
4. Environmental Setting and Impacts 
 
 
 

N. GEOLOGY AND SOILS 

Section 4.N, Geology and Soils, addresses the geologic and soils impacts that could result from 
construction and operation of the proposed Pier 70 Mixed-Use District Project.  The section 
begins with a description of existing geologic and soils conditions, including paleontological 
resources, in the region and on the project site, and then presents an evaluation of seismic impacts 
related to fault rupture, seismically induced ground shaking, seismically induced ground failure 
(e.g., liquefaction and lateral spread), and seismically induced landslides; soil erosion and loss of 
topsoil; creation of unstable soil or geologic units; problematic soils; alteration of topography and 
effects on unique geologic and physical features; and unique paleontological resources.  Erosion 
issues are also discussed in Section 4.O, Hydrology and Water Quality, on pp. 4.O.46-4.O.54.   

The discussions of site-specific geologic and seismic conditions at the project site are based on a 
preliminary geotechnical investigation of the 28-Acre Site in 20121 and a preliminary 
geotechnical evaluation of the Illinois Parcels in 2015.2  Both studies included a review of 
available geotechnical and seismic information to evaluate geologic and seismic conditions at the 
project site.  The 2012 investigation also included the installation of soil borings and excavation 
of test pits to supplement this information.3  However, as noted in the impact discussions below 
(Impacts and Mitigation Measures, pp. 4.N.20-4.N.35), site-specific geotechnical investigations 
would be required for individual development projects under the Proposed Project in accordance 
with the San Francisco and Port of San Francisco Building Codes to identify the project-specific 
construction and design measures that would be incorporated into the final building design to 
alleviate geotechnical and seismic hazards.  

ENVIRONMENTAL SETTING 

REGIONAL SETTING 

San Francisco is located in the northern portion of the San Francisco Peninsula, which is part of 
the geologically complex California Coast Ranges geomorphic province.4  The Coast Ranges 
province is characterized by a series of northwest-trending ridges and valleys that run roughly 
parallel to the San Andreas Fault Zone, and can be further divided into the northern and southern 

1 Treadwell & Rollo, Preliminary Geotechnical Investigation, Pier 70, San Francisco, California, 
December 19, 2012 (hereinafter referred to as “Pier 70 Preliminary Geotechnical Investigation”).   

2 Treadwell & Rollo, Preliminary Geotechnical Evaluation, Pier 70-Illinois/20th Street and Hoe Down 
Yard, San Francisco, California, February 23, 2015 (hereinafter referred to as “Illinois Parcels 
Preliminary Geotechnical Evaluation”).  

3  When discussed together, the preliminary geotechnical investigation and preliminary geotechnical 
evaluation are referred to as the “geotechnical evaluations.” 

4 Robert M. Norris and Robert W. Webb, Geology of California, second edition, 1990, p. 6.   
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ranges that are separated by San Francisco Bay.  San Francisco Bay lies within a broad 
depression created from an east–west expansion between the San Andreas and the Hayward fault 
systems.  The tectonic forces that dominate the region developed from the margin between the 
Pacific Plate and the North American Plate where the Pacific Plate slowly creeps northward past 
the North American Plate on the San Andreas, Hayward, and associated subsidiary faults.  The 
Bay and the northern portion of the San Francisco Peninsula are within a structural down-dropped 
block between the Northern Santa Cruz Mountains to the west and Diablo Mountain Range to the 
east.  Much of the Coast Range province is composed of marine sedimentary deposits and 
volcanic rocks.  The relatively thick marine sediments dip east beneath the alluvium of the Great 
Valley province to the east.   

The northwesterly trend of ridges and valleys characteristic of the Coast Ranges is obscured in 
San Francisco, except for features such as Russian Hill, Telegraph Hill, Hunters Point, and 
Potrero Hill.  These relatively rugged hills are formed by Jurassic- to Cretaceous-aged5 bedrock 
of the Franciscan Complex which underlies San Francisco.  Fluctuating sea levels during the 
Quaternary period (the last 2 million years) resulted in alternating sequences of terrestrial6 and 
estuarine7 sediments over the eroded bedrock surface in San Francisco.  Over the history of San 
Francisco’s development, artificial fill has been placed over portions of the Bay in an effort to 
reclaim land. 

PROJECT SITE TOPOGRAPHY AND GEOLOGY 

The Proposed Project is located along the eastern shoreline of San Francisco at Potrero Point.  
Historical shoreline maps and photographs reviewed for a geotechnical evaluation of the project 
area indicate that the Irish Hill vicinity was formerly occupied by serpentinite bluffs overlooking 
tidal mud flats extending into San Francisco Bay.8  The historic 1869 shoreline crossed the 
project site south of 20th Street and north of the Hoedown Yard (within the Illinois Parcels and 
roughly bisected the 28-Acre Site), as shown on Figure 4.N.1: Project Site Vicinity Geologic 
Map.  Extensive blasting and quarrying of Potrero Point and Irish Hill during the late 1800s and 
early 1900s nearly leveled Irish Hill and generated substantial amounts of rock, which were 
placed in the tidal areas to extend and develop the shoreline toward the east, including most of the 
28-Acre Site and the northeast portion of the Illinois Parcels.   
  

5 The Jurassic and Cretaceous periods spanned the period from approximately 160 to 70 million years ago. 
6 Terrestrial sediments consist of mixtures of gravel, sand, silt, and clay deposited by rivers and streams.  

Such sediments are generally referred to as alluvial deposits. 
7 Estuarine sediments generally consist of silts and clays deposited in inland marine areas affected by fresh 

water.  These sediments are often rich in organic matter and sometimes contain sand.  San Francisco Bay 
and its adjacent tidal marshlands are estuarine environments. 

8 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, pp. 8 and 9.   
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The southern portion of the Illinois Parcels includes the remnant of Irish Hill, which reaches a 
height of approximately 78 feet North American Vertical Datum 88 (NAVD88) or 167 feet 
project datum.9  A steep bedrock cut separates the southern portion of the Hoedown Yard from 
the adjacent 28-Acre Site to the east and also extends north from the remnant of Irish Hill, 
transecting the 20th/Illinois Parcel.  Elevations in the relatively level southern portion of the 
existing Hoedown Yard range from about 37 to 41 feet NAVD88 (126 to 130 feet project datum), 
and elevations in the relatively level area to the east of the bedrock cuts are over 20 feet lower, 
ranging from about 11 to 15 feet NAVD88 (100 to 104 feet project datum).  This area slopes 
gently towards the Bay.   

The 20th/Illinois Parcel includes a crescent-shape cut that is mostly retained by concrete retaining 
walls.  In other areas, near vertical cuts expose bedrock materials.  The bedrock exposed in the 
cuts separating the Hoedown Yard from the 28-Acre Site is covered with a gunite10 veneer, which 
is cracking and separating from the rock in many locations.   

The preliminary geotechnical evaluations for both the 28-Acre Site and the Illinois Parcels 
indicate that serpentinite bedrock of the Franciscan Complex, including the remnant of Irish Hill, 
is exposed throughout most of the southwestern portion of the project site, as shown on 
Figure 4.N.1.11,12  The remainder of the site is immediately underlain by artificial fill.  The 
Franciscan Complex is late Jurassic and early Cretaceous age (164 to 100 million years ago).  The 
serpentinite component of the Franciscan Complex is mostly sheared and highly fractured rock 
containing hard inclusions of less fractured serpentinite, sandstone, shale, and chert.  The depth to 
bedrock rapidly increases towards the Bay, plunging to the northeast and southeast of Irish Hill; 
the depth to bedrock reaches about 70 feet in the northeast portion of the 28-Acre Site.  As 
discussed in “Naturally Occurring Asbestos” in Section 4.P, Hazards and Hazardous Materials, 
pp. 4.P.9, the serpentinite of the Franciscan Complex commonly contains naturally occurring 
asbestos. 

North and east of the historic shoreline, the project site is underlain by variable thicknesses of 
artificial fill, marsh deposits, and weak compressible marine clay known as Young Bay Mud.  
These deposits are described as follows: 

• Artificial Fill – generally consists of locally quarried rock, sand, and clay with wood, 
slag, concrete, and brick debris that was placed on the surface of near-shore Bay Mud and 

9 San Francisco City Datum (SFCD) is 11.32 feet above North American Vertical Datum 1988, plus or 
minus about two hundredths of a foot at different locations in the City.  The project datum is equal to 
SFCD plus 100 feet. 

10 Gunite is a concrete mixture that is sometimes applied to rock surfaces to make them more stable. 
11 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, pp. 8 and 9.   
12 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, pp. 3-4. 
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marsh deposits in an unengineered condition.  The fill extends to depths of 37 feet below 
ground surface (bgs). 

• Marsh Deposits – generally consist of sandy clay with gravel. 

• Young Bay Mud – generally consists of weak, compressible marine clay.  The thickness 
increases to the east, and reaches up to 40 feet thick at the Bay shoreline. 

PALEONTOLOGICAL RESOURCES 

Paleontological resources are the fossilized remains or impressions of prehistoric plants and 
animals used to document the existence of extinct life forms and to reconstruct the environments 
in which they lived.  Fossils, including planktonic marine organisms, mollusks, and plant 
microfossils (pollen and spores), are typically found in river, lake, and bog deposits, although 
they may occur in nearly any type of sedimentary sequence.  Sedimentary rocks of the Franciscan 
Complex have produced significant fossils important for understanding the age, depositional 
environments, and tectonic history of the San Francisco area.13  For example, fossil material was 
uncovered in an excavation for a new building in the northeast quadrant of San Francisco.  As 
noted above on p. 4.N.4, preliminary geotechnical evaluations for both the 28-Acre Site and the 
Illinois Parcels indicate that serpentinite bedrock of the Franciscan Complex, including 
sandstone, shale, and chert, is exposed throughout most of the western portion of the project site.  
Although plant and invertebrate fossil remains have been found in Young Bay Mud, which occurs 
at variable depths throughout the project site, these fossils are abundant and their occurrence 
would not be noteworthy.  Further, no vertebrate fossils have been identified in the Young Bay 
Mud in San Francisco.14  Therefore, the Young Bay Mud is considered to have a low 
paleontological sensitivity.15  The remainder of the project site is underlain by artificial fill and 
recent marsh deposits that would have a low probability of containing paleontological resources. 

SLIPWAYS AND CRANEWAYS 

Concrete ship slipways (Slipways 5 through 8) and craneways were constructed along the Bay 
shoreline at the eastern border of the project site in the early 1940s for ship construction and 
maintenance.  These structures are supported on 8- to 10-inch-diameter timber piles and concrete 
walls.  Five timber piles observed during excavation of a test pit for the 2012 geotechnical 

13 Elder, William, Mesozoic Molluscan Fossils from the Golden Gate National Recreation Area and their 
Significance to Franciscan Complex Terrane Reconstructions, San Francisco Bay Area, California, 
December 2015.  Available online at 
https://www.nature.nps.gov/geology/paleontology/pub/grd3_3/goga1.htm.  Accessed December 2, 2015. 

14 University of California Museum of Paleontology, UCMP Specimen Search.  Available online at 
http://ucmpdb.berkeley.edu/.  Accessed June 15, 2016. 

15 Paleontological sensitivity is defined as the potential for a geologic unit to produce scientifically 
significant fossils.  This sensitivity is determined by rock type, past history of the rock unit in producing 
significant fossils, and fossil localities that are recorded from that unit. 
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investigation at Pier 70 were embedded in a concrete pile cap 2.0 feet deep and 2.5 feet wide.16  
One pile exposed in the test pit was observed to be in deteriorated condition.  Load testing of one 
of the piles demonstrated that the piles may not be capable of supporting building loads.  It is 
assumed that the other piles that were not exposed during the geotechnical investigation are also 
in a deteriorated condition.   

The slipways slope towards the Bay shore, and unsupported 17-foot-wide unreinforced concrete 
slabs separate the slipways from the craneways on either side.  The area above the slipways and 
unsupported concrete slabs was filled to the existing site grade between 1969 and 1972, and is 
protected at the Bay margin by the sheet pile bulkhead of the craneways.  The bulkhead extends 
from an elevation of about 30 feet NAVD88 (59 feet project datum) at the bottom to an elevation 
of 0 to 11 feet NAVD88 (89 to 100 feet project datum) at the top.17 

GROUNDWATER 

During the geotechnical evaluations of the 28-Acre Site (completed in 2012) and the Illinois 
Parcels (completed in 2015), the depth to groundwater was about 6 to 29 feet, although these 
groundwater levels could be tidally influenced in the areas closest to the Bay.18,19  In areas of 
shallow bedrock, groundwater is likely perched atop the bedrock.  Within the bedrock, 
groundwater could be encountered at any depth because it is typical for groundwater to seep 
through seams and fractures of the rock, which are unpredictable in sheared rock such as 
serpentinite. 

GEOLOGIC HAZARDS 

Settlement 

Young Bay Mud (which underlies much of the project site beyond the historic 1869 shoreline) is 
saturated, soft, and compressible.  When loads such as buildings are placed on it, the soft mud can 
compress and settle.  Placement of the loads could also result in plastic deformation and lateral 
movement, sometimes accompanied by upthrusting in adjacent areas (creating so-called “mud 
waves”).  Young Bay Mud has low shear strength (i.e., low resistance to downslope movement 
due to gravity of rock and differential pressures).  For these reasons, Young Bay Mud is not 
considered suitable material for bearing foundations of anything but very light structures and 
usually is not relied upon to support vertical loads. 

16 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 10. 
17 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, pp. 10 and 11. 
18 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 10.  
19 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, p. 4. 
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Slope Failure 

Slope failures, commonly referred to as landslides, include many phenomena that involve the 
downslope displacement and movement of material, triggered either by static (i.e., gravity) or 
dynamic (i.e., earthquake) forces.  Exposed rock slopes undergo rock falls, rockslides, or rock 
avalanches, whereas soil slopes experience soil slumps, rapid debris flows, or deep-seated 
rotational slides.  Slope stability can depend on a number of complex variables, including the 
geology, structure, and amount of groundwater, as well as external processes such as climate, 
topography, slope geometry, and human activity.  Slope movements are affected by factors that 
decrease the resistance in the slope materials and those that increase the stresses on the slope.  
Landslides can occur on slopes of 15 percent or less, but the probability is greater on steeper 
slopes that exhibit old landslide features such as scarps, slanted vegetation, and transverse ridges. 

The best available predictor of where slides and earth flows might occur is the distribution of past 
movements.20  In 1997, the U.S. Geological Survey (USGS) released a preliminary map and 
geographic information system (GIS) database that provide a summary of the distribution of 
landslides evident in the landscape of the San Francisco Bay region.21  The map is a digitized 
nine-county compilation of existing landslides that has been used to divide the region into four 
landslide zones:  mostly landslides, many landslides, few landslides, and flatland.  

The project site is primarily located within an area identified as “flatland,” defined by the USGS 
as areas of gentle slope at low elevation that have little or no potential for the formation of 
slumps, translational slides, or earthflows except along stream banks and terrace margins.  The 
southwest corner of the site, near the remnant of Irish Hill, is mapped as “few landslides,” defined 
by the USGS as areas that contain few, if any, large mapped landslides, but locally contain 
scattered small landslides and questionably identified larger landslides.  The geotechnical 
evaluation of the Illinois Parcels notes that the exposed bedrock in the near-vertical cuts at the 
project site is highly sheared and would be susceptible to rock fall.  Boulders and other pieces of 
rock fragments were observed at the foot of several cuts.22  Therefore, these cuts could be subject 
to sloughing and rock fall. 

20 T. H. Nilsen and B. L. Turner, Influence of Rainfall and Ancient Landslide Deposits on Recent 
Landslides (1950-71) in Urban Areas of Contra Costa County, California, U.S. Geological Survey 
Bulletin 1388, 1975, p. 1.   

21 U.S. Geological Survey, Summary Distribution of Slides and Earth Flows in the San Francisco County, 
California, Open File Report 97-745 Part C, by C. M. Wentworth, S. E. Graham, R. J. Pike, 
G. S. Beukelman, D. W. Ramsey, and A. D. Barron, 1997.   

22 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, p. 10. 
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Soil Hazards 

In urbanized areas like the project site, native soils usually have been removed or reworked and 
combined with imported fill materials as a result of earthwork activities.  Soils mapped on the 
project site include Urban Land beneath the Illinois Parcels and portions of the 28-Acre Site, and 
Urban Land-Orthents − reclaimed complex (0 to 2 percent slopes) beneath the remainder of the 
28-Acre Site.23  The Urban Land classification corresponds to soils formed in tidal flats and the 
Urban Land-Orthents reclaimed complex classification corresponds to artificial fill materials.  

Expansive Soils 

Problematic soils, such as expansive soils, can damage structures and buried utilities and increase 
maintenance requirements.  Expansive soils are characterized by their ability to undergo 
significant volume change (i.e., to shrink and swell) due to variations in moisture content.  
Changes in soil moisture can result from rainfall, landscape irrigation, utility leakage, roof 
drainage, and/or perched groundwater.24  Expansive soils are typically very fine grained and have 
a high to very high percentage of clay.  Expansion and contraction of expansive soils in response 
to changes in moisture content can lead to differential and cyclical movements that can cause 
damage and/or distress to structures and equipment. 

The artificial fill beneath the project site is sandy and gravelly25 and would not be expansive.  The 
Young Bay Mud is below the water table and is permanently saturated; therefore, it would not be 
subject to moisture changes that would cause expansion and contraction of the clay materials. 

Corrosive Soils 

Corrosive soils can damage buried metal structures (such as pipelines) and concrete (such as 
foundations) that is in direct contact with soil or bedrock.  Typically, the most corrosive soils are 
those with the lowest pH and highest concentration of chlorides and sulfates.  Wet/dry conditions 
can result in a concentration of chlorides and sulfates as well as movement in the soil that tends to 
break down protective corrosion films and coatings on the surface of building materials.  High-
sulfate soils are also corrosive to concrete and may prevent complete curing, thereby considerably 
reducing the strength of the concrete.  Low pH and/or low-resistivity soils can corrode buried or 
partially buried metal structures.  Depending on the degree of corrosivity of the subsurface soils, 

23 U.S. Department of Agriculture, Natural Resources Conservation Service, Custom Soil Resource Report 
for San Mateo County, Eastern Part, and San Francisco County, California, Pier 70 SUD, March 26, 
2015.   

24 Perched groundwater is a local saturated zone above the water table that typically exists above an 
impervious layer (such as clay) of limited extent. 

25 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 9  
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building materials such as concrete, reinforcing steel in concrete structures, and bare-metal 
structures exposed to these soils can deteriorate, eventually leading to structural failures.   

Corrosivity testing of the fill materials as part of the preliminary geotechnical investigation 
conducted in 2012 found that the fill material is moderately corrosive.26  Based on experience 
with similar sites, the geotechnical consultant also concluded that the Young Bay Mud is severely 
corrosive. 

REGIONAL FAULTING AND SEISMIC HAZARDS 

The San Francisco Bay Area is situated near the boundary between two major tectonic plates, the 
Pacific Plate to the southwest and the North American Plate to the northeast.  Since the Miocene 
epoch (approximately 23 million years ago), about 200 miles of right-lateral movement27 has 
occurred along the San Andreas Fault Zone to accommodate the relative movement between 
these two plates.  The movement between the Pacific Plate and the North American Plate 
generally occurs across a 50-mile-wide zone extending from the San Gregorio Fault in the 
southwest to the Great Valley Thrust Belt to the northeast.  In addition to the right-lateral slip 
movement between the two tectonic plates, portions of the North American Plate have moved 
toward each other during the last 3.5 million years, resulting in compressional forces at the 
latitude of San Francisco Bay.28 

Active and Potentially Active Faults 

The San Andreas, San Gregorio, Hayward, Healdsburg-Rodgers Creek, Calaveras, Concord-
Green Valley, and Marsh Creek-Greenville strike-slip faults29 are active faults30 of the San 
Andreas system that predominantly accommodate lateral movement between the North American 
and Pacific tectonic plates in the San Francisco Bay region.  Active blind- and reverse-thrust 
faults31 in the San Francisco Bay region that accommodate compressional movement include the 
Monte Vista–Shannon and Mount Diablo faults.  The closest strike-slip faults to the project site 

26 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 11. 
27 The Pacific Plate and the North American Plate are moving past each other along the San Andreas Fault 

Zone; “right-lateral movement” means that they are moving to the right relative to each other. 
28 C. H. Fenton and C. S. Hitchcock, “Recent Geomorphic and Paleoseismic Investigations of Thrust Faults 

in Santa Clara Valley, California,” in H. Ferriz and R. Anderson (eds.), Engineering Geology Practice in 
Northern California: California Division of Mines and Geology Bulletin 210, 2001.   

29 Strike-slip faults involve the two blocks moving parallel to each other without a vertical component of 
movement. 

30 An active fault is one that shows geologic evidence of movement within Holocene time (approximately 
the last 11,000 years). 

31 Blind-thrust faults are low-angled subterranean faults that have no surface expression.  A reverse fault is 
one with predominantly vertical movement in which the upper block moves upward in relation to the 
lower block; a thrust fault is a low-angle reverse fault.   
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are the San Andreas, Hayward, San Gregorio, and Calaveras faults.  Table 4.N.1: Major Active 
Faults in the Vicinity of the Project Site, summarizes the distance of these faults from the project 
site, and the estimated mean characteristic earthquake moment magnitude (Mw)32 for each of these 
faults. 

Table 4.N.1:  Major Active Faults in the Vicinity of the Project Site 

Fault Name Approximate Distance from 
Project Site (miles) Mw1 

San Andreas 7  8.1 

Hayward 11  7.0 

Calaveras 21  7.0 

Healdsburg-Rodgers Creek 23  7.1 

Concord-Green Valley 24  6.8 

San Gregorio (Seal Cove) 12  7.5 

Marsh Creek-Greenville 31  7.0 

Mount Diablo Thrust 21  6.7 

Monte Vista-Shannon 24  6.5 

Notes: 
1 Mw = Mean Characteristic Moment Magnitude Earthquake.  Moment magnitude is related to the physical size 

of a fault rupture and movement across a fault and provides a physically meaningful measure of the size of a 
faulting event.   

Source: Treadwell & Rollo, Preliminary Geotechnical Investigation, Pier 70, San Francisco, California, December 19, 2012 

Since 1800, four major earthquakes have been recorded on the San Andreas Fault.  In 1836, an 
earthquake with an estimated Mw of 6.4 occurred east of Monterey Bay (San Juan Bautista) on the 
San Andreas Fault.33  Shortly thereafter, in 1838, an earthquake with an estimated Mw of about 
7.4 occurred on the San Andreas Fault.  The San Francisco earthquake of 1906 caused the most 
significant damage in the history of the Bay Area in terms of loss of lives and property damage.  
This earthquake created a surface rupture along the San Andreas Fault from Shelter Cove to San 
Juan Bautista, approximately 290 miles in length.  It had an estimated Mw of about 7.8 and was 
felt 350 miles away in Oregon, Nevada, and Los Angeles.  The most recent large earthquake to 
affect the Bay Area was the Loma Prieta earthquake on October 17, 1989.  The epicenter of this 

32 An earthquake is classified by the amount of energy released, expressed as the magnitude of the 
earthquake.  Traditionally, magnitudes have been quantified using the Richter scale.  However, 
seismologists now use a moment magnitude (Mw) scale because it provides a more accurate 
measurement of the size of major and great earthquakes.  Moment magnitude is directly related to the 
average slip and fault rupture area. 

33 California Geological Survey, Regional Geologic Mapping Program, Significant California Earthquakes, 
http://www.consrv.ca.gov/cgs/rghm/quakes/Pages/eq_chron.aspx.  Accessed October 8, 2015.   
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earthquake was on the San Andreas Fault approximately 60 miles from the project site in the 
Santa Cruz Mountains.  The earthquake had an estimated Mw of 6.9.   

On the Hayward Fault, an earthquake with an estimated Mw of 7.0 occurred in 1868 on the 
southern segment (between San Leandro and Fremont).  In 1861, an earthquake of unknown 
magnitude (probably an Mw of about 6.5) was reported on the Calaveras Fault.  The most recent 
significant earthquake on this fault was the 1984 Morgan Hill earthquake with an Mw of 6.2. 

The USGS estimates that it is nearly certain that an Mw 6.7 or higher earthquake will occur on 
one of the regional faults in the 30-year period between 2014 and 2044.34  The USGS considers 
the Hayward-Rodgers Creek and Calaveras faults to be particularly ready to rupture.  The 
likelihood of an Mw 6.7 or higher earthquake occurring on the Hayward-Rodgers Creek before 
2044 is 14.3 percent; the likelihood of such an earthquake occurring on the Calaveras Fault is 
7.4 percent.  The northern segment of the San Andreas Fault is considered less likely to rupture 
partly because of the relatively recent 1906 earthquake on that fault.  The likelihood of an Mw 6.7 
or higher earthquake occurring on this fault before 2044 is 6.2 percent. 

Fault Rupture 

Fault rupture almost always follows pre-existing faults, which are zones of weakness.  Surface 
rupture occurs when movement on a fault deep within the earth breaks through to the ground 
surface.  Surface ruptures associated with the 1906 San Francisco earthquake extended for more 
than 260 miles, with displacements of up to 21 feet.  There is a very low potential for fault 
rupture within the project site because no active faults cross the site.35 

Ground Shaking 

The intensity of seismic shaking, or strong ground motion, in the project site during an 
earthquake is dependent on the distance between the project site and the epicenter of the 
earthquake, the magnitude of the earthquake, and the geologic conditions underlying and 
surrounding the project site.  Earthquakes occurring on faults closest to the project site would 
most likely generate the largest ground motions. 

The intensity of earthquake-induced ground motions and the potential forces affecting structures 
within the project site can be described in terms of “peak ground acceleration,” which is 
represented as a fraction of the acceleration of gravity (g).36  Based on regional shaking hazard 

34 U.S. Geological Survey and U.S. Department of the Interior, UCERF3: A New Earthquake Forecast for 
California’s Complex Fault System, Fact Sheet 2015–3009, March 2015.   

35 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, p. 9. 
36 Acceleration of gravity (g) = 980 centimeters per second squared.  1.0 g of acceleration is a rate of 

increase in speed equivalent to a car traveling 328 feet from rest in 4.5 seconds.   
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maps in the Community Safety Element of the San Francisco General Plan (General Plan), 
which are derived from shaking hazard mapping done by the Association of Bay Area 
Governments (ABAG) in 2003, the project site could experience very strong to violent ground 
shaking due to an earthquake along the Hayward Fault or the Peninsula segment of the San 
Andreas Fault.  More recent mapping developed by ABAG in 2013 in conjunction with the USGS 
and California Geological Survey indicates the project site could be subjected to very strong 
ground shaking.37  This level of ground shaking corresponds to a peak ground acceleration of 
about 0.25 g to 0.30 g. 

Liquefaction 

Liquefaction is a phenomenon in which saturated granular sediments temporarily lose their shear 
strength during periods of earthquake-induced, strong ground shaking.  The susceptibility of a site 
to liquefaction is a function of the depth, density, and water content of the granular sediments and 
the magnitude of earthquakes likely to affect the site.  Saturated, unconsolidated silts, sands, silty 
sands, and gravels within 50 feet of the ground surface are most susceptible to liquefaction.  
Liquefaction-related phenomena include vertical settlement from densification, lateral spreading, 
ground oscillation, flow failures, loss of bearing strength, subsidence, and buoyancy effects.   

Much of the 28-Acre Site and the northeast portion of the Illinois Parcels are located in a 
potential liquefaction hazard zone identified by the California Geological Survey, as shown on 
Figure 4.N.2: Liquefaction Zone.38  The liquefaction zone correlates roughly with the area north 
and east of the historic shoreline that was filled in the late 1800s and early 1900s.  The 
preliminary geotechnical evaluations for the 28-Acre Site and Illinois Parcels conclude that loose 
to medium-dense sand and gravel layers below the groundwater level could liquefy during a 
major earthquake on a nearby active fault and up to 4 inches of vertical ground settlement may 
occur, depending on the thickness and relative density of the geologic materials.39  The 
anticipated settlement is expected to be erratic and to vary substantially across the site. 
  

37 Association of Bay Area Governments, Resilience Program.  South Francisco County Earthquake 
Hazard.  Available online at http://resilience.abag.ca.gov/earthquakes/sanfrancisco/.  Accessed 
October 8, 2015.   

38 California Division of Mines and Geology, Seismic Hazard Zones, San Francisco Quadrangle, 
California Division of Mines and Geology, Official Map, effective November 17, 2000.   

39 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 14. 
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Lateral Spreading 

Of the liquefaction hazards, lateral spreading generally causes the most damage.  This is a 
phenomenon in which large blocks of intact, non-liquefied soil move downslope on a liquefied 
substrate of large aerial extent.40  When lateral displacement occurs, the mass moves toward an 
unconfined area, such as a descending slope or stream-cut bluff.  Slopes ranging between 0.3 and 
3 percent can displace the surface by several meters to tens of meters.  Areas of observed lateral 
spreading in San Francisco are mainly limited to areas where fill has been placed over marsh and 
Young Bay Mud deposits.41  After the 1906 earthquake on the San Andreas Fault, lateral 
movements of approximately 2 feet were observed at the waterfront, near the foot of Market 
Street, and some lateral movement apparently occurred in this area as a result of the 1868 
earthquake on the Hayward Fault.42 

The preliminary geotechnical investigation for the 28-Acre Site concluded that fill materials 
placed east of the historic shoreline could move laterally towards the Bay in the event of a major 
earthquake on one of the regional faults.43  Areas north and south of the slipways were filled after 
the slipways were constructed and are underlain by fill over Young Bay Mud.  The shoreline in 
these areas is not protected by the bulkhead, and shoreline areas could experience lateral 
spreading of approximately 12 inches.  Lateral movement in the proposed building areas over the 
slipways and craneways would be on the order of approximately 6 inches because of the 
protection afforded by the craneway bulkhead.   

Earthquake-Induced Settlement 

Settlement of the ground surface can be accelerated and accentuated by earthquakes.  During an 
earthquake, settlement can occur as a result of the relatively rapid rearrangement, compaction, 
and settling of subsurface materials (particularly loose, noncompacted, and variably sandy 
sediments above the water table).  Settlement can occur both uniformly and differentially (i.e., 
where adjoining areas settle at different rates).  Areas are susceptible to differential settlement if 
underlain by compressible sediments, such as poorly engineered artificial fill or Young Bay Mud.  
Near the foot of Market Street, settlements of as much as 4 feet occurred during the 1906 
earthquake on the San Andreas Fault, and some settlement was also reported during the 1868 

40 T. L. Youd and D. M. Perkins, “Mapping Liquefaction Induced Ground Failure Potential,” Proceedings 
of the American Society of Civil Engineers, Journal of the Geotechnical Engineering Division, 1978.   

41 T. L. Youd and S. N. Hoose, Historic Ground Failures in Northern California Triggered by 
Earthquakes, Geological Survey Professional Paper 993, 1978 (hereinafter referred to as “Historic 
Ground Failures”).   

42 T. L. Youd and S. N. Hoose, Historic Ground Failures. 
43 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, pp. 14 and 15. 

 
December 21, 2016  Pier 70 Mixed-Use District Project 
Case No. 2014-001272ENV 4.N.14 Draft EIR 

                                                      



4. Environmental Setting and Impacts 
N. Geology and Soils 

earthquake on the Hayward Fault.44  The preliminary geotechnical investigation for the 28-Acre 
Site estimates that in the event of a major earthquake on one of the regional faults, up to 4 inches 
of earthquake-induced settlement could occur in areas of the project site that were filled in the 
late 1800s and early 1900s.45 

Earthquake-Induced Landslides 

Earthquake motions can also induce substantial stresses in slopes, causing earthquake-induced 
landslides or ground cracking when the slope fails.  Earthquake-induced landslides can occur in 
areas with steep slopes that are susceptible to strong ground motion during an earthquake.  The 
1989 Loma Prieta earthquake triggered thousands of landslides over an area of 770 square miles.  
The project site and vicinity are relatively flat except for Irish Hill and nearby bedrock cuts;  no 
landslides occurred on the project site as a result of the Loma Prieta earthquake, and there are no 
mapped zones of potential earthquake-induced landslides at or immediately adjacent to the 
project site.46  The landslide susceptibility map of the Community Safety Element of the General 
Plan also indicates that the project site is not located within a potential landslide hazard area.  
However, the southwest corner of the site, near the remnant of Irish Hill, is mapped by the USGS 
as “few landslides.”  The geotechnical evaluation of the Illinois Parcels concluded that Irish Hill 
and exposed bedrock cuts could be subject to sloughing and rock fall.47  This is further described 
under “Slope Failure” on p. 4.N.7. 

REGULATORY FRAMEWORK 

STATE 

Alquist-Priolo Earthquake Fault Zoning Act 

The Alquist-Priolo Earthquake Fault Zoning Act was passed in 1972 to mitigate the hazard of 
surface faulting in structures for human occupancy.  In accordance with this act, the State 
geologist established regulatory zones, called “earthquake fault zones,” around the surface traces 
of active faults and has published maps showing these zones.  Within these zones, buildings for 
human occupancy cannot be constructed across the surface trace of active faults.  Each 
earthquake fault zone extends approximately 200 to 500 feet on either side of the mapped fault 

44 T. L. Youd and S. N. Hoose, Historic Ground Failures. 
45 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 14. 
46 California Department of Conservation, Division of Mines and Geology, State of California Seismic 

Hazard Zones, City and County of San Francisco, Official Map, November 17, 2000 (hereinafter 
referred to as “Official Map”).  Available online at 
http://gmw.consrv.ca.gov/shmp/download/quad/SAN_FRANCISCO_NORTH/maps/ozn_sf.pdf.  
Accessed May 3, 2013. 

47 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, p. 10. 
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trace because many active faults are complex and consist of more than one branch that may 
experience ground surface rupture.  The act does not apply to the Proposed Project because no 
active faults cross the project site or any other location in San Francisco.48 

Seismic Hazards Mapping Act 

The Seismic Hazards Mapping Act was passed in 1990 following the Loma Prieta earthquake to 
reduce threats to public health and safety and to minimize property damage caused by 
earthquakes.  The act directs the California Geological Survey to identify and map areas prone to 
the earthquake hazards of liquefaction and earthquake-induced landslides.  For structures 
intended for human occupancy (inhabited for 2,000 hours per year or more),49 the act requires 
that project sponsors perform site-specific geotechnical investigations to identify potential 
seismic hazards and formulate mitigation measures prior to permitting of most developments 
within the zones of required investigation.  The Proposed Project would be subject to this act 
because it is located within a mapped liquefaction zone of required investigation.50 

California Building Code 

The California Building Code has been codified in the California Code of Regulations as Title 24, 
Part 2.  Title 24 is administered by the California Building Standards Commission, which, by law, 
is responsible for coordinating all building standards.  Under State law, all building standards 
must be centralized in Title 24 or they are not enforceable.  The purpose of the California 
Building Code is to establish minimum standards to safeguard the public health, safety, and 
general welfare through structural strength, means of egress facilities, and general stability by 
regulating and controlling the design, construction, quality of materials, use and occupancy, 
location, and maintenance of all buildings and structures within its jurisdiction.  The California 
Building Code is based on the International Building Code, previously known as the Uniform 
Building Code.  The 2013 California Building Code is based on the 2012 International Building 
Code published by the International Code Conference.   

In addition, the California Building Code contains necessary California amendments, which are 
based on reference standards obtained from various technical committees and organizations such 
as the American Society of Civil Engineers (ASCE), Structural Engineering Institute (SEI), 
American Institute of Steel Construction, and American Concrete Institute.  ASCE/SEI 
“Minimum Design Loads for Building and Other Structures” (ASC/SEI 7-10) provides 
requirements for general structural design and includes means for determining earthquake loads 

48 California Geological Survey, Table 4, Cities and Counties Affected by Alquist-Priolo Earthquake Fault 
Zones as of January 2010.  Available online at 
http://www.conservation.ca.gov/cgs/rghm/ap/pages/affected.aspx.  Accessed October 8, 2015.   

49 Title 14 of the California Code of Regulations, Section 3601(e), defines buildings intended for human 
occupancy as those that would be inhabited for more than 2,000 hours per year. 

50 California Department of Conservation, Division of Mines and Geology, Official Map.   
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as well as other loads (flood, snow, wind, etc.) for inclusion into building codes.  The provisions 
of the California Building Code apply to the construction, alteration, movement, replacement, and 
demolition of every building or structure or any appurtenances connected or attached to such 
buildings or structures throughout California. 

LOCAL 

City and County of San Francisco and Port of San Francisco Building Codes 

The full 2013 building codes of the City and County of San Francisco and the Port of San 
Francisco consist of the 2012 International Building Code, as adopted and amended by State of 
California and as further amended by the City and County of San Francisco or the Port of San 
Francisco to address local requirements.  The City and County of San Francisco amendments 
have been adopted by the San Francisco Board of Supervisors and the Port of San Francisco 
amendments have been adopted by the Port Commission.  The San Francisco Building Code 
would apply to development projects constructed in the Hoedown Yard, which is under the 
jurisdiction of the San Francisco Department of Building Inspection (DBI).  The remainder of the 
project site is owned by the Port, and the Port of San Francisco Building Code would apply to 
construction of development projects in these areas. 

Under Section 1803.2 of the building codes, a site-specific geotechnical investigation is required for 
each building to provide information about geotechnical hazards that must be addressed in the 
project’s design.51  Sections 1803.3 through 1803.5 specify what topics must be addressed by the 
geotechnical investigation.  According to Section 1803.6, the geotechnical report must address 
the following information: 

• The characteristics of the site soils and rock strata;  
• The occurrence of groundwater;  
• Recommendations for foundation type and design criteria for the foundation system, 

including but not limited to bearing capacity of the natural or compacted soil; provisions 
to address the effects of expansive soil; provisions to address the effects of liquefaction, 
differential settlement, and varying strength; and effects of adjacent loads; 

• Expected total and differential settlement; 
• Deep foundation information; 
• Special design and construction provisions for foundations of structures founded on 

expansive soils, as necessary; 
• Requirements for fill material placement and testing; and  
• The potential for geotechnical and seismic hazards to occur (slope instability, 

liquefaction, total and differential settlement, and surface displacement due to faulting).   

51 City and County of San Francisco Department of Building Inspection, Information Sheet, Geotechnical 
Report Requirements, May 20, 2015.   
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The soil investigation and recommendations must be approved by DBI for sites under the 
jurisdiction of this department and by the Port for sites on Port property.  Implementation of the 
recommendations of the geotechnical report must be incorporated into the design of proposed 
structures.   

The earthquake design requirements of the building codes take into account the occupancy 
category of the structure, site class, soil classifications, and various seismic coefficients, which 
are used to determine a Seismic Design Category (SDC) for a project.  The SDC is a 
classification system that combines the occupancy categories with the level of expected ground 
motions at the site.  The classifications range from SDC A (very small seismic vulnerability) to 
SDC E (very high seismic vulnerability and near a major fault).  Design specifications are 
determined based on the SDC. 

For sites with an SDC of C through F, the investigation must also address seismic slope 
instability, liquefaction, total and differential settlement, and surface displacement due to faulting 
or seismically induced lateral spreading or lateral flow.  For sites with an SDC of D through F, 
the investigation must also address lateral earth pressures, the potential for liquefaction, and the 
potential consequences of liquefaction including total and differential settlements as well as the 
effects of lateral soil movement and flotation.  Recommendations must be included for the 
appropriate foundation type, structural systems, ground stabilization, or any combination of these 
to address the effects of liquefaction and related phenomena. 

San Francisco Site Permit Process  

For projects in San Francisco that are not under Port jurisdiction, which would include development 
on the Hoedown Yard, DBI reviews Site Permit submittals based on initial conceptual design 
drawings to ensure that new structures can be designed and constructed to comply with current 
building code requirements, as discussed in DBI Administrative Bulletin AB-032 (Site Permit 
Processing).52  The first step of the Site Permit process is submittal of a Site Permit submittal 
package that includes preliminary drawings and documentation.  Structural Design Criteria 
Documents are required if the proposed design is performance based, as noted in Department of 
Building Inspection Administrative Bulletin AB-082.  The Site Permit is not issued until DBI is 
satisfied that the submittal package is capable of meeting all code requirements.   

Issued Site Permits are not authorized for construction and stamped by the Department of 
Building Inspection as such.  Actual construction authorization of specific elements of a project 
are addressed through more detailed addenda submittals to the Site Permit and these more 

52 City and County of San Francisco Department of Building Inspection, Administrative Bulletin AB-032, 
Site Permit Processing, June 4, 2012.  Available online at http://sfDBI.org/sites/sfDBI.org/files/AB-
032%20Re-approved%20051612%20Signed%20060412%20posted.pdf.  Accessed January 5, 2016. 
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detailed drawings are checked for code compliance before they are approved.  Addenda to the 
Site Permit are required for each specific phase of construction, including grading, foundation 
design, and superstructure design (basic building and structural frame), and for mechanical and 
electrical systems, and any work excluded from the superstructure and mechanical and electrical 
system addenda (a final addendum).  Each addendum must be approved separately by DBI for 
that phase of the construction process to proceed; only work shown on approved addenda bearing 
the DBI “Stamp of Approval” may proceed in accordance with the Site Permit process.  Once an 
addendum is approved, DBI is responsible for conducting inspections to ensure compliance with 
the approved addenda plans and the San Francisco Building Code as well as the Mechanical, 
Electrical, Plumbing, Energy, and Green Building Codes. 

Port of San Francisco Building Permit Process  

For projects under Port jurisdiction, including projects in all portions of the project site 
except the Hoedown Yard, the applicant must submit a building permit application and required 
drawings and documents to the Port’s Building Permit Group (BPG).  The permit application is 
reviewed by the BPG to confirm compliance with the Port of San Francisco Building Code and 
applicable design requirements.  As part of this process, the BPG reviews structural and/or civil 
engineering calculations for the planned building.  Depending on the scope, the application may 
also be routed to other Port and City divisions for approval.  Once a permit application has been 
approved, the BPG is responsible for conducting inspections to ensure compliance with the Port 
of San Francisco Building Code as well as the Mechanical, Electrical, and Plumbing Codes. 

San Francisco General Plan 

The Community Safety Element of the General Plan includes Objective 1, which requires the 
City to “reduce structural and non-structural hazards to life safety and minimize property damage 
resulting from future disasters.”  The Community Safety Element contains the following relevant 
seismic and geologic policies in support of this objective: 

Policy 1.1 Continue to support and monitor research about the nature of seismic hazards 
in the Bay Area, including research on earthquake prediction, warning 
systems and ground movement measuring devices, and about earthquake 
resistant construction and the improved performance of structures. 

Policy 1.3 Assure that new construction meets current structural and life safety 
standards. 

Policy 1.4 Use best practices to review and amend at regular intervals all relevant public 
codes to incorporate the most current knowledge of structural engineering 
regarding existing buildings. 

Policy 1.5 Support development and amendments to building code requirements that 
meet City seismic performance goals. 
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Policy 1.6 Consider site soils conditions when reviewing projects in areas subject to 
liquefaction or slope instability. 

Policy 1.7 Consider information about geologic hazards whenever City decisions are 
made that will influence land use, building density, building configurations 
or infrastructure. 

Policy 1.15 Abate structural and non-structural hazards in City-owned structures. 
Policy 1.18 Identify and replace vulnerable infrastructure and critical service lifelines in 

high-risk areas. 

The Community Safety Element includes maps of potential earthquake hazards, including ground 
shaking, liquefaction, and earthquake-induced landslides. 

PALEONTOLOGICAL RESOURCES REGULATORY FRAMEWORK 

A variety of Federal and State regulations and policies protect paleontological resources.  These 
include NEPA, CEQA, the American Antiquities Act of 1906, the National Natural Landmarks 
Program, and the Public Resources Code.  Under California law, paleontological resources are 
included under CEQA and are required to be examined as part of the CEQA process.  The City 
has no policies directly protecting paleontological resources, but uses the CEQA process to 
address potential adverse effects.  

CEQA requires that paleontological resources be addressed during the EIR process.  CEQA 
Guidelines, Appendix G, states, in part, that a project will “normally” have a significant effect on 
the environment if, among other things, it will disrupt or adversely affect a paleontological site, 
except as part of a scientific study.  If paleontological resources are identified during the initial 
project scoping studies (such as an Initial Study or in a comment on the Notice of Preparation) as 
being on the project site, the Lead Agency must take those resources into consideration when 
evaluating the potential effects of the project.  In the context of the Public Resources Code 
(Section 5097.5), fossils of vertebrates and evidence of their environment generally are 
considered important (i.e., significant) paleontological resources. 

IMPACTS AND MITIGATION MEASURES 

SIGNIFICANCE THRESHOLDS 

The thresholds for determining the significance of impacts in this analysis are consistent with the 
environmental checklist in Appendix G of the State CEQA Guidelines, which has been modified 
by the San Francisco Planning Department.  For the purpose of this analysis, the following 
applicable thresholds were used to determine whether implementing the Proposed Project would 
result in a significant impact on geology and soils.  Implementation of the Proposed Project 
would have a significant effect on geology and soils if the project would:  
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N.1 Expose people or structures to potential substantial adverse effects, including the risk 
of loss, injury, or death involving:  
o Rupture of a known earthquake fault, as delineated on the most recent Alquist-

Priolo Earthquake Fault Zoning Map issued by the State Geologist for the area or 
based on other substantial evidence of a known fault (refer to Division of Mines 
and Geology Special Publication 42);  

o Strong seismic ground shaking; 
o Seismic-related ground failure, including liquefaction; or 
o Landslides;  

N.2 Result in substantial soil erosion or the loss of topsoil; 

N.3 Be located on geologic unit or soil that is unstable, or that would become unstable as 
a result of the project, and potentially result in on- or off-site landslide, lateral 
spreading, subsidence, liquefaction, or collapse; 

N.4 Be located on expansive soil, as defined in the California Building Code, creating 
substantial risks to life or property;  

N.5 Have soils incapable of adequately supporting the use of septic tanks or alternative 
wastewater disposal systems where sewers are not available for the disposal of 
wastewater;  

N.6 Change substantially the topography or any unique geologic or physical features of 
the site; or 

N.7 Directly or indirectly destroy a unique paleontological resource or site or unique 
geologic feature. 

Due to the nature of the Proposed Project, there would be no impact related to Criterion N.5, soils 
incapable of adequately supporting the use of septic tanks or alternative wastewater disposal 
systems, because the Proposed Project would connect to the combined sewer system (the 
wastewater conveyance system for San Francisco), and would not use septic tanks or other on‐site 
land disposal systems for sanitary sewage.   

APPROACH TO ANALYSIS 

This analysis evaluates the Proposed Project’s potential effects related to geology and soils and 
paleontological resources.  Potential seismic impacts are assessed with respect to exposure of 
people or structures to geologic hazards, including fault rupture, ground shaking, liquefaction and 
other earthquake-related ground failures, and landslides.  The impact analysis also assesses 
potential impacts related to soil erosion, unstable geologic units, problematic soils, and alteration 
of topography or effects on unique geologic features.  The impact analysis assumes that all 
construction and operations would be completed in compliance with applicable regulations, 
including the San Francisco and Port of San Francisco Building Codes, and stormwater 
permitting requirements.  If compliance with these standards would ensure that impacts related to 
geology and soils would be less than significant, then no mitigation is necessary.  
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PROJECT FEATURES 

Those features of the Pier 70 Mixed-Use District Project that could have an effect on geology and 
soils are the same or substantially similar under the Maximum Commercial Scenario and the 
Maximum Residential Scenario, the three options for sewer/wastewater treatment, and the three 
options for grading around Building 12 that are analyzed in this EIR.  To the extent that these 
features may differ somewhat from one to another, they are generally included and accounted for 
in an analysis of maximum ground disturbance within the project site.  The same geologic and 
seismic regulatory requirements and mitigation measures applicable to the Proposed Project are 
equally applicable under the Proposed Project’s scenarios and options.  Therefore, this impact 
analysis of geologic and seismic impacts applies to both scenarios and all options; no separate 
analysis of impacts under each scenario or option is necessary.  The specific elements that could 
result in geologic and seismic impacts include proposed grading and excavation for the 
construction of the 15- to 27-foot-deep basements planned on most of the parcels; construction of 
the new residential and commercial buildings; renovation of Buildings 2, 12, and 21; street 
improvements, including the new 21st Street which would potentially involve grading through the 
northernmost extent of the 35-foot-tall Irish Hill remnant; construction of the new 20th Street 
Pump Station northeast of the project site which includes a basement approximately 20 feet bgs; 
and installation of new utilities for potable water, recycled water, fire protection water, 
wastewater, stormwater, electricity, and natural gas.  Lastly, the Proposed Project includes raising 
the grade of the 28-Acre Site and low-lying portions of the Illinois Parcels by adding up to 5 feet 
of fill to help protect against flooding and projected future sea level rise.   

IMPACT EVALUATION 

Impact GE-1:  The Proposed Project would not expose people or structures to potential 
substantial adverse effects, including the risk of loss, injury, or death 
involving fault rupture, seismic ground shaking, seismically induced ground 
failure, or seismically induced landslides.  (Less than Significant) 

Fault Rupture 

The project site is not located within an Alquist-Priolo Earthquake Fault Zone or traversed by an 
active fault;53 therefore, impacts related to fault rupture would be less than significant.  No 
mitigation is necessary.   

53 Treadwell & Rollo, Illinois Parcels Preliminary Geotechnical Evaluation, p. 9. 
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Ground Shaking 

Based on regional shaking hazard mapping by ABAG, the project site would experience very 
strong ground shaking due to an earthquake on one of the regional faults.54  However, 
construction of the Proposed Project would not expose people or structures to substantial adverse 
effects related to ground shaking because the proposed structures would be designed and 
constructed in accordance with the most current San Francisco and Port of San Francisco 
Building Codes.   

The structural design of the buildings would be developed using information obtained from the 
site-specific geotechnical investigation report that would be prepared in accordance with 
Chapter 16 of the San Francisco and Port of San Francisco Building Codes, which specifies that 
every structure “shall be designed and constructed to resist the effects of earthquake motions.”  
The structural design requirements for the buildings would be based on the SDC of each building, 
and determined in accordance with the procedures specified in Chapter 16 of the building codes, 
Structural Design.  The design would be subject to review and approval by DBI or the Port as part 
of the building permit approval processes described above under “San Francisco Site Permit 
Process” and “Port of San Francisco Building Permit Process,” pp. 4.N.18-4.N.19.  Incorporation 
of the appropriate engineering and design features in accordance with the building codes would 
ensure that the new structures would not suffer substantial damage; that substantial debris such as 
building exterior finishes or windows would not separate from the building; that building 
occupants would be able to safely vacate the building following an earthquake; and that 
pedestrians and other bystanders would not be injured.  Therefore, impacts related to ground 
shaking would be less than significant.  No mitigation is necessary.   

Liquefaction and Earthquake-Induced Settlement 

As discussed in “Liquefaction” in the Environmental Setting on p. 4.N.12 and shown on 
Figure 4.N.2 on p. 4.N.13, most of project site north and east of the historic shoreline is located in 
an area of liquefaction potential identified by the California Department of Conservation under 
the Seismic Hazards Mapping Act of 1990.55  The preliminary geotechnical evaluations for the 
28-Acre Site and Illinois Parcels conclude that loose to medium-dense sand and gravel layers 
below the groundwater level could liquefy during a major earthquake on a nearby active fault and 
up to 4 inches of vertical ground settlement may occur, depending on the thickness and relative 
density of the geologic materials.  The anticipated settlement is expected to be erratic and to vary 

54 Association of Bay Area Governments, Resilience Program, San Francisco County Earthquake Hazard, 
2015.  Available online at http://resilience.abag.ca.gov/earthquakes/sanfrancisco/.  Accessed 
September 27, 2015.   

55 California Department of Conservation, Division of Mines and Geology, Official Map.   
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substantially across the site.  Therefore, structures and utilities constructed under the Proposed 
Project could be subject to both liquefaction and earthquake-induced settlement.   

However, Section 1803.7 of the San Francisco and Port of San Francisco Building Codes would 
require that the site-specific geotechnical report prepared for the Proposed Project address the 
potential for liquefaction in accordance with the guidelines provided in Special Publication 117A 
of the California Department of Conservation.56  Building Code Section 1803.5.12 provides 
further specifications for determining the potential for liquefaction and related hazards and 
assessing the potential consequences such as total and differential settlement, lateral soil 
movement, lateral soil loads on foundations, and reductions in the load-bearing capacity of the 
soil.  Measures to address the effects of liquefaction must be recommended in the site-specific 
geotechnical report.  Such measures must address the appropriate foundation type and depths and 
selection of the appropriate structural systems to accommodate anticipated ground displacements 
and forces.  If ground stabilization is used, the foundation and structural design would be based 
on stabilized conditions.   

The preliminary geotechnical evaluations for the 28-Acre Site and Illinois Parcels concluded that 
the appropriate foundation design for individual buildings constructed under the Proposed Project 
would depend on the depth to bedrock, presence of liquefiable materials, and the individual 
characteristics of the building (e.g., size, height, and depth of below-grade features).  Although 
buildings constructed in areas of shallow bedrock feasibly would be supported on spread footings 
or mat foundations, buildings constructed within the potential liquefaction area would need to be 
supported on deep foundation systems using piles founded on the underlying bedrock along with 
structural slabs designed to accommodate the anticipated total and differential settlement.  Mat 
foundations may be feasible where the basement excavation extends through the Young Bay Mud 
to bedrock.  Buildings that straddle the historic shoreline should be supported on a combination of 
shallow and deep foundation systems.  For buildings overlying the craneways, the piles would be 
installed through holes cored through the buried concrete slabs and a concrete pile cap would 
span the top of the piles.  A grade beam would span the buried slipways to provide support for 
buildings above the slipways.  The historic buildings to be relocated and/or rehabilitated, 
including Buildings 2, 12, and 21, would be supported on shallow footings and grade beams.57   

Use of foundations supported by the underlying bedrock and grade beams would ensure that the 
proposed structures throughout the site would withstand differential settlement that could result 
from liquefaction.  In addition, the site-specific geotechnical report that would be required by the 

56 California Department of Conservation, Guidelines for Evaluating and Mitigating Seismic Hazards in 
California, Special Publication 117A, 2008.  Note that Special Publication is an update of the 1997 
Special Publication 117 that is referenced in Section 1803.7 of the San Francisco Building Code.   

57  Michael Gemmill, S.E., Nabih Youssef Structural Engineers, email to Julie Barlow, SCWA, 
April 21, 2016. 
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San Francisco and Port of San Francisco Building Codes could include additional 
recommendations to address the effects of liquefaction, including appropriate design of new 
utilities.  The recommendations must be incorporated into the project design and would be subject 
to review and approval by DBI or the Port as part of the building permit approval process.  
Appropriate design of the building foundation, site utilities, and superstructure systems in 
accordance with the recommendations of the site-specific geotechnical report would ensure that 
impacts related to liquefaction and earthquake-induced settlement would be less than significant.  
No mitigation is necessary. 

Lateral Spreading 

As discussed in “Lateral Spreading” in the Environmental Setting on p. 4.N.14, the preliminary 
geotechnical investigation for the 28-Acre Site concluded that without improvements, the fill 
materials placed east of the historic shoreline could move laterally towards the Bay in the event of 
a major earthquake on one of the regional faults.58  Areas north and south of the slipways were 
filled after the slipways were constructed and are underlain by fill over Young Bay Mud, and 
these shoreline areas that are not protected by the craneway bulkhead could experience lateral 
spreading of approximately 12 inches.  Lateral movement in the proposed building areas over the 
slipways and craneways would be on the order of approximately 6 inches because of the 
protection afforded by the craneway bulkhead and timber piles.  However, the preliminary 
geotechnical investigation concludes that lateral movement in this area would not affect the 
performance of structures constructed over the slipways and craneways. 

As discussed above on p. 4.N.24, the site-specific geotechnical report for the Proposed Project 
that would be conducted in accordance with the San Francisco and Port of San Francisco 
Building Codes and Special Publication 117A of the California Department of Conservation 
would address the potential for lateral displacement to occur at a greater level of detail in regard 
to the proposed design of specific buildings and would provide recommendations to address the 
potential effects of lateral displacement.   

As discussed in “Geotechnical Stabilization” in Chapter 2, Project Description, p. 2.69, as part of 
the building permit approval process, the project sponsor would be required to implement 
measures to control the amount of lateral displacement that could occur.  These measures could 
include actions such as reinforcing the existing slope with a structural wall or ground 
improvements.  Structural wall solutions may include, but are not limited to, tied-back sheet pile 
walls (interlocking sheets of steel), rows of secant piles (interlocking piles), and king-pile walls 
(wider piles connected by sheeting).  Ground improvements may consist of ground improvement 
treatments such as deep soil mixing to add a cement slurry to strengthen the existing soil or 

58 Treadwell & Rollo, Pier 70 Preliminary Geotechnical Investigation, p. 14. 
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vibratory methods such as vibro-compaction, vibro-replacement, and dynamic compaction to 
densify and strengthen the existing soil.  The proposed improvements would be constructed on 
Port property and their design would be submitted to the Port for review and approval as part of 
the building permit approval process.  Therefore, impacts related to lateral spreading would be 
less than significant.  No mitigation is necessary. 

Earthquake-Induced Landslides 

The project site is not located within a zone of earthquake‐induced landslide susceptibility 
identified by the California Department of Conservation under the Seismic Hazards Mapping Act 
of 1990.59  Therefore, there would be no impact related to earthquake-induced landslides.  No 
mitigation is necessary.  Impacts associated with rock fall hazards due to bedrock cuts and the 
remnant of Irish Hill are addressed below in Impact GE-3. 

Impact GE-2:  The Proposed Project would not result in substantial erosion or loss of 
topsoil.  (Less than Significant) 

Soil movement for foundation and basement excavation, placement of fill to raise the site grade, 
and construction of shoreline improvements could create the potential for wind- and water-borne 
soil erosion.  However, future developers of roadways, utilities, open space improvements, and 
the individual parcels and building sites would be required to implement an erosion and sediment 
control plan for construction activities, including any of the three grading options for Building 12, 
in accordance with Article 4.1 of the San Francisco Public Works Code and the Construction 
General Stormwater Permit (discussed in more detail in Section 4.O, Hydrology and Water 
Quality, pp. 4.O.46-4.O.54) to reduce the impact of runoff from the construction site.  The San 
Francisco Public Utilities Commission must review and approve the erosion and sediment control 
plan completed in accordance with Article 4.1 prior to implementation, and would conduct 
periodic inspections to ensure compliance with the plan.  Once development occurs, the project 
site would be occupied by buildings or covered with pavement or landscaped areas.  Therefore, 
impacts related to soil erosion would be less than significant during both construction and 
operation of the Proposed Project.  No mitigation is necessary. 

Previous development at the 28-Acre Site and the Illinois Parcels would have resulted in removal 
of any topsoil (a fertile soil horizon that typically contains a seed base) during construction.  
Therefore, there would be no impact related to loss of topsoil.  No mitigation is necessary. 

59 California Department of Conservation, Division of Mines and Geology, Official Map. 
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Impact GE-3:  The project site would not be located on a geologic unit or soil that is 
unstable, or that could become unstable as a result of the Proposed Project.  
(Less than Significant with Mitigation) 

Settlement During Construction 

The Proposed Project could induce ground settlement during construction as a result of 
excavation for construction of utilities as well as for the building foundations and basement 
levels, construction dewatering, and heave during pile installation.  These potential effects are 
described below, followed by a discussion of San Francisco and Port of San Francisco 
requirements that would be implemented to ensure that unstable conditions do not result during 
construction and that impacts related to settlement during construction would be less than 
significant.   

Excavation 

Construction of individual buildings under the Proposed Project would require excavation to 15 
to 27 feet below ground for the construction of basements.  Excavation also would be required for 
installation of underground utilities.  Demolition of the subterranean portions of Slipways 5 
through 8 would require excavation adjacent to the Bay shoreline.  During excavation, the 
bedrock, artificial fill, marsh deposits, and Young Bay Mud (described in “Project Site 
Topography and Geology” on pp. 4.N.2-4.N.5) could become unstable, potentially causing 
settlement of adjacent structures, including adjacent streets and utilities, as well as buildings in 
the existing 20th Street Historic Core, the historic buildings to be retained on the project site 
(Buildings 2, 12, and 21), and buildings constructed as part of the Proposed Project during earlier 
development phases.   

Temporary shoring would be required to maintain stable sidewalls in the excavations and protect 
the adjacent public streets/sidewalks and nearby buildings.  Where rock is shallow, the 
preliminary geotechnical evaluations determined that it might be possible to use rock nails, 
shotcrete facing, or conventional soldier piles and lagging to retain sides of the excavations.  
Where shallow excavations do not extend into bedrock, soldier pile and timber lagging also may 
be possible, but deeper excavations would likely require more rigid shoring systems such as a 
soil/cement mixture or tied-back or braced walls.   

The final shoring requirements would be addressed in the site-specific geotechnical report 
required by Section 1803 of the San Francisco and Port of San Francisco Building Codes.  In 
accordance with building code requirements, the contractor would submit shoring drawings and 
calculations, subject to review and approval by DBI or the Port as part of the building permit 
approval process.  A separate permit would be required for underpinning of adjacent features. 
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Construction-Related Dewatering 

As stated in “Groundwater” on p. 4.N.6, groundwater is relatively shallow (encountered at depths 
of 6 to 29 feet bgs).  Therefore, there is the potential for substantial water inflow into the 
excavations during construction of the individual buildings.  Where unconsolidated soils such as 
the artificial fill and Young Bay Mud are present, dewatering could potentially result in 
settlement of adjacent structures, including adjacent streets and utilities, as well as buildings in 
the existing 20th Street Historic Core, the historic buildings to be retained on the project site 
(Buildings 2, 12, and 21), and buildings constructed as part of the Proposed Project during earlier 
development phases.  Although a watertight shoring system could be used during excavation of 
structures, dewatering of excavations for installation of utilities could be required.  The 
construction dewatering requirements would be reviewed by DBI and the Port to determine if 
additional measures would be needed to address potential settlement issues during construction.  
Note that water quality impacts associated with construction-related dewatering are discussed in 
Section 4.O, Hydrology and Water Quality.  

Heave as a Result of Pile Driving 

The Proposed Project could include driving of displacement piles during construction of 
individual buildings; for protection against lateral spreading; and for the construction of shoreline 
improvements in Reach II.  This pile driving may cause the ground to heave up to several inches, 
and the heave could adversely affect structures adjacent to the pile driving work, such as existing 
utilities and streets as well as the 20th Street Historic Core, the existing historic buildings that 
would be retained on the project site (Buildings 2, 12, and 21), and buildings constructed as part 
of the Proposed Project during earlier development phases.  Recommendations regarding the 
potential for heave would be reviewed by DBI or the Port as part of the building permit approval 
process.  DBI or the Port would determine subsequent monitoring required to address the 
potential for heave as part of the building permit review and approval process.   

San Francisco and Port of San Francisco Requirements 

As discussed above in “City and County of San Francisco and Port of San Francisco Building 
Codes” on pp. 4.N.17-4.N.18, DBI or the Port would require a site-specific geotechnical report for 
the specific developments to be constructed under the Proposed Project in accordance with 
Section 1803 of the San Francisco and Port of San Francisco Building Codes.  DBI or the Port 
would review the report to ensure that the potential settlement effects of excavation, construction-
related dewatering, and pile driving are adequately addressed.   

With implementation of the recommendations provided in the site-specific geotechnical report, 
subject to review and approval by DBI or the Port as part of the building permit approval process, 
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as well as monitoring by the project sponsor (if required), impacts related to the settlement and 
subsidence due to construction on soil that is unstable, or that could become unstable as a result 
of excavation, dewatering, and pile driving, would be less than significant.  No mitigation is 
necessary. 

Settlement and Unstable Conditions During Operation 

Once constructed, differential settlement within the Young Bay Mud could occur as a result of 
placement of up to 5 feet of soil to raise the site grade.  In addition, cuts made into the bedrock of 
the remnant of Irish Hill for the construction of the new 21st Street could become unstable if not 
supported.  Rock fall hazards also would be present near the remnant of Irish Hill and exposed 
bedrock cuts.  The dilapidated pier extending from the project site into the Bay could also fail if it 
is used by site occupants and visitors.  These impacts are discussed below. 

Long-term dewatering would not be required because the below-grade walls and basement slabs 
would be waterproofed and designed to withstand the anticipated hydrostatic pressure in 
accordance with the recommendations of the preliminary geotechnical evaluations that have been 
completed for the Proposed Project.  The design of these features would be further evaluated in 
the site-specific geotechnical report required under Section 1803 of the San Francisco and Port of 
San Francisco Building Codes. 

Settlement Due to Placement of Fill 

The preliminary geotechnical evaluations for the Proposed Project estimate that the placement of 
fill throughout the site to raise site grades by up to 5 feet, as described in “Site Grading” in 
Chapter 2, Project Description, pp. 2.67-2.69, would generate large amounts of total and 
differential settlement in areas underlain by Young Bay Mud.  These settlement effects would be 
restricted to those areas north and east of the historic 1869 shoreline that are underlain by 
artificial fill, marsh deposits, and Young Bay Mud.  The bedrock that is near the surface in the 
remainder of the site consists of hard rock, and placement of structures on this rock would not 
result in settlement.   

Therefore, the geotechnical evaluations recommend that shallow foundations for the proposed 
buildings not be used in areas underlain by Young Bay Mud.  Rather, as described in 
Impact GE-1, p. 4.N.24, the geotechnical evaluations recommend the use of deep foundations 
such as piles extending to bedrock to support major structures such that they would not 
experience unacceptable levels of settlement.  Mat foundations would be suitable only at building 
sites where the excavation extends through the Young Bay Mud.     

The proposed streets and non-building improvements also could experience settlement in areas 
underlain by Young Bay Mud where fill is placed.  The magnitude of settlement would depend on 
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several factors, including the thickness of fill, the thickness of Young Bay Mud, and the state of 
consolidation of the Young Bay Mud.  Settlement of this nature is common to sites underlain by 
Young Bay Mud and can be addressed by several methods, including designing the improvements 
to tolerate the settlement; placing fill early in the construction schedule and allowing it to 
consolidate the Young Bay Mud before constructing the proposed improvements; pre-
consolidating the Young Bay Mud to accelerate settlement; and using light-weight fill to reduce 
the impact of the fill on the Young Bay Mud. 

Other potential options for addressing consolidation of the Young Bay Mud underlying design 
loads include installing wick drains and surcharging areas where grades will be raised or 
relatively light structures are planned.  Wick draining is accomplished by installing closely 
spaced artificial vertical drainage paths which would allow water to flow from the Young Bay 
Mud layer to the surface, thus decreasing the consolidation time to a matter of months.  These 
artificial drainage paths are typically 4 inches wide and consist of a central plastic core 
surrounded by a thin geotextile filter jacket.  The pore water that is conveyed to the surface is not 
anticipated to generate surface runoff, but rather would saturate the existing fill zone above the 
groundwater table.  Surcharging is accomplished by temporarily adding soil or rock placed in lifts 
above the proposed site grade.  The extra load would exceed the load of the planned development 
and would cause the Young Bay Mud to undergo settlement in a much shorter amount of time 
than would be expected to occur without surcharging.  Once the target design settlement is 
achieved, the additional surcharge material would be removed. 

The specific intervention would be further refined in the site-specific geotechnical report and 
would be subject to review and approval by DBI or the Port as part of the building permit 
approval process.  Therefore, impacts related to settlement following construction of the proposed 
buildings would be less than significant.  No mitigation is necessary. 

Unstable Bedrock Cuts and Irish Hill Remnant 

The existing near-vertical cuts in the serpentinite bedrock of the project site, including the 
remnant of Irish Hill, could be subject to rock fall hazards, as noted in the preliminary 
geotechnical evaluation for the Illinois Parcels.  Any rock fall could potentially damage nearby 
structures, including buildings on Parcels PKS, C-1, and C-2, or injure site occupants, particularly 
visitors to the Irish Hill playground and pedestrians on 21st Street.  Therefore, rock fall hazards 
would be significant.  This impact would be reduced to a less-than-significant level with 
implementation of Mitigation Measure M-GE-3a: Reduction of Rock Fall Hazards, which 
requires the use of active controls or setbacks to reduce risks associated with rock falls. 

Although a portion of the northern spur of the remnant of Irish Hill, which stands approximately 
35 feet tall, would be removed for construction of the new 21st Street, as discussed in “Site 
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Grading” in Chapter 2, Project Description, pp. 2.69-2.69, the newly exposed bedrock cuts would 
not be subject to rock fall hazards because retaining walls would be constructed to protect the 
sidewalk along 21st Street.  The retaining walls would prevent rock fall from occurring. 

Mitigation Measure M-GE-3a:  Reduction of Rock Fall Hazards 

The project sponsors shall prepare a site-specific geotechnical report(s), subject to review 
and approval by the Port, that evaluates the design and construction methods proposed for 
Parcels PKS, C-1, and C-2, the Irish Hill playground, and 21st Street.  The investigations 
shall determine the potential for rock fall hazards.  If the potential for rock fall hazards is 
identified, the site-specific geotechnical investigations shall identify measures to 
minimize such hazards to be implemented by the project sponsors.  Possible measures to 
reduce the impacts of potential rock fall hazards include, but are not limited to, the 
following: 

• Limited regrading to adjust slopes to stable gradient; 

• Rock fall containment measures such as installation of drape nets, rock fall catchment 
fences, or diversion dams; and  

• Site design measures such as implementing setbacks to ensure that buildings and 
public uses are outside areas that could be subject to damage as a result of rock fall. 

Implementation of Mitigation Measure M-GE-3a would not result in significant impacts to the 
contributory remnant of Irish Hill feature.  Any regrading or adjustment to slopes needed to 
stabilize the gradient would not substantially alter the form of the remnant.  Installation of rock 
fall containment measures, including installation of drape nets, catchment fences, or diversion 
dams would not alter the physical form of the remnant, and requiring design measures such as 
setbacks for buildings and public use would not alter the physical conditions of the remnant.   

Dilapidated Pier 

A dilapidated pier extends from the project site into the Bay immediately northeast of the 
slipways.  The pier is constructed of creosote-treated wood and is not likely structurally sound.  
As described in “Project Site Vicinity” in Chapter 2, Project Description, p. 2.7, this pier would 
remain in place once the Proposed Project is constructed; no planned alterations are anticipated 
under the Proposed Project.  Although the pier is not a geologic unit, its use by future site 
occupants and visitors could cause it to fail due to the increased loads, which would be a 
significant impact.  Implementation of Mitigation Measure M-GE-3b: Signage and Restricted 
Access to Pier 70 would reduce this impact to a less-than-significant level by preventing access to 
the pier. 

Mitigation Measure M‐GE‐3b:  Signage and Restricted Access to Pier 70 

Prior to issuance of the first certificate of occupancy under the Proposed Project, the 
project sponsors shall install a gate or an equivalent measure to prevent access to the 
existing dilapidated pier at the project site.  A sign shall be posted at the potential access 
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point informing the public of potential risks associated with use of the structure and 
prohibiting public access. 

Impact GE‐4:  The Proposed Project would not create substantial risks to life or property 
as a result of locating buildings or other features on expansive or corrosive 
soils.  (Less than Significant) 

Much of the project site is underlain directly by bedrock, which is not expansive.  The artificial 
fill beneath the project site is sandy and gravelly and would not be expansive.  The Young Bay 
Mud is below the water table and is permanently saturated; therefore, it would not be subject to 
moisture changes that would cause expansion and contraction of the clay materials.  Further, any 
backfill materials used for the Proposed Project would have a low expansion potential and would 
be adequately compacted in accordance with the recommendations of the geotechnical report 
prepared for the Proposed Project.  Although corrosive soils have been identified at the project 
site, as discussed in “Corrosive Soils” on pp. 4.N.8-4.N.9, buried features of the Proposed Project 
would be constructed to resist corrosion in accordance with the San Francisco and Port of San 
Francisco Building Codes.  Therefore, impacts related to problematic soils would be less than 
significant.  No mitigation is necessary. 

Impact GE‐5:  The Proposed Project would not substantially change the topography or any 
unique geologic or physical features of the site.  (Less than Significant) 

The 35-foot-tall Irish Hill remnant is not considered a unique geologic or physical feature because 
it does not embody distinctive characteristics of any regional or local geologic principles; does 
not provide a key piece of information important to geologic history; does not contain minerals 
not known to occur elsewhere in the county; and is not used as a teaching tool.  The remnant of 
Irish Hill is a prominent historic topographic feature in San Francisco.  However, it was nearly 
leveled by extensive blasting and quarrying during the late 1800s and early 1900s, as described in 
“Project Site Topography and Geology,” p. 4.N.2.  Therefore, the existing hill is not 
representative of the original topography.  In addition, construction of the new 21st Street would 
remove only the northern spur of the hill, and would not substantially alter the existing 
topography.  Irish Hill is a contributing landscape feature of the Union Iron Works Historic 
District; the potential effects on this historic resource are addressed in Section 4.D, Cultural 
Resources. 

As described in “Site Grading,” in Chapter 2, Project Description, p. 2.67-2.69, site grades would 
be increased by up to 5 feet to prevent inundation due to sea level rise.  However, this grading 
would not result in a substantial change in topography because no existing slopes would be 
eliminated and no new slopes would be created as a result of raising the site grade.  Therefore, 
impacts related to alteration of topography and unique geologic or physical features of the site 
would be less than significant.  No mitigation is necessary. 
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Impact GE-6: The Proposed Project would directly or indirectly destroy a unique 
paleontological resource or site.  (Less than Significant with Mitigation) 

Given that sedimentary rocks of the Franciscan Complex have produced significant fossils 
important for understanding the age, depositional environments, and tectonic history the San 
Francisco area, paleontological resources could exist in the sedimentary rocks of the Franciscan 
Complex that underlie the project site.  Proposed Project construction activities, including 
excavation for the planned basement levels and anticipated pile-driving activities, could disturb 
significant paleontological resources if such resources are present within the project site.  Site 
disturbance could impair the ability of the project site to yield important scientific information.  
Unless mitigated, implementation of the Proposed Project could impair the significance of 
unknown paleontological resources on the project site; this would be considered a significant 
impact under CEQA. 

Implementation of Mitigation Measure M-GE-6: Paleontological Resources Monitoring and 
Mitigation Program would ensure that the Proposed Project would not cause a substantial adverse 
change to the scientific significance of a paleontological resource and would reduce this impact to 
a less-than-significant level.  This mitigation measure calls for a qualified paleontologist to 
implement an approved Paleontological Resources Monitoring and Mitigation Program during 
construction and earth-moving activities in areas where construction activities would disturb 
sedimentary rocks of the Franciscan Complex.  Monitoring need not be conducted for 
construction activities in areas where the ground has been previously disturbed or when 
construction activities would encounter artificial fill, Young Bay Mud, marsh deposits, or non-
sedimentary rocks of the Franciscan Complex.  Further, implementation of the approved plan for 
monitoring, recovery, identification, and curation under Mitigation Measures M-CR-1a: 
Archaeological Testing, Monitoring, Data Recovery and Reporting, and M-CR-1b: Interpretation, 
in Section 4.D, Cultural Resources, pp. 4.D.25-4.D.30, would ensure that the scientific 
significance of the resource under CRHR Criterion 4 (Information Potential) would be preserved 
and/or realized.   

Mitigation Measure M-GE-6:  Paleontological Resources Monitoring and 
Mitigation Program 

Prior to issuance of a building permit for construction activities that would disturb 
sedimentary rocks of the Franciscan Complex (based on the site-specific geotechnical 
investigation or other available information), the project sponsors shall retain the services 
of a qualified paleontological consultant having expertise in California paleontology to 
design and implement a Paleontological Resources Monitoring and Mitigation Program 
(PRMMP).  The PRMMP shall specify the timing and specific locations where 
construction monitoring would be required; emergency discovery procedures; sampling 
and data recovery procedures; procedures for the preparation, identification, analysis, and 
curation of fossil specimens and data recovered; preconstruction coordination procedures; 
and procedures for reporting the results of the monitoring program.  The PRMMP shall be 
consistent with the Society for Vertebrate Paleontology (SVP) Standard Guidelines for the 
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mitigation of construction-related adverse impacts to paleontological resources and the 
requirements of the designated repository for any fossils collected.   

During construction, earth-moving activities that have the potential to disturb previously 
undisturbed native sediment or sedimentary rocks shall be monitored by a qualified 
paleontological consultant having expertise in California paleontology.  Monitoring need 
not be conducted for construction activities in areas where the ground has been previously 
disturbed or when construction activities would encounter artificial fill, Young Bay Mud, 
marsh deposits, or non-sedimentary rocks of the Franciscan Complex. 

If a paleontological resource is discovered, construction activities in an appropriate buffer 
around the discovery site shall be suspended for a maximum of 4 weeks.  At the direction 
of the Environmental Review Officer (ERO), the suspension of construction can be 
extended beyond 4 weeks if needed to implement appropriate measures in accordance 
with the PRMMP, but only if such a suspension is the only feasible means to prevent an 
adverse impact on the paleontological resource. 

The paleontological consultant’s work shall be conducted at the direction of the City’s 
ERO.  Plans and reports prepared by the consultant shall be submitted first and directly to 
the ERO for review and comment, and shall be considered draft reports subject to 
revision until final approval by the ERO.   

Cumulative Impacts 

Although the entire Bay Area is located within a seismically active region with a high risk of 
seismic hazards and a wide variety of geologic conditions, the geographic scope of potential 
geology and soils impacts is restricted to the project area and immediate vicinity because related 
risks are relatively localized or even site-specific.  Therefore, the cumulative analysis for geology 
and soils impacts uses a list-based approach to analyze the effects of the Proposed Project in 
combination with past, present, and probable future projects in the immediate vicinity.  Similar to 
the analysis for project impacts, the cumulative impact analysis assumes that construction and 
operation of other projects in the immediate vicinity also would be completed in compliance with 
applicable building codes and design standards as well as stormwater permitting requirements.  
The analysis then considers whether or not there would be a significant, adverse cumulative 
impact associated with project implementation in combination with past, present, and probable 
future projects in the immediate vicinity, and, if so, whether or not the Proposed Project's 
contribution to the cumulative impact would be significant (i.e., cumulatively considerable). 

Impact C-GE-1: The Proposed Project, in combination with past, present, and reasonably 
foreseeable future projects, would not substantially contribute to 
cumulative impacts on geology and soils.  (Less than Significant)  

With regard to seismic hazards, the project area could be subjected to very strong ground shaking, 
and the project site could experience liquefaction and related effects in the event of an earthquake 
on a nearby fault.  However, as discussed in Impact GE‐1, pp. 4.N.22-4.N.26, all of the project 
buildings would be designed and constructed in accordance with the most current building code 
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requirements and engineering standards for seismic safety, as would any new construction 
including any construction activities in the adjacent Historic Core.  This would minimize the 
potential for damage.   

Regarding erosion, all of the cumulative projects would be required to implement the 
requirements of Article 4.1 of the San Francisco Public Works Code or the Construction General 
Stormwater Permit (discussed in more detail in Section 4.O, Hydrology and Water Quality) to 
reduce the impact of erosion from the construction sites, as discussed in Impact GE-2, p. 4.N.26.   

Buildings in the adjacent Historic Core could be damaged by rock fall from the Irish Hill 
remnant, which would be a significant cumulative impact.  However, the Proposed Project’s 
contribution would not be cumulatively considerable because Mitigation Measure M-GE-3a, 
p. 4.N.31, would require implementation of active controls or setbacks to reduce rock fall 
hazards, as discussed in Impact GE-3, pp. 4.N.27-4.N.32.  Visitors and occupants of the Historic 
Core also could be endangered if they used the dilapidated pier, discussed in Impact GE-3, a 
significant cumulative impact.  However, the Proposed Project’s contribution would not be 
cumulatively considerable because, as discussed in Impact GE-3, implementation of Mitigation 
Measure M-GE-3b, pp. 4.N.31-4.N.32, would prevent access to the pier.  As discussed in Impact 
GE‐3, implementation of the recommendations of the geotechnical reports for each project would 
ensure that construction and operation of the cumulative projects and the Proposed Project would 
not result in other impacts associated with unstable soils or geologic units.    

The Proposed Project would not contribute to cumulative impacts related to expansive soil 
because the project site is not located on expansive soil.  Similar to the Proposed Project, all of 
the potentially cumulative projects would be required to comply with San Francisco and Port of 
San Francisco Building Code requirements regarding corrosive soil, as discussed in Impact GE-4, 
p. 4.N.32.  None of the potentially cumulative projects would alter the remnant of Irish Hill, so 
there would be no cumulative impact related to alteration of topography or effects on unique 
geologic or physical features.  With implementation of Mitigation Measure M-GE-6, pp. 4.N.33-
4.N.34, the Proposed Project would not contribute to significant cumulative impacts related to the 
alteration of a unique paleontological resource or site. 

For the reasons described above, cumulative impacts related to seismic effects, erosion, unstable 
soils and geologic units, problematic soils, alteration of topography and effects on unique 
geologic features, and alteration of a unique paleontological resource or site would be less than 
significant or the Proposed Project’s contribution to the cumulative impact would be less than 
significant with mitigation specified in this EIR.  No additional mitigation is necessary. 
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