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INTRODUCTION AND PROJECT UNDERSTANDING 

This report presents the results of our geotechnical investigation at the Municipal Dock Property located on 
Dock Street north of South 11th Street and the Murray Morgan Bridge in Tacoma, Washington.  The Foss 
Waterway Development Authority (FWDA) has requested the collection of environmental and geotechnical 
data to supplement existing data in support of marketing and redevelopment of the site.  The results of our 
environmental investigation are provided under separate cover. 

GEOTECHNCIAL SCOPE OF SERVICES 

Our services to further evaluate geotechnical conditions at the site included the following: 

■ Reviewing existing subsurface information provided to us by the FWDA and from our files.  We 
reviewed a report prepared by Hart Crowser in 1998.  This report includes logs of two geotechnical 
borings (included in Appendix A).  We also reviewed subsurface information from our work on Site 
9 and the Murray Morgan Bridge located to the south.  

■ Performing four Cone Penetrometer Tests (CPTs).  

■ Providing seismic design parameters based on the 2012 edition of the International Building Code 
(IBC). 

■ Evaluating the site potential for liquefaction and providing our opinion of the lateral spreading 
potential under the design seismic event.   

■ Providing our opinion on ground improvement options to mitigate liquefaction and lateral 
spreading.   
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SITE CONDITIONS 

Geologic Setting 

The site is located on the west edge of the delta formed at the mouth of the Puyallup River as it enters 
Commencement Bay.  Commencement Bay was formed as the glaciers that covered Puget Sound retreated 
to the north exposing deep marine valleys and leaving behind dense glacially consolidated material.  Over 
time, alluvium from the Puyallup River has been deposited over this glacially consolidated material and has 
been filling in the marine valley.  In modern time, since the early 1900s, the Puyallup River delta and tide 
flats have been filled over to create usable land and dredged to improve shipping access.   

Surface Conditions 

The site is located on the west side of the Thea Foss Waterway north of the Murray Morgan Bridge (South 
11th Street).  Dock Street is located to the west of the site.  A vicinity map is included as Figure 1.   

The site extends about 300 feet north to south and 90 feet east to west.  At one time the site included a 
warehouse that covered nearly the entire site and extended about 90 feet over the Foss Waterway.  The 
warehouse has been removed, but the concrete floor slab and timber pier structure from the building 
remain on the site and over the waterway.  There is a riprap covered slope under the remaining timber pier 
structure.  The elevation of concrete slab is about 15 feet (mean lower low water [MLLW]).   

Subsurface Conditions 

Our understanding of the subsurface conditions at the site is based on four CPTs completed as part of this 
study and three explorations completed in 2011 for our studies at the Murray Morgan Bridge located 
directly to the south.  We also reviewed two soil borings provided in the report “Final Municipal Dock Data 
Report, Thea Foss Waterway Upland Properties.”  The report is dated April 998, but the borings were 
completed June 1993.  A Soil Investigation Locations map is included as Figure 2. 

Based on our studies, we divided the site soils into three general layers.  These are, from the top down: 
1)  fill, 2) alluvium, and 3) glacially consolidated deposits.  

The Hart Crowser boring B-1 describes soil in the upper 5 feet as “Slighty Silty, Gravelly Sand.”  We interpret 
this as imported granular fill.  Dredge fill may also be present at the site, but dredge fill is often 
indistinguishable from the native alluvium in both density and composition.  We expect that fill is likely 
present in the upper 2 to 5 feet of the site.  

The alluvium observed in the Murray Morgan Bridge explorations was very loose to medium dense fine to 
medium sand with silt and shells.  This is consistent with the soils described in Hart Crowser borings at 
similar elevations.  Data from the CPTs also indicate loose to medium dense sand to silty sand in this layer.  

The glacially consolidated deposits observed in the borings completed for the Murray Morgan Bridge 
generally consist of medium dense to very dense fine to coarse gravel and sand.  Dense to very dense soils 
were also reported in the Hart Crowser explorations.  We interpreted these dense to very dense soils as 
glacially consolidated deposits.  The glacially consolidated deposits are generally too dense for a CPT to 
advance through.  We interpreted the depth of refusal of the CPTs as the contact between the alluvium and 
the glacially consolidated deposits.  This contact was generally observed at about Elevation -20 feet (MLLW) 
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at the site.  The explorations CPT-2 and P-2 encountered this contact at greater depths, about Elevation -27 
and -40 feet, respectively.  

Groundwater elevations are expected to vary with season, tidal fluctuations and other factors.  The 
groundwater at the site could be as high as the high tide elevation, about Elevation 12 feet (MLLW).   

CONCLUSIONS AND RECOMMENDATIONS 

Summary of Conclusions 

The Municipal Dock site has loose, liquefiable soil to a depth of about 30 to 40 feet and has the potential 
for lateral spreading under the design seismic event.  These soil conditions create challenges for developing 
the site, but these challenges are not uncommon among sites on the Foss Waterway and have been 
successfully overcome on development projects both on the Foss Waterway and throughout the Puget 
Sound region.  It is our opinion that the site can be developed to current IBC structural standards for 
residential or commercial development using construction techniques that are both common and routinely 
used on similar sites.  

Seismic Design Criteria 

Based on subsurface conditions encountered in our explorations and our understanding of the geologic 
conditions in the site vicinity, the site may be characterized as Class D in accordance with the 2012 IBC 
and American Society of Civil Engineers (ASCE) 7-10.  Seismic analysis and design for buildings may be 
performed using the parameters provided in Table 1, below.   

TABLE 1.  SEISMIC DESIGN PARAMETERS  

Seismic Parameter Recommended Value 

Peak Ground Acceleration (PGA)1 0.50g 

Spectral Response Acceleration at Short Periods (SS)2 1.295g 

Spectral Response Acceleration at 1 Second Periods (S1)2 0.504g 

Mean Earthquake Magnitude Contributing to PGA3 6.89 

Site Class2 D 

Site Coefficient (FPGA)1 1.0 

Site Coefficient (FA)2 1.2 

Site Coefficient (FV)2 1.5 

Notes: 
1 ASCE 7-10 Minimum Design Loads for Buildings and Other Structures. 
2 2012 International Building Code. 
3 USGS 2008 Interactive Deaggregation for Peak Ground Acceleration for 2475 year return period event. 

Liquefaction and Lateral Spread 

Soil liquefaction refers to the condition where vibration or shaking of the ground, usually from earthquake 
forces, results in the development of excess pore pressures in saturated soils and a subsequent reduction 
in soil strength.  In general, soils that are susceptible to liquefaction include very loose to medium dense, 
clean to silty sands and very soft to stiff non-plastic silts that are below the water table. 
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We evaluated the site soils liquefaction potential using empirical correlations between the design 
earthquake ground motions and soil relative density measured in CPTs and in borings.  Based on this 
analysis, we calculate that the alluvium at the municipal dock site generally has a factor of safety against 
liquefaction between 0.3 and 0.6.  As a point of comparison, for any factor of safety against liquefaction 
less than about 1.5, we assume that some reduction in shear strength will occur.  If the factor of safety is 
less than 1.0, we assume a significant reduction in shear strength will occur.  Based on this analysis, it is 
our opinion that there is a high risk for liquefaction at the site. 

Lateral spreading involves the lateral displacement of large volumes of soil impacted by liquefaction.  
Lateral spreading can occur as liquefied soil flows and spreads similar to a viscous liquid.  Lateral spreading 
can also occur as blocks of non-liquefied surface soils are displaced toward a nearby slope or free-face by 
movement of the underlying liquefied soil.  The Thea Foss Waterway provides a free-face condition that 
increases the potential for lateral spreading to occur.  Based on the soil conditions and the ground surface 
profile, it is our opinion that there is a moderate to high risk for lateral spreading at the site.   

Mitigation of liquefaction and lateral spread will require the use of pile foundations or ground improvement.  
Piles, if used, must be designed to account for the lateral soil loads induced by lateral spread.  This 
additional loading will likely make pile foundations at this site more costly than typical pile foundations at 
sites where lateral spread is not an issue.  Based on the potential for these relatively high lateral pile 
loadings, we expect that ground improvement will be a more cost effective solution. 

Ground Improvement 

It is our opinion that a properly designed and constructed ground improvement program can be used to 
reduce the risk for soil liquefaction and lateral spread to the degree required to meet IBC structural 
requirements.  The ground improvement program for the site must take into consideration the site 
conditions relative to the proposed development and the performance criteria of the development.  The 
discussion that follows is based on our experience in the area and with similar sites.  This should not be 
considered design recommendations specific to this or any other site.   

Ground improvement used to limit lateral spread usually must extend from the ground surface or base of 
foundation down to a non-liquefiable soil layer.  Typically, ground improvement extends 6 to 8 feet beyond 
the perimeter of the structure.  On sites where lateral spread is a concern, ground improvement usually 
must also extend further (10 to 20 feet) beyond the structure towards the free-face or slope.  

Typically, the most cost-effective ground improvement methods for mitigating soil liquefaction are methods 
that displace and densify site soils while also introducing free-draining aggregate into the soil.  These 
methods include stone columns or aggregate piers.  Stone columns are a vibro-displacement method of 
ground improvement that typically includes injecting a 2- to 4-foot-diameter column of crushed rock into 
the ground to densify and reinforce the surrounding soil.  Aggregate piers are similar to stone columns in 
that a column of crushed rock is installed into the soil to densify and improve it.  The difference between 
aggregate piers and stone columns is the means and methods of installing the rock and the equipment 
used.  Aggregate piers use vertical action to install and compact the crushed rock.  A stone column uses 
horizontal vibration and fluid jetting to construct the crushed rock column.  In our opinion either method is 
suitable for the site. 
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Both stone columns and aggregate piers use vibrations to densify and improve the soil mass.  This can 
create an isolated temporary liquefied condition during installation, which can damage or disturb 
surrounding structures or site improvements.  This ground disturbance during installation will limit how 
close the ground improvement can be constructed adjacent to surrounding structures.  There are ground 
improvement techniques that cause less disturbance to surrounding improvements or structures.  For 
example, compaction grouting was proposed for ground improvement around the Murray Morgan Bridge 
foundations.  However, these methods are generally more expensive than stone columns or aggregate 
piers.  

In addition to reducing the potential for liquefaction, ground improvement can also be used to increase 
allowable bearing pressure of spread footings.  Loose alluvial soils typically have allowable bearing 
pressures on the order of 1,500 to 2,000 pounds per square foot (psf).  Ground improvement can be 
designed to provide allowable bearing pressures on the order of 5,000 to 7,000 psf.  

Cement can be added to the aggregate in the stone columns or aggregate piers to provide even higher 
allowable bearing pressures.  This technique has been used in place of piles to provide relatively 
inexpensive high capacity building foundations.  This technique was used for The Henry on Site 1 of the 
Foss Waterway.  

LIMITATIONS 

We have prepared this report for The Foss Waterway Development Authority, for the Municipal Dock Site.  
Our services are provided in accordance with our agreement dated October 2, 2014.  The information 
provided is based on professional knowledge, judgment and experience with similar projects and is 
intended for planning purposes only.  This document is not a geotechnical design report.   
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APPENDIX A 
Hart Crowser Logs from “Final Municipal Dock Data 

Report, Thea Foss Waterway Upland Properties,”  
Prepared for City of Tacoma Public Works Engineering 

Department, April 1998 
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