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  PACRIM GEOTECHNICAL INC. 

FINAL GEOTECHNICAL REPORT 
HOUGHTON, RENTON & ALGONA 

TRANSFER STATIONS 
ROOF REPLACEMENT PROJECT 
KING COUNTY, WASHINGTON 

1.0  INTRODUCTION 

1.1  GENERAL  

This report presents the results of a geotechnical engineering study by PacRim 

Geotechnical Inc. (PacRim) for design and construction of the Houghton, Renton and 

Algona Transfer Stations Roof Replacement Project in King County, Washington.  The 

project locations are illustrated on Figures 1a, 1b, and 1c.  The project owner is King 

County Solid Waste (Owner).  The lead designer for the project is ABKJ, Inc, and 

PacRim is the geotechnical engineer-of-record. 

The purpose of this study was to gather and review available existing subsurface 

information; conduct field explorations and laboratory testing to evaluate subsurface 

conditions at the site; and develop geotechnical conclusions and engineering 

recommendations for design and considerations for construction of the project. 

1.2  REPORT ORGANIZATION 

This report is organized in six sections.  Section 1 provides a general description of the 

project, discusses previous geotechnical studies that have been completed at the project 

sites, and presents the limitations of this report.  Section 2 describes our field and 

laboratory investigations.  Section 3 describes site conditions at the project sites.  Section 

4 presents our conclusions and engineering recommendations.  Section 5 presents our 

recommendations for document review and construction support.  References are listed in 

Section 6.  Summary tables are presented within the main body of text in this report.  

Figures are presented following the main body of text.  Appendices are found at the end 

of this report.  Appendix A includes descriptions and results of our field exploration, 

including summary exploration logs.  Appendix B presents descriptions and results of our 

laboratory testing program.  Summary logs and laboratory test results completed as part 

of earlier geotechnical studies for the sites are included in Appendix C.  Shear, moment 

and deflection diagrams for pile types evaluated in this study are presented in Appendix 

D. 

1.3  PROJECT UNDERSTANDING 

The proposed project involves the replacement of canopy roof systems at Houghton, 

Renton and Algona Transfer Stations in King County, Washington.  The existing 

canopies at these locations, which are of similar design and construction, will be removed 
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and replaced as part of this project.  The new canopies will be designed to resist static 

and seismic loading.  We understand column loads on the order of about 70 tons are 

anticipated at each column location.  As part of the project, the foundation systems at all 

three sites will be either replaced or augmented.  All shallow (spread footing) foundations 

will be replaced.  Deep (pile) foundations will be installed at selected column locations at 

the Houghton and Algona facilities.  In addition, we anticipate the project will involve 

replacing portions of the concrete pavement area beneath the existing canopies.  The 

focus of this study is on the foundations and pavement subgrades.  Based on our 

understanding of the project, no other development of the site is planned. 

Limited information is available concerning the exiting foundation systems at the transfer 

station facilities.  Existing foundation plans for Algona Transfer Station were available 

for review, and indicate the facility is constructed partially on spread footings and 

partially on timber piles.  The length of the piles is unknown.  Existing plans for the 

canopies at Houghton and Renton Transfer Stations were not available at the time of our 

study.  The canopy at Houghton Transfer Station is thought to be constructed on shallow 

(spread) foundations (Hong West & Associates, Inc. [HWA], 1997).  The results of 

previous studies at the Renton Transfer Station (HWA, 1997) suggest the canopy at that 

location is also supported on spread footings. 

1.4  PREVIOUS GEOTECHNICAL STUDIES 

Where appropriate, information from previous geotechnical studies completed at the 

transfer station sites was incorporated into our evaluations and analyses.  The primary 

source of previous information was a seismic evaluation study completed for several 

King County transfer station facilities, including the facilities evaluated in this study 

(HWA, 1997).  The scope of that study included the review of existing subsurface data, 

completion of limited field and laboratory investigations, and an evaluation of seismic 

hazards, including liquefaction, seismic settlement, ground fault, and seismically induced 

landslides.  Recommendations were provided for seismic design of the facilities.  

Summaries of earlier studies completed at the transfer station sites were included in the 

HWA report, and were reviewed for this study.  Relevant summary boring logs 

completed as part of earlier studies at the Houghton and Algona sites are included in 

Appendix C. 

Golder Associates, Inc. (Golder) and Shannon & Wilson, Inc. (S&W) completed earlier 

studies at the Algona facility, which were mainly related to previous slope stabilization 

measures for the slope immediately west of the facility.  The results of these earlier 

studies are summarized in the 1997 HWA report.  To the best of our knowledge, no 

subsurface investigations were completed as part of the Golder and S&W studies. 
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1.5  AUTHORIZATION AND SCOPE OF WORK 

PacRim’s services were authorized by a subconsultant agreement with ABKJ, Inc., dated 

February 2, 2000.  Our scope of work included gathering and reviewing existing 

subsurface information in the project vicinity; drilling and sampling exploratory borings; 

excavating backhoe test pits; performing laboratory testing; and completing engineering 

analyses to develop the geotechnical conclusions and recommendations presented in this 

report. 

PacRim’s scope of work did not include environmental assessments or evaluations 

regarding the presence or absence of wetlands or hazardous substances in the soil, surface 

water, or groundwater at this site. 

1.6 LIMITATIONS AND USE OF THIS REPORT 

We have prepared this report for use by ABKJ, Inc. and the Owner for this project.  

Experience has shown that subsurface soil and groundwater conditions can vary 

significantly over small distances.  While the actual conditions encountered in the field 

are expected to be within the ranges discussed herein, the distribution of geologic 

conditions encountered will likely vary from those presented in this report.  If, during 

future site operations, subsurface conditions are encountered which vary appreciably 

from those described herein, PacRim should be notified for review of the 

recommendations of this report, and revision of such if necessary.  If there is a substantial 

lapse of time between the submission of this report and the start of construction, or if 

conditions have changed due to construction operations at or near the site, it is 

recommended that this report be reviewed to determine the applicability of the 

conclusions and recommendations considering the changed conditions and time lapse. 

This report is issued with the understanding that the information and recommendations 

contained herein will be brought to the attention of the appropriate design team personnel 

and incorporated into the project plans and specifications, and the necessary steps will be 

taken to verify that the contractor and subcontractors carry out such recommendations in 

the field. 

PacRim does not practice or consult in the field of safety engineering.  We do not direct 

the Contractor's operations, and we cannot be responsible for the safety of personnel 

other than our own on the site; the safety of others is the responsibility of the Contractor.  

The contractor should notify the owner if he considers any of the recommended actions 

presented herein unsafe. 
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2.0  FIELD AND LABORATORY INVESTIGATIONS  

2.1  FIELD INVESTIGATIONS 

Our field explorations were completed between February 22 and 24, 2000, and included 

drilling two exploratory borings at the Houghton facility, two exploratory borings at the 

Algona facility, and excavating three backhoe test pits at the Renton facility.  The 

exploratory borings were drilled to depths ranging from 29 to 39 feet, and the test pits 

were excavated to depths ranging from 5 to 6.5 feet.  The approximate locations of the 

explorations are illustrated on Figures 2a, 2b and 2c.  The exploration program was 

developed at the start of our study during site visits to the three transfer stations with 

King County and ABKJ personnel. 

Specific details of the exploratory drilling, test pits and sampling methodologies are 

presented in Appendix A.  Summary logs of the explorations are presented on Figures A-

2 through A-8.  Figure A-1 provides a key to symbols and terms used on the summary 

logs. 

2.2  LABORATORY TESTING 

Laboratory tests were conducted on selected soil samples to assist in the characterization 

of certain engineering (physical) properties of the on-site soils.  Laboratory tests 

completed at our in-house laboratory included determination of natural moisture content, 

fines content, and grain-size distribution testing.  Laboratory tests were conducted in 

general accordance with appropriate American Society for Testing and Materials 

(ASTM) standards (ASTM, 1998).  A discussion of laboratory test methodology and test 

results are presented in Appendix B.  Test results are also displayed where appropriate on 

the exploration logs in Appendix A. 

3.0  SITE CONDITIONS 

3.1  SURFACE CONDITIONS 

The transfer station facilities are of similar design and construction, and consist of an 

open canopy roof, a concrete paved tipping floor and a central tunnel beneath the tipping 

floor.  The Houghton facility is constructed on the margin of a closed landfill.  The 

closed landfill is located north and east of the facility, and surface elevations generally 

trend downward from the landfill to the transfer station site.  The canopy area is elevated 

above the prevailing grades of the transfer station site to allow room for the central tunnel 

beneath the tipping floor. 

The Renton facility is constructed on the site of a former gravel pit, portions of which 

were once used as a landfill.  The central tunnel at the Renton site appears to have been 
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constructed by excavating below the prevailing transfer station grades.  The western 

portion of the Renton facility is situated at the crest of an approximately 40-foot high 

slope, which ranges in inclination between about 1¼ to 1 (horizontal to vertical) to 1½ to 

1.  The column supporting the northwest corner of the canopy is situated within about 15 

feet of the crest of the slope.  At the time of our site visit, localized areas of erosion and 

rutting were observed where surface water is discharged onto the slope face, and/or 

where vegetation was absent. 

The Algona facility is situated on the western margin of the Green River valley.  The 

varied topography within a small area, coupled with the subsurface conditions, strongly 

influenced the foundation system used at the facility.  Part of the facility is supported on 

shallow footings bearing directly on the lower portion of the steep slope, which rises 

about 300 feet to the west of the facility to an upland plateau.  The remaining portion of 

the facility is founded on timber piles, which extend about 15 feet above grade to the 

tipping floor level.  The site has experienced a history of shallow surface landslides.  

Measures have been undertaken to address instability in close proximity to the facility 

(HWA, 1997). 

3.2  SUBSURFACE CONDITIONS 

General geologic conditions at each of the transfer station facilities were presented in a 

report by others (HWA, 1997).  The following report sections discuss site-specific 

subsurface conditions at each of the transfer station facilities, based on our review of 

existing information and the results of our field exploration.  Summary logs of the 

explorations by PacRim and relevant summary logs by others, are presented in the 

appendices.  The information from the explorations completed at the Houghton and 

Algona sites was interpolated to construct the generalized subsurface sections shown on 

Figures 3 and 4.  The actual stratigraphic contacts are the result of complex geologic 

processes and/or construction activities, so they may be gradational or erratic in nature 

than as shown in the figures. 

3.2.1  Houghton Transfer Station 

PacRim explored the Houghton facility with 2 exploratory borings.  The subsurface 

conditions observed in the explorations at the Houghton facility are described below, in 

order from youngest to oldest. 

�� Fill:  Fill was encountered from the ground surface to depths of 5 and 21.5 feet in 

borings B-1 and B-2, respectively.  The composition of the fill encountered our 

borings (in the canopy area) appears to be relatively uniform, and consists of 

moist, sand with varying amounts of silt and gravel.  The fill encountered in 

boring B-1 also had scattered pockets of organics and wood fragments.  The fill 

encountered in our borings appears to be consistent in appearance with natural 
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advance outwash soils found onsite, as described below.  The unified soil 

classification system (USCS) designations for the fill include of SP and SP-SM.  

Standard Penetration Test (SPT) N-values* for the fill in these borings ranged 

from 12 to 35 with an average value of 18, suggesting the fill is predominantly 

medium dense. 

No construction records documenting the placement of the fill in the area of the 

canopy structure are available at this time.  Assuming the existing structure is 

founded on shallow footings, as suggested by others (HWA, 1997), it is likely that 

the fill was compacted to a relatively uniform density, considering the structure 

has performed adequately in the past.  However, refuse fill has been documented 

in areas north, south and west of the structure, and is possible that it is present 

beneath the structure, as well. 

�� Landfill Refuse:  Landfill refuse was encountered in several borings completed 

at the site by others, and typically consists of municipal solid waste of varying 

composition, mixed with soil fill.  Landfill refuse was generally encountered 

beneath a 4 to 6-foot thick surficial layer of fill.  Where encountered, landfill 

refuse was in direct contact with the underlying native soils as described in the 

following paragraph. 

�� Advance Outwash:  Glacially overridden, advance outwash deposits were 

encountered in borings B-1 and B-2 below the fill, and extended to the maximum 

depth explored.  Soil classified as advance outwash was also encountered in the 

borings by others below fill and landfill refuse.  The outwash encountered in the 

PacRim borings is moist sand with varying amounts of silt and gravel, and USCS 

designations of SP and SP-SM.  SPT N-values for the advance outwash in these 

borings ranged from 64 to in excess of 100, with an average value of about 93, 

suggesting that it is generally very dense. 

Advance outwash encountered in borings by others (HWA, 1992) appears to be of 

a similar composition to the material encountered in our borings.  However, SPT 

N-values for the advance outwash soils appear to be slightly lower than those 

recorded during our investigation. 

�� Groundwater:  Groundwater was not encountered in explorations completed in 

the immediate vicinity of the canopy structure.  One boring completed by Hart 

Crowser, located about 250 feet northwest of the northwest corner of the canopy, 

encountered groundwater at the time of drilling at approximately Elevation 420 

                                                 
* N-values are defined as the number of blows required to drive a 2.0-inch outside diameter sampler one 

foot, using a 140-pound hammer falling a distance of 30 inches.  Refer to ASTM D-1586 (ASTM, 1998) 
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(HWA, 1997), or about 25 to 30 feet below the surface elevation adjacent to the 

existing canopy structure. 

3.2.2  Renton Transfer Station 

PacRim explored the Renton facility with 3 exploratory test pits.  An exploratory boring 

was completed by others (HWA, 1997) north of the northwest corner of the canopy 

structure.  The subsurface conditions observed in the explorations at the Renton facility 

are described below, in order from youngest to oldest. 

�� Fill:  Fill was encountered from the ground surface to depths ranging from 2 to 

3.5 feet in test pits TP-1 TP-2 and TP-3, and was absent in boring BH-1 

completed by others.  However, the first sample collected from BH-1 was at a 

depth of 5 feet, and it is possible that a thin surficial layer of fill also exists at that 

location.  The composition of the fill encountered in the canopy area is relatively 

uniform, and consists of medium dense, moist, sand and gravel with trace 

amounts of silt and varying amounts of cobbles.  Scattered organics and 

construction rubble were also observed in the fill.  The fill encountered in our test 

pits appears to be consistent in appearance with natural recessional outwash soils 

found onsite, as described below.  The USCS designations for the fill include of 

SP, SM, GP and GW. 

�� Recessional Outwash:  Recessional outwash deposits were encountered in the 

test pits TP-1 TP-2 and TP-3 below the fill, and extended to the maximum depth 

explored.  The recessional outwash is medium dense, moist, gravel with sand, 

trace amounts of silt, varying amounts of cobbles, and a USCS designation of GP.  

Scattered, discontinuous layers of medium dense, moist, fine to medium sand, 

with trace amounts of silt and gravel (SP) were observed within the unit. 

�� Advance Outwash:  Natural soil identified by others (HWA, 1997) as advance 

outwash deposits were encountered in boring BH-1, and extended to the 

maximum depth explored.  Based on the results of our recent investigations, we 

interpret the contact between recessional and advance outwash to be on the order 

of 5 to 10 feet below ground surface.  The advance outwash was reported to 

consist of dense to very dense, moist, silty sand with gravel (SM) to a depth of 

about 19 feet, and very dense, moist, gravel with sand (GP) below 19 feet.  SPT 

N-values recorded in the advance outwash ranged from 33 to in excess of 100, 

with an average value of about 76, suggesting that it is generally very dense. 

�� Groundwater:  Groundwater was not encountered in explorations completed in 

the immediate vicinity of the canopy structure. 
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3.2.3  Algona Transfer Station 

PacRim explored the Algona facility with 2 exploratory borings.  Five exploratory 

borings were completed by others (HWA, 1997) south and east of the existing canopy 

structure.  The subsurface conditions observed in the explorations at the Algona facility 

are described below, in order from youngest to oldest. 

�� Valley Fill:  A surficial layer of valley fill was encountered east of the existing 

canopy structure from the ground surface to a depth of 7 feet in PacRim boring B-

1.  Fill of similar composition was also encountered in all 5 borings completed by 

others.  The valley fill consists of medium dense to very dense, moist, sand and 

gravel with varying amounts of silt.  Scattered organics were also observed in the 

valley fill.  The USCS designations for the fill include of ML, SW, SM, GM and 

GW. 

�� Fill/Colluvium:  Fill/Colluvium was encountered from the ground surface to a 

depth of 7 feet in boring B-2, located near the southwest corner of the existing 

canopy.  It is uncertain whether this material is colluvium (soil deposited by 

gravity near the toe of slopes) or fill associated with prior grading activities 

reported to have occurred in this area of the site (HWA, 1997).  The composition 

and engineering characteristics of fill or colluvium would be similar if native soils 

were used as fill.  The composition of the fill encountered in boring B-2 consists 

of medium dense, moist, silty sand with gravel (SM). 

�� Alluvium:  Alluvium was encountered below surficial valley fill in boring B-1 

and to the total depths explored for all 5 borings completed by others.  In boring 

B-1, alluvium was encountered to a depth of about 27 feet, and is underlain by 

glacial till (described below).  The alluvium appears to vary in composition, and 

in boring B-1, it consists primarily of soft, wet, peat with scattered wood 

fragments and pockets of clay and silt.  The peat in boring B-1 extends to a depth 

of about 23 feet, where a 4-foot thick layer of loose to medium dense gravel with 

sand is present.  Alluvium encountered in borings by others consisted of soft peat, 

clay and silt, and loose to medium dense sand and silty sand, with varying 

amounts of gravel. 

�� Glacial Till:  Glacially consolidated, lodgement till was encountered below the 

alluvium in boring B-1, and to the total depth explored.  It was also encountered 

below surficial fill/colluvium in boring B-2 to a depth of 21 feet.  The till consists 

of very dense, moist to wet, silty sand (SM), and sand with silt (SP-SM), with 

varying amounts of gravel.  This material is characterized by high shear strength 

and low permeability. 
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�� Advance Outwash:  Advance outwash deposits were encountered below glacial 

till in boring B-2, and extended to the maximum depth explored.  The advance 

outwash consists of very dense, wet, sand with silt and varying amounts of gravel 

(SW-SM).  SPT N-values recorded in the advance outwash were in excess of 100. 

�� Groundwater:  Groundwater was encountered within the alluvium deposits in 

the borings completed in the lowland area east of the existing canopy structure.  

In boring B-1, groundwater was encountered at a depth of about 7 feet at the time 

of drilling.  The borings completed in the lowland area by others (HWA, 1997) 

encountered groundwater at depths ranging from 7 to 17 feet.  Boring B-2, located 

near the southwest corner of the canopy structure, encountered groundwater 

within the advance outwash deposits at a depth of about 21 feet.  Fluctuations in 

groundwater levels within the project area will likely occur due to seasonal 

rainfall, infiltration, and percolation of surface water.  Groundwater levels are 

anticipated to be highest during the winter and spring months. 

4.0  CONCLUSIONS AND ENGINEERING RECOMMENDATIONS 

4.1  GENERAL 

Based on the current subsurface investigation and laboratory testing, results of previous 

studies, and the analyses performed, it is our opinion that the proposed improvements are 

feasible from a geotechnical perspective, provided the recommendations of this report are 

incorporated in design and construction.  The following report sections present 

recommendations for seismic considerations, site preparation and earthwork, and 

foundations. 

Houghton Transfer Station:  There is uncertainty regarding the fill composition and the 

existing foundation type beneath the southern portion of the Houghton facility, where 

undocumented fill was encountered.  Landfill refuse was encountered in borings 

immediately south and west of the facility.  To address these subsurface conditions, we 

provide recommendations for augercast piles for the southern portion of the Houghton 

facility that penetrate through the expected depth of fill, and into dense native soils.  

Recommendations for shallow foundations are provided for the northern portion of the 

facility where dense native soils are expected at foundation level. 

Renton Transfer Station:  Shallow foundation recommendations for the Renton facility 

are presented, since relatively dense native soils are expected beneath the entire facility.  

Analyses were completed to evaluate the static and seismic factors of safety of the slope 

immediately north of the Renton facility, and are discussed below. 
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Algona Transfer Station:  Shallow foundations are considered appropriate for 

improvements planned for the northwestern corner of the facility since dense, glacially 

consolidated soils are present at foundation level.  New piling will be installed to support 

roof columns on the remaining portions of the facility.  Our recommendations reflect two 

different construction approaches.  In the first scenario, drilled micropiles will be 

installed in the area beneath the tipping floor, which has limited overhead clearance.  In 

the second scenario, driven steel pipe piles will be installed from above the tipping floor, 

with the piles penetrating the tipping floor as they are driven. 

4.2  SEISMIC CONSIDERATIONS 

The previously completed seismic evaluation (HWA, 1997) provides details on the 

regional seismicity and seismic hazards for the three transfer station sites.  Based on our 

review of the HWA report, and our additional investigations and analyses, we concur 

with the seismic design parameters and hazard evaluations provided in that report.  

Seismic considerations that, in our opinion, warrant additional commentary include the 

“moderate” rating assigned to the Renton facility for seismic landslide hazard, and the 

“moderate” rating assigned to Algona facility for liquefaction, seismic settlement, and 

seismic landslide hazard.  Table 1 presents our interpretation of the seismic risk at the 

transfer stations.  Additional details are provided in the following sections for slope 

stability at the Renton facility and liquefaction, seismic settlement, and seismic landslide 

hazards at the Algona facility. 

Table 1 – Summary of Relative Seismic Hazard 
(1)

 

Site 
(2)

Design 

Acceleration 

(3)
UBC 

Soil 

Type 

Liquefaction 

Hazard 

Seismic 

Settlement 

Ground 

Fault 

Land 

Slide 

Houghton 0.30 Sc low low low low 

Renton 0.30 Sc low low low moderate 

Algona 0.30 Sc low low low moderate 

Notes: 

(1) Estimated relative seismic hazards rated as low/moderate/high 

(2) Design accelerations taken from USGS National Seismic Hazard Mapping Project, 1996, 

representing bedrock accelerations and a 10 percent probability of exceedance in a 50-year period. 

(3) Based on 1997 International Conference of Building Officials (ICBO) Uniform Building Code 
(UBC). 

4.2.1  Renton Transfer Station 

A slope stability analysis was completed for the slope immediately northwest of the 

Renton facility using the UTEXAS3 computer program (Wright, 1990), and assuming 
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our interpretation of soil conditions, based on the results of investigations completed at 

the facility.  Topographic conditions for the slope immediately adjacent to the northwest 

corner of the canopy were assumed, based on an undated site topographic map provided 

to us by ABKJ.  The assumed engineering properties for soils that comprise the slope at 

the Renton facility are summarized in Table 2.  Groundwater was assumed to be below 

the bottom elevation of the slope.  Foundation loads of 3,000 pounds per square foot (psf) 

over a 7-foot square footing were included in the analyses for the column on the 

northwest corner of the canopy.  Analyses were completed for both static and dynamic 

(seismic) cases.  For the seismic case, a pseudostatic analysis was performed, using a 

pseudostatic coefficient, kh, of 0.15, which coincides with a peak horizontal bedrock 

acceleration of above 0.30.  The peak horizontal bedrock acceleration of 0.30 is 

representative of a 10 percent probability of exceedance in a 50-year period (HWA, 

1997). 

Table 2 - Assumed Soil Properties for Renton Transfer Station Stability Analyses 

Property Value 

Angle of Internal Friction, � 36 degrees 

Cohesion 0 psf 

Unit Weight 129 pcf 

Note:  psf = pounds per square foot; pcf = pounds per cubic foot 

The UTEXAS3 program performs slope stability computations based on the modeled 

conditions, and calculates a factor of safety against slope failure, F, defined as: 

F = s/��

where s is the available shear strength of the soil and � is the shear stress required for 

“just-stable” equilibrium.  A “just-stable” equilibrium condition would result in a factor 

of safety of one, while an unstable condition would result in a factor of safety less than 

one.  UTEXAS3 program uses Spencer’s procedure to determine the factor of safety.  

The results of our stability analyses are summarized in Table 3 below. 

For the static case, the factor of safety against a surficial skin slide failure is marginally 

greater than 1.  Slope instability related to this mode would manifest itself as minor 

surficial raveling and sloughing.  The factor of safety against deeper slope failure that 

could influence improvements near the canopy (movement of a soil mass greater than 

about 2 feet in thickness) is greater than 1.5, which is generally considered acceptable for 

long-term stability.  In our opinion, no further action is warranted to address deep-seated 

slope failure under static conditions.  Erosion control measures should be implemented to 

address the possibility of shallow failure, as detailed in Section 4.4. 
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Table 3 - Summary of Slope Stability Analysis Results – Renton Transfer Station 

Condition Factor of Safety 

Static case – surficial (less than about 1 foot) failure 1.02 

Static case – deeper (greater than 2 feet) failure >1.5 

Seismic case – surficial (less than about 3-foot) failure 0.76 to 0.81 

Seismic case – Moderate depth (between about 3 to 13-

foot) failure 
0.85 to 0.97 

Seismic case – deeper (greater than 13 feet) failure >1.3 

The factor of safety against surficial and moderate depth failures under seismic 

conditions is less than one.  This suggests that some earth movement can be expected on 

the face of the slope, and could possibly approach within a few feet of the foundation on 

the northwest corner of the canopy during the design magnitude earthquake.  This 

movement could damage improvements located between the canopy footing and the 

slope.  We do not anticipate that a potential slide would intercept the footing provided the 

edge of the footing is located at least 12 feet from the crest of the slope; however, lateral 

capacity of the footing could be compromised if soil next to the footing is lost to land 

sliding.  The factor of safety against deeper-seated slope failure that could intercept the 

footing during a design level earthquake is greater than 1.3, which is generally 

considered acceptable. 

4.2.2  Algona Transfer Station 

The Algona facility was evaluated to have moderate hazard ratings for soil liquefaction, 

seismic settlement and seismic landslide hazard.  The soil liquefaction concerns are 

related to the lowland area, beneath the pile supported portion of the facility.  Layers of 

loose sand and silty sand were encountered in borings by others, in the vicinity of the 

site.  Soils encountered beneath the facility in our investigations consist primarily of soft 

peat with varying clay and silt fractions.  It is possible that localized, liquefiable lenses of 
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loose, saturated sand and silty sand may be present in the area.  However, in general, the 

encountered soils are not considered susceptible to liquefaction, based on their relatively 

fine grain size distribution.  The effects of possible localized liquefaction impacts will be 

appropriately mitigated by supporting the appropriate portions of the facility with a pile 

foundation as planned.  Seismic settlement would impose downdrag forces on pile 

foundations if surrounding soils settle during a seismic event.  Our pile foundation 

recommendations in Section 4.5 include consideration to downdrag forces. 

The City of Algona and King County Sensitive Areas Ordinances identify the slope west 

of the Algona facility as an erosion and landslide hazard.  Seismically induced landslide 

hazards were discussed in detail and assigned a moderate hazard in the 1997 HWA 

report.  We concur with this evaluation, and with the statement that slope movement 

resulting from a seismic event would likely result in the accumulation of slide debris at 

the toe of the slope.  We understand that measures have been taken to reduce the 

potential for future instability of the hillside (HWA, 1997).   

4.3  SITE PREPARATION AND EARTHWORK 

The proposed developments will require a certain amount of site preparation and 

earthwork activities related to construction of foundations and pavement areas.   

4.3.1  Excavation and Temporary Shoring 

Excavations will be required for the project to facilitate construction of foundation 

elements, possibly for underground utilities, and for other purposes.  Based on the soil 

conditions observed in our explorations, we anticipate that the on-site soils can be 

excavated with conventional excavating equipment; however, care must be taken during 

construction to maintain stability of open excavations.  Maintenance of safe working 

conditions, including temporary excavation stability, is the responsibility of the 

contractor.  Any temporary cuts in excess of 4 feet in height should be sloped in 

accordance with Part N of Washington Administrative Code (WAC) 296-155, or shored.  

The contractor is responsible for design of shoring.  The existing fill materials generally 

classify as Type C Soil and, for planning purposes, temporary excavation side slopes may 

be assumed as steep as 1½ to1 (horizontal to vertical).  This temporary slope inclination 

is applicable to excavations above the water table only.  If groundwater is encountered 

during construction, dewatering may be required to lower the groundwater table below 

the base of the excavation. 

Groundwater is not expected to be encountered at the Houghton or Renton sites.  If 

excavations at the Algona site are performed deeper than about 5 feet, the contractor 

should anticipate encountering groundwater.  If dewatering is necessary, a dewatering 

plan should be developed and implemented by the contractor, to enable completion of 

excavations in the dry.  The type of dewatering system used will depend on the 
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contractor’s methods, the depth of excavation below water and other factors.  Regardless 

of the dewatering system used, it should be installed and operated such that natural soils 

are prevented from being removed along with the groundwater. 

If groundwater is encountered within sand deposits during construction, reasonable care 

should be taken to prevent groundwater from flowing in from the bottom of the 

excavation, thereby creating a “quick” condition.  Under quick conditions, the density of 

the natural soils will be reduced, resulting in increased settlement during and after 

construction.  To reduce the risk of creating a quick condition, we recommend the 

groundwater level be kept at least 2 feet below the bottom of the excavation in areas 

where sand is encountered. 

4.3.2  Subgrade Preparation 

Subgrade preparation in areas supporting new structures and pavement should begin with 

the removal of all deleterious matter, asphalt, and concrete.  The exposed subgrade soils 

should be evaluated by the geotechnical engineer.  For large areas, this evaluation should 

be performed by proof-rolling the exposed subgrade with a fully loaded dump truck.  For 

smaller areas where access is restricted, the subgrade should be evaluated by probing the 

soil with a steel probe.  Soft/loose soils identified during subgrade preparation should be 

compacted to a firm and unyielding condition or over-excavated and replaced with 

imported structural fill, as described below.  The depth of overexcavation, if required, 

should be evaluated by a qualified geotechnical engineer at the time of construction. 

4.3.3  Structural Fill Materials and Compaction 

Based on the results of our field exploration and laboratory testing program, it is 

anticipated that some on-site soils may be suitable for re-use as structural fill.  The onsite 

soils at the Renton facility are relatively clean (low in fines content), and are considered a 

suitable all-weather fill.  Onsite soils at the Houghton facility would be suitable for reuse 

as structural fill during dry periods, but the fines content (generally between 5 and 15 

percent) will limit the usefulness of onsite soils during extended wet weather conditions.  

All near surface soils at the Algona facility are relatively high in fines content, or may 

contain deleterious materials, and are therefore not considered suitable for reuse.  Any 

structural fill materials needed for the Houghton facility during wet weather construction 

and all structural fill materials at the Algona facility should be imported.  Table 4 

provides a summary of our conclusions and recommendations for reuse of onsite soils as 

structural fill. 

Imported fill materials should meet the requirements for Gravel Borrow, as described in 

Section 9-03.14 of the 1998 WSDOT Standard Specifications for Road, Bridge, and 
Municipal Construction (WSDOT Standard Specifications, 1998).  Soils with fines 

contents higher than 7 percent may be acceptable if the earthwork is performed during 
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dry weather and the contractor’s methods are conducive to proper compaction of the soil.  

The use of materials with fines contents in excess of 7 percent should be evaluated by the 

engineer on a case-by-case basis. 

 

 

Table 4 – Reuse of Onsite Soils as Structural Fill 

Facility Anticipated 

Onsite Soil 

Classification* 

Potential for Reuse as 

Structural Fill 

Houghton SP, SP-SM 

Moderate potential for reuse. 

May present difficulties during 

extended wet weather events. 

Renton GP, SP 
Very low fines content.  Good 

all weather fill. 

Algona 

(West Portion) 
SM 

Imported fill recommended; 

Low potential for reuse. 

Algona 

(East Portion) 
SM, GW 

Imported fill recommended; 

Low potential for reuse. 

 * Anticipated unified soil classification system designation of near surface soils 

Structural fill soils should be moisture conditioned to within about 3 percent of optimum 

moisture content, placed in loose, horizontal lifts less than 8 inches in thickness, and 

compacted to at least 95 percent of the MDD, as determined using test method ASTM D 

1557 (Modified Proctor).  

The procedure to achieve the specified minimum relative compaction depends on the size 

and type of compacting equipment, the number of passes, thickness of the layer being 

compacted, and certain soil properties.  When size of the excavation restricts the use of 

heavy equipment, smaller equipment can be used, but the soil must be placed in thin 

enough lifts to achieve the required compaction.  A sufficient number of in-place density 

tests should be performed as the fill is placed to verify the required relative compaction is 

being achieved. 

Generally, loosely compacted soils are a result of poor construction technique or 

improper moisture content.  Soils with a high percentage of silt or clay are particularly 

susceptible to becoming too wet, and coarse-grained materials easily become too dry, for 

proper compaction.  Silty soils with moisture contents too high for adequate compaction 

should be dried as necessary, or moisture conditioned by mixing with drier materials, or 

other methods. 
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If earthwork is to be performed or fill is to be placed in wet weather or under wet 

conditions when control of soil moisture content is not possible, the following 

recommendations should apply: 

�� Earthwork should be accomplished in small sections to minimize exposure to 

wet weather.  Excavations or the removal of unsuitable soil should be 

followed immediately by the placement and compaction of a suitable 

thickness of clean structural fill, as described below.  The size of 

construction equipment used may have to be limited to prevent soil 

disturbance; 

�� Material used as trench backfill should consist of clean, granular soil, of 

which not more than 5 percent by dry weight passes the U.S. Standard No. 

200 sieve, based on wet sieving the fraction passing the ¾ inch sieve.  The 

fines should be non-plastic; 

�� The ground surface in the construction area should be sloped and sealed with 

a smooth drum roller to promote rapid runoff of precipitation, to prevent 

surface water from flowing into excavations, and to prevent ponding of 

water; 

�� No soil should be left uncompacted so it can absorb water.  Soils which 

become too wet for compaction should be removed and replaced with clean 

granular materials; and 

�� Excavation and placement of fill should be observed on a full time basis by a 

person experienced in wet weather earthwork to verify that all unsuitable 

materials are removed and suitable compaction and site drainage is achieved. 

The above recommendations for wet weather earthwork should be incorporated into the 

contract specifications. 

4.4  DRAINAGE AND EROSION CONSIDERATIONS 

Surface runoff and erosion at the transfer station facilities can be controlled during 

construction by careful grading practices and observance of best management practices 

(BMPs).  Such practices typically include the construction of shallow, upgrade perimeter 

ditches or low earthen berms, and the use of temporary sumps to collect runoff.  Erosion 

at the sites during construction can be minimized by judicious use of straw bales and silt 

fences.  If used, these erosion control devices should be in place and remain in place 

throughout construction. 
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Erosion and sedimentation of exposed soils can also be minimized by quickly 

revegetating exposed areas of soil, and by staging construction such that large areas of 

the project site are not denuded and exposed at the same time.  Areas of exposed soil 

requiring immediate and/or temporary protection against exposure should be covered 

with either mulch or erosion control netting/blankets.   

Permanent erosion control measures should be implemented at the Renton facility to 

reduce the potential for future erosion events.  During our reconnaissance, two 

stormwater drain pipes were observed discharging onto the slope face.  Those pipe 

outlets should be extended (tight lined) to a discharge point beyond the toe of the slope.  

The outlets should be protected with a suitable thickness of hand placed rip rap, splash 

mat or other appropriate means.  Denuded areas should be seeded with an approved grass 

seed mixture, or hydroseeded with an approved seed-mulch-fertilizer mixture. 

4.5  FOUNDATIONS 

The facility improvements will include the construction of both shallow and deep 

foundations.  Shallow foundations will be utilized at the north end of the facility at 

Houghton, the entire facility at Renton, and the northwestern corner of Algona.  Pile 

foundations will be utilized in the remaining areas.  Design footing types for specific 

locations can be evaluated once the location of the footing is known.  We anticipate the 

use of augercast pile foundations at the southern portion of the Houghton facility, and 

either drilled micropiles or driven steel pipe piles at the eastern portion of the Algona 

facility. 

4.5.1  Shallow Foundations 

Spread footing foundations may be used to support the new structural elements at the 

aforementioned locations.  Design parameters for shallow foundations at the three 

transfer station sites are summarized below on Table 5.  The new footings at the sites 

should be designed using the allowable bearing pressures listed in Table 5 to limit 

differential settlement.  Subgrades for new footings should be prepared as recommended 

in Section 4.3.2; structural fill should be placed as recommended in Section 4.3.3.  

The spread footing along the western edge of the Renton facility should be situated so 

that the edge of the footing is at least 12 feet from the crest of the adjacent slope to 

reduce the potential of the footings being undermined as a result of slope instability 

during a seismic event.   

The recommended maximum allowable bearing pressure assumes the undisturbed, native 

foundation bearing soils listed in Table 5.  The recommended maximum allowable 

bearing pressure may be increased by 1/3 for short-term transient conditions such as wind 

and seismic loading.  All exterior footings should be founded at least 18 inches below the 
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lowest adjacent finished grade; interior footings may be founded a minimum of 12 inches 

below top of slab.  We recommend minimum footing widths of 18 and 24 inches for 

continuous strip and isolated column footings, respectively. 

Assuming construction is accomplished as recommended herein, and for the foundation 

loads anticipated, we estimate total settlement of spread foundations of less than about ½ 

inch and differential settlement between two adjacent load-bearing components 

supported on competent soil of less than about ¼ inch.  We anticipate that the majority of 

the estimated settlement will occur during construction, as loads are applied. 

Wind, earthquakes, and unbalanced earth loads will subject the proposed structure to 

lateral forces.  Lateral forces on a structure will be resisted by a combination of sliding 

resistance of its base or footing on the underlying soil and passive earth pressure against 

the buried portions of the structure.  For use in design, a coefficient of friction of values 

listed in Table 5 may be assumed along the interface between the base of the footing and 

subgrade soils.  The recommended passive earth pressures listed in Table 5 may be 

assumed for soils adjacent to footings or other below-grade elements.  The upper 1-foot 

of passive resistance should be neglected in design, unless the footing is protected by a 

floor slab or pavement.  These values were calculated using a safety factor of 

approximately 1.5.  Note that separate passive resistance values are provided for the 

Algona and Houghton facilities for lateral resistance of shallow foundations against 

undisturbed natural soil, and for appropriately designed grade beams or pile caps against 

structural fill, as discussed in Section 4.5.2. 

Table 5 – Shallow Foundation Design Parameters 

Facility 
Foundation 

Bearing Soil
(1)

 

Allowable 

Bearing 

Pressure
(2)

 (psf) 

Allowable 

Friction 

Factor
(3)

 

Allowable 

Passive 

Resistance
(4)

 

(pcf) 

Houghton 
Advance 

Outwash 
2,500 0.40 250 

Houghton 
Structural 

Fill(5) 
Not Applicable Not Applicable 200 

Renton 
Recessional 

Outwash 
3,000 0.40 250 

Algona Glacial Till 3,000 0.33 250 

Algona 
Structural 

Fill(5) 
Not Applicable Not Applicable 200 

Notes: 

(1) Foundation bearing soils should be undisturbed. 
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(2) Allowable bearing pressure includes factor of safety of 3 to limit settlement. 

(3) Allowable friction factor includes factor of safety of 1.5 

(4) Allowable passive resistance includes factor of safety of 1.5 to limit deflection under lateral 

loading.   

(5) Structural fill as defined in Section 4.3.3 of this report. 

4.5.2  Deep Foundations 

Deep foundations are anticipated at the south side of the Houghton facility and the east 

side of the Algona facility.  Auger cast piles are recommended at selected locations for 

the Houghton facility, and either micropiles or driven steel pipe piles are recommended at 

selected locations for the Algona facility.  The following sections present our 

recommendations for auger cast piles, drilled micropiles, and driven steel pipe piles. 

Houghton Transfer Station 

To avoid the risk of possible settlement of soil fill beneath the Houghton facility, we 

recommend the use of auger cast piles to provide adequate bearing support for the 

proposed canopy.  Auger cast piles are not considered suitable for the Algona facility due 

to overhead clearance constraints, and the potential for construction difficulties 

associated with this pile type in peaty soils.  The piles should be constructed to a 

minimum depth of 30 feet below existing grades to insure bearing in the dense advance 

outwash unit at depth.  Assuming the auger cast piles are constructed to a minimum depth 

of 30 feet, allowable vertical capacity will be dependent on the as-constructed pile 

diameter.  For a 12-inch diameter auger cast pile, an allowable vertical capacity of 40 

tons in axial compression and 22 tons in axial tension may be assumed for each pile.  For 

a 16-inch diameter pile, an allowable vertical capacity of 70 tons in axial compression 

and 28 tons in axial tension may be assumed.  Piles should be constructed with a 

minimum center-to-center spacing of 3 pile diameters to maintain the full stated vertical 

capacity for each pile.  The above allowable capacities include a factor of safety of 3, and 

are based on soil strength.  Structural features of the piles could impose limitations on the 

available pile capacity; therefore, the structural engineer should verify the structural 

capacity of the piles. 

The behavior of piles under lateral load was evaluated using the LPILE computer 

program (Reese et al, 1997), assuming both free and fixed head conditions, and vertical 

loads equal to the allowable vertical capacity for each pile.  The results of the lateral 

capacity analyses are presented in Appendix D, and are presented as shear, moment, and 

deflection diagrams.  The lateral pile response results in Appendix D are based on the soil 

parameters listed below in Table 6, and do not include a factor of safety. 
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Table 6 -  Soil Parameters Used in LPILE Analyses –  

 Houghton Transfer Station 

Depth 

(BGS) 

From To 

USCS       

Soil Type 

Unit 

Weight 

(pcf) 

Friction 

Angle 

(deg) 

Cohesion 

(psf) 

Soil Strain 

Parameter, 

E50 

Soil Modulus 

Parameter, k 

(pci) 

0 19.5 SP, SP-SM 116 30 0 0 90(5) 

19.5 30 SP-SM 132 40 0 0 225 

Notes: 

1) BGS = below existing ground surface 

2) Maximum pile depth assumed as 30 BGS 

3) Groundwater assumed below bottom of pile 

4) pcf = pounds per cubic ft.; deg = degrees; psf = pounds per square ft.; pci = pounds per cubic in. 

5) p-y criteria for sand (Reese et. al., 1974) applies to all soil layers 

Auger cast piles are installed by drilling with a continuous flight hollow stem auger to the 

required depth, and pumping grout through the hollow stem as the auger is withdrawn.  

Once the auger is completely removed, steel reinforcement is placed in the grout-filled 

borehole.  The rate at which the auger is withdrawn must be consistent with grout supply.  

If the auger is withdrawn too quickly, the pile will be under-grouted, resulting in 

“necking” of the pile, or contamination of grout materials with caving soil. 

The quality of auger cast piles is highly dependent on the procedures and workmanship 

of the contractor who installs them; therefore, an experienced contractor is a necessity.  

Observation and monitoring of pile installations by an experienced geotechnical engineer 

is also recommended.  A properly functioning pressure gage and pump stroke counter or 

flow meter should be provided on the grout pump to assist in monitoring auger cast pile 

installation.  The pressure gage located at the pump is used to monitor the pressure of the 

grout to evaluate the rate at which the auger should be retracted, and if the auger or hoses 



March 29, 2002 

Project No. 092-004

21 PACRIM GEOTECHNICAL INC. 

are plugged.  The auger should be withdrawn with slow positive rotation at a slow steady 

pull and should not be pulled until the grout has been pumped several feet above the tip.  

The counter is used to determine the approximate volume of grout pumped by counting 

the number of strokes of a displacement-type pump.  The pump should be calibrated prior 

to its use. 

If the proposed structures are supported by a deep foundation system designed and 

constructed as recommended herein, total and differential settlements are anticipated to 

be within tolerable limits.  Under the assumed loading conditions, we estimate less than 

about ½-inch total, and about ¼-inch differential settlement between adjacent foundation 

elements. 

Algona Transfer Station 

The existing timber pile foundation system on the eastern portion of the Algona facility 

will be augmented as part of the project.  New piles will be installed to support the new 

canopy, which we understand will impose foundation loads on the order of 70 tons at 

each column location.  Two approaches are possible for installing the additional piles.  

One approach is to install piles from beneath the existing tipping floor, which has an 

overhead clearance of about 15 feet.  For this approach, we recommend micropiles.  We 

envision 3 to 4 micropiles would be required at each column location.  Another approach 

is to open holes through the tipping floor and install new driven piles from above.  We 

envision 12-inch outside diameter steel pipe piles (2 at each column location) would be 

appropriate for this approach.  The following paragraphs provide discussion and 

recommendations for piles using these two approaches.   

Micropiles 

Micropiles are small (4 to 12-inch) diameter, bored, grouted-in-place piles incorporating 

steel reinforcement.  These piles are designed, installed and tested in a similar manner to 

tiebacks and soil nails.  They are typically contractor-designed, based on a performance 

(capacity) specification.  A non-production test pile is typically installed and 

destructively tested prior to production.  Testing of a non-production pile allows the 

contractor to adjust the design if necessary.  This initial pile is typically loaded to 

approximately two times the design load to confirm bearing capacity.  Additionally, a 

specified percentage of production piles are tested in a non-destructive manner, similar to 

production testing of tiebacks.  These piles are usually tested to lesser loads than the non-

production test piles, typically 130 to 167% of the design load. 

The installation methods are such that micropiles develop a high grout to ground bond 

along the periphery of the pile.  To take advantage of this benefit, high capacity steel 

reinforcement elements are typically incorporated into the pile design, which serve as the 

principle load bearing element and sometimes can occupy up to 50 percent of the hole 
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volume.  Micropiles are generally regarded as friction piles; end bearing is typically not 

relied upon. 

The installation methods for micropiles allows their use in limited access and overhead 

situations.  These piles can be installed with less than about 12 feet without special 

equipment adaptations, and they can be installed at any angle below horizontal (batter).  

Since they are drilled-in-place, they generate minimal vibration, noise and disturbance.  

The general construction sequence for micropiles as they apply to this project is as 

follows: 

1) A boring (approximately 5.5-inch outside diameter) is advanced to the design 

depth either vertical, or at the specified inclination (in the case of battered piles).  

The design depth would be based on a minimum penetration into competent soils 

(also referred to as the bond zone).  The boring is cased during drilling with flush-

threaded, ½-inch wall thickness, 80 kips per square inch (ksi) steel casing in 6-

foot lengths. 

2) The specified reinforcement (either a solid steel bar or cage) is inserted into the 

drilled hole. 

3) Neat cement grout (4,000 pounds per square inch [psi] or greater unconfined 

compressive strength at 28 days) is tremied into the boring as the casing is 

removed to expose the bond zone.  The bond zone in this case would be the 

dense, glacially consolidated sediments underlying the soft alluvial (peat) 

sediments.  The casing above the bond zone would be left in-place and become a 

permanent foundation element. 

4) After the primary grout has cured for a sufficient time, high pressure secondary 

grout is then injected within the bond zone.  This phase is optional, depending on 

the capacity requirements. 

Discussion with local contractors who specialize in the installation of micropiles suggest 

micropiles for this project could be installed within about one to two weeks time 

(including mobilization and demobilization), and would cost on the order of $100 to $125 

per lineal foot (including mobilization, time and materials). 

We completed a preliminary capacity analysis for micropiles, based on methods 

suggested by Xanthakos et al (1994).  We emphasize that these piles should be contractor 

designed, and their capacities verified in the field.  For an allowable compressive (axial) 

capacity of 23.5 tons each, assuming a 3-pile array at each column location, we estimate 

the required vertical pile length to be on the order of 40 to 45 feet below ground surface, 

or 15 feet into the load bearing zone.  This assumes a pile-soil adhesion value on the 

order of 2 ksf, and should be verified with a field testing program.  For battered piles, this 
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length would require adjustment to account for the inclination.  The uplift (tension) 

capacity would be equivalent to the compressive capacity.  This estimated pile length is 

based on bond zone soil strength, and assumes a factor of safety of 3 for allowable axial 

loads.  Structural features of the piles could impose limitations on the available pile 

capacity; therefore, the structural engineer should verify the structural capacity of the 

piles for both the working and testing loads. 

The compressible soils above the bond zone will continue to settle under their own 

weight over the life of the facility, mobilizing a downward frictional load on the portions 

of the pile embedded in those layers.  This downdrag force would be minimized by 

keeping the steel casing permanently in-place above the bond zone.  The above stated 

estimation of pile length considers an approximately 1.5-ton downdrag force. 

Being small in diameter, lateral capacity of micropiles is relatively small when compared 

to larger diameter piles.  Lateral resistance can be gained from passive soil pressure 

acting against the pile caps, using the design parameters provided in Section 4.5.1 and 

Table 5.  For added lateral capacity, micropiles are typically installed battered so a 

component of the axial capacity can be utilized to resist lateral loads. 

The behavior of vertical micropiles under lateral load was evaluated using the LPILE 

computer program (Reese et al, 1997), assuming both free and fixed head conditions, and 

vertical loads equal to the allowable vertical capacity for each pile.  The results of the 

lateral capacity analyses are presented in Appendix D, and are presented as shear, 

moment, and deflection diagrams.  The lateral pile response results in Appendix D are 

based on the soil parameters listed below in Table 7, and do not include a factor of safety. 

Table 7 -  Soil Parameters Used in LPILE Analyses –  

 Algona Transfer Station 

Depth 

(BGS) 

From To 

USCS       

Soil Type 

Unit 

Weight 

(pcf) 

Friction 

Angle 

(deg) 

Cohesion 

(psf) 

Soil Strain 

Parameter, 

E50 

Soil Modulus 

Parameter, k 

(pci) 

0 7 GW, SM 120 34 0 0 175(5) 

7 23 PT 0 0 250 0.030 15(6) 

23 27 GW 62 32 0 0 60(5) 

27 46 SM 78 38 0 0 125(5) 

Notes: 

1) BGS = below existing ground surface 

2) Maximum pile depth assumed as 46 feet BGS 
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3) Groundwater level assumed at 7 feet BGS 

4) pcf = pounds per cubic ft.; deg = degrees; psf = pounds per square ft.; pci = pounds per cubic in. 

5) p-y criteria for sand (Reese et. al., 1974) 

6) p-y criteria for soft clay 

The piles will penetrate potentially corrosive soils (peat), and they should be protected to 

inhibit corrosion.  Corrosion protection using a protective coating would not be practical 

for this application since the piles are drilled-in-place with the drill casing acting as a 

permanent element of the pile.  Therefore, we recommend corrosion protection be 

considered in design either by providing cathodic protection or by including sacrificial 

steel and/or corrosion resistant concrete. 

The piles will be drilled through compressive soils above the bond zone.  We believe that 

the drilling equipment is stiff enough, and the peat is firm enough to obtain a reasonably 

constant batter for the anticipated pile depths. 

If micropiles are selected as the preferred alternative, a field verification testing program 

should be developed and specified in the contract documents.  One non-production test 

pile should be installed for performance testing.  We recommend conducting tension 

tests, since compression testing requires the installation of two or more anchor piles and 

is more expensive and time consuming than tension testing.  Tension testing requires no 

additional piles and is believed to be appropriate since micropiles are considered friction 

piles with the tensile capacity equaling the compressive capacity.  Tension testing is 

typically completed in a similar manner to tieback testing, with a performance test being 

conducted on the dedicated test pile, and production testing being completed on one pile 

at each column location.  Testing would be completed in incremental fashion, in general 

accordance with the recommendations presented by the Post-Tensioning Institute (PTI, 

1996).  The performance test pile should be installed using the same equipment that will 

complete the production piles.  The actual lengths of the production piles should be based 

on the results of the performance testing program.  One pile at each column location 

should be proof-tested to a load that slightly exceeds the design load.  The results of the 

proof tests should be compared to the results of the performance tests.  If any significant 

variation from the performance test results is observed, as determined by the Engineer, 

then the design capacity of this and subsequent piles should be re-evaluated.  The elastic 

deformation and the permanent set for each load increment should be measured to aid in 

the interpretation of the behavior of the micropile. 

Driven Steel Pipe Piles 

In our opinion, driven steel pipe piles may be a suitable alternative for the new canopy 

foundation.  These piles would have a higher capacity and greater stiffness than 

micropiles.  Because of their higher capacity, we envision two piles installed at each 

column location.  However, since they must be installed from above the tipping floor 
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with a crane and drive hammer, they are likely to interrupt other construction activities 

and operations more than micropiles.  Their method of installation is also more likely to 

impact existing improvements at the site from vibration. 

We evaluated the axial capacities (compression and uplift) of 12-inch diameter, 32-foot 

long driven steel pipe piles using the SPILE computer program (Urzua, 1993).  The piles 

should be constructed to a minimum depth of 32 feet below existing grades and a 

minimum penetration of 5 feet into dense glacially overridden soils to insure adequate 

bearing capacity, and to develop a suitable for lateral load resistance.  To achieve this 

penetration, we recommend steel pipe piles be driven open ended.  The depth to glacially 

overridden soils is expected to change across the site, but it should be relatively close to 

the depth depicted in our boring.  Assuming the steel pipe piles are constructed to a 

minimum depth of 32 feet, we expect the allowable vertical capacity of 49 tons 

(compression) and 5 tons (tension) may be assumed for each pile.  These values consider 

a downdrag load of about 3.5 tons.  Piles should be constructed with a minimum center-

to-center spacing of 3 pile diameters to maintain the full stated vertical capacity for each 

pile.  The above allowable capacities include a factor of safety of 3, and are based on soil 

strength.  Structural features of the piles could impose limitations on the available pile 

capacity; therefore, the structural engineer should verify the structural capacity of the 

piles.  As with micropiles, we recommend driven steel pipe piles be protected with 

corrosion protection measures. 

The behavior of plain (no concrete in-filling), open-end steel pipe piles under lateral load 

was evaluated using the LPILE computer program (Reese et al, 1997), assuming both 

free and fixed head conditions, and vertical loads equal to the allowable vertical capacity 

for each pile.  The soil parameters listed above in Table 7, which do not include a factor 

of safety, were used in this analysis.  Our analysis assumed 12-inch outside diameter, ½-

inch wall thickness, grade A36 steel piles.  The results of the lateral capacity analyses are 

presented in Appendix D, and are presented as shear, moment, and deflection diagrams.  

The lateral pile response results in Appendix D. 

If driven steel pipe piles are selected for support of the column loads, we recommend a 

wave equation analysis of pile driving (WEAP) be performed prior to construction to 

determine refusal criteria for pile driving.  This analysis is performed once the pile 

section and pile driving equipment is known, to make sure that the pile will not be 

overstressed during driving.  We can supply suitable forms for the contractor to indicate 

in advance what equipment they will use for pile driving.  This information, which would 

be used in the WEAP analysis, should be supplied at least one week in advance of 

construction. 
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5.0  DOCUMENT REVIEW AND CONSTRUCTION SUPPORT  

Our subconsultant agreement includes time for PacRim to review the final Contract 
Documents to verify that the recommendations presented herein have been interpreted 
and implemented as intended.  If micropiles are selected as the preferred alternative for 
the Algona facility, we should be consulted during the development of the specifications 
pertaining to that portion of the work.  In addition, PacRim should be retained during 
construction to review the geotechnical aspects of Contractor submittals for pile driving, 
dewatering and shoring, as necessary. 

Sufficient geotechnical monitoring, testing and consultation should be provided by 
PacRim during construction to confirm that the conditions encountered are consistent 
with those indicated by explorations, and to verify that the geotechnical aspects of 
construction comply with the contract plans and specifications.  Recommendations for 
design changes will be provided should conditions revealed during construction differ 
from those anticipated.  Construction consultations would include addressing 
geotechnical issues during construction when requested by ABKJ or the Owner 

.
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PACRIM GEOTECHNICAL INC.

Kevin J. Lamb, P.E.  Harbans L. Chabra, P.E. 
Senior Engineer  Principal 
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FIELD INVESTIGATIONS 

DRILLING AND TEST PITS 

Subsurface conditions were explored using hollow stem auger and mud rotary drilling techniques, 

and by excavated test pits.  Four borings and three test pits were completed at selected locations 

within the project areas.  At the Renton Transfer Station, three test pits were excavated to depths 

ranging from 5 to 6.5 feet on February 22, 2000.  Two boring were completed to depths of 34 feet 

each at the Houghton Transfer Station on February 23, 2000, and two borings were completed 

drilled to depths of 29 feet and 39 feet at the Algona Transfer Station on February 24, 2000.  The 

approximate locations of the explorations are illustrated on Figure 2 in the main body of the text. 

The borings were drilled by Geo-Tech Explorations of Tualatin, Oregon, and the test pits were 

completed by Custom Backhoe of Bellevue, Washington, under subcontract to PacRim.  The 

equipment and exploration methods utilized for the borings and test pits are summarized on the 

individual summary boring and test pit logs, which are included in this appendix as Figures A-2 

through A-8.  A key to the symbols and terms used on the summary logs is presented as Figure A-1. 

Soil samples were obtained from all borings at depth intervals ranging from 2.5 to 5 feet using a 2 

inch OD Standard Penetration Test Sampler, and a 3-inch outside diameter (2½-inch inside 

diameter) split barrel sampler.  Sampler types used for each boring are graphically indicated on the 

individual summary logs at the appropriate sample interval.  Specific samplers used for each sample 

are indicated graphically on the summary logs.  The sampler was driven into the soil a distance of 

18 inches using a 140-pound hammer falling a distance of 30 inches.  The hammer was operated 

using a rope-and-cathead system.  Recorded blows for each 6 inches of sampler penetration (blow 

counts) are shown on the summary logs in this appendix.  The blow counts provide a qualitative 

measure of the relative density of cohesionless soil, or the relative consistency of fine-grained soils.  

For the purpose of analyses, field blow counts are corrected to Standard Penetration Test (SPT) 

blow counts, also referred to as N-values.  Blow count corrections are based on the energy 

delivered to the sampler from the drive hammer, and the cross-sectional area of the sampler.  SPT 

N(60)-values represent SPT N-values normalized to an effective energy delivered to drill rods equal 

to 60 percent of the theoretical free-fall energy.  In test pits TP-1, TP-2, and TP-3, disturbed soil 

samples were obtained at selected intervals.  Representative portions of all recovered samples were 

placed in sealed containers and transported to our laboratory for further observation and testing. 

A PacRim Geotechnical Inc. representative was present throughout the field exploration program to 

observe the explorations, assist in sampling, and to prepare descriptive logs of the explorations.  

Soils were classified in general accordance with ASTM D-2488 Standard Practice for Description 
and identification of Soils (Visual-Manual Procedure) (ASTM, 1998).  The summary exploration 

logs represent our interpretation of the contents of the field logs and the results of laboratory 

testing.  The stratigraphic contacts shown on the individual summary logs represent the 

approximate boundaries between soil types; actual transitions may be more gradual.  The 
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subsurface conditions depicted are only for the specific dates and locations reported, and therefore, 

are not necessarily representative of other locations and times. 
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trace fine gravel; moist.
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Grass and topsoil 4 inches thick.
Medium dense, brown, GRAVEL with sand, trace silt,
trace cobbles, scattered organics; moist.
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Medium dense, gray, fine to medium SAND, trace silt,
trace fine gravel; moist.

(RECESSIONAL OUTWASH)
Medium dense, brown, GRAVEL with sand, trace silt,
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Testpit backfilled using native excavation spoils,
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No groundwater encountered.
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gray clay.
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action.
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subrounded.
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Becomes brown, moist.

Bottom of boring at 39 feet.
Boring backfilled with bentonite chips. Top 6 inches
sealed with concrete.
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 (FILL/COLLUVIUM)

No recovery at 5 feet.
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fine gravel; moist; gravel is subrounded.

(GLACIAL TILL)

No recovery at 17.5 feet.

Very dense, brown, fine to medium SAND with silt, trace
coarse sand and fine gravel; wet.
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Bottom of boring at 29 feet.
Boring backfilled with bentonite chips. Top 8 inches
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LABORATORY TESTING 
 
 



 

   PACRIM GEOTECHNICAL INC. 

APPENDIX B 

 

LABORATORY INVESTIGATIONS 

 

GENERAL 

PacRim Geotechnical Inc. personnel performed laboratory tests on soil samples in our in-

house laboratory.  Laboratory index tests included moisture content, fines content, and 

grain size distribution.  All laboratory index tests were conducted in general accordance 

with appropriate ASTM test methods (ASTM, 1998).  The test procedures and test results 

are discussed below. 

Moisture Content Determinations 

Moisture content determinations were conducted on selected soil samples in general 

accordance with ASTM D-2216.  Test results are indicated at the sampled intervals on 

the appropriate summary logs in Appendix A.   

Fines Content Determinations 

Selected soil samples were washed through the U.S. Standard No. 200 sieve in general 

accordance with ASTM D 1140 to determine the percentage of fines.  The test results are 

plotted on Figures B-2 and B-4.  The soil samples analyzed for fines content are indicated 

on the summary logs in Appendix A in the column labeled “Other tests”. 

Grain Size Analyses 

Grain size analyses of selected soil samples were evaluated in general accordance with 

the procedures outlined in ASTM D-422.  The test results are plotted on Figures B-1 

through B-4.  The soil samples analyzed for grain size distribution are indicated on the 

summary logs in Appendix A in the column labeled “Other tests”. 
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APPENDIX C 
 

SUBSURFACE DATA BY OTHERS 


















































































