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3.10
Geology, Soils, and Seismicity 

Introduction

Geology, soils, and seismicity conditions are important aspects of all development projects in the San Francisco Bay Area.  Although most projects have little or no effect on geology, any project involving construction would have some effect on soils and topography, and all projects may be affected by certain geologic events, such as earthquakes or landslides.  Protection from the effects of geologic events is provided through existing building codes and construction standards, land use policies, and State and local regulations.

This section of the EIR describes the regional geologic, soils, and seismic characteristics influencing the Project Area.  Local faulting, soils, and the potential effects of seismicity are examined here.  Physical and regulatory settings are also presented, followed by an analysis of the potential for geologic, soil, and seismic impacts, based on the City of Palo Alto’s thresholds of impact significance.  Erosion and sedimentation issues are considered briefly in this section of the EIR and are addressed more fully in Section 3.11, Hydrology.

The sources of information for this analysis include site observations by a California-registered Professional Geologist; geotechnical conditions maps and reports prepared by or for the United States Geologic Survey (USGS),; the California Geological Survey (CGS),; the Association of Bay Area Governments (ABAG),; the Stanford University Medical Center (SUMC), the Simon Property Group, and; the City of Palo Alto; the Natural Environment Element of the City’s Comprehensive Plan and analysis in the Comprehensive Plan EIR; the Stanford University Community Plan; the Soil Survey of Santa Clara County; and environmental site assessment reports provided by various public and private agencies, each of which is cited in footnotes throughout this section of this EIR.  Potential impacts were determined by assessing the Projects’ land use change impacts on geologic, soils, and seismic conditions during the design, , [NOTE: The “design” phase involves no change in the physical environment.]construction, and operational periods based on the specified significance criteria described in the Impacts and Mitigation Measures section, below.

The descriptions of geologic and soil units and conditions in this section of the EIR come from a variety of regional studies and parcel-specific investigations in the vicinity of the Project Area.  The studies and investigations are representative of the geological conditions that exist throughout the vicinity.  Although the conditions at the Main SUMC Site, the Hoover Pavilion Site, the Shopping Center Site, and throughout the vicinity of the Project Area are not identical, they are similar enough for the City [NOTE:  This section uses “City” throughout.  Other sections do not shorten City of Palo Alto to “City.”]  to have produced geotechnical, groundshaking, and other seismic hazard maps for the City’s Comprehensive Plan, which, combined with the Comprehensive Plan text, are sufficient to provide public agencies and decision-makers with planning-level information about the types of conditions expected to be encountered in the Project Area.  These and similar types of analyses in the Geology and Seismicity chapter of the 2000 Stanford University Draft Community Plan and General Use Permit Application Final Environmental Impact Report provide background information for this section of the EIR and are referenced or cited in the text or footnotes.  Extensive subsurface investigations and sampling programs have been completed for previous development in the Project Area and its vicinity, as well as for.  [NOTE:  There are no earlier phases of the Project.projects.]  No further subsurface investigation is needed for this EIR.  Soils and geologic units that are exposed elsewhere in the City (beyond the Project Area and its vicinity) are not described in this section of the EIR because they would not undergo physical alteration through implementation of the Projects, nor would they affect the Projects.

Issues identified in response letters responding to the Notice of Preparation (NOP) and in written and oral comments received during the Planning Commission and City Council public scoping meetings for the Projects were considered in preparing the Geology, Soils, and Seismicity analysis of this EIR.  Commentators requested consideration of the placement of workforce housing in relation to fault lines and levees;Comments requested [NOTE:  Workforce housing is not part of either project and, because it is not relevant to this analysis, would seem an odd choice to call out here at all, much less first,] identification of which portions of the Projects constituted rehabilitation to meet State requirements for structural stability and which portions constituted expansion of the existing facilities; and examination of the capacity of local geological materials to support the deeper subsurface levels of the proposed towersSHC hospital.  Soil and geologic stability issues are addressed in this section of the EIR.  Identification of the portions of the proposed SUMC Project that would replace and right-size existing structures to be demolished for seismic safety reasons is addressed in Section 2, Project Description.  It should be noted that the Projects do not propose construction of workforce housing, and as such, an analysis of workforce housing is not further discussed.   [NOTE: It seems confusing to mention workforce housing at all in this introduction.]  [NOTE: This last sentence doesn’t really respond to the comment.  The commenter wanted to know whether hospital workers would be able to get to the hospital in the event of an earthquake.  We suggest deleting the reference to this comment in the text above because it really isn’t a CEQA issue.  If you feel that you need to summarize the comment here, then you will need to also explain that the SUMC Project is located on the site of the existing hospitals, and does not change existing conditions with respect to access by workers in the event of a natural disaster.]
Existing Conditions

Project Region

Topography.1  The Project Region is the San Francisco Bay Area.  The Santa Clara Plain forms the floor of the Santa Clara Valley, which contains the San Francisco Bay.  The plain is a broad, flat to undulating, gently sloping alluvial fan that extends northeast from the base of the foothills of the Santa Cruz Mountains to the salt evaporators that now occupy the marshes which formerly bordered San Francisco Bay.  The foothills rise sharply to about 400 feet above mean sea level (+400 feet msl) west of Junipero Serra Boulevard (about 150 feet msl).  The plain drops gently across 3.5 miles to about +5 feet msl at the Bay margin and is incised by streams such as San Francisquito Creek, about 235 feet north of the Project Area.

Soils.2  The soils of Santa Clara County belong to five major groups which are further subdivided into 20 soil associations.  The major groups are related to the substrate on which the soils have developed.  The soil associations are subdivided into soil types based on a variety of distinguishing characteristics, such as texture, slope, and agricultural capability.  Only one major group, Group III, is represented in the vicinity of the Project Area.  This group is dominated by moderately -well to excessively -drained, medium -to fine -textured soils (sand, silt, and clay) developed on alluvial plains and fans.  The soil association in the vicinity of the Project Area is the Zamora-Pleasanton, which contains loams and clay loams with gravelly clay loam subsoils.

Geology.  The regional geologic framework of the San Francisco Bay Area (see Figure 3.10‑1) [NOTE:  Figure should be moved closer to text reference.], Santa Clara County, and the alluvial plain portion of the City, which contains the Project Area, can be understood through the theory of plate tectonics.  The earth’s mantle is composed of several large plates that move relative to each other.  The San Andreas Fault Zone is at the junction of two such plates.  The Pacific plate, on the west side of the fault zone, is moving north relative to the North American plate on the east side of the fault zone.  The geologic formations in Santa Clara County west of the fault zone, which is in the eastern foothills of the Santa Cruz Mountains, are on the Pacific plate; the formations east of the fault zone are on the North American plate.  One of the results of plate movement is the regional rock deformation that is expressed in the general northwest trend of valleys and ridges of the Coast Ranges that form the east and west borders of the County.  This is visible, for example, in the orientation of Portola Valley in the Santa Cruz Mountains west of the City and of Santa Clara Valley, which is an extension of the basin forming San Francisco Bay.  Another result of plate movement is the seismic activity experienced in the City and the rest of the Bay Area.3
Faults.  The City is in the San Andreas Fault System, which is approximately 44 miles wide in the Bay Area.4  The principal active faults, those on which there is evidence of displacement during Holocene time (the last 11,000 years), include the San Gregorio, San Andreas, Hayward, Calaveras, and Greenville faults.5  Figure 3.10‑1 shows the approximate position of the major fault zones, the general distribution of the major groups of rock units, and the location of the Project Area in relation to these features.  Table 3.10‑1 contains the estimated maximum parameters for characteristic earthquakes (see Glossary at the end of this section) on the three known major faults that would cause at least strong groundshaking in the Project Area.

Seismicity.  The City of Palo Alto, Santa Clara County, and the rest of the Bay Area are in one of the most active seismic regions in the United States.  Each year, low and moderate magnitude earthquakes occurring in or near the Bay Area are felt by residents of the City.  Since the mid‑nineteenth century, about 2,000 earthquakes have affected Santa Clara County.  The April 1906 earthquake on the San Andreas fault, estimated at about Moment Magnitude (Mw) 7.9 (M8.3 on the Richter scale; see Glossary at the end of this section), probably was the largest seismic event felt in the City.  Most recently, the Mw 6.9 (M7.1) Loma Prieta earthquake of October 1989 on the San Andreas fault caused severe damage throughout the Bay Area, including $728 million of property damage throughout Santa 


	Table 3.10-1
Estimated Maximum Parameters of Three
Known  Major Faults Affecting the Project  Area

	Fault
	San Gregorio
	San Andreas
	Hayward

	Moment Magnitude (MW)a, b
	7.3
	7.9
	7.1

	Maximum Intensity (MMI)b
	VI –– VIII
	≥VIII
	VI – VII

	Peak Ground Accelerations in Rock and Stiff Soil (Gravity)c
	0.2 –– 0.6
	> 0.6
	0.2 –– 0.4

	Approximate Distance and Direction from Project Area to Fault (Miles)d
	17.5 SW
	4.2 SW
	14.0 NE

	Source: PBS&J, 2008. 

Notes:
a.
For the purposes of describing the size of the design earthquake of a particular fault segment, moment magnitude (Mw) of the characteristic earthquake for that segment has replaced the concept of a maximum credible earthquake of a particular Richter magnitude.  This has become necessary because the Richter Scale “saturates” at the higher magnitudes; that is, the Richter scale has difficulty differentiating the size of earthquakes above magnitude 7.5.  The Mw scale is proportional to the area of the fault surface that has slipped, and, thus, is related to the length of the fault segment ruptured and the depth of the hypocenter.  Although the numbers appear lower than the traditional Richter magnitudes, they convey more precise (and more useable) information to geologic and structural engineers.

b.
Estimated Mw and Modified Mercalli Intensity damage level based on relationships developed by Perkins and Boatwright for the Association of Bay Area Governments, 1995.

c.
Estimates based on relationships developed by the USGS ShakeMap Working Group, Background Information on the ShakeMaps, webpage last modified 21 April 2003, accessed October 2, 2007.

d.
Estimated from Jennings, 1994, scale 1:750,000.




Clara County, with one reported death.6  The earthquake caused $160 million of damage to the Stanford University campus: at least 24 buildings had to be closed temporarily, including the Memorial Church, the main building of the Graduate School of Business, and the Hoover Observation Tower.  At least $300 million has been invested to retrofit 140 buildings on the campus.  The Stanford University Medical Center was not damaged severely.7
There are several other active and potentially active fault zones that could affect the Project Area.  These include faults that are historically active (during the last 200 years), those that have been active in the geologically recent past (about the last 11,000 years, referred to as the Holocene epoch), and those that have been active at some time during the Quaternary geologic period (the last 1.6 million years). [NOTE: It would be helpful to list the faults referenced in this sentence.]  
Figure 3.10‑1 
Regional Geology Map

A characteristic earthquake on the entire San Andreas fault (Mw 7.9) and on the Peninsula-Golden Gate segment of the San Andreas fault (Mw 7.2) probably are the largest that would affect the Project Area because of their proximity.  Other faults that exist in the vicinity of the Project Area are pre-Quaternary in origin.  They were active tens of millions of years ago, but have shown no evidence of activity during the last 1.6 million years.8
On the basis of research conducted since the 1989 Loma Prieta Mw 6.9 earthquake, the USGS and scientists in other agencies have concluded there is about a 63 percent mean probability of at least one Mw 6.7 or greater earthquake, capable of causing widespread damage, striking the Projects region before 2032.  The Hayward-Rodgers Creek Fault System [NOTE:  Elsewhere the text refers to the Hayward Fault.  Please use consistent names.  Also, there appear to be two faults on Fig. 3.10-1.  Please identify each.] has the highest mean probability (31 percent) of generating a Mw 6.7+ earthquake in this timeframe; the mean probability for the San Andreas fault is 21 percent.9  Earthquakes of this magnitude can create ground accelerations in bedrock and in stiff unconsolidated sediments severe enough to cause major damage to structures and foundations not designed specifically to resist the lateral forces generated by earthquakes and to underground utility lines not designed with sufficient flexibility to accommodate expected seismic ground motion.10
The major faults zones of the San Andreas Fault System, including the faults shown in Figure 3.10-1, are expected to be the sources of most future earthquakes in the Projects region.11  Consequently, it is necessary to design structures and facilities in the City to withstand the anticipated effects of seismic vibration from distant. as well as nearby, sources.12  Recognizing this necessity, the City’s Comprehensive Plan establishes policies that ensure the seismic safety of new development (see the Applicable Policies and Regulations section, below).

The Seal Cove [NOTE:  Is Seal Cove San Gregario?  It’s difficult to match up fault names throughout the text.], San Andreas, Hayward, and Calaveras fault zones are all, at least partially, historically active.  Parts of each of these fault zones have been classified as Holocene or Quaternary depending on the evidence of the age of the most recent movement.13  Other faults in the ProjectProjects’ [NOTE:  “Projects Region” is not a defined term] that are of concern to the City and the County include segments of the Monte Vista fault [NOTE:  This one is not shown on Fig. 3.10-1.] (Late Quaternary - less than 700,000 years ago) near Felt Lake; and several traces of the Stanford fault (Early Quaternary – 700,000 to 1.6 million years ago) between the Palm Drive Oval and Junipero Serra Boulevard.  Although there is limited evidence for movement along these faults, because their ages overlap those of the major active faults in the region, they are given consideration in the City and County planning processes.14
Project Area

Topography.15  The Project Area is on the Santa Clara alluvial plain about 0.8 miles east of the base of the foothills of the Santa Cruz Mountains and about 2.7 miles west of the salt evaporators on the margin of San Francisco Bay.  The Project Area is flat to undulating, sloping gently northeast from about +95 feet msl near the Edwards, Lane, and Alway Buildings to approximately +65 feet msl at El Camino Real.  The Project Area is surrounded on all sides by similar relatively flat topography.  The closest “free face,” i.e., steep embankment, is the channel wall of San Francisquito Creek, about 235 feet north of the Project Area.

The only major topographic feature near the Project Area is San Francisquito Creek, which flows north of Sand Hill Road, within 235 feet of the Project Area.  The creek banks are up to 25 feet high, very steep, and formed of unconsolidated material.  Because of compaction and cementation, the walls have a stiff, dense surface that can remain relatively stable for long periods, if undisturbed.  Slumping and sliding are common where undercutting by the creek exposes loose seams of sand and gravel, and where foot traffic has removed vegetation from the banks.16
Soils.17  Only one major soil group is represented in the Project Area: moderately well to excessively drained, medium -to fine -grained (sand, silt, and clay) soils developed on alluvial plains and fans (Group III soils).  The soil association represented is the Zamora-Pleasanton, consisting of Zamora loam and clay loams with clay loam subsoils and Pleasanton loams with gravelly clay loam subsoils.  These loams and clay loams are moderately expansive, moderately corrosive to untreated steel and concrete, with moderate soil strength, low liquefaction potential, low erosion potential, and severe limitations for septic tank filter fields (especially lack of permeability).

Irrespective of the slight liquefaction potential of the surface soils, damaging liquefaction can occur at depth if the water table is within about 50 feet below the ground surface (bgs) in pockets of fine-grained, uniformly sized sand, such as can exist in these alluvial deposits: conditions. Conditions such as depth to water table, uniformity of grain size, and mix of grain size can vary dramatically within alluvial deposits.  About two-thirds of the Project Area is in a zone identified by the State Geologist as having some potential for liquefaction.  As explained below, adherence to building code requirements ensures that liquefaction potential is addressed during building design and construction.

As with other lowland deposits, erosion hazard for these soils in their natural state is virtually nil.  Nonetheless, even soils with low erosion potential in their natural condition can become erosion-prone when disrupted, unless specific measures are taken to control erosion.  Because the major adverse effect of potential erosion is sedimentation in drainage ways, this issue is discussed in Section 3.11, Hydrology.

Expansive soils occur in the substrate of the Zamora-Pleasanton association soils.  Specific treatments to eliminate expansion of soils include, but are not limited to, grouting (cementing the soil particles together), recompaction (watering and compressing the soils), and replacement with a non-expansive material (excavation of unsuitable soil followed by filling with suitable material), all of which are commonly used in the City.  The California Building Code (CBC), whether administered by the Office of Statewide Health Planning and Development (OSHPD) through the Hospital Facilities Seismic Safety Act of 1983 (HFSSA) or by the City’s Municipal Code, requires that each construction location be evaluated to determine the particular treatment, if any, that would be most appropriate. The standards for the correction of expansive soil conditions at buildings considered “health facilities” under HFSSA are identical to those for other structures for human occupancy, but are specified in Chapter 18A of the CBC, rather than Chapter 18 (see Applicable Plans and Regulations, below).  If expansive soils need to be excavated and replaced by non-expansive material hauled from other areas, all haul trucks would need to be covered and projector maintain two feet of freeboard.  Also, Project-related mud and dirt carried onto paved streets would have to be removed daily to comply with Bay Area Air Quality Management District (BAAQMD) requirements to control fugitive dust.  Because expansive soils are common throughout the City, contractors and soil testing firms are familiar with the procedures used to identify and eliminate expansive soil conditions at construction sites.  In the case of the Projects, the existence of (1) expansive soils, (2) several well-known remedies for such conditions, and (3) local firms knowledge of the requirements for, and experience in, dealing with these not-uncommon conditions are part of the physical and legal environment in which the Projects would be implemented.

The provisions of the CBC (Chapter 16.04 of the City’s Municipal Code for non-hospital buildings; Section 110 of the California Building Code for health facilities overseen by OSHPD) are legal requirements: the investigation and treatment of areas suspected of containing expansive soils, through the use of site-specific soil suitability analyses conducted to establish design criteria for appropriate foundation type and support, are standard.  The important information for the City as lead agencyenvironmental review purposes is not the specific location and exact extent of expansive soils at each potential construction location, but the knowledge that expansive soils may occur throughout the Project Area, that standard techniques are available for correcting any unsuitable conditions they may engender, and that oversight responsibility for the issue is vested in the lead agencyrelevant agencies.

Geologic Units.  The soil parent materials in the Project Area are partially exposed in San Francisquito Creek.  These parent materials consist of 12 to 15 feet of moderately well-sorted, unconsolidated (non-adhesive), fine sandy silt to clayey silt containing seams and pockets of rounded pebbles and cobbles, overlying at least 6 feet of silty clay.18  They are part of the younger alluvial deposits on the edge of the Santa Clara Valley, and may be as much as 200 feet thick in areas closer to San Francisco Bay.

Underlying the younger alluvium is the older alluvium of the Santa Clara Formation, which consists of partially consolidated clay, silt, sand and gravel depos​ited more than 11,000 years ago.19  This unit is thought to be as much as 700 feet thick in the Santa Clara Valley.  Numerous geotechnical investigations have been completed in the Project Area during the past three decades for new structures and renovationrenovations or additions to existing structures.  The subsurface geological materials encountered in the borings for these investigations reveal the local variations that characterize alluvial fan and alluvial plain deposits.  Because these deposits are essentially river sediments, the materials encountered at any given site may reflect deposits from active channel environments, quiet backwater environments, overbank levee conditions, or any of several other different types of stream settings.  As a consequence, generalizations about the nature of alluvial deposits underlying relatively large parcels tend to give a somewhat simplified picture of the subsurface conditions.  For the most part, the Project Area is underlain by 40 to 50 feet of layered alluvial sediments containing varied proportions of gravel, sand, silt, and clay.  Some of the upper layers (within 7 to 10 feet bgs) are soft, but density increases rapidly to the depths explored (20 to 50 feet bgs).  The characteristics of alluvial sediments that are of most interest for geotechnical purposes include the density of the deposit, the strength of the materials, the reactivity of the materials, and the presence of groundwater.  These characteristics help define the deposit’s ability to support the foundations of structures proposed to be built on them.  More information about these characteristics at the SUMC SiteSites and Shopping Center Site is presented below.

Material strength refers to the capability of a soil or geologic unit to resist compaction or compression.  Units that are naturally highly compacted and contain relatively high proportions of sand and gravel provide more resistance than loose sandy or clayey soils.  An acceptable degree of material strength can be achieved by recompaction or excavation for replacement with non-compressible material to address the specific soil conditions at construction sites.  The CBC, whether administered through the HFSSA or the City’s Municipal Code, requires that any correction of weak soil conditions be part of the grading design of the projects.: theThe standards for the correction of weak soil conditions at health facilities under HFSSA are identical to those for other structures for human occupancy, but are specified in Chapter 18A of the 2007 CBC, rather than Chapter 18.

Faults.  There are no known active faults in the Project Area.  The known active fault traces closest to the Project Area are those of the Peninsula-Golden Gate [NOTE:  The name of this segment should be identified on Fig. 3.10-1.] segment of the San Andreas fault system, about 4.2 miles to the southwest (Figure 3.10‑1).  This is the only fault in the vicinity of the Project Area that is zoned by the State of California under the Alquist-Priolo Earthquake Fault Zoning Act of 1972 (see below).  These traces of the San Andreas fault probably ruptured in the 1906 earthquake, and, therefore, are considered historically active (within the last 200 years).  No other earthquake fault zones or known active fault traces cross or trend toward the Project Area.

Three traces of the Early Quaternary Stanford fault, shown on the County’s Geologic Hazards Zones Map, trend across the Stanford University campus south of the Project Area.  The fault segments are shown on Figure 7.1 of the Stanford University Community Plan (reproduced in this EIR as Figure 3.10‑2) as the San Juan Hill fault, which forms a continuous feature with the Stanford fault; the Frenchman’s Road fault; and the Stock Farm Monocline.  These faults are no more than 2.5 miles long and do not have[NOTE:  each or in aggregate?] and there is no evidence forof recent surface displacements (i.e., during the last 11,500 years) that would cause the State to categorize them as active.20
[NOTE:  Please describe Basalt Quarry Fault. See Fig. 3.10-2]
The Stock Farm Monocline (Figure 3.10‑2) is a northwest-trending, northeast-facing fold in the Santa Clara Formation and overlying sediments.  The fold is expressed as a northeast-facing rise between Page Mill Road and Campus Drive West.  This extensively studied structural feature is considered an active fold in the strata.  An underlying blind thrust fault is thought to produce the folding.  It is not clear whether it is capable of generating earthquakes.  Although no surface deformation was recorded on the monocline in 1906 or during the 1989 Loma Prieta earthquake, it is regarded as capable of minor co-seismic ground deformation (that is, deformation that occurs in association with an earthquake on another fault, such as the San Andreas fault).21
Groundshaking (Seismic Vibration).  The San Andreas fault is capable of generating a characteristic earthquake of Mw 7.9 and peak horizontal ground accelerations in excess of 0.6 g (60 percent of the force of gravity) if the epicenter of the earthquake is near the Project Area.  Groundshaking intensities associated with this event are expected to be at least VIII on the Modified Mercalli Intensity (MMI) Scale.22  MMI VIII generally would not damage specially designed structures, but could cause some damage in structures of good workmanship, and moderate to heavy damage in ordinarily substantial buildings, foundations and underground utilities, such as water pipelines.  Seismic ground response of this intensity in the vicinity of the fault trace could cause severe damage to, or destruction of, older buildings, roadways, and infrastructure that were not constructed to resist earthquake forces.  For new buildings, roads, and infrastructure constructed to 2007 CBC seismic-resistance standards (as embodied in Palo Alto Municipal Code, Title 16 Chapter 16.04 and in the “A” chapters of the 2007 CBC for health facilities under HFSSA) and/or Caltrans seismic design criteria, using site-specific parameters to 


Figure 3.10‑2 
Geologic Features

address the proximity of the fault, the damage potential is expected to be lower, but still must be considered in the site design (see Applicable Plans and Regulations, below).23
Landslides and Slope Stability.  Because the Project Area is nearly level, landslides are not considered a hazard in the context of this EIR.  Slope stability issues related to the sides of excavations are regulated by the 2007 CBC (see Applicable Policies and Regulations, below).

SUMC Sites

Topography.  The Main SUMC Site is a nearly level site that slopes very gently east at less than a one percent grade.  The western end of the site (at the Edwards, Lane, and Alway Buildings) is about +95 feet msl and the eastern end is about +81 feet msl.  The ground surface at the Hoover Pavilion Site is about +72 feet msl on its west boundary and about +68 feet msl on its east boundary.  The Main SUMC Site is surrounded on all sides by similar relatively flat topography.  The closest ‘free face,’ i.e., steep embankment, is the channel wall of San Francisquito Creek about 615 feet north of the Main SUMC Site.  Both the Main SUMC Site and the Hoover Pavilion Site are covered with hospital, medical office, and related structures, parking garages, paved parking lots, roads and walks, and small landscaped areas.  Consequently, the SUMC Sites contain about 70 percent impervious surfaces: about 30 percent is landscaped.24
Soils.  All native soils at the Main SUMC Site and about 75 percent of them at the Hoover Pavilion Site have been removed or covered with engineered fill to facilitate foundation support.  Soils just below the fill at the Main SUMC Site are composed primarily of compact to very dense, gravelly, well-graded sands.25of sand, clay and gravel.25  Soils at the Hoover Pavilion Site are silty, well-graded sands26composed of a layer of fill (silt, sand and gravel)26 underlain by a layer oflayers of: (1) fluvially deposited sand and gravels with varying amounts of silt at 25 to 35 feet bgs, (2) silt, clay, and clayey sand at about 25 to 40 feet bgs.27to approximately 38 to 40 feet bgs, (3) coarse-grained, partially-saturated sand and gravel to approximately 37 to 58 feet bgs, and (4) fine-grained clay and silt to 61 feet bgs.27 

Geologic Units.  Soil parent materials (alluvium) encountered in borings for the parking structure at Quarry and Arboretum Roads consist of 4 to 11 feet of fine to coarse sandy clay and gravel underlain by 10 to 11 feet of clayey sand and gravel with cobbles and about 5 feet of very dense clay.  The upper soils are stiff to firm; the lower soils, dense and compacted.  Differential compaction, soil collapse, and liquefaction potential are low.  FreeAt the SUMC main site, groundwater was not encountered during a 1991 investigation, but had been reported previously at about +30 to +35 feet msl (approximately 40 feet bgs).28at a depth of more than 50 feet in two bores installed with piezmeters on the SUMC site,28  At the SHC, LPCH, and the SoM buildings, there is 6 to 12 feet of silty clay with sand grading to silty sand with gravel, 4 to 16 feet of silty gravelly sand with clay, up to 13 feet of silty clay, 15 to 30 feet of silty sandy gravel, and a layer of silty sandy clay encountered at about 50 feet bgs.  The clay-rich layers typically are stiff to hard: the granular layers typically are medium to very dense, increasing with depth.  Free groundwater was encountered between 42 and 56 feet bgs.  Differential compaction, soil collapse, and liquefaction potential are low to very lowsites, earth materials encountered are alluvial deposits.  The earth materials found fall into two general categories: (1) Coarse-grained Units - These near surface materials are mostly clayey sand/well graded sand and loca silty sand, sandy silt and gravel lenses.  The grain size and density appear to vary both vertically and horizontally; and (2) Fine-grained Units - These are mostly laterally continuous clay-rich layers that vary in thickness and are up to 30 feet think.With these soil conditions, there is a low potential for: liquefaction on a large scale; lateral spreading, compaction settlements; earthquake-induced cyclic softening of fine-grained soils; and seismically induced slope instability.29  At the Hoover Pavilion Site, the 1982 investigation found that the alluvium extended to at least 32 feet bgs, the upper 20 feet below the sandy surface soil being sandy gravel underlain by at least 12 feet of very stiff fine gravelly clay.  No groundwater was encountered.  Differential compaction, soil collapse, and liquefaction potential were considered to be within tolerable limits (1/4 to 3/8 inch, i.e., very low).30  The material characteristics described by these investigation reports are fairly representative of the subsurface conditions throughout the SUMC sites.  Although about 75 percent of the Main SUMC Site is in the State- and County-recognized liquefaction hazard investigation area, the presence of stiff clays and the general lack of groundwater contribute to the site soils’ stability.  The Hoover Pavilion Site is not in a liquefaction hazard investigation area.

Faults.  There are no known active faults on the SUMC Sites.  The traces of the Stanford fault and Stock Farm Monocline are between 0.5 and 0.75 miles south of the SUMC Sites.

[NOTE:  The next two paragraphs repeat earlier text about conditions outside the Project Area.  This seems unnecessary.]  As described for the Project Area, there are several active and potentially active fault zones that could affect the Main SUMC Site.  These include faults that are historically active (during the last 200 years), those that have been active in the geologically recent past (about the last 11,000 years, referred to as the Holocene epoch), and those that have been active at some time during the Quaternary geologic period (the last 1.6 million years).  The San Gregorio, San Andreas, Hayward, Calaveras, and Greenville fault zones are all, at least partially, historically active.  Parts of each of these major fault zones have been classified as Holocene or Quaternary depending on the age of the evidence of the most recent movement.  The known active fault traces closest to the SUMC Sites are those of the San Andreas fault, approximately 4.2 miles to the southwest.  Active traces of the Hayward fault and San Gregorio fault are approximately 14.5 miles [NOTE:  Table 3.10-1 says 14.0] northeast and 17.5 miles southwest of the SUMC Sites, respectively.31
The traces of the Stanford fault and Stock Farm Monocline are in the City, but outside the SUMC Sites and the Project Area.  They are shown on the County’s Geologic Hazards Zones Map and on the Geologic Features Map of the Stanford University Community Plan (see Figure 3.10-2).  Although it has not been established that any of these features is capable of generating earthquakes, they are regarded as capable of minor co-seismic ground deformation during earthquakes on other faults in the vicinity near the Project RegionArea.

Groundshaking (Seismic Vibration).  A characteristic earthquake on the San Andreas fault (Mw 7.9) probably is the largest earthquake that would affect the SUMC Sites.  Characteristic earthquakes on the Hayward fault (Mw 7.1) and the San Gregorio fault (Mw 7.3) would have less effect, but would be damaging.  A characteristic earthquake on the San Andreas fault is capable of generating peak ground acceleration at the SUMC Sites higher than 0.6g (60 percent of the force of gravity).  The California Geological Survey Probabilistic Seismic Hazards Assessment Program estimates peak ground accelerations at the SUMC Sites could exceed 0.7g.  The 2007 CBC (see Applicable Plans and Regulations, below) incorporates attenuation relationships developed by the California Geological Survey’s Probabilistic Seismic Hazard Program, which consider vibration contributions from multiple seismic sources.  The resultant map (Figure 1613.5(3) of the 2007 CBC) of short term (0.2 second) ground response indicates the SUMC Sites would be subjected to average peak ground accelerations as high as 1.75g for the largest earthquakes in the Bay Area.  The 2007 CBC requires the design earthquake (i.e., the maximum considered earthquake acceleration response for a given site) to be calculated using 2/3 of the mapped acceleration value – in this case, about 1.17g.  The same procedure is used for all structures for human occupancy in California, whether the seismic design is administered through the HFSSA or the local jurisdiction’s Municipal Code.

Groundshaking intensities associated with Mw 7.1 to Mw 7.9 earthquakes are expected to be at least in the range of VII ‑ VIII on the MMI Scale.  MMI VIII generally would not damage specially designed structures, but can cause some damage in structures of good workmanship, and moderate to heavy damage in ordinarily substantial buildings, foundations, and underground utilities such as water pipelines.  For new non-hospital buildings, roads, and infrastructure at the SUMC Sites constructed to 2007 CBC seismic-resistance standards (as embodied in Palo Alto Municipal Code Title 16 Chapter 16.04) and/or Caltrans seismic design criteria, using site-specific parameters to address the proximity of the fault, the damage potential is expected to be lower, but still must be considered in the site design (see Applicable Plans and Regulations, below).  For new hospital buildings at the SUMC 

Sites, the California Health and Safety Code requires that every building must not only be designed and constructed to remain standing, but must be designed and constructed to be operational following a major earthquake (see explanation of the HFSSA, below).32
Landslides and Slope Stability.  Because the SUMC Sites are nearly level, landslides are not considered a hazard in the context of this EIR.  Slope stability issues related to the sides of excavations are regulated by the Building Code (see Applicable Policies and Regulations, below).

Shopping Center Site

Topography. Stanford Shopping Center occupies a nearly level site that slopes very gently toward El Camino Real at less than a one percent grade.  The western end of the site is about +81 feet msl and the eastern end is about +63 feet msl.  The Shopping Center Site is surrounded on all sides by similar relatively flat topography.  The closest “free face,” i.e., steep embankment, is the channel wall of San Francisquito Creek about 235 feet north of the Shopping Center Site.  The Shopping Center Site is covered with retail structures, paved parking lots, roads and walks, and small landscaped areas.  Consequently, it contains about 90 percent impervious surfaces: about 10 percent is landscaped.33
Soils.  The native soils at the Shopping Center Site have been removed or covered with pavement of engineered fill to facilitate foundation support.  Soils below the pavement and fill are composed primarily of interbedded layers of stiff to hard clays and medium dense to dense sands.34
Geologic Units.  According to a 1998 geotechnical investigation report, the Shopping Center Site is underlain by 4.0 to 8.5 feet of very stiff to hard silty clay.  At some parts of the site, as much as 4 feet of this material is fill, but the lateral extent of the fill is not known.  This material is underlain by at least 27 feet of interbedded very stiff to hard silty clays, sandy clays, clayey silts, and medium dense to dense silty and clayey sands.  Differential compaction, soil collapse, and liquefaction potential are low.  Free groundwater has not been encountered during previous drilling to depth of about 35 feet bgs, but previous water table measurements indicate groundwater would be expected at between 40 and 43 feet bgs.35  The material characteristics described by the 1998 investigation report are fairly representative of the subsurface conditions throughout the Shopping Center Site.  Although the site is in the State- and County-recognized liquefaction hazard investigation area, the presence of stiff clays and the general lack of groundwater contribute to the site soils’ stability.

Faults.  There are no known active faults on the Shopping Center Site.  The traces of the Stanford fault and Stock Farm Monocline are between 0.75 miles to 1 mile south of the Shopping Center Site.

[NOTE:  This is very repetitive.]  As described for the Project Area, there are several active and potentially active fault zones that could affect the Shopping Center Site.  These include faults that are historically active (during the last 200 years), those that have been active in the geologically recent past (about the last 11,000 years, referred to as the Holocene epoch), and those that have been active at some time during the Quaternary geologic period (the last 1.6 million years).  The San Gregorio, San Andreas, Hayward, Calaveras, and Greenville fault zones are all, at least partially, historically active.  Parts of each of these major fault zones have been classified as Holocene or Quaternary depending on the age of the evidence of the most recent movement.  The known active fault traces closest to the SUMC Site are those of the San Andreas fault, approximately 4.2 miles to the southwest.  Active traces of the Hayward fault and San Gregorio fault are approximately 14.2 miles northeast and 17.5 miles southwest of the SUMC Site, respectively.36
The traces of the Stanford fault and Stock Farm Monocline are in the City, but outside the Shopping Center Site and the Project Area.  They are shown on the County’s Geologic Hazards Zones Map and on the Geologic Features Map of the Stanford University Community Plan (see Figure 3.10-2).  Although it has not been established that any of these features is capable of generating earthquakes, they are regarded as capable of minor co-seismic ground deformation during earthquakes on other faults in the Project Region.

Groundshaking (Seismic Vibration).  A characteristic earthquake on the San Andreas fault (Mw 7.9) probably is the largest that would affect the Shopping Center Site.  Characteristic earthquakes on the Hayward fault (Mw 7.1) and the San Gregorio fault (Mw 7.3) would have less effect, but would be damaging.  A characteristic earthquake on the San Andreas fault is capable of generating peak ground acceleration at the SUMC Site higher than 0.6g (60 percent of the force of gravity).  The California Geological Survey Probabilistic Seismic Hazards Assessment Program estimates peak ground accelerations at the Site could exceed 0.7g.  The 2007 CBC (see Applicable Plans and Regulations, below) incorporates seismically induced ground acceleration relationships developed by the California Geological Survey’s Probabilistic Seismic Hazard Program, which consider vibration contributions from multiple seismic sources.  The resultant map (Figure 1613.5(3) of the 2007 CBC) of short term (0.2 second) ground response indicates the Shopping Center Site would be subjected to average peak ground accelerations as high as 1.75g for the largest earthquakes in the Bay Area.  The 2007 CBC requires the design earthquake (i.e., the maximum considered earthquake acceleration response for a given site) to be calculated using 2/3 of the mapped acceleration value – in this case, about 1.17g.

Groundshaking intensities associated with Mw 7.1 to Mw 7.9 earthquakes are expected to be at least in the range of VII ‑ VIII on the MMI Scale.  MMI VIII generally would not damage specially designed structures, but can cause some damage in structures of good workmanship, and moderate to heavy damage in ordinarily substantial buildings, foundations, and underground utilities such as water pipelines.  For new buildings, roads, and infrastructure constructed to 2007 CBC seismic-resistance standards (as embodied in Palo Alto Municipal Code Title 16 Chapter 16.04) and/or Caltrans seismic design criteria, using site-specific parameters to address the proximity of the fault, the damage potential is expected to be lower, but still must be considered in the site design (see Applicable Plans and Regulations, below).37
Landslides and Slope Stability.  Because the Shopping Center Site is nearly level, landslides are not considered a hazard in the context of this EIR.  Slope stability issues related to the sides of excavations are regulated by the Building Code (see Applicable Policies and Regulations, below).

Applicable Plans and Regulations

Regulations and standards related to geology, soils, and seismicity in the City of Palo Alto are included in State regulations, City ordinances, and plans adopted to protect public health and safety.  The following is a brief summary of the regulatory context under which geology, soils, and seismic hazards are managed.  Agencies with responsibility for protecting people and property in the Project Area from damage associated with soil conditions and geologic hazards are described below.

Federal Regulations

There are no federal regulations directly applicable to geotechnical conditions in the Project Area.  Nonetheless, installation of underground utility lines must comply with industry standards specific to the type of utility (e.g., National Clay Pipe Institute for sewers; American Water Works Association for water lines) and the discharge of contaminants must be controlled through the National Pollutant Discharge Elimination System (NPDES) permitting program for management of construction and municipal stormwater runoff.  These standards contain specifications for installation, design, and maintenance to reflect site-specific geologic and soils conditions.

State Regulations

Alquist-Priolo Earthquake Fault Zone.  The State legislation protecting the population of California from the effects of fault-line ground-surface rupture is the Alquist‑Priolo Earthquake Fault Zoning Act. of 1972.  This law was passed in response to the 1971 San Fernando Earthquake, which was associated with extensive surface fault ruptures that damaged numerous homes, commercial buildings, and other structures.  At the directive of the Act, in 1972 the State Geologist began delineating Earthquake Fault Zones (called Special Studies Zones prior to 1994) around active and potentially active faults to reduce fault‑rupture risks to structures for human occupancy.38  This Act has resulted in the preparation of maps delineating Earthquake Fault Zones to include, among others, recently active segments of the San Andreas and Hayward faults.  The Act provides for special seismic design considerations if developments are planned in areas adjacent to active or potentially active faults.39  The Project Area is not crossed by an Alquist‑Priolo Earthquake Fault Zone delineated along any fault.

Alfred E. Alquist Hospital Facilities Seismic Safety Act of 1983, Senate Bill 1953, and Senate Bill 306.  In response to the Sylmar earthquake of 1971, the California Legislature enacted the Hospital Facilities Seismic Safety Act of 1973.  The law was amended by the Alfred E. Alquist Hospital Facilities Seismic Safety Act of 1983 (HFSSA), which requires that acute care [NOTE:  Footnote 43 should be moved to here.] hospitals be designed and constructed to withstand a major earthquake and ultimately to remain operational immediately after such an event.  The HFSSA requires that construction and design plans for acute care hospitals in California be in full compliance with the regulations and standards developed by the Office of Statewide Health Planning and Development (OSHPD) pursuant to the HFSSA.  The HFSSA preempts local regulatory authority (i.e., the City Municipal Code) over the design and construction of “health facilities,” a category that includes hospital buildings and certain skilled nursing facilities.  Under the HFSSA, OSHPD has the authority to review plans and specifications for such buildings, to conduct inspections, and to oversee the design and details of the architectural, structural, mechanical, plumbing, electrical, and fire and panic safety systems.  

Following the 1994 Northridge earthquake, Senate Bill 1953 (SB 1953) amended the HFSSA and reinforced the importance of retaining the structural integrity of medical facilities.  The initial goal of SB 1953 was that, by December 31, 2007, every general acute care inpatient hospital building in the state would remain standing following a major earthquake.  The law was amended to provide for a five-year extension of this deadline, until 2013.  A further two-year extension, until 2015, may be granted by OSHPD if, among other specified conditions: the building is under construction at the time the request for an extension is made; the hospital plans are submitted to OSHPD for review by 2009; and the hospital receives a building permit by 2011.  By 2030, every “health facilities” building must be designed and constructed to remain standing and be operational following a major earthquake.40
The HFSSA, as amended by SB 1953 and other statutes, would require all new hospitals to meet strict seismic safety standards for the design and construction of their general acute care inpatient hospital buildings.  The HFSSA requires OSHPD to review all construction plans for acute care facilities to ensure that they meet the HFSSA standards of standing and operational after a major earthquake.  The conformance of a project with theto HFSSA standards is evaluated by OSHPD on a case-by-case basis.41  The HFSSA seismic safety standards apply only to the hospital-building portion of a project.42  Because the SUMC is an acute care facility,43 the HFSSA requires that buildings which house acute care patients must meet the statute’s heightened seismic safety standards by 2013 (or 2015, if a two-year extension is granted) and by 2030.  The SUMC Project is designed to bring the hospital facility into compliance with these standards.

In conducting its permitting review for acute care hospital buildings, OSHPD applies a distinct subset of the requirements of the 2007 CBC.  These are known as the “OSHPD 1” requirements, which govern comprehensively all aspects of the design and construction of hospital buildings.  OSHPD 1 requirements are listed in Section 110.1 of the 2007 CBC.  For the most part, they are identical to the standard 2007 CBC requirements, but where they differ (for examplee.g., in not permitting certain Alternative Seismic Design Category Designations and Simplified Design Procedures, or requiring specific modifications to the American Society of Civil Engineers Minimum Design Loads for Buildings and Other Structures), theythese differences are detailed in seven chapters of the 2007 CBC: Chapters 16A (Structural Design), 17A (Structural Tests and Special Inspections), 18A (Soils and Foundations), 19A (Concrete), 21A (Masonry), 22A (Steel), and 34A (Existing Structures).  For hospital buildings, OSHPD is responsible for ensuring that the HFSSA seismic safety standards are met and for applying and enforcing the OSHPD 1 requirements of the 2007 CBC.

For non-hospital buildings that are physically separate from an acute care hospital, but that are covered by the hospital’s license and provide clinical services for outpatients or fulfill other hospital functions (including administrative offices, medical supply or storage areas, etc.), there also is a special subset of the requirements of the 2007 CBC that apply.  These are known as the “OSHPD 3” requirements, which govern comprehensively all aspects of the design and construction of these types of non-hospital buildings.  OSHPD 3 requirements are listed in Section 110.3 of the 2007 CBC.  They are identical to their corresponding chapters of the standard 2007 CBC requirements.  For these types of non-hospital buildings, the local jurisdiction (in this case, the City of Palo Alto) is responsible for applying and enforcing the OSHPD 3 requirements of the 2007 CBC, as well as other applicable code requirements, as part of the local building permit process.

Another law, Senate Bill 306, authorizes certain hospital owners meeting specified financial criteria to obtain an extension until January 1, 2020.  Based on the requirements of this bill, the SUMC Project sponsors do not believe that the Project qualifies for the 2020 extension.  As such, the SUMC Project sponsors do not anticipate pursuing an extension under this bill.  The SUMC Project sponsors do, however, anticipate pursuing an extension to 2015, as described in the text above.

Seismic Hazards Mapping Act.  The State regulations protecting the public from geo-seismic hazards, other than surface faulting, are contained in California Public Resources Code, Division 2, Chapter 7.8 (the Seismic Hazards Mapping Act) and the 2007 California Code of Regulations, Title 24, Part 2 (the California Building Code [CBC]).  Both of these regulations apply to public buildings, and a large percentage of private buildings, intended for human occupancy.

The Seismic Hazards Mapping Act became effective in 1991 to identify and map seismic hazard zones for the purpose of assisting cities and counties in preparing the safety elements of their general plans and to encourage land use management policies and regulations that reduce seismic hazards.  The recognized hazards include strong groundshaking, liquefaction, landslides, and other ground failure.  These effects account for approximately 95 percent of economic losses caused by earthquakes.  The Act mandated the preparation of maps delineating Liquefaction and Earthquake-Induced Landslide Zones of Required Investigation.  Mapping has been completed for the Palo Alto quadrangle, which contains the Project Area, and the official map was issued in October 2006.44  Because the Shopping Center Site and approximately the north half of the SUMC Site are in a zone identified by the State Geologist as having some potential for liquefaction, the Act requires site-specific geotechnical investigation to identify liquefiable materials and remediate the condition as necessary.  This information is reflected in the City’s Comprehensive Plan Natural Environment Element goals and policies (see below).  The City’s enforcement of its Municipal Code, including the OSHPD 3 requirements, would ensure that the design and construction of the buildings associated with the Shopping Center Project and the non-hospital portion of the SUMC Project would be consistent with those goals and policies and would comply with the requirements that derive from the Seismic Hazards Mapping Act.  The buildings associated with the hospital portion of the SUMC Project would be subject to the jurisdiction of OSHPD, which would be responsible for ensuring compliance with heightened OSHPD 1 seismic safety standards.

California Building Code and City of Palo Alto Building Code.  Until January 1, 2008, the CBC was based on the then-current Uniform Building Code and contained Additions, Amendments, and Repeals specific to building conditions and structural requirements in the State of California.  The 2007 CBC, effective January 1, 2008, is based on the current (2006) International Building Code and contains prominent enhancement of the sections dealing with fire safety, equal access for disabled persons, and environmentally friendly construction.45  Cities and counties are required to enforce the regulations of the 2007 CBC beginning January 1, 2008.  Each jurisdiction may adopt its own building code based on the 2007 CBC.  Local codes are permitted to be more stringent than Title 24, but must, at a minimum, meet all state standards.  The City of Palo Alto has adopted the 2007 CBC as the basis for the City Building Code Title 16, Chapter 16.04 of the Municipal Code (Ordinance No. 4976, adopted November 26, 2007).  The City’s enforcement of its Municipal Code and of the OSHPD 3 requirements, where applicable, would ensure that the design and construction of non-hospital buildings in the Project Area would be consistent with the 2007 CBC.  The hospital buildings would be subject to the jurisdiction of OSHPD, which would be responsible for ensuring compliance with heightened OSHPD 1 seismic safety standards.

Chapters 16 and 16A of the 2007 CBC deal with Structural Design requirements governing seismically resistant construction, including (but not limited to) factors and coefficients used to establish seismic site class and seismic occupancy category for the soil/rock at the building location and the proposed building design.  Chapters 18 and 18A of the 2007 CBC include (but are not limited to) the requirements for foundation and soil investigations (Sections 1802 & 1802A); excavation, grading, and fill (Sections 1803 & 1803A); allowable load-bearing values of soils (Sections 1804 & 1804A); and the design of footings, foundations, and slope clearances (Sections 1805 & 1805A), retaining walls (Sections 1806 & 1806A), and pier, pile, driven, and cast-in-place foundation support systems (Sections 1808, 1808A, 1809, 1809A, 1810 & 1810A).  Chapter 33 of the 2007 CBC includes (but is not limited to) requirements for safeguards at work sites to ensure stable excavations and cut or fill slopes (Section 3304).  Appendix J of the 2007 CBC includes (but is not limited to) grading requirements for the design of excavations and fills (Sections J106 &J107) and for erosion control (Section J110).

The 2007 CBC requirements incorporate seismically induced vibration contributions from multiple seismic sources, including those generated by nearby faults, as well as those of the more distant, but potentially more damaging, faults.  The Project Sites could be subjected to short-duration average peak ground accelerations as high as 1.75g from the largest earthquakes in the Bay area.  The vibration from the design earthquake for the Project Sites would be about 1.17g.  The exact value would be required to be calculated during the design phase of each proposed structure.[NOTE:  Repetitive.]
Local Regulations

The City’s Comprehensive Plan contains applicable goals and policies related to geo-seismic hazards. All applicable Comprehensive Plan goals and policies are discussed in Section 3.2, Land Use.

City of Palo Alto Municipal Code.  The City of Palo Alto has adopted the 2007 CBC as the basis for the City Building Code (Ordinance No. 4976, adopted November 26, 2007).  The provisions are embodied in Chapter 16.04 BUILDING CODE16.04, California Building Code,  of the City of Palo Alto Municipal Code.

Before construction of any proposed project that is subject to the City Building Code, the City requires a site-specific soils report that identifies any potentially unsuitable soil conditions (such as expansive or compressive soils) and contains appropriate recommendations for foundation type and design criteria including provisions to reduce the effects of expansive soils.  The recommendations made in the soils report for ground preparation and earthwork are required to be incorporated in the construction design.  The soils evaluations must be conducted by registered soil professionals, and the measures to eliminate inappropriate soil conditions must be applied.  The design for soil support of foundations must conform to the analysis and implementation criteria described in the Building Code, Chapters 16, 16A, 18, 18A, and 33 as indicated above.  This requirement would be fulfilled by subsurface investigations for the foundations of each new structure proposed in the Project Area.

As noted above, the hospital buildings would be under the jurisdiction and control of OSHPD, which would be responsible for ensuring compliance with heightened seismic safety standards and OSHPD 1 requirements of the 2007 CBC. 

The City’s erosion and sediment control ordinance is contained in Chapter 16.28, Excavations, Grading, and Fills, of the Municipal Code.  The Projects would require a Grading and Excavation Permit [NOTE: why is this italicized?].  All land-disturbing or land-filling activities or soil storage must be undertaken in a manner designed to reduce surface runoff, erosion, and sedimentation to a minimum amount.  An interim erosion and sediment control plan and a Stormwater Pollution Prevention Plan (SWPPP) are required and must contain descriptions of surface runoff and erosion control measures to be implemented.  The final erosion and sediment control plan and SWPPP must include a description of permanent control measures to improve the quality of stormwater runoff from the sites.  Further information about the water quality effects of erosion and sedimentation appear in Section 3.11, Hydrology, of this EIR.
City of Palo Alto Zoning Ordinance.  The Palo Alto City Zoning Ordinance stipulates that detailed geologic and soils investigations be prepared for development in the foothills near Interstate 280, but similar investigations generally are undertaken for major developments anywhere in the City.  Investigations have been performed for previous development proposals in the Project Area, and will be required for the current projectProject proposals.

These investigations provide design criteria that ensure structural integrity and public safety of proposed development, particularly during seismic events.  Issues addressed include seismic design, slope protection, and on-going engineering/geotechnical review, as well as site preparation, grading, and foundation design, as stipulated in the 2007 CBC and local building regulations.  The recommendations of the geologic and soils reports must be incorporated in the design of foundations and buildings.  Earthquake-resistant design and materials are required to meet or exceed the current seismic engineering standards of the 2007 CBC.  

For buildings associated with the Shopping Center Project and the non-hospital portion of the SUMC Project, the City Planning Department would review and certify the investigations, ensure that they meet City standards, and City Building Inspectors would ensure that appropriate design measures were incorporated in the projects.  For buildings associated with the hospital portion of the SUMC Project, OSHPD would conduct the reviews necessary for building design, engineering, and construction, in accordance with the OSHPD 1 requirements for hospital buildings.

City of Palo Alto Comprehensive Plan.  The City’s goal and policy for protection from geo-seismic hazards are addressed in the Natural Environment Element of the Comprehensive Plan:
Goal N‑10: Protection of life and property from natural hazards, including earthquake, landslide, flooding, and fire.
Policy N‑51: Minimize exposure to geologic hazards, including slope stability, subsidence, and expansive soils, and to seismic hazards, including groundshaking, fault rupture, liquefaction, and landsliding.
Areas of concern indicated on the City’s Comprehensive Plan Map N‑5, Geotechnical Constraints and Hazards, include the Project Area, which is shown as containing expansive soils.  Within these areas of concern, Natural Environment Program N‑73 requires “preparation of a report from an engineering geologist that reviews geologic, soils, and engineering reports for developments in hazard areas.”  Natural Environment Program N‑69 requires strict enforcement of the Building Code throughout the City.  The City’s enforcement of its Building Code ensures the proposed Projects would be consistent with the Comprehensive Plan goal and policy.
[NOTE:  Other chapters did not include Comp Plan policies because those are all consolidated in the Land Use Chapter.]  
Impacts and Mitigation Measures

Standards of Significance

Based on significance thresholds determined by the City of Palo Alto, the Projects would result in a significant geologic or seismic impact if they would:

· Expose people or structures to substantial adverse effects including the risk of loss, injury or death involving rupture of a known earthquake fault, strong seismic groundshaking, seismic-related ground failure (including liquefaction), landslides, or expansive soil; 

· Expose people or property to major geologic hazards that cannot be mitigated through the use of standard engineering design and seismic safety techniques; 

· Be located on a geologic unit or on 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; or 

· Cause substantial erosion or siltation.

Because one of the major effects of loss of topsoil is sedimentation in receiving waters, erosion control standards are set by the State Water Quality Control Board through administration of the NPDES permit process for storm drainage discharge.  Erosion and sedimentation issues are addressed in Section 3.11, Hydrology, because they are they arerelate primarily related to turbidity and other depositional effects in local and regional water bodies.

Environmental Analysis

Review of the geologic documents related to the Projects indicates that seismic groundshaking, ground failure, expansive soil, or underground hazards are concerns for the Project Area.  The SUMC Project would replace existing structures with new structures, as well as add new structures.  One purpose of the SUMC Project is to replace older buildings, built prior to modern seismic safety code requirements, with modern buildings constructed to current and future standards in order to reduce geologic hazards to staff, patients, and visitors to the hospital portion of the SUMC Project.  The Shopping Center Project and non-hospital portion of the SUMC Project would be required to comply with construction standards and seismic design criteria contained in the 2007 CBC (including the OSHPD 3 requirements where applicable).  The hospital portion of the SUMC Project would be required to meet the heightened safety standards of OSHPD, including the seismic requirements of SB 1953 mandated by the HFSAA.  Implementation of these standards and criteria would minimize the risk of loss, injury, or death from seismic events through the requirement that the hospital building remain standing and be operational following a major earthquake.  Because the hospital portion of the SUMC Project would be required to conform to current OSHPD 1 standards of the 2007 CBC, it would not create any significant seismic hazards, soil instability hazards, or other hazardous geotechnical conditions.  The design of the Shopping Center Project and the non-hospital portion of the SUMC Project would be required to meet the standards contained in the current City Building Code (based almost entirely on the 2007 CBC) and, therefore, would not create any significant seismic hazards, soil instability hazards, or other hazardous geotechnical conditions.

Because all aspects of seismic-related hazards, other geotechnical hazards, and erosion and siltation issues are regulated by City, [ NOTE: what regional, codes?] or State codes, no mitigation measures are required for the SUMC Project or the Shopping Center Project.
GS‑1.
Exposure to Seismic-Related Hazards:

· The SUMC Project would have a less-than-significant potential to expose people or structures to substantial adverse effects, including the risk of loss, injury, or death involving rupture of a known earthquake fault, strong seismic groundshaking, seismic-related ground failure (including liquefaction), landslides, or expansive soil.  (LTS)

· The Shopping Center Project would have a less-than-significant potential to expose people or structures to substantial adverse effects, including the risk of loss, injury, or death involving rupture of a known earthquake fault, strong seismic groundshaking, seismic-related ground failure (including liquefaction), landslides, or expansive soil.  (LTS)

SUMC Project

Rupture of Known Earthquake Fault.  The SUMC Sites are not in an Alquist-Priolo Earthquake Fault Zone, nor is there other substantial evidence that known active faults exist beneath the sites.  As such, the provisions of the Alquist-Priolo Earthquake Fault Zoning Act do not apply to the SUMC Project.  Because the SUMC Sites are about 4.2 miles from the closest known active fault traces (the San Andreas fault) and at leastabout half a mile from traces of the Stanford fault (no geologically recent activity) and Stock Farm Monocline (suspected potential for co-seismic activity), fault-line surface rupture is not considered a substantial hazard at the SUMC Sites [NOTE:  Figure 3.10-2 shows the Stock Farm Monocline is within .5 miles of the Project site.].  There is no evidence that any of the ancient faults in the vicinity of the SUMC Sites are active.  In view of these circumstances, the SUMC Project would have no impact related to fault rupture hazard.

DesignGroundshaking.  Review of regional and local geo-seismic conditions indicates that the SUMC Sites probably would be subjected to at least one major earthquake during the life of the existing and proposed buildings.  A characteristic earthquake on the San Andreas fault (Mw 7.9) probably is the largest that wouldis likely to affect the SUMC SiteSites, creating estimated peak ground accelerations at the sitesites that could exceed 0.7g.  The 2007 CBC requires the seismic-resistant design for the SUMC Project buildings to factor in a design earthquake that would create average peak ground accelerations of at least 1.17g.  The amended HFSSA requires that every general acute care inpatient hospital building must be designed and constructed to remain standing and be operational following such an earthquake.

Adherence to the 2007 CBC, as adopted by the City, or administered through the HFSSA, as required by State law, would ensure the maximum practicable protection available for hospital and non-hospital structures on the SUMC Sites.  Project design is required to include the application of 2007 CBC seismic standards as the minimum seismic-resistant design for the non-hospital portions of the SUMC Project.  Design of the hospital portions would be required to meet the seismic safety standards of the HFSSA, as well as the other OSHPD 1 requirements of the 2007 CBC.  The applicable City and HFSSA requirements include seismic-resistant earthwork and construction design criteria, based on the site-specific recommendations of the SUMC Project’s California-registered geotechnical and structural engineers; engineering analyses that demonstrate satisfactory performance of any unsupported cut or fill slopes, and of alluvium and/or fill where they form part or all of the support for structures, foundations and underground utilities; and an analysis of soil expansion potential and appropriate remediation (compaction, removal-and-replacement, etc.) prior to using any expansive soils for foundation support, as explained in greater detail below.

Adherence to the standard seismic design and construction parameters of the 2007 CBC and the specific standards of OSHPD 1, as required by State law, would ensure protection of the SUMC Project’s occupants and visitors.  Compliance with the 2007 CBC includes procedures to ensure protection of structures and occupants from geo-seismic hazards:

· During site preparation, a registered geotechnical professional must be on the site to supervise implementation of the recommended criteria.

· A California Certified Engineering Geologist, or California-licensed Civil Engineer (Geotechnical) for the applicant must prepare an “as built” map/report to be filed with the City showing details of the site geology, the location and type of seismic-restraint facilities, and documenting the following requirements, as appropriate.

· Engineering analyses demonstrating satisfactory performance of compacted fill or natural unconsolidated sediments where either forms part or all of the support for any structures, especially where the possible occurrence of liquefiable, compressible, or expansive soils exists.

· Engineering analyses demonstrating accommodation of settlement or compaction estimates by the site-specific Geotechnical Report for access roads, foundations, and underground utilities in fill or alluvium.

In view of the requirements to comply with the seismic safety requirements of the City and State Building Codes for the non-hospital portions of the SUMC Project, the OSHPD 1 requirements of the 2007 CBC for the hospital portions, and the design recommendations of the SUMC Project’s geotechnical report to be included in the project design, the SUMC Project’s impact on exposure to seismically-induced groundshaking would be less than significant.

ConstructionGround Failure.  Although about half the area of the SUMC Sites is in the State- and County-recognized liquefaction hazard investigation area, the presence of stiff clays and the general lack of groundwater contribute to the site soils’ stability.  Adherence to 2007 CBC and OSHPD 1 requirements would ensure the maximum practicable protection available for hospital and non-hospital structures on the SUMC Sites, as well as for their associated trenches, excavations, and foundations.  Potentially unstable soils discovered during excavation are required by provisions of the City Building Code to be removed and replaced with engineered fill, or otherwise treated to provide appropriate foundation support and to protect them from failures such as liquefaction.  TheCompliance with the City and State Building Code standards would be required for all non-hospital structures.  The hospital portion of the SUMC Project would be required to meet the strict safety standards established by OSHPD, including the seismic standards mandated in the HFSSA.

In view of the requirements to comply with the grading and foundation support requirements of the City and State Building Codes for the non-hospital portions of the SUMC Project, the requirements of the HFSSA for the hospital portion, and the design recommendations of the SUMC Project’s geotechnical report to be included in the project design, the potential impacts associated with seismically induced ground failure (including liquefaction), would be less than significant.

Landslides.  Because the SUMC Sites are nearly level, there is no risk that seismically induced or static landslides would occur on the SUMC Sites.  The risks associated with the potential collapse of the side walls of excavations for hospital and non-hospital buildings are regulated and addressed by the City and State Building Codes.  Adherence to the applicable requirements of the 2007 CBC would ensure the maximum practicable stability of trenches and excavations for hospital and non-hospital structures on the SUMC Sites and would ensure impacts associated with slope instability would be less than significant.

Expansive Soils.  Expansive materials occur in the subsoils throughout the SUMC Sites.  The existence of expansive subsoils makes it necessary to ensure the materials used for foundation support are sound toand will avoid future problems of settlement and utility line disruption.  An acceptable degree of soil stability can be achieved by treatment programs to eliminate expansion of soils which could include, but would not be limited to, lime grouting, wet recompaction, and excavation for replacement with non-expansive material, as described previously, to address the specific soil conditions at the construction sites.  Adherence to the foundation support requirements of the 2007 CBC, including the OSHPD 1 requirements, where applicable, would ensure the maximum practicable stability of the soils supporting the foundations of hospital and non-hospital structures on the SUMC Sites such that the potential for damage from expansive soils would be less than significant.

Operation.  The application of the 2007 CBC to the non-hospital structures at the SUMC Sites and of the heightened requirements of OSHPD 1, including the seismic standards mandated by the HFSSA, to hospital buildings during the design and construction phases of the SUMC Project would ensure that the operational phase would have less-than-significant impacts related to seismic vibration and ground failures.  This does not mean that the structures and grounds would not sustain damage during a major earthquake, but that non-hospital structures would not be expected to collapse and that hospital buildings would remain operational following such a seismic event.
Shopping Center Project

The Shopping Center Site is adjacent tonear the east side of the Main SUMC Site (and north of the Hoover Pavilion Site).  As such, seismic conditions are virtually the same as at the SUMC Sites.

Rupture of Known Earthquake Fault.  The Shopping Center Site is not in an Alquist‑Priolo Earthquake Fault Zone, nor is there other substantial evidence that known active faults exist beneath the site, nor that any of the ancient faults in the vicinity of the site are active.  The provisions of the Alquist-Priolo Earthquake Fault Zoning Act do not apply to the Shopping Center Project.  In view of these circumstances, the Shopping Center Project would not have no impact related to fault rupture hazard.

DesignGroundshaking.  The review of regional and local geo-seismic conditions for the SUMC Sites applies equally to the Shopping Center Site.  The Shopping Center Site probably would be expected to be subjected to at least one major earthquake during the life of the existing and proposed buildings, the largest probablythat is likely being a characteristic earthquake on the San Andreas fault (Mw 7.9), creating estimated peak ground accelerations at the Site that could exceed 0.7g.  The 2007 CBC requirements for the seismic-resistant design for the Shopping Center Project buildings would be the same as those explained for the SUMC Sites (to factor in a design earthquake that would create average peak ground accelerations of at least 1.17g), but the amended HFSSA requirements would not apply because there would be no hospital buildings on the Shopping Center Site.  Adherence to the 2007 CBC (as adopted by the City) would ensure the maximum practicable protection available for hotel and, retail and parking structures on the Shopping Center Site.  Project design requirements and 2007 CBC seismic standards for Shopping Center buildings would be the same as those explained previously for the SUMC non-hospital structures, foundations and underground utilities.

Because the Shopping Center Project would be required to comply with the seismic safety requirements of the City and State Building Codes and the design recommendations of the Shopping Center Project’s geotechnical report, the Shopping Center Project’s potential impacts relating to exposure to seismically-induced groundshaking would be less than significant.

ConstructionGround Failure.  Although the Shopping Center Site is in the State- and County-recognized liquefaction hazard investigation area, the presence of stiff clays and the general lack of groundwater contribute to the site soils’ stability.  Adherence to the requirements of the 2007 CBC would ensure the maximum practicable protection available for structures on the site, as well as for their associated trenches, excavations, and foundations.

In view of the requirements to comply with the grading and foundation support requirements of the City and State Building Codes and the design recommendations of the Shopping Center Project’s geotechnical report to be included in the project design, impacts related to seismically induced ground failure (including liquefaction), would be less than significant.

Landslides.  Because the Shopping Center Site is nearly level, there is no risk that seismically induced or static landslides would occur on the site.  The risks associated with the potential collapse of the side walls of excavations are regulated and addressed by the City and State Building Codes.  Adherence to the grading requirements of the 2007 CBC would ensure the maximum practicable stability of trenches and excavations for hotel and, retail and parking structures on the Shopping Center Site and would ensure that the magnitude of the potential impacts associated with slope instability would be less than significant.

Expansive Soils.  Expansive materials occur in the subsoils throughout the Shopping Center Site.  Adherence to the foundation support requirements of the 2007 CBC would ensure the maximum practicable stability of the soils supporting the foundations structures on the site and would ensure that the potential for damage from expansive soils would be less than significant.

Operation.  The application of the 2007 CBC to the structures at the Shopping Center Site during the design and construction phases of the Shopping Center Project would ensure that the operational phase would have less-than-significant impacts related to seismic vibration and ground failures.  This does not mean that the structures and grounds would not sustain damage during a major earthquake, but that they would not be expected to collapse following such a seismic event.

GS‑2.
Exposure to Unmitigated Geologic Hazards:

· The SUMC Project would have a less-than-significant potential to expose people or property to major geologic hazards that cannot be mitigated through the use of standard engineering design and seismic safety techniques.  (LTS)

· The Shopping Center Project would have a less-than-significant potential to expose people or property to major geologic hazards that cannot be mitigated through the use of standard engineering design and seismic safety techniques.  (LTS)

SUMC Project

[NOTE:  All of this seems to be covered under Impact GS-1.  We suggest that you make the GS-1 impact statement broad enough to cover this topic and then delete this impact discussion.  The EIR is very long, and it will be helpful to readers to reduce repetition where possible.]
As described in Impact GS‑1, the regulatory environment providing protection from strong seismic groundshaking, seismic-induced ground failure (including liquefaction), landslides, and expansive soils at the SUMC Sites covers most of the anticipated geologic hazards at the site, other than those related to a few other soil characteristics and conditions.  Those few are explained in Impacts GS‑3 and GS‑4, below.  Adherence to the provisions of the City’s Building Code is a legal requirement for the construction of the non-hospital buildings in the City, as is adherence to the HFSSA and OSHPD 1 requirements for the construction of new acute care hospital buildings.  The use of geotechnical investigations to set design parameters for the SUMC Project, the investigation and treatment of areas suspected of containing expansive soils or liquefiable soils, the establishment of appropriate foundation type and support, all are standard procedures in the City.  Standard techniques for correcting any unsuitable conditions are available and are well-understood by geotechnical engineers and construction contractors in the Bay Area, so no extraordinary measures would be needed to construct seismically safe buildings at the SUMC Sites.  With oversight responsibility for the design and construction of the non-hospital buildings vested in the City, and oversight responsibility for the design and construction of the hospital buildings vested in OSHPD, there is a very low probability that any approved design feature would have other than a less-than-significant potential to expose people or property to major geologic hazards.

Shopping Center Project

The proposed hotel and, retail and parking structures at the Shopping Center Site would be regulated by the same provisions of the City’s Building Code as the non-hospital structures at the SUMC Sites.  As such, the explanation of the regulatory environment in the preceding paragraph applies to the Shopping Center Site, except for the provisions related to hospital buildings, because there are no hospital buildings proposed as part of the Shopping Center Project.  Required adherence to 2007 CBC provisions would result in a less-than-significant potential to expose people or property to major geologic hazards.

GS‑3.
Exposure to Other Geotechnical Hazards:

· The SUMC Project would have a less-than-significant potential to be located on geologic units or on 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.  (LTS)

· The Shopping Center Project would have a less-than-significant potential to be located on geologic units or on 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.  (LTS)

SUMC Project

DesignLandsliding.  The SUMC Sites are nearly level, as is the land on all sides of them.  Consequently, on- or off-site landsliding would not be a natural hazard.  Slope stability issues related to the sides of excavations are regulated by the 2007 CBC through the City Building Code for non-hospital structures and the OSHPD 1 requirements of the State Building Code for hospital structures.  Adherence to the applicable requirements of the 2007 CBC, including the OSHPD 1 requirements, where applicable, would ensure the maximum practicable stability of trenches and excavations for hospital and non-hospital structures on the SUMC Sites such that the potential for slope instability would be less than significant.

ConstructionLiquefaction.  The SUMC Sites are surrounded on all sides by relatively flat topography.  The closest “free face,” i.e., steep embankment, is the channel wall of San Francisquito Creek about 615 feet north of the SUMC Sites.  This distance is too great for lateral spreading to be a concern at the SUMC Sites because the intervening soil and geological materials form a buttress that would prevent the lateral movement of soil during liquefaction or lurching caused by an earthquake.  Additionally, the soils and/or geologic materials supporting the foundations of structures at the SUMC Sites would be required by the City Building Code (for non-hospital structures) and the OSHPD 1 requirements of the State Building Code (for hospital structures) to be engineered to prevent liquefaction and to resist the lateral forces imposed by earthquakes (see Impact GS‑1).  Adherence to the requirements of the 2007 CBC, including the OSHPD 1 requirements, where applicable, would ensure the maximum practicable stability of the SUMC Sites such that the potential for lateral spreading and liquefaction would be less than significant.

The material strength of the soils or geologic units at the SUMC Sites were found to be moderate to high by previous geotechnical investigations because of their naturally high compaction and relatively high proportions of sand and gravel, which provide more resistance than loose sandy or clayey soils.  As a consequence, their potential for soil collapse is low.  In the event subsequent geotechnical investigations for project foundation design revealed any weak soils, an acceptable degree of material strength could be achieved by recompaction or excavation for replacement with non-compressible materials.  The City’s Building Code requires that any correction of weak soil conditions be part of the grading design for non-hospital structures.  Similarly, the OSHPD 1 requirements of the State Building Code apply to the design and construction of hospital structures.  Adherence to the requirements of the 2007 CBC, including the OSHPD 1 requirements, where applicable, would ensure the maximum practicable stability of the SUMC Sites such that the potential for soil collapse would be less than significant.

As described in Section 3.11, Hydrology, the design water table is about 43 feet bgsgroundwater encountered at the Main SUMC Sites;46Site is over 50 feet bgs;46 however, groundwater levels can fluctuate with the seasons as greater or lesser amounts of rain falls.  During construction, dewatering may be necessary for the four-level deep underground parking structures (which would extend to about 41 feet bgs), the underground portion of the parking structure at the Hoover Pavilion Site, some of the deeper building foundations, and some of the trenches and pits (because of slow permeability soils).  Construction dewatering temporarily lowers the water level in the unconfined surface aquifer to ensure safe working conditions in the project excavations, as required by the State and City’s Building CodeCodes.  Because the water level in this aquifer fluctuates frequently under natural conditions, there is very little possibility that the soils or geologic materials forming the aquifer would react any differently (i.e., would subside) during the artificial lowering caused by construction dewatering.  Adherence to the excavation and dewatering requirements of the 2007 CBC would ensure the maximum practicable stability of the Main SUMC SiteSites such that the potential for subsidence would be less than significant.

Operation.  Because the underground parking structures would extend aboutby as much as four levels below grade to approximately 4150 feet bgs (some of the foundations could be even deeper), there is a possibility that they could be subject to damage from seasonally fluctuating groundwater.  The design water table depth at the Main SUMC Site is about 4350 feet bgs, but the water table is not a static surface; it can rise or fall as groundwater conditions respond to seasonal differences in rainfall locally or in the upper portions of the San Francisquito Creek watershed.  Consequently, it is probable that the foundations and portions of the exterior walls of the underground parking structures would be below the water table at some time.  Foundation drains are not recommended for structures as deep as those proposed at the Main SUMC Site [NOTE:  Also address the Hoover Pavilion Site.] and permanent active dewatering is not permitted in the City, so the potential for long-term subsidence from dewatering would not occur.  Flood proofing of the underground levels would be necessary, as required by the City’s Building Code, which is based on the 2007 CBC.  Adherence to the dewatering and flood proofing requirements of the CBC would ensure the maximum practicable stability of the Main SUMC SiteSites such that the potential for subsidence would be less than significant.
Shopping Center Project

The Shopping Center Site is adjacent tonear the east side of the Main SUMC Site and adjacent to the north side of the Hoover Pavilion Site.  As such, the non-seismic geotechnical hazards conditions are virtually the same as at the SUMC Sites.

DesignLandsliding.  Like the SUMC Sites, the Shopping Center Site is nearly level and surrounded by almost level land, eliminating on- or off-site landsliding as a natural hazard.  Slope stability issues related to the sides of excavations are regulated by the City and State Building Code.  Adherence to the grading requirements of the 2007 CBC would ensure the maximum practicable stability of trenches and excavations for structures on the Shopping Center Site such that the potential for slope instability would be less than significant.

ConstructionLiquefaction.  The Shopping Center Site is surrounded on all sides by relatively flat topography with the closest free face (the channel wall of San Francisquito Creek) about 235 feet north of the site.  As at the SUMC Sites, thisThis distance is too great for lateral spreading to be a concern at the Shopping Center Site and the soils and/or geologic materials at the site would be required by the City and State Building Codes to be engineered to prevent liquefaction and to resist the lateral forces imposed by earthquakes (see Impact GS‑1).  Adherence to the requirements of the 2007 CBC would ensure the maximum practicable stability of the Shopping Center Site such that the potential for lateral spreading and liquefaction would be less than significant.

The material strength of the soils or geologic units at the Shopping Center Site is as described for the SUMC Sites: moderate to high because of their naturally high compaction and relatively high proportions of sand and gravel.  As a consequence, their potential for soil collapse is low and any weak soils revealed in subsequent geotechnical investigations would be required by the City’s Building Code to be corrected.  Adherence to the requirements of the 2007 CBC would ensure the maximum practicable stability of the Shopping Center Site such that the potential for soil collapse would be less than significant.

Groundwater conditions at the Shopping Center Site are as described for the SUMC Sites.  [NOTE:  Wouldn’t the groundwater table be higher here due to closer proximity to the creek?]  During construction, dewatering may be necessary for some of the deeper building foundations and some of the trenches and pits because of slow permeability soils, but because the water level fluctuates frequently under natural conditions, there is very little possibility that the soils or geologic materials would react any differently (i.e., would subside) during the artificial lowering caused by construction dewatering.  Adherence to the excavation and dewatering requirements of the 2007 CBC would ensure the maximum practicable stability of the Shopping Center Site such that the potential for subsidence would be less than significant.

Operation.  Because some of the deeper foundations for the hotel and taller parking structures would descend to near or into the water table, there is a possibility that they could be subject to damage from seasonally fluctuating groundwater.  Foundation drains are not recommended for structures as deep as those proposed at the Shopping Center Site and permanent active dewatering is not permitted in the City, so the potential long-term for subsidence from dewatering would not occur.  Flood proofing would be necessary if any underground levels were proposed.  Adherence to the dewatering and flood proofing requirements of the 2007 CBC would ensure the maximum practicable stability of the Shopping Center Site such that the potential for subsidence would be less than significant.
GS‑4.
Cause Substantial Erosion or Siltation:

· The SUMC Project would have a less-than-significant potential to cause substantial erosion or siltation.  (LTS)

· The Shopping Center Project would have a less-than-significant potential to cause substantial erosion or siltation.  (LTS)

SUMC Project

Construction.  The SUMC Project would include construction activities such as demolition of structures and surface parkingpavement; excavation and trenching for foundations, underground garages, and utilities; soil compaction and site grading; and the erection of new structures, all of which would temporarily disturb soils.  The exposure of previously covered soils during these activities could lead to increased on-site erosion and off-site sediment transport because disturbed soils are susceptible to higher rates of erosion from wind, rain, and runoff of dewatering discharge or dust control water than undisturbed soils.  The State Water Resources Control Board, the City’s  Municipal Code (Chapter 16.11 Stormwater Pollution Prevention ), and the City’s Urban Runoff Management Plan require erosion and sediment controls for construction projects with more than 1 acre of land disturbance.  The City’s  Municipal Code Chapter 16.28, Excavations, Grading and Fills includes Section 16.28.120, Interim Erosion and Sediment Control and Storm Water Pollution Prevention Plan, which implements the requirements of 2007 CBC Appendix Section J110, Erosion Control, for construction periods, thus addressing the issue of soil loss.  The SUMC Project would require a Grading and Excavation Permit: Interim and Final Grading Plans must be prepared by a licensed professional.  These requirements include preparation and implementation of a Storm Water Pollution Prevention Plan, with both construction-period and permanent erosion and sediment controls; preparation and implementation of an erosion and sediment control plan, describing both construction-period and permanent erosion and sediment controls; and construction site inspection by the City.  The SUMC Project would be required to comply with these existing regulations.  Adherence, and adherence to these requirements would prevent substantial on-site erosion such that impacts would be less than significant from the perspective of soil loss at the construction site.

Off-site erosion and sedimentation could occur if increased stormwater runoff were conveyed over unstable off-site soil surfaces or to a susceptible creek or channel where the higher erosive forces associated with increased flow rates could contribute to off-site erosion, including stream bed and bank erosion.  A similar situation could occur if excavations for below-grade parking needed to be dewatered during construction and the dewatering discharge were uncontrolled.  Dewatering discharge would be required to be settled to remove sediment and reduce its velocity before being directed to the storm drainage system.  Because all stormwater and dewatering discharge from the SUMC Sites would be required to be conveyed through a local or City-owned storm drainage system and discharged into San Francisquito Creek, stormwater and dewatering discharge runoff would not flow over unstable off-site soil surfaces on its way to the Creek and there would be a low probability of erosion or sedimentation involving them.

Although the ultimate potential for soil loss would be less than significant because of required on-site erosion control measures, construction at the SUMC Sites wouldis anticipated to continue intermittently through 20252021 and it is possible that interim off-site controls would be needed, particularly if dewatering activity or the exposure of an area of disturbed ground extended into the rainy season.  If stormwater or dewatering discharge runoff increased, even temporarily, at some time during that period, its discharge into San Francisquito Creek could contribute to bed and bank erosion in the Creek in the vicinity of, or downstream from, the outfall.  The SUMC Sites are in a Hydromodification Management Plan sub-watershed (San Francisquito Creek), wherein stormwater controls are required by the City’s Municipal National Pollutant Discharge Elimination System Permit if project construction would increase impervious surfaces.  Although the ultimate impervious condition of the SUMC Sites would be about the same as it is now, the interim construction conditions could expose the   [NOTE:  It is difficult to track this discussion.  The earlier paragraphs explained that throughout the construction period erosion control measures required by the City and the SWPPP would need to be in place such that site soils would not be transported offsite and wind and water.  The previous sentence seems to contradict those paragraphs with no explanation.  The fact that there may be more pervious surfaces on the site during the construction period than at buildout does not indicate a greater potential for exposure of site soils to wind and water erosion.  The opposite is true.  There seems to be a logical gap here.]  As such, theincreased flow from the Main SUMC Site could increase in turbidity of the waters of San Francisquito Creek caused by sedimentation resulting from erosion , which  could be significant from a surface water quality perspective (rather than from a geology and soils perspective).  This aspect of erosion and the multiple-year potential for sedimentation during the extended construction period is addressed by Impact HW‑4, Stormwater Runoff and Erosion, in Section 3.11, Hydrology, of this EIR.  Impact HW-4 concludes that, although the ultimate, very minor, change in impervious surfaces at the SUMC Sites would not trigger a Hydromodification Management Plan requirement, the extended period of soil exposure during construction should be addressed by such a plan.  Consequently, Section 3.11, Hydrology, requires Mitigation Measure A.HW‑4.1, to control runoff through a Hydromodification Management Plan.  Implementation of the plan would ensure that runoff during construction would not contribute to off-site erosion and hydromodification of San Francisquito Creek such that the attendant water quality impacts would be less than significant.  [NOTE:  Please see our comments on the Hydrology section.  It will not be possible to retain water onsite during construction.  However, construction period BMPs will serve to slow peak flows during storm events, which will avoid the identified impact associated with the potential for increased impervious surfaces for a portion of the construction period.]
Operation.  Surface runoff from the SUMC Sites during operation of the SUMC Project would continue to be collected in a local stormwater drain system and the City’s stormwater drain system that discharges to San Francisquito Creek.  Additionally, permanent erosion and sediment control Best Management Practices (BMPs) are required by the City’s Municipal Code, the City’s Urban Runoff Management Plan, and the State Water Resources Control Board, which would protect pervious surfaces from erosion and minimize sediment transport (see Impact HW‑4, Stormwater Runoff and Erosion, in Section 3.11, Hydrology).  Adherence to these requirements would prevent substantial erosion and sedimentation such that impacts would be less than significant.

Shopping Center Project

The Shopping Center Site is adjacent tonear the east side of the SUMC Site and adjacent to the north side of the Hoover Pavilion Site.  As such, the erosion and sedimentation issues are virtually the same as at the SUMC Site, although the construction period would be shorter.

Construction.  The Shopping Center Project would include similar types of construction activities as the SUMC Project: demolition, excavation, trenching, soil compaction, site grading, and the erection of new structures, all of which would temporarily disturb soils.  As described for the SUMC Sites, the exposure of previously covered soils to wind, rain, and site runoff during these activities could lead to increased on-site erosion and off-site sediment transport.  The State and City require erosion and sediment controls for construction projects with more than 1 acre of land disturbance, including preparation and implementation of a Storm Water Pollution Prevention Plan and an erosion and sediment control plan.  The Shopping Center Project would require a Grading and Excavation Permit: Interim and Final Grading Plans must be prepared by a licensed professional.  The Shopping Center Project would be required to comply with the conditions of these permits.  Adherence to these requirements would prevent substantial on-site erosion such that impacts would be less than significant.

Off-site erosion and sedimentation could occur if increased stormwater runoff were conveyed over unstable off-site soil surfaces or to a susceptible creek or channel where the higher erosive forces associated with increased flow rates could contribute to off-site erosion, including stream bed and bank erosion.  A similar situation could occur if any excavations below grade needed to be dewatered during construction and the dewatering discharge were uncontrolled.  Dewatering discharge would be required to be settled to remove sediment and directed to the storm drainage system.  Because all stormwater from the Shopping Center Site is conveyed through a local or City-owned storm drainage system and discharged into San Francisquito Creek, stormwater runoff would not flow over unstable off-site soil surfaces and there would be a low probability of erosion or sedimentation involving them.

As described for the SUMC Sites, the ultimate potential for soil loss would be less than significant because of required on-site erosion control measures.  Construction at the Shopping Center Site couldis anticipated to continue intermittently through approximately 2015.  Because the existing impervious area is more continuous than at the SUMC Sites and because less of it would be disrupted for a shorter time, it is less likely that stormwater runoff from the Shopping Center Site would increase during the construction period and contribute to bed and bank erosion in San Francisquito Creek.  Implementation of the City’s Municipal Code and Urban Runoff Management Plan, as well as the State Water Resources Control Board’s Storm Water Pollution Prevention Plan explained under Impact HW‑4, Stormwater Runoff and Erosion, in Section 3.11, Hydrology, would ensure that runoff during construction would not contribute to off-site erosion in San Francisquito Creek such that impacts would be less than significant.

Operation.  Surface runoff from the Shopping Center Site during operation of the Shopping Center Project would continue to be collected in a local stormwater drain system and the City’s stormwater drain system that discharges to San Francisquito Creek.  Additionally, permanent erosion and sediment control BMPs are required by the City’s Municipal Code, the City’s Urban Runoff Management Plan, and the State Water Resources Control Board, which would protect pervious surfaces from erosion and minimize sediment transport (see Impact HW‑4, Stormwater Runoff and Erosion, in Section 3.11, Hydrology).  Adherence to these requirements would prevent substantial erosion and sedimentation such that impacts would be less than significant.

Cumulative Analysis

The geographic context for the analysis of impacts resulting from geologic hazards generally is site-specific, rather than cumulative in nature.  Each development site has uniqueits own geologic and soil characteristics that would be subject to uniform site-development policies and construction standards imposed by the City of Palo Alto or OSHPD.  Restrictions on development would be applied in the event that geologic or soil conditions posed a risk to public safety.  Nonetheless, a regional context must beis considered for the analysis of the cumulative effects of exposure of people or structures to seismic hazards other than surface rupture of a fault because the hazard generators (earthquakes) and the direct effects (groundshaking, ground failure) tend to be region-wide in nature.  Additionally, a watershed-wide context must beis considered for the analysis of the cumulative effects of potential erosion and siltation because the direct effects (turbidity, reduction of water quality, channel-bed erosion and sedimentation) can affect all downstream reaches of a waterway system.

The cumulative analysis below focuses on those impacts for which either of the Projects would have a less-than-significant impact, as determined previously in this section.  No impacts were determined to be significant.  Surface rupture of a fault would have no impact on either Project and, therefore, would have no potential to contribute to cumulative impacts related to the Projects.
GS-5.
Cumulative Exposure to Seismic-related Hazards. The Projects, in combination with other reasonably foreseeable probable future development in the region, would not substantially increase exposure to seismic-related hazards because of siting and design requirements of the 2007 California Building Code as administered by the City or OSHPD.  As a result, the cumulative impact would be less than significant.  (LTS)

2025 Cumulative Impact

[NOTE:  This is not the proper approach for a cumulative impacts analysis.  Except for erosion, the cumulative impact discussions analyze the projects in context with “all other development in the Bay Area.”  This is not a summary of projections method or a list of projects method, and it is not condoned by the CEQA Guidelines.  We recommend that the discussions of geological hazards end after the first two sentences under the Cumulative Impacts heading, above.  These are not really cumulative effects.  We also recommend, if the impact discussions are to be retained, that they be collapsed into one discussion.  The text is very repetitive.  We are concerned that the lengthy, repetitive nature of this EIR is going to be frustrating to readers.  The erosion discussion should be retained.]  The Projects and all other development in the Bay Area are exposed to potential geologic hazards related to soil and topographic conditions at individual building sites, and to groundshaking from earthquakes along known and unknown faults throughout the region.  These conditions are common to the entire Bay Area, but the effects are site-specific.  To compensate for these conditions in the City of Palo Alto, the Bay Area, and throughout California, buildings and facilities for human occupancy are required to be sited and designed in accordance with appropriate geotechnical and seismic guidelines and recommendations consistent with the 2007 California Building Code as adopted by the respective city or county or as administered by a state agency, such as OSHPD.  As such, the resulting exposure to seismic-related hazards from cumulative development would be less than significant.  Because cumulative impacts would be less than significant, it is not necessary to evaluate the contributions of each of the Projects to the cumulative effect.
Hospitals must meet the requirements of SB 1953, which stipulates that by 2030, every general acute care inpatient hospital building must not only be designed and constructed to remain standing, but also must be designed and constructed to be operational following a major earthquake.  As a consequence, new hospital and non-hospital development must meet higher standards of seismic safety than existing development and, therefore, would contribute positively to the reduction of seismic hazards both locally, through appropriate design and construction at the projectProject site, and regionally, through a hospital’s ability to provide acute care following an earthquake.  

Combined Projects Contribution

The combined Projects analysis is provided for informational purposes.  The SUMC and Shopping Center Projects would be required to comply with applicable City and State standards for public safety related to seismic hazards.  The required compliance would reduce the risk of exposure to seismic hazards to the extent feasible.  A key purpose of the SUMC Project, as stated above, is to upgrade  structural conditions within the medical facilitycenter.

GS-6.
Cumulative Exposure to Unmitigated Geologic Hazards.  The Projects, in combination with other reasonably foreseeable probable future development in the region, would not substantially increase exposure to unmitigated geologic hazards because of siting and design requirements of the 2007 California Building Code as administered by the City or OSHPD.  As a result, the cumulative impact would be less than significant.  (LTS)

2025 Cumulative Impact

[NOTE:  Please see prior comment.  We recommend deleting this discussion.  This is not a cumulative impact, and the approach is not consistent with the CEQA Guidelines.]  As previously explained under Impact GS‑5, the regulatory environment provides protection from strong seismic groundshaking and seismic-induced ground failures; existing regulations cover the anticipated seismic-related hazards common to the Bay Area, but apply equally to non-seismic geologic hazards, such as gravity landslides, expansive soil, and unstable geologic units.  These hazards are related to site-specific soil, rock, groundwater, and/or topographic characteristics and conditions.  All development has the potential to be exposed to such hazards only if the specific soil, rock, groundwater, and/or topographic conditions conducive to them occur at the individual building site.  The discovery and treatment of such conditions at other sites neither increases nor reduces the necessity to investigate and, if necessary, treat them at a specific project site.  As with exposure to seismic-related hazards, buildings and facilities for human occupancy in the City of Palo Alto, the Bay Area, and throughout California are required to be sited and designed in accordance with appropriate geotechnical guidelines and recommendations consistent with the 2007 California Building Code as adopted by the respective city or county.  As such, the resulting exposure to geologic hazards from cumulative development would be less than significant. Because cumulative impacts would be less than significant, it is not necessary to evaluate the contributions of each of the Projects to the cumulative effect.
Hospitals must meet the requirements of SB 1953 to be designed and constructed to remain standing and operational following a major earthquake.  As a consequence, new hospital and non-hospital  development must be designed and constructed to higher standards than those required of existing development and, therefore, would contribute positively to the reduction of non-seismic hazards both locally, through appropriate design and construction at the project site, and regionally, through a hospital’s ability to provide acute care following an earthquake.

Combined Projects Contribution

The combined Projects analysis is provided for informational purposes.  The SUMC and Shopping Center Projects would be required to comply with applicable City and State standards for public safety related to geologic hazards.  The required compliance would reduce the risk of exposure to geologic hazards to the extent feasible.  A key purpose of the SUMC Project, as stated above, is to upgrade structural conditions within the medical facilitymedicalcenter.

GS-7.
Cumulative Exposure to Other Geotechnical Hazards.  The Projects, in combination with other foreseeable development in the region, would not substantially increase exposure to other geologic  hazards because of siting and design requirements of 2007 California Building Code as administered by the City or OSHPD.  As a result, the cumulative impact would be less than significant. (LTS)

2025 Cumulative Impact

[NOTE:  Please see prior comments.  All of this appears to be the same point supercopied and inserted under each heading.]  As previously explained under Impacts GS‑5 and GS-6, the regulatory environment provides protection from seismic and non-seismic geologic hazards; existing regulations cover the anticipated geologic and soil hazards common to the Bay Area.  Exposure to potentially unstable geologic conditions that could affect on- or off-site ground failures (landslide, lateral spreading, subsidence, liquefaction, or collapse), are related to site-specific soil, rock, groundwater, and/or topographic characteristics and conditions.  All development has the potential to be exposed to such hazards only if the specific soil, rock, groundwater and/or topographic conditions conducive to them occur at the individual building site.  The discovery and treatment of such conditions at other sites neither increases nor reduces the necessity to investigate and, if necessary, treat them at a specific project site.  As with exposure to seismic and non-seismic geologic and soil hazards, buildings and facilities for human occupancy in Palo Alto, the Bay Area, and throughout California are required to be sited and designed in accordance with appropriate geotechnical guidelines and recommendations consistent with the 2007 California Building Code as adopted by the respective city or county.  As such, the resulting exposure to geotechnical hazards from cumulative development would be less than significant. Because cumulative impacts would be less than significant, it is not necessary to evaluate the contributions of each of the Projects to the cumulative effect.
Hospitals must meet the requirements of SB 1953 to be designed and constructed to remain standing and operational following a major earthquake.  As a consequence, new hospital and non-hospital development must be designed and constructed to  higher standards than those required of existing development and, therefore, would contribute positively to the reduction of all geotechnical hazards both locally, through appropriate design and construction at the project site, and regionally, through a hospital’s ability to provide acute care following an earthquake.  

Combined Projects Contribution

The combined Projects analysis is provided for informational purposes.  The SUMC and Shopping Center Projects would be required to comply with applicable City and State standards for public safety related to geotechnical hazards.  The required compliance would reduce the risk of exposure to geotechnical hazards to the extent feasible.  A key purpose of the SUMC Project, as stated above, is to upgrade structural conditions within the medical facilitycenter.

GS-8.
Cumulative Exposure to Substantial Erosion or Siltation.  The Projects, in combination with other foreseeable development in the San Francisquito Creek Watershed, would not substantially increase exposure to other geologic hazardssubstantial erosion or siltation because of State, federal, and local runoff and erosion prevention requirements. As a result, the cumulative impact would be less-than-significant.  (LTS)

2025 Cumulative Impact

As presented in Impacts GS-4, above, and HW-4 and HW‑12 (Section 3.11, Hydrology), potential impacts from erosion and the loss of topsoil caused by site development and operation can be cumulative in effect within a watershed.  The 42-square-mile San Francisquito Creek Watershed forms the geographic context of cumulative erosion impacts.  Anticipated cumulative growth in this geographic area would occur with build-out of the Palo Alto, Menlo Park, and Woodside General Plans, as well as development at the nearby StanfordSLAC National Linear Accelerator Laboratory in San Mateo County.  Such development is subject to federal, State, and local runoff and erosion prevention requirements, including the applicable provisions of the general construction permit, BMPs, and Phases I and II of the NPDES permitting process, as well as implementation of fugitive dust control measures of BAAQMD Rule 403 (prevention of particulate fallout and over-sprinkling runoff).  Furthermore, new development and redevelopment within the watershed would be subject to the San Mateo Countywide Water Pollution Prevention Program (SMCWPPP) Hydrograph Modification Management Standard47 or the Santa Clara Valley Urban Runoff Pollution Prevention Program Hydromodification Management Plan (SCVURPPP HMP).  The regulations include construction phase and permanent erosion and sediment controls to prevent development-site erosion and sediment transport to the creek.  All of the jurisdictions in the watershed regulate potential erosion- and sedimentation-causing activities through their municipal codes. The stormwater ordinances adopted by all the stakeholders ensure legal authority to control erosion and sediment transport.  The City’s Municipal Code (Chapters 16.11 and 16.28), and the City’s Urban Runoff Management Plan require erosion and sediment controls for construction projects with more than 1 acre of land disturbance.  Applicable control measures are implemented as conditions of approval of all subject project development and are a focus of continuing enforcement.  The Plans require stormwater controls where post-development site runoff may contribute to increased streambed or bank erosion.  Most cumulative development probably would not occur over such a long time frame that substantial interim changes in impervious surfaces would be present.     Consequently, cumulative stormwater runoff and erosion impacts would be less than significant. Because cumulative impacts would be less than significant, it is not necessary to evaluate the contributions of each of the Projects to the cumulative effect.
Combined Projects Contribution

The combined Projects analysis is provided for informational purposes.  Both the SUMC and Shopping Center Projects would be required to comply with the City, State, and federal standards for erosion control during the construction and operational phases of the Projects.  Although the Shopping Center Project would have minimal or no effect on erosion because of changes in drainage patterns or increased stormwater runoff, the SUMC Project could have a potentially substantial effect because of the extended construction period.  

Glossary

Alquist‑Priolo Earthquake Fault Zone: In 1972 the State of California began delineating special studies zones (called Earthquake Fault Zones since January 1994) around active and potentially active faults in the state.  The zones are revised periodically, and extend 200 to 500 feet on either side of identified fault traces.  No structures for human occupancy may be built across an identified active fault trace.  An area of 50 feet on either side of an active fault trace is assumed to be underlain by the fault, unless proven otherwise.  Proposed construction in the Earthquake Fault Zone is permitted only following the completion of a fault location report prepared by a California-registered professional Geologist.

Characteristic Earthquake:  Characteristic earthquakes are repeat earthquakes that have the same faulting mechanism, magnitude, rupture length, location, and, in some cases, the same epicenter and direction of rupture propagation as earlier shocks.  As used in this report, the moment magnitude (MW) of the “characteristic earthquake” indicates the scale of the seismic event considered representative of a particular fault segment, based on seismologic observations and statistical analysis of the probability that a larger earthquake would not be generated during a given time frame (often 50 or 100 years).  In the Bay Area, the characteristic earthquake for the Peninsula segment of the San Andreas fault has a moment magnitude (MW) of 7.3; the Northern and Southern segments of the Hayward fault, a MW of 6.9; and the Calaveras fault, MW 6.2.  The term “characteristic earthquake” replaces the term “maximum credible earthquake” as a more reliable descriptor of future fault activity (Working Group on California Earthquake Probabilities. 2003. Earthquake Probabilities in the San Francisco Bay Region: 2002-2031. USGS Open-File Report 2003-214.).

Ground Acceleration:  The speed at which soil or rock materials are displaced by seismic waves.  It is measured as a percentage of the acceleration of gravity (0.5g = 50 percent of 32 feet per second squared, expressed as a vertical or horizontal force).  Peak ground acceleration is the maximum acceleration expected from the characteristic earthquake predicted to affect a given area.  Repeatable acceleration refers to the acceleration resulting from multiple seismic shocks.  Sustained acceleration refers to the acceleration produced by continuous seismic shaking from a single, long‑duration event.

Modified Mercalli Intensity (MMI) Scale:  A 12‑point scale of earthquake intensity based on local effects experienced by people, structures, and earth materials.  Each succeeding step on the scale describes a progressively greater amount of damage at a given point of observation.  Effects range from those which are detectable only by seismicity recording instruments (I) to total destruction (XII).  Most people will feel Intensity IV ground motion indoors and Intensity V outside.  Intensity VII frightens most people, and Intensity IX causes alarm approaching panic.  The scale was developed in 1902 by Giuseppi Mercalli for European conditions, adapted in 1931 by American seismologists Harry Wood and Frank Neumann for conditions in North America, and modified in 1958 by Dr. Charles F. Richter to accommodate modern structural design features.

Moment Magnitude (MW):  A logarithmic scale introduced by Hiroo Kanamori in 1977 that is used by modern seismologists to measure the total amount of energy released by an earthquake.  For the purposes of describing this energy release (i.e., the “size” of an earthquake on a particular fault segment for which seismic resistant construction must be designed) the moment magnitude (MW) of the characteristic earthquake for that segment has replaced the concept of a maximum credible earthquake of a particular Richter magnitude.  This has become necessary because the Richter scale “saturates” at the higher magnitudes; that is, the Richter scale has difficulty differentiating among the sizes of earthquakes above M 7.5.  To correct for this effect, the formula used for the MW scale incorporates parameters associated with the rock types at the seismic source and the area of the fault surface involved in the earthquake.  Thus, the moment magnitude is related to the length and width of the fault rupture.  It reflects the amount of “work” (in the sense of classical physics) done by the earthquake.  The relationship between Richter and moment magnitudes is not linear (i.e., moment magnitude is not a set percentage of Richter magnitude): the two values are derived using different formulae.  The four well-studied earthquakes listed below exemplify this relationship.

	Location
	Date
	Richter

Magnitude
	Moment

Magnitude

	New Madrid MO
	1812
	8.7
	8.1

	San Francisco CA
	1906
	8.3
	7.7

	Anchorage AK
	1964
	8.4
	9.2

	Northridge CA
	1994
	6.4
	6.7


Although some of the values shown on the MW scale appear lower than those of the traditional Richter magnitudes, they convey more precise (and more useable) information to geologic and structural engineers.

Richter Magnitude Scale:  The Richter Magnitude Scale is a logarithmic scale developed during 1935 and 1936 by Dr. Charles F. Richter and Dr. Beno Gutenberg to measure earthquake magnitude (M) by the amount of energy released, as opposed to earthquake intensity as determined by local effects on people, structures, and earth materials (as in the Modified Mercalli Intensity Scale).  Each whole number on the Richter scale represents a 10‑fold increase in amplitude of the waves recorded on a seismogram and about a 32‑fold increase in the amount of energy released by the earthquake.  Because the Richter scale tends to saturate above approximately M 7.5, it is being replaced in modern seismologic investigations by the moment magnitude (MW) scale.
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