.

9.0 STRUCTURAL FILL

Structural fill will be necessary beneath footings for the southeast building addition and may be
necessary to backfill voids created during site preparation, backfill uiility trenches, and/or to
establish proper drainage across the construction area. All references o 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.

The upper 12 inches of exposed ground in any areas to receive structural fill should be
recompacted to 90 percent of the modified Proctor maximum density using ASTM:D-1557 as
the standard. 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 granuiar fill 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 (such as Mirafi 500X or equivalent) may be necessary to prevent
contamination of the free-draining layer by silt migration from below. After the recompacted
exposed ground is tested and 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 m
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. In the case of
roadway and utility trench filling, the backfill should be placed and compacted in accordance
with current local or county codes and standards. The top of the compacted fill should extend
horizontally outward a minimum distance of 3 feet beyond the location of the perimeter
footings or pavement edges before sloping down at a maximum angle of 2H:1V.

Excavated site soil may not be suitable for reuse as structural fill due the relatively high
moisture and silt content. Imported soil may be needed for all structural fill applications. Our
settlement caleulations assume a minimum in-place compacted unit weight of 135 pounds per
cubic foot (pcf) for the 2 feet of structural fill to be placed beneath footings for the southeast
building addition. This fill should be either 1% -inch minus crushed rock, 2-inch ballast, or
crushed recycled concrete.
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The contractor should note that any proposed fill soils must be evaluated by Associated Earth
Sciences, Inc. (AESI) prior to their use in fills. This would require that we have a sample of
the material 72 hours in advance to perform a Proctor test and/or sieve analyses for compliance
with the project specifications. Seils 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 conditions, If fill is placed during wet weather
or if proper compaction cannot be obtained, a select import material consisting of a clean, free-
draining gravel and/or sand should be used. Free-draining fill consists of non-organic soil with
the amount of fine-grained material limited to 5 percent by weight when measured on the
minus No. 4 sieve fraction, with at least 30 percent of the sample greater than the No. 4 sicve.

A representative from our firm should observe 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 where appropriate. 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

It is our opinion that building elements may be supported by a conventional foundation system
consisting of spread and continuous footings founded entirely on medium dense o dense glacial
deposits (northwest building addition) or 2 feet of structural fill compacted to 95 percent of
ASTM:D-1557, over lacustrine deposits (southeast building addition). The 2 feet of structural
fill should be crushed rock, ballast, or crushed recycled concrete. The fill should extend
laterally 2 feet away from all sides of the footings. A bearing value of 3,000 pounds per
square foot (psf) may be used in areas where all footings are placed entirely on medium dense
to very demse glacial sediments. For footings placed on structural fill over lacustrine
sediments, a bearing capacity of 1,000 psf should be used. An increase of one-third may be
used for short-term wind or seismic loading.

Footings placed entirely on glacial deposits will have an estimated total settlement of less than
1 inch, with approximately one-half this amount of estimated differential settiement under both
static and seismic conditions. Footings placed entirely on 2 feet of compacted structural fill
overlying lacustrine deposits will have an estimated total short-term settlement (including
immediate elastic settlement and primary consolidation of the lacustrine silt) of 1 inch, with
approximately one-half this amount of estimated differential settlement under both static and
seismic conditions. Elastic settlement will occur guickly upon dead load application and is
likely to be complete prior to the installation of finished surfaces. Secondary consolidation of
the lacustrine silt is estimated on the order of an additional 1 inch over the life of.the
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structures. Flowever, disturbed soil not removed from footing excavations prior (o footing
placement could result in increased settlements. All footing areas should be inspected by AESI
prior to placing structural fill to verify that the design bearing capacity of the soils has been
" attained and that construction conforms to the recommendations contained in this report. The
governing municipality may require such inspections. Perimeter footing drains should be
provided as discussed under the section on Drainage Considerations. Exterior spread footings
should have a minimum width of 2 feet.

Lateral loads for conventional shallow footings may be designed using a combination of lateral
sliding resistance along the bottom of footings and passive earth pressure against the sides of
footings. Lateral sliding resistance for footings on the recommended granular structural fill
mat may be determined by multiplying the dead load by a coefficient of friction of 0.3.
Passive earth pressure should be assumed to be zero at the ground surface and may be assumed
to increase with depth at the rate of 100 psf per foot of depth. The foundations must be
backfilled with structural fill, compacted to at Jeast 95 percent of the maximum dry density, to
achieve the minimum passive resistance indicated. The presented values are allowable and
include a safety factor of at least 1.5, Lateral bearing and lateral sliding resistance may be
combined.

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 which 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. In addition, the structural fill pad beneath the footings should extend out
from the edge of the footings at least one footing width in all directions.

Care should be exercised where new foundations are to be constructed adjacent to existing
building footings. New foundation subgrade elevations should match existing, when practical.
New foundations placed at a higher elevation than existing footings will impose a vertical and
horizontal surcharge to the existing foundations and vice versa, We recommend the project
structural engineer review the impacts, in any, of new foundations or existing foundations.

11.0 FLOOR SUPPORT

Slabs or pavement to be supported on grade above lacustrine sediments should be supported on
a 2-foot-thick structural fill mat. All fill beneath slabs or pavement must be compacted to at
least 95 percent of ASTM:D-1557. Floors and pavements can be supported at grade where
medium dense to very dense glacial deposits exist. The floor slabs should be cast atop a
minimum of 4 inches of washed granulithic material or pea gravel to act as a capillary break.
Areas of subgrade that are disturbed (loosened) during construction should be compacted to a
non-yielding condition prior to placement of capillary break material, It should also be
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protected from dampness by an impervious moisture barrier at least 10 mils thick, The
impervious barrier should be placed between the capillary break material and the concrete slab.

12,0 DRAINAGE CONSIDERATIONS

The on-site surficial soils are highly moisture-sensitive and will not provide good drainage
during heavy precipitation events. Therefore, some method should be in place to contain any
storm water runoff and discharge it to a suitable collection system during the earthwork portion
of construction. Prior to site work and during construction, the contractor should be prepared
to provide temporary storm water storage or discharge mechanisms as necessary.

All footings should be provided with a drain at the footing 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 at the bottom of the footing at all Jocations and the drains should be
constructed with sufficient gradient to atlow gravity discharge away from the buildings. Roof
and surface runoff should not discharge into the footing drain system but should be handled by
a separate, rigid, tightlive drain. In planning, exterior grades adjacent to walls shouid be
sloped downward away from the structures to achieve surface drainage.

13.0 PAVEMENT RECOMMENDATIONS

Site preparation for areas to be paved should consist of overexcavating to remove the existing
vegetation, topseil, and any loose/soft upper soils to expose the underlying stable soils. In
areas underlain by lacustrine deposits, the upper 2 feet of soil should be removed and replaced
with a 2-foot section of granular structural fill compacted to 95 percent of ASTM:D-1557. An
approved engineering stabilization fabric should be placed between the underlying lacustrine
sediments and the structural fill. Since the density of the upper soils is variable, random
loose/soft areas may exist and the depth and extent of stripping can best be determined in the
field by the geotechnical engineer. In addition, along the centerline of parking areas, the
subgrade should be slightly inverted to drain toward the catch basins.

After the area to be paved is overexcavated, the exposed ground should be recompacted to 85
percent of ASTM:D-1557. Where required, structural fill should then be placed to achieve
desired subbase grades. Upon completion of the recompaction and structural fill placement,
the recommended minimum pavement section is 2 inches of asphalt concrete pavement (ACP)
underlain by 4 inches of 1%-inch crushed surfacing base course. In delivery truck areas or
fire lanes, a minimum 3 inches of ACP and 4 inches of crushed surfacing base course is
recommended. The crushed rock courses must be compacted to 95 percent of the maximum
density.

October 6, 2004 ASSOCIATED EARTH SCIENCES, INC.
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14.0 PROJECT DESIGN AND CONSTRUCTION MONITORING

We are available to provide additional geotechnical consultation as the project design develops
and possibly changes from that upon which this report is based. We recommend that we
perform a geotechnical review of the plans prior to final design completion. In this way, our
earthwork and foundation recommendations will be properly interpreted and implemented in
the design. This review is not included in the current scope of work and budget.

We are also available to provide geotechnical engineering and monitoring services during
construction. The integrity of the 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.

We have enjoyed working with you on this study and are confident that these recommendations
will aid in the successful completion of your project. If you should bave amy questions or
require further assistance, please do not hesitate to call.

Sincerely,
ASSOCIATED EARTH SCIENCES, INC.
Kirkland, Washington

Susan G. Beckham, P.E. Kurt D. Merriman, P.E.
Project Engineer Principal Engineer

Attachments: Figure 1, Vicinity Map
Figure 2. Site and Exploration Plan
Appendix: Exploration Logs
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L
ny 33 OE Well-gragjed grave_i and
2 18: 811 W/ gravel with sand, littie to
E:; fb ,E: no fines
@y . .y
&l Sleo200 Poorly-graded gravel
= Wlo oo y g
@] a0l G fand gravel with sand,
s [a%a%0 ittle 1o no fines
=] olo
b
S Fdeap : )
ol bl Silty graye! and siity
£ el G ‘1 GM{gravel with sand
-l &ds
B} PP
e
g Clayey gravel and
A GC

clayey gravel wilh sand

Terms Describing Relative Density and Consistency

Density SPT¥hlows/foot
Coatse- Very Loose Olo4d
i . Loose 41010
Grained Soils Medium Dense 101030
Test Symbols
Dense 301050 e
Very Dense >50 G = Crain Size
. ) M = Moislure Content
Consistency  SPT 'blows/foot A = Atterberg Limits
Very Soft gto2 C = Chemical
Fine- Soft 2104 DD = Dry Density
Grained Sols e ium S 4to8 K = Permeabliity
Stiff 81015
Very St 151030
Hard >30

Well-graded sand and
sand with gravel, little
to no fines

25% Flnas &} :

Poorly-graded sand
and sand with gravel,
little to no fines

Coarse-Gralned Solls - More than 50%! " Retained on No. 200 Sieve
Passes No. 4 Slave

Slity sand and
silty sand with
gravel

Sands - 50%"or More of Coarse Fractian |Gravels - More than 50%. 'of Coarse Fraction)
=15% Flnes )

Clayey sand and
clayey sand with gravel

Component Definitions

Descriplive Term Size Range and Sieve Number

Boulders Larger than 12°

Cobbles o i2"

Gravel 3"to Neo. 4 {4.75 mm)

Coarse Gravel 3" lo 3/4*
Fine Gravel 3/4" to No. 4 {4.75 mm}

Sand No. 4 {4.75 mm} lo No. 200 {0.075 mm)
Coarse Sand No. 4 {4.75 mm) to No. 10 {2.00 mm)
Medium Sand No. 10 {2.00 mm} 1o No, 40 (0.425 mm}
Fine Sand No, 40 (0.425 mm} to No. 200 (0.875 rm}

Siit and Clay Smaller than Mo. 200 (8.075 mmj)

) Estimated Percentage
Percentage by

Maoisture Content
Dry - Absencs aof molslure,

Component dusty, dry to the touch

Weight
. . . Slightly Moist - Percepiible
L Siit, sandy silt, gravelly silt, ;;i?e ;;50 0 ghtly moislupre
s @ silt with sand or gravel Little 1510 25 Moist - Damp but no visible
7] o8 Wilh - Non-primary coarse water
§ & :.‘": Clay of low to medium consfituents: > 15% Very Moist - Water visible but
s |23 cL |Plasticity; silty, sandy, or - E;i;es n;o?éegt batween . not free draining
= oE gravelly clay, lean clay a Wet - Visible free water, usually
g 23 from below water table
h] wg . '
& 3 Organic clay or silt of low Symbols
o pr plasticity Blows/" or _
g Sampler portion of §° {Cement grout
5 o —— Type surface seal
z Elastic silt, clayey sit, silt 5.0"O0 / Sampler Type ‘
82 o mu | With micaceous or S%»libSpocn % Description gg;unue
f= 1 a
u;: .S S;]?tomaceous fine sand or %a:%m 3,0° OD Sofit-Spoon Sampler Fiter pack wih
= 5 - — . it~ i biank casin
& 8 S v Clay of high plasticity, Bulk \ ; 325" G0 Spiit-Spoon Fing Sampler secr;roga =
3 | 2= / oy [sandy or gravelly clay, fat | SO SRR BR 4 o 55 1o wail Tube Sarapler Sespened casing
a a .5 / ~ clay with sand or gravel {including Shelby tube) ﬁ.lmﬁg&d{
A 29 ;/{ Grab Sample o
: S s . . ' cap
2 B ;//,é'f,/f Organic clay or siit of Portion not recovered
* Zo4r4 OHimedi i
{/:,//;’%: n'}edtl.usfn o high % percentage by dry weight ) pepth of ground water
{,f;fé{, plasticity & (SPT) Stendard Penstration Test ¥ ATD = At {ime of diting
o (ASTM D-1586) 7 Static water level (date
= 2 @ EoEE Pgat. muck a_md (?ther ¥ In General Accordance wilh 53.7.. (eate)
= ©2  pZzy PT |highly organic soils Standard Praclice for Description © Gombined LISCS symbols used for
© et and Identification of Soils (ASTM D-2488} fines between 5% and 15%

Classifications of solls in this reper are based on visual field and/or laboratory observations, which Indude density/censistency, molstute condition, grain size, and
plasticity estimates and should nat be construed 1o imply feld or laboratery tesling unless presented herein, Visuak-manual andfor laboratory classification

methods of ASTM D-2487 and D-2488 ware used as an identification gulde for the Unified Soit Classificalion System.

biocks\lag_kay.dwyg 11/02/01
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Associated Earth Sciences, Inc. .
% Project Number Exploration Number

Exploration Log

KEQ4474A EB-1

Sheet
1oft

_Fruitland Elementary School Addition

Ground Surface Elevalion (i)

AESIBOR 04474A.GPJ Oclober 7, 2004

{] zoospits
[0 a*opspits
Grab Sample

poon Sampler (D & M} [] Ring Sample ¥ wWater Level (}

Shelby Tube Sample ¥ Water Level at ime of drilling (ATD)

Project Name .
Location _Puyailup, WA Datum _NJA
Driller/Equipment oretec / Trailer Rig Dats Star/Finish  _
Hammer Welght/Drop _140%# / 30" Hote Diameter {In} _§"
E w |O5 s k3 HS 2
£ 8128 =3 |9% Blows/Foot e
£ T E D5 = .
P s s it £
[a] o) : =] o3 5
DESCRIPTION o= 40 20 30 40 o
-HS,QCU:‘*LMGELM_____HM_FT ______________ -
r i
Darmp, light olive, sllty fine lo coarse SAND, few fine o coarse subrounded
I to rounded gravel, frace wood. { SM ) J
i Rootiets beqin at 18" belowgramnd sudface. _ _ _ . /
Ice Contact Deposit
- S Medium dense, damp, light olive-brown, siity fine to medium SAND, few 7
3 S-1 fine to coarse subreunded gravel, trace organics. { SM) 6 Ay
) 16
10 m =TT T T T T T T T GomtactDeposit T T 40
! 5-2 Very dense, damp, light olive-brown, fine to coarse GRAVE! with little fine 34 e
to coarse sand, few silt, { GW ) fora*
Ab 12" less than 12" sandy Interbed.
- 15 At ~15 ranges o moist to wet, fine 1o coarse SAND, few gravel, frace silt. { 19 )
3 53 swW 43 bsos
ao/g°
i Bollom of exgloration boring at 16.5 feel
- 20
H 25
- 30
— 35
Sampler Type {ST)
poon Sampler {(SPT) D No Recovery W - Maisiure L.ogged by:

Approved by:




Exploration Log
Preject Number Exploration Number Sheet
KEQ4474A EB-2 1of1
Project Name Fruitiand Elernentary School Addition Ground Surface Elavation {ff)
Location Puyaliup, WA Datum N/A
Drilter/Equipment Boretec { Traller Rig Date Start/Finish  _
Hammer Welght/Drop _140# / 30" Hole Diameter {in) _g"
o ci'® n
& o {25 = e 7
p il é =B %’ 2 Blows/Foot e
o St E IBS = E‘ o8 G
T o (oW 518 &g E
] w =
DESCRIPTION © 1 20 30 40 ©
| Asphalt (~2,57 thick J_OlechuihejinTC]k_(rZ}_ ___________ —
i
Dry, damp, tan, fine SAND, few silt, race fine {o coarse rounded 1o angular
gravel, frace asphalt, becomas gravelly with depth. (SP)
________________ i T
- S Siiff, damp, motited, light green and light olive-brown, CLAYEY SILT, trace 8
s-1 woed, few sand, 5 4o
7
1
] T T T T T T T T T T TLacustine Beposit ~ |
- 10 Siiff, damp to moist, light green and tan, ¥ron oxide stained, SILTY CLAY, 3
s 52 trace rooflets. { CL-ME Y 4 44
Fluvial Deposit 5
- 15 Mediurn dense, molst, light olive-brown, fine SAND, frace to few sili, tfrace 6
- 5-3 rounded gravel grading downward to dense, wet, light ofive-brown, {ine fo 8 o
coarse SAND, traca silt, few rounded gravei. ( SP/SW } 13
- 20 2
I :I: S4 = Aaq
2i
] Botlom of exploration boring at 21.5 feet
- 25
- 30
- 35
Sampler Type (ST)
ED 2" 0D Split Spoon Sampler (SPTY - D No Recovery M - Molsture Logged by:
[D 3" OD Split Spoon Sampler (D & M) l] Ring Sample ¥ Water Level () Approved by:

Shelby Tube Sample L Water Level at time of drilling (ATD)

AESIECR 04474A.GPJ Oclober 7, 2004

Grab Sample
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Assaciated Earth Sciences, Inc. Exploration Log
Y Project Number Exploraiion Number Sheet
KED4474A EB-3 1 of 1
Project Name Fruitiand Elementary School Addition ‘ Grourd Surface Elevation {ft)
Location _Puyaliup, WA Datum NIA
Drlller/Equipment “Boretec / Trailer Rig Date Start/Finlsh ~ ___
Hammer Welght/Drop _140# / 30" Hole Diameter (In) _g"
€ || gles 5%% 3
= $1=2 =] B Blows/Foot ﬁ
2 |s| £ [25 =8l5 3 5
S It 8o 8 g B £
DESCRIPTION © 16 20 30 40 ©
Fill
L_Damp, tan, fine SAND, few silt, race, t[%ois_ ____________ —
Fi :
Damp, light olive-brown, fine to coarse, subangular to rounded GRAVEL,
little fine sand, few silf,
Cuttings are gravel as above drill action suggests gravels.
:l: 5.1 “59.'4"
. jum'
L 40 NSmoother drill aclon & 8.5 _ _ _ . ——— 4
I 5 lce Contact Deposit 371 A
7
- 15 Medium dense, moist, light olive-brown and light greenish gray, silty fine to 4
83 medium SAND, ( SM} Few rounded fine fo coarse gravel, contalns thin 10 Agy
{<1"} Interbeds of fine to medipm SAND frace silt. 17|
Botlem of explaration boring at 16.5 feet
- 20
- 25
- 30
- 35
Sampler Type (ST):
[ﬂ 2" 0D Split Spoon Sampler (SFT) D ho Recovery v - Moisiure Logged by:
Approved by:

[B 3" O Split Spoon Sarnpler (D & M) ﬂ Rlng‘SampIe ¥ wWaler Level {}
Grab Sample Shelby Tube Sample ¥ ‘Water Level af time of driling (ATD)




Assoclated Earth Sclences Inc.

Exploration Log

Project Number Exploration Number

KEO4474A EB-4

Sheet
1 of 1

Project Name

Fruitland Elementary School Addition

Ground Surface Elevation {ff}

Location Puyallup, WA Datum NIA
Driller/Equipment Boretec / Trajler Rig Date Start/Finlsh  __
Hammer Weight/Drop _140# / 30° Hole Diameter {in) _g"
g g |23 g % b 3
E ic»:_ ﬁ_g F D & Blows/Foot it
o [8 E B35 Z 25 g 5
3 |1 & [@? & Bl &
DESCRIPTION O 0 20 30 40 ©
[_Asphalt (~3" thick) over ~8" grushedreck _ _ _ _ _ _ __ _ _ . _ .. —
Fill
Molst, moftled, light brown and green, SILT, fine lo coarse sand, few
3 ~amavel (MLY e Ve
| Lacustrine Deposit
-5 Mediumn stiff, moist fo wet, light brown and greenish gray, CLAYEY SILTY, 2
- S few fine sand trace roo[ets near top of sample { CL-ML ), ice loading jomts 3| 4e
observed. 3
- 10 Grades downward o soft to medium stiff, wel, light olive-brown, SILT with 1
L 52 some Iron oxide staining. { ML ) 2| 44
. f H
S I R D 17
-5 Very dense, moist, light clive-brown, SILTY SAND, few rounded gravel. { 10
| - 8.3 S 30 Agc
| 35
_________ Vashon Advance Outwash Depesit |
- 20 Very dense, damp, light olive-brown, strafifled, fine SAND, trace fo lilte silt. 16
] 5-4 (SP) 19 456
37
Boltom of exploration boring at 21,5 feet
— 25
— 30
- 35,
Sampler Type (ST}
[D 2" OD Split Spoon Sampler (SPT) [ ] No Recovery M- Moisture Logged by:
[B 3" 0D Split Spocn Sampler (D & M) n Ring Sample ¥ waler Level {) Approved by:

Grab Sample

AESIBOR. D44T4A.GPJ Cclober 7, 2004

Shelby Tube Sample ¥ Water Level at fime of driling (ATD)
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Exploration Log

Q Project Number Exploration Number
KE04474A EB-5

Shest
1of 1

Locatlon

Project Name

Driter/Equipment
Hammer Weight/Drop _140# / 30"

ruittand Elementary School Addition
_Puyaliup, WA
Boretec / Trailer Rig

Ground Surface Elevation {ft)

Datum

Date Start/Finish .
Hole Diameter (in) _&"

N/A

- oo, i)
= 2 125 2zl [
< 3|23 =53 Blows/Foot P
2 lgf € |gE 225l 5 5
& I g @ 3 g 73] £
DESCRIPTION o 0 20 30 40 o
Asphalt (~3" thick) over ~6" sand and gravel.
i T T T T T T T T T T Weathered T |
" Damp to meist, fan, iron oxide stained, SILT ranging to CLAYEY SILT,
- Lrace sand. (CL-ML) _ . _ S miniaie T
i
- 5 Medium dense, malst, light clive-brown, SILT, litHe sand, few fine to coarse 10
5 51 subrounded to rounded gravel { ML ), contalns thin (<17} interbeds of fine 18 b3
SAND, little silt { SP ) 12
I T T T T T T T T T ige Contact Depost |
- 10 Very dense, molst, ollve brown and gray, nonstratified, sandy, fine to 37
s 8-2 coarse GRAVEL, tew silt. A5014°
1 Deill action suggest coarse gravelly solls below sample #1. 1 mj
- 15
i I S-3 ;3 462
] 33
- 20 Ranges fe medium dense, fight clive brown, siratified, fine SAND, little silt, 16
I 5-4 litlle gravel, at 20", # Ayg
7
‘ Botlom of exploration baring at 21.5 feet
- 25
- 30
- 35
Sarmpler Type (ST}
[D 2" OD Split Spoon Sampler {SPT) D Mo Recovery i - Molsture Logged by:
[D 3" 0D Split Speon Sampler (D & M) [| Ring Sample ¥ water Level {) Approved by:

AESIBOR 04474A.GPJ QOclober 7, 2004

Grab Sample

@ Shelby Tube Sample Y Water Level at fime of drilling (ATD)




