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  LIQUEFACTION INFORMATION 
 
Reference: ENGEO; “Preliminary Geotechnical Exploration report, Oakland Athletics Ballpark 

Development, Howard Terminal, Oakland, California;” Project 14682.000.000, 
dated April 19, 2019. 

 
Dear Mr. Rosen: 
 
We prepared this letter regarding potential liquefaction at the Howard Terminal Redevelopment 
site in Oakland, California. We discuss liquefaction and mitigation of liquefaction on pages 13 
through 15 of Reference 1 and conclude that after mitigation, liquefaction will not be a hazard to 
development in the event of a earthquake with a Maximum Considered Earthquake (MCE) level 
of ground shaking as defined in the current Building Code. As discussed in Section 2.3.1 of the 
referenced report, the shallowest soil at the site is artificial fill that was placed on a marsh deposit 
and into the adjacent estuary to form the reclaimed land. This material comprises fill placed near 
the beginning of the 20th Century and thicker hydraulic fill placed during the enlargement and 
modernization of the terminal in the 1980s. The hydraulic fill in the southern portions of the site is 
generally looser and thicker than the fill to the north. These zones of fill are shown in Figure 5 of 
the referenced report. 
 
We identified the hazard of liquefaction at the MCE-level event. The soil we identified as 
potentially liquefiable is the fill placed during land reclamation. Figure 3 of the referenced report 
shows the area of artificial fill and Figure 6 of the referenced report shows the California 
Geological Survey’s map of potentially liquefiable land. Immediately north of the Howard Terminal 
project boundary, the ground conditions transition to the native Merritt Sand deposit, which is 
generally too dense to experience significant liquefaction. The land immediately to the east and 
west is also mapped within the potential liquefaction hazard zone. It is possible that in an MCE-
level seismic event, the adjacent properties on the east and west of the site may experience 
liquefaction as those properties were developed for their current use without ground improvement. 
The land to the north should experience minor, if any, liquefaction effects. Since the primary 
vehicle and utility entrances to the site are from the north where liquefaction risk is low, and the 
on-site liquefaction hazard will be mitigated through ground improvement, the Howard Terminal 
site is expected to remain safe and functional with respect to utility service and ingress/egress 
from the site after an MCE-level earthquake. Also, there is a risk of regional transportation and 
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utility disruptions during an MCE-level earthquake due to liquefaction; however, those issues 
would be regional in nature, affect large portions of the Bay Area population, and cannot be 
mitigated on site.  
 
In our March 25, 2021 meeting with the Bay Conservation and Development Commission (BCDC) 
Engineering Criteria Review Board (ECRB), one of the Board members shared information from 
a report on which the Board member personally worked for the Port of Oakland in 2000. We did 
not have a copy of the report referenced by the Board member so we were unable to address this 
comment during the meeting. We and the Board member agreed that this would be an item we 
would review and address in our future studies. We obtained copies of the report and one 
additional report, which were prepared for multiple berths at the Port of Oakland. They are:   
 

 “Geotechnical Report, Berth Deepening Study, Port of Oakland,” by Geomatrix, dated 
December 1998; and 

 “Phase 1 Ground Motion Report, Berths 26-30, 35-37, and 67-68 Extension, Wharf and 
Embankment Strengthening Program (WESP), Port of Oakland, Oakland, California,” by 
Harding Lawson Associates and Olivia Chen Consultants, dated April 27, 2000. 

 
The 1998 report indicated an expectation of “Good” performance of the embankment slope under 
seismic loading based on the engineering judgment of the authors, though no seismic slope 
stability analysis was performed. The 2000 report includes limit-equilibrium slope stability and 
dynamic numerical modeling of the Howard Terminal site (Berths 67 and 68). The 2000 report 
indicates displacement of the slope below the wharf ranging from 1 foot to 12 feet based on 
limit-equilibrium methods and up to 2½ feet in the dynamic numerical model. However, neither of 
these assessments takes into account the proposed ground improvement recommended in the 
referenced report. The large displacements estimated in the 2000 report are calculated as a 
product of seismically induced loading from the liquefied sand pushing on the rock dike along with 
the seismic inertial loading on the rock dike. Once ground improvement is performed, 
displacement of the slope will be minimal since the fill material will not have liquefied. These 
reports do not discuss the buried quay wall; however, once ground improvement is performed 
around the quay wall, the risk of damage from seismic shaking is minute as it will be surrounded 
by densified soil on all sides.    
 
The seismic stability of the Howard Terminal rock dike was tested (though to a smaller earthquake 
load) in the 1989 Loma Prieta Earthquake. As documented in the paper “Soil Liquefaction in the 
East Bay during The Earthquake,” by Kayen et. al. (1998). 
 

“The Howard and APL Terminals differ in their design from the Marine Container 
Terminal in that (1) fill-containment dikes at the Howard Terminal are composed 
entirely of rock, and at the APL Terminal entirely of sand; (2) both the inboard and 
outboard crane rails are pile supported; and (3) all the piles supporting the wharves 
and the crane rails at the Howard Terminal are vertical or nearly vertical 
(max batter, 1: 12). Liquefaction of the hydraulic fill caused appreciable 
settlements (max 30 cm) over large areas of the Howard and APL Terminals. 
Although pavement was damaged at the edges of the wharves and in the inboard 
container yards, there was no apparent damage to piles or adverse movements of 
the crane rails.” 

 
As discussed in Section 3.2.4 of the referenced report, we recommend ground improvement prior 
to land development to reduce the liquefaction risk of existing fill material. These methods include 
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vibratory compaction, deep dynamic compaction and rapid impact compaction; we have 
recommended all of these methods and they have been successfully implemented on other 
development projects in the Bay Area. The methods of ground improvement recommended will 
densify the soil both above and below the groundwater table. If sea level rise or other factors 
result in higher groundwater, the liquefaction hazard would not increase as the newly saturated 
soil would be densified to render it too dense to liquefy. As such, the environmental capping of 
the site after ground improvement and compacted fill placement will be more robust than current 
conditions. Our experience with these types of ground improvement from other local projects are 
that while noise and ground surface vibration impacts are noticeable at distances over 100 feet, 
the improvement only extends approximately 5 to 10 feet from the ground improvement point. 
Measurable settlement or liquefaction do not occur off site with these ground improvement 
methods; similarly, earthmoving equipment or other construction methods will not generate 
sufficient shaking to cause liquefaction behavior off site.  
 
If you have any questions or comments regarding this letter, please call and we will be glad to 
discuss them with you. 
 
Sincerely, 
 
ENGEO Incorporated 
 
 
 
 
Jeff Fippin, GE Bahareh Heidarzadeh, PhD, PE 
Principal Associate 
jaf/bh/ue/cjn 
 
cc: Mr. Sam Worden 
 


