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Zipper Zeman Associates, Inc. 
Geotechnical and Environmental Consulting 

Global Partnership 
801 Second Avenue, Suite 1300 
Seattle, Washington 98104-1581 

Attention: 

Subject: 

Mr. Bill Clapp 

Geotechnical Review of Construction Documents 
Proposed 909 Boat Street Building 
Seattle, Washington 

Dear Mr. Clapp: 

J-1392-03 ! 
March 18, 2003 

We have reviewed Section 02300 (Earthwork) of the specifications (dated December 30, f 
2002 and received March 10, 2003) and Plan Sheets SI.I, S2.l, S3.l, S3.2 (dated March 10, ~ 
2003), and SHI (dated March 6, 2003) with respect to our geotechnical engineering 
recommendations. In our opinion, the recommendations contained in the Preliminary 
Geotechnical Evaluation dated June 4, 2002, the Cantilever Shoring Design Recommendations 
dated October 23, 2002, and the Final Geotechnical Report dated March 17, 2003 have been 
properly interpreted and incorporated in the above construction documents. 

We trust that this letter meets your immediate needs. Please call us if you have any 
questions regarding this letter or other aspects of the project. 

Respectfully Submitted, 
ZIPPER ZEMAN ASSOCIATES, INC . 

• • 
f EXPIRES 

David A. Baska, Ph.D., P.E. 
Associate 

cc: Vince Ferrese, Mithun 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264 - 8295 



Zipper Zeman Associates, Inc. 
Geotechnical and Environmental Consulting 

Global Partnership 
801 Second Avenue, Suite 1300 
Seattle, Washington 98104-1581 

Attention: 

Subject: 

Mr. Bill Clapp 

Final Geotechnical Report 
Proposed 909 NE Boat Street Building 
Seattle, Washington 

Dear Mr. Clapp: 

J-1392-03 
March 17, 2003 

Zipper Zeman Associates, Inc. is pleased to present herein a copy of the above-referenced 
report.· This Final Geotechnical Report, in combination with our Preliminary Geotechnical 
Evaluation dated June 4, 2002, and our Cantilever Shoring Design Recommendations dated 
October 23, 2002, presents our design level recommendations for the proposed new building 
construction at 909 NE Boat Street in Seattle, Washington. Note that this report is a revision of 
our August 22, 2002 Letter of Addendum - Final Geotechnical Report and includes Zipper 
Zeman's responses to DCLU's January 10, 2003 Correction Notice. Authorization to proceed 
with this study was provided by Mr. Bobby Samson of Northwest Building LLC by acceptance 
of our August 14, 2002 proposal. Our work was completed in general accordance with the scope 
of services described in the referenced proposal letter. 

The purpose of the study was to establish design level conclusions and recommendations 
regarding construction of the new building. The scope of our current work consisted of a field 
exploration, laboratory tests, engineering analyses, and preparation of this letter. This letter is an 
instrument of service and the conclusions presented herein are in respect to the subject property 
and have been prepared in accordance with generally accepted geotechnical engineering 
practices. This report has been prepared for the exclusive use of the Global Partnership, 
Northwest Building LLC, and their agents, for specific application to this project and the stated 
purpose. 

PROJECT UNDERSTANDING 

We understand that the proposed project consists of a two-story office building with a 
mezzanine. We also understand that a parking structure will be constructed beneath the building. 
The south wall of the parking structure will be located about 15 feet north of the existing 
bulkhead. Finished floor elevation of the parking structure will be about 21 feet and match the 
elevation of the existing concrete apron along the waterfront. 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264-8295 
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Site grading will involve construction of reinforced concrete retaining walls and 
segmental block landscape walls. We understand that the landscape walls will not exceed 3 feet 
in height. 

SUBSURFACE CONDITIONS ALONG NE BOAT STREET 

The subsurface conditions along NE Boat Street were evaluated in August 2002 for the 
current study. The attached Site and Exploration Plan shows the approximate locations of all 
three borings, including the exploration (Boring B-3) recently completed. The subsurface 
conditions at Boring B-3 are described below and the interpretive logs of all three explorations 
are attached to this letter. Please refer to Appendices A and Bin the June 4, 2002 report for a 
description of the exploration and laboratory procedures. 

The test boring along NE Boat Street (Boring B-3) disclosed approximately 8 feet of 
loose fill (silty sand with some gravel) over medium dense, silty sand with some gravel that 
became very dense at a depth of approximately 10 feet. We observed the very dense, silty, sand 
to the bottom of the boring at a depth of about 21 feet. We interpret the very dense soil to be 
unweathered glacial till and the medium dense soil to be weathered glacial till. 

Groundwater seepage was observed in Boring B-3 at a depth of approximately 19 feet. 
The groundwater seepage appeared to be located within a layer of sand in the glacial till. It 
should be noted that groundwater conditions and soil moisture contents are expected to vary with 
changes in season, precipitation, site utilization, and other on- and off-site factors. 

GEOTECHNICAL ENGINEERING CONCLUSIONS AND RECOMMENDATIONS 

This section of our report presents our design-level geotechnical conclusions and 
recommendations. Specifically, we provide recommendations for foundations, floor slabs, 
construction dewatering, retaining walls, and structural fill. The June 4, 2002 preliminary report 
should be referenced for additional recommendations regarding augercast pile construction, 
temporary cut slope inclinations, permanent dewatering, and seismic design criteria The 
October 23, 2002 letter should be referenced for additional recommendations regarding 
cantilever shoring. Should discrepancies exist between the final (March 14, 2003) and 
preliminary (June 4, 2002) reports, the final report should be referenced. 

Foundation Considerations 

We encountered suitable foundation soils at approximate elevations of 22, 13, and 24 feet 
in borings B-1, B-2, and B-3, respectively. Assuming subsurface conditions to be relatively 
consistent between explorations, we anticipate that a combination of shallow and deep 
foundations could be used to support the proposed parking garage. Specifically, we recommend 
supporting the walls and columns of the parking structure north of grid line 5 with 
spread/continuous footings and the remainder of the parking structure with augercast piles. We 
anticipate that as much as 3 feet of overexcavation will be needed beneath some of the footings 
to remove the existing fill and expose adequate bearing soils. 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264-8295 
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As stated above, we anticipate that continuous and individual spread footings could 
provide suitable foundation support for portions of the building. The footings should extend to 
the glacially consolidated soils. If glacial till is not encountered at the design elevation of the 
footings, the footings should be overexcavated and backfilled with either structural fill or lean 
concrete up to the design elevation. The lean concrete should possess a minimum compressive 
strength of 1,000 pounds per square inch (psi) and contain at least 1-1/2 sacks of cement per 
cubic yard. If structural fill is used to backfill the footing excavation, the width at the base of the 
excavation should be equal to the width of the footing plus the depth of overexcavation. The 
width at the base of the excavation for lean concrete backfill need only be equal to the width of 
the footing. 

The foundation soils would be readily subject to disturbance from construction or foot 
traffic when wet. If construction is accomplished during wet weather or if seepage enters the 
excavation, it would be necessary to protect the footing subgrade soils from disturbance prj.or to 
concrete placement. Footing subgrades could be protected by placement of a thin, lean concrete 
mud slab immediately following excavation of the footing and clean out of any loosened or 
disturbed soils. 

We recommend the following for design of shallow foundations: 

• Use a maximum allowable soil bearing pressure of 5,000 pounds per square 
foot (psf) for footings bearing directly on glacial till or lean concrete backfill, 
and a pressure of 3,000 psffor footings in structural fill; 

• Increase the allowable bearing pressure by up to one-third to resist transient 
dynamic loads such as wind or seismic forces; 

• Provide a minimum width of 24 inches for spread footings and 18 inches for 
continuous footings; and 

• Locate the base of the footing at least 18 inches below the top of floor slab or 
adjacent exterior grade, whichever is lower. 

Assuming the footings are constructed as described above, we estimate . that total 
settlements should be less than 3/4-inch with differential settlements equal to about two-thirds 
the total settlement. The majority of the settlement should occur elastically during the 
construction of the building. However, if any disturbed or soft materials are left within the 
footing areas prior to concrete placement, settlement may be increased. For that reason, the 
condition of the footing subgrade soils should be evaluated by a representative of Zipper Zeman 
Associates to confirm that the conditions of the bearing soils are consistent with those assumed 
during design, and that all disturbed materials are removed. 

Lateral loads applied to the footings could be resisted by a combination of passive 
resistance and frictional sliding resistance. We recommend the following for design of shallow 
foundations for lateral loads: 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264-8295 
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• Use an allowable equivalent fluid unit weight of 250 pounds per cubic foot 
(pct) for passive earth pressures on footings placed neatly against the site 
soils; and 

• Use an allowable coefficient of friction equal to 0.35 along the base of the 
footing. 

The values for passive earth pressure and coefficient of friction include a factor of safety 
of about 1.5. 

Augercast Pile Design 

We recommend designing the augercast piles with the capacities listed in Table 1. 

Table 1. Design Values for Augercast Piles of Different Diameter. 

Auger Allowable Vertical Allowable Lateral Depth to 
Diameter in Compressive· Vertical Uplift Capacity Fixity in 

Inches Capacity in Tons Capacity in Tons in Tons Feet 
12 30 5 4 15 
16 50 8 5 18 
18 60 10 6 20 

The values for vertical compressive and vertical uplift capacity include factors of safety of about 
3.0 and 2.0, respectively. The compressive and uplift capacities may be increased by up to one
third to resist transient dynamic loads such as wind or seismic forces. In order to develop the 
above capacities, we recommend at least ten pile diameters of embedment into the glacial till. 
The lateral pile capacities correspond to about 1/4-inch of deflection at the pile head. More 
detailed lateral capacity criteria could be provided if needed. 

We estimate that the settlement of augercast pile foundations, designed and installed as 
recommended, will be on the order of Y:z-inch or less. Most of this settlement is expected to 
occur rapidly as loads are applied. Post construction differential settlements should be minor. 

Floor Slabs 

Our preliminary report recommended pile support of the basement floor slabs. In our 
opinion, the floor slabs may be constructed as slab-on-grade as long as the owner is aware of the 
potential for differential settlement and cracking. Most owners accept this risk for parking 
garage floor slabs. To reduce the risk of cracking, we recommend partial overexcavation of the 
existing fill to provide 2 feet of structural fill beneath the capillary break. 

Our preliminary report also recommended that a vapor barrier be placed between the 
capillary break and floor slab. In our opinion, this is no longer necessary since the floor slab is 
located in the parking garage. 

600 First A venue, Suite 23 7 Seattle, Washington 98104 (206) 264-8295 
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Given the relatively large permeability contrast between the existing fill and the 
underlying glacial till, we anticipate that groundwater seepage will be encountered at the contact 
· between these two soil types during construction. In our opinion, it may be prudent for the 
contractor to install a cutoff trench along the upslope side of the site to control this groundwater 
before it enters the excavation. 

Retaining Walls 

Reinforced concrete retaining walls and segmental block landscape walls are proposed 
for the project. Both types of walls should be designed in accordance with the recommendations 
presented in this section. In addition, the design and construction requirements of the segmental 
block wall manufacturer should be followed. All backfill placed behind walls should be placed 
in accordance with our recommendations for structural fill. 

The following recommended earth pressures, presented as equivalent fluid weights, are 
based on the assumption of a uniform level backfill with no buildup of hydrostatic pressure 
behind the wall. To minimize lateral earth pressures and prevent the buildup of hydrostatic 
pressures, the backfill within 18 inches of the wall should contain no more than 5 percent fines, 
based on that portion passing the U.S. No. 4 sieve, coupled with a perforated pipe drain placed at 
the base of the wall backfill. 

We recommend that the unrestrained retaining walls be designed for an "active" 
equivalent fluid weight of 35 pounds per cubic foot (pct). Surcharges due to sloping ground, 
adjacent footings, vehicles, etc., must be added to this value. Lateral loads applied to the 
retaining walls would be resisted by a combination of passive earth pressure and frictional 
sliding resistance. We recommend that an allowable equivalent fluid weight of 250 pcfbe used 
for passive resistance of walls placed neatly against the site soils or compacted structural fill. An 
allowable coefficient of friction equal to 0.35 could also be used along the base of the wall 
foundation. Frictional resistance is computed by multiplying the resultant vertical load by the 
frictional coefficient. A factor of safety equal to at least 1.5 has been incorporated into these 
allowable values. 

Structural Fill 

All fill placed within building areas, behind retaining walls, and beneath paved surfaces 
should be placed as structural fill. The structural fill should be placed after excavation to 
subgrade elevation and removal of any disturbed soils. Subgrades should be evaluated by 
proofrolling in the presence of a Zipper Zeman Associates representative prior to filling. The 
structural fill should be placed in lifts not exceeding 8 inches in thickness and thoroughly 
compacted to at least 95 percent of the modified Proctor maximum dry density as described by 
ASTM D-1557 test procedures. To prevent the buildup of excessive lateral earth pressures on 
backfilled walls, we recommend compacting wall backfill with hand-operated equipment. 
Structural fill within the City right-of-way should be compacted to City of Seattle specifications. 

600 First Avenue, Suite 237. Seattle, Washington 98104 (206) 264-8295 
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We recommend that a representative from Zipper Zeman Associates be present during placement 
of the structural fill to monitor filling and to perform field density tests. · 

The · suitability of excavated site soils for compacted structural fill will depend on the 
gradation and moisture content of the soil when it is placed. As the amount of fines increases, 
the soil becomes increasingly sensitive to small changes in moisture content and adequate 
compaction becomes more difficult or impossible to achieve. Soils containing more than about 5 
percent fines cannot be consistently compacted to a dense, non-yielding condition when the 
water content is more than 2 percent from optimum. Optimum moisture content is that moisture 
which results in the greatest compacted dry density for a specified compactive effort. 

The existing fill at the site appears to have a water content that is greater than optimum 
and would likely require moisture conditioning (i.e., drying) to achieve adequate compaction. 
Given the limited amount of area for moisture conditioning at the site, we anticipate that the on
site soils would be exported and more suitable soils for structural fill imported. Imported fill 
should consist of well-graded sand or sand and gravel. Under wet conditions, the fines shoµld be 
limited to less than 5 percent (based by weight on the minus No. 4 sieve). Typically, soils 
containing less than 5 percent fines can be compacted under a wide variety of weather 
conditions. 

Prerequisite to fill control is a determination of the compaction characteristics from 
representative samples. Samples should be supplied from the borrow sources as soon as they are 
identified. A study of the compaction characteristics should include determination of optimum 
and natural moisture content of the soils at the time of construction. 

CORRECTION NOTICE (JANUARY 10, 2003) RESPONSES 

This section of our report presents Zipper Zeman's responses to DCLU's January 10, 
2003 Correction Notice. 

Existing Bulkhead Anchors 

We understand that a geophysical survey was completed to locate the existing deadman 
anchors for the bulkhead. The survey determined that the depth of the tierods was 3 to 5 feet, but 
was unable to locate the northern end of the deadman anchors because the existing structure 
limited the traverse location to a maximum distance of 10 feet from the bulkhead. We 
recommend that the northern extent of the bulkhead anchors be identified after demolition of the 
existing structure and that the proposed augercast piles be located to avoid conflict with the 
anchors. If augercast piles are to be located outboard of the bulkhead anchors, we anticipate that 
a pile installation sequence could be established that would minimize the temporary loss of 
support during construction. Alternatively, we may recommend other means of providing 
temporary support for the bulkhead during augercast pile installation. 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264-8295 
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We anticipate that the amplitude of ground motions, generated by the construction 
equipment (augercast pile rig, vibratory roller, etc.), at the location of adjacent structures will be 
relatively low. Therefore, we do not recommend vibration monitoring unless the owner is 
adverse to any risk of vibration-induced damage. 

Augercast Pile Spoils and Return Grout 

We understand that the augercast piles will be located at least 15 feet from the face of the 
bulkhead. In our opinion, a properly maintained silt fence between the bulkhead and the pile 
locations should prevent spoils and grout from entering the water. If voids are found beneath the 
existing concrete apron, the tops of the augercast piles may need to be sleeved. 

CLOSURE 

The conclusions and recommendations presented in this letter of addendum are to be used 
in conjunction with our June 4, 2002 preliminary report and the October 23, 2002 shoring letter. 
Should discrepancies exist between the final (March 14, 2003) and preliminary (June 4, 2002) 
reports, the final report should be referenced. 

It has been our pleasure to assist you with this study. Please call if you have any 
questions about the contents of this report, or other aspects of the project. 

Enclosures: Figure 1 - Site and Exploration Plan 
Logs of Borings B-1 through B-3 

cc: Vince Ferrese, Mithun 

Respectfully submitted, 
Zipper Zeman Associates, Inc. 

\ .. 
i ·-

David A. Baska, Ph.D., P.E. 
Associate 

600 First Avenue, Suite 237 Seattle, Washington 98104 (206) 264-8295 
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PROJECT: Proposed 909 Boat Street Building JOB NO. J-1392 BORING B-1 PAGE 1 OF 2 

Location: Seattle, WA Approximate Elevation: 29 feet 
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Location: Seattle, WA Approximate Elevation: 21 feet 
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Location: Seattle, WA Approximate Elevation: 21 feet 
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Zipper Zeman Associates, Inc. 
Geotechnical and Environmental Consulting 

Global Partnership 
801 Second Avenue, Suite 1300 
Seattle, Washington 98104-1581 

Attention: 

Subject: 

Mr. Bill Clapp 

Subsurface Exploration and Preliminary Geotechnical Evaluation 
Proposed 909 Boat Street Building 
Seattle, Washington 

. Dear Mr. Clapp: 

J-1392 
June 4, 2002 

Zipper Zeman Associates, Inc. is pleased to present herein a copy of the above-referenced 
· report. This report presents the results of our limited subsurface exploration and preliminary 
geotecbnical study relative to the proposed new building construction at 909 Boat Street in 
Seattle, Washington. Written authorization to proceed with this study was provided by Mr. 
Bobby Samson of Northwest Building LLC by acceptance of our May 3, 2002 proposal. Our 
work was completed in general accordance with the scope of services described in the referenced 
proposal letter. 

The purpose of the study was to establish general subsurface conditions· at the site from 
which preliminary conclusions and recommendations regarding design and construction of the 
new building could be formulated. The scope of our work consisted of field explorations, 
laboratory tests, preliminary engineering analyses, and preparation ·of this report. This report is 
an instrument of service and the conclusions presented herein are in respect to the subject 
property and have been prepared in accordance with generally accepted geotechnical engineering 
practices. This report bas been prepared for the exclusive use of the Global Partnership, 
Northwest Building LLC, and their agents, for specific application to this project and the stated 
purpose. 

PROJECT UNDERSTANDING 

We understand that the proposed project will consist of demolition of the existing 
structures and construction of a two-story building over a parking level in the northwest portion 
of the property. The finished floor grade for the parking level will be roughly 9 feet below the· 
existing Boat Street surface elevations. The adjacent proposed marina improvements are not 
included in this project. 
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The site conditions were evaluated in May 2002 for the current study. The surface and 
subsurface conditions are described below, while the exploration procedures and interpretive 
logs of the explorations are presented in Appendix A. The existing site features and approximate 
exploration locations are shown on the Site and Exploration Plan, Figure 1. 

Surface Conditions 

The project site consists of several older buildings including a cafe, boat repair and 
maintenance buildings, covered boat storage and an attached dock. The nearly triangular site 
slopes moderately from Boat Street at the north property line down to the Lake Union waterfront 
to the south. The cafe is at the upper area adjacent to Boat Street and the other buildings step 
down to the lower Lake Union level. A steel sheet pile bulkhead was observed along the Lake 

· Union waterfront with wood dock structures to the south and concrete deck area to the north. 

We reviewed The Seattle Department of Construction and Land Use (DCLU) Critical 
Areas Folio, dated 2002, and the site has not been designated as a steep slope (greater than 40% 
inclination), a landslide hazard, or a liquefaction area on the referenced DCLU document. Final 
determinations regarding Critical Areas designations and requirements are made by DCLU. 

Subsurface Conditions 

The subsurface explorations consisted of advancing two drilled test borings (B-1 and B-
2) for the study at the approximate locations shown on Figure 1. Soil descriptions presented in 
this report are based on the subsurface conditions encountered at the specific exploration 
locations advanced for this study. Variations in subsurface conditions may exist between the 
exploration locations and the nature and extent of variations between the explorations may not 
become evident until construction. If variations then appear, it may be-necessary to reevaluate 
the recommendations of this report. 

The geologic map, Preliminary Geologic Map of Seattle and Vicinity (USGS Map I-354, 
1962) describes the site as being underlain by Qt - Vashon glacial till - a glacially consolidated 
mixture of silt, sand, gravel and clay. Subsurface conditions as disclosed by the explorations 
completed for this study generally confirmed the geologic map findings with upper fill soils atop 
sandy and gravelly glacially consolidated soils including glacial till with interbedded sand and 
gravelly sand. 

The test boring (B-1) disclosed approximately 7 feet of loose, silty sand fill atop medium 
dense to dense, silty, gravelly sand to sandy gravel which graded to dense to very dense at 
approximately 10 feet in depth. An interbedded sand zone was noted at approximately 15.5 feet 
to 17.5 feet in depth. In boring B-1, very dense, silty gravelly sand (glacial till) was noted from 
approximately 17 .5 feet to 27 feet in depth. An interbedded sand and silty gravelly sand was 
observed from approximately 27 feet to the bottom ofB-1 at 31 feet in depth. 
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The test boring (B-2) encountered similar soil conditions with approximately 7 feet of 
very loose to loose, silty sand to sandy silt fill below the 6-inch thick concrete deck. A relic 
topsoil horizon was observed from approximately 7.5 to 8 feet in depth. Dense to very dense 
coarse granular deposits consisting of silty, gravelly sand and sandy gravel were noted to 
approximately 20 feet in depth. Very dense, silty, gravelly sand (glacial till) was encountered 
from approximately 20 to 28 feet in depth. Interbedded sand, gravelly sand, and silty sand were 
observed from approximately 28 feet to the bottom ofB-2 at 31.5 feet in depth. 

No environmentally affected soils were observed during our exploration program. 
However, given the urban marine environment of the site, contaminants may be encountered 
during construction. Zipper Zeman Associates would be capable of assisting Global Partnership 
and Northwest Building LLC with environmental issues if they arise. 

Groundwater 

Groundwater seepage was observed in boring B-1 at a depth of approximately 14 feet and 
in boring B-2 at a depth of approximately 8 feet. Boring B-2 was advanced in close proximity to 
Lake Union with a lake level observed at approximately 2 feet below the concrete deck. The 
difference in elevation between lake level and groundwater in boring B-2 was 6 feet at the time 
of our fieldwork. The groundwater seepage was perched atop the dense to very dense glacially 
consolidated soils. It should be noted that groundw~ter conditions and soil moisture contents are 
expected to vary with changes in season, precipitation, site utilization, and other on- and off-site 
factors. Groundwater levels in excavations should be anticipated to be no lower than the 
adjacent lake level. 

Seismic Criteria and Susceptibility for Liquefaction 

Figure 16-2 presented in the 1997 Uniform Building Code classifies the subject site as 
being within Seismic Zone 3. Based on the subsurface conditions encountered at the site and · 
published geologic literature, it is our opinion that a Soil Profile Type of Sc be used -to -describe 
the average properties within the upper 100 feet of soil beneath the site. This designation 
describes soils that are considered very dense with a shear wave velocity of 1,200 to 2,500 feet 
per second, Standard Penetration Test values greater than 50, and an undrained shear strength of 
greater than 2,000 psf. 

The loose, silty sand fill ·observed at both boring locations would be susceptible to 
earthquake-induced liquefaction if it were saturated. Although·groundwater levels at the time of 
drilling were observed to be at the base of the fill layer and within the underlying dense glacially 
consolidated soils, anticipated groundwater fluctuations would result in periodic liquefaction 
susceptibility of the fill. 

PRELIMINARY ENGINEERING CONCLUSIONS AND RECOMMENDATIONS 

This section of our report presents our preliminary geotechnical conclusions and 
recommendations for design and construction. As the project becomes better defined and 
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Zipper Zeman Associates, Inc. 
Geotecbnical and Environmental Consulting 

APPENDIX A 
FIELD EXPLORATION PROCEDURES AND LOGS 

LABORATORY TESTING PROCEDURES AND RESULTS 

Our field exploration for this project included advancing two borings (B-1 and B-2) with 
a track-mounted drill rig on May 17, 2002. The approximate exploration locations are shown 
on the Site and Exploration Plan, Figure 1. The exploration locations were determined by 
measuring distances from existing site features with a fiberglass tape relative to a site plan, 
referenced on Figure I. The exploration elevations were determined by assuming a relative 
datum of 100 feet for the ground surface of boring B-2 and using a hand level to estimate the 
elevation of the ground surface at boring B-1. As such, the exploration locations and elevations 
should be considered accurate to the degree implied by the measurement method. The following 
sections describe our procedures associated with the exploration. Descriptive logs of the 
explorations (B-1 and B-2) are enclosed in this appendix. 

Soil Boring Procedures 

Our exploratory borings, B-1 and B-2, were advanced with a hollow stem auger, using a 
track-mounted drill rig operated by an independent drilling firm working under subcontract to 
our firm. An experienced engineering geologist from our firm continuously observed the borings 
and logged the subsurface conditions encountered, and obtained representative soil samples. All 
samples were stored in moisture-tight containers and transported to our laboratory for further 
visual classification and testing. After each boring was completed, the boreholes were 
backfilled with bentonite and soil cuttings. Boring B-2 was capped with concrete. 

Throughout the drilling operation, soil samples were obtained at 2.5- to 5-foot depth 
intervals by means of the Standard Penetration Test (ASTM: D-1586). This testing and sampling 
procedure consists of driving a standard 2-inch outside diameter steel split spoon sampler 18 
inches into the soil with a 140-pound hammer free falling 30 inches. The number of blows 
required to drive the sampler through each 6-inch interval is recorded, and the total number of 
blows struck during the final 12 inches is recorded as the Standard Penetration Resistance, or 
''blow count" (N value). If a total of 50 blows are struck within any 6-inch interval, the driving 
is stopped and the blow count is recorded as 50 blows for the actual penetration distance. The 
resulting Standard Penetration Resistance values indicate the relative density of granular soils 
and the relative consistency of cohesive soils. · 

The enclosed boring logs describe the vertical sequence of soils and materials 
encountered in each boring, based primarily upon our field classifications and supported by our 
subsequent laboratory examination and testing. Where a soil contact was observed to be 
gradational, our log indicates the average contact depth. Where a soil type changed between 
sample intervals, we inferred the contact depth. Our logs also graphically indicate the blow 
count, sample type, sample number, and approximate depth of each soil sample obtained from 
the boring, as well as any laboratory tests performed on these samples. If any groundwater was 
encountered in ~ borehole, the approximate groundwater depth, and date of observation, is 
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depicted on the log. Groundwater depth estimates are typically based on the moisture content of 
soil samples, the wetted portion of the drilling rods, the water level measured in the borehole 
after the auger has been extracted, or through the use of an observation well. 

LABORATORY TESTING PROCEDURES AND RESULTS 

A series of laboratory tests were performed during the course of this study to evaluate the 
index and geotechnical properties of the subsurface soils. Descriptions of the types of tests 
performed are given below. 

Visual Classification 

Samples recovered from the exploration locations were visually classified in the field 
during the exploration program. Representative portions of the samples were carefully packaged 
in moisture tight containers and transported to our laboratory where the field classifications were 
verified or modified as required. Visual classification was generally done in accordance with the 
Unified Soil Classification system. Visual soil classification includes evaluation of color, 
relative moisture content, soil type based upon grain size, and accessory soil types included in 
the sample. Soil classifications are presented on the boring logs in this appendix. 

Moisture Content 

Moisture content determinations were performed on representative samples obtained 
from the explorations in order to aid in identification and correlation of soil types. The 
determinations were made in general accordance with the test procedures described in ASTM: 
D-2216. The results are presented on the boring logs in this appendix. 

Grain Size Analysis 

A grain size analysis indicates the range in diameter of soil particles included in a 
particular sample. Grain size analyses were performed on representative samples in general 
accordance with ASTM:D-422. The results of the grain size determinations for the samples were 
used in classification of the soils, and are presented in this appendix. 

Zipper Zeman Associates, Inc. 
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PROJECT: Proposed 909 Boat Street Building JOB NO. J-1392 PAGE 1 OF 2 

Location: Seattle, WA Approximate Elevation: 105 feet 
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PROJECT: Proposed 909 Boat Street Building JOB NO. J-1392 BORING 8-1 PAGE20F 2 

Location: Seattle, WA Approximate Elevation: 105 feet 
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PROJECT: Proposed 909 Boat Street Building JOB NO. J-1392 PAGE 1 OF 2 

Location: Seattle, WA Approximate Elevation: 100 feet 
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PROJECT: Proposed 909 Boat Street Building JOB NO. J-1392 BORING B-2 PAGE2 OF 2 

Location: Seattle, WA Approximate Elevation: 100 feet 

Soil Description 

Very dense, wet, gray, silty, gravelly SAND with some 
,_. broken gravels. (Glacial 1ill) 
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Very dense, wet, gray, silty SAND with some gravel and 

,_. interbedded gravelly SAND. 

- Boring completed at 31:5 feet on 5/17/02. 
Groundwater seepage observed at 8.5 feet at time of 

- drilling. 
Lake Union level· observed at 2 feet below grade. 
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