SECTION 5.4.5: RISK ASSESSMENT - EARTHQUAKE

5.4.5 EARTHQUAKE

This section provides a profile and vulnerability assessment for the earthquake hazard.
HAZARD PROFILE

This section provides profile information including description, extent, location, previous occurrences and
losses and the probability of future occurrences.

Description

An earthquake is the sudden movement of the Earth’s surface caused by the release of stress accumulated
within or along the edge of the Earth’s tectonic plates, a volcanic eruption, or by a manmade explosion
(Federal Emergency Management Agency [FEMA], 2001; Shedlock and Pakiser, 1997). Most
earthquakes occur at the boundaries where the Earth’s tectonic plates meet (faults); however, less than 10
percent of earthquakes occur within plate interiors. New York is in an area where plate interior-related
earthquakes occur. As plates continue to move and plate boundaries change over geologic time,
weakened boundary regions become part of the interiors of the plates. These zones of weakness within
the continents can cause earthquakes in response to stresses that originate at the edges of the plate or in
the deeper crust (Shedlock and Pakiser, 1997).

The location of an earthquake is commonly described by its focal depth and the geographic position of its
epicenter. The focal depth of an earthquake is the depth from the Earth’s surface to the region where an
earthquake’s energy originates (the focus or hypocenter). The epicenter of an earthquake is the point on
the Earth’s surface directly above the hypocenter (Shedlock and Pakiser, 1997). Earthquakes usually
occur without warning and their effects can impact areas of great distance from the epicenter (FEMA,
2001).

According to the U.S. Geological Society (USGS) Earthquake Hazards Program, an earthquake hazard is
anything associated with an earthquake that may affect resident’s normal activities. This includes surface
faulting, ground shaking, landslides, liquefaction, tectonic deformation, tsunamis, and seiches. A
description of each of these is provided below.

o Surface faulting: Displacement that reaches the earth's surface during slip along a fault.
Commonly occurs with shallow earthquakes, those with an epicenter less than 20 kilometers.

e Ground motion (shaking): The movement of the earth's surface from earthquakes or explosions.
Ground motion or shaking is produced by waves that are generated by sudden slip on a fault or
sudden pressure at the explosive source and travel through the earth and along its surface.

e Landslide: A movement of surface material down a slope.

e Liquefaction: A process by which water-saturated sediment temporarily loses strength and acts as
a fluid, like when you wiggle your toes in the wet sand near the water at the beach. This effect
can be caused by earthquake shaking.

e Tectonic Deformation: A change in the original shape of a material due to stress and strain.

e Tsunami: A sea wave of local or distant origin that results from large-scale seafloor
displacements associated with large earthquakes, major submarine slides, or exploding volcanic
islands.

o Seiche: The sloshing of a closed body of water from earthquake shaking (USGS, 2008).
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Extent

Seismic waves are the vibrations from earthquakes that travel through the Earth and are recorded on
instruments called seismographs. The magnitude or extent of an earthquake is a measured value of the
carthquake size, or amplitude of the seismic waves, using a seismograph. The Richter magnitude scale
(Richter Scale) was developed in 1932 as a mathematical device to compare the sizes of earthquakes
(USGS, 1989). The Richter Scale is the most widely-known scale that measures the magnitude of
earthquakes (Shedlock and Pakiser, 1997; USGS, 2004). It has no upper limit and is not used to express
damage. An earthquake in a densely populated area, which results in many deaths and considerable
damage, may have the same magnitude and shock in a remote area that did not cause any damage (USGS,
1989). Table 5.4.5-1 presents the Richter Scale magnitudes and corresponding earthquake effects.

Table 5.4.5-1 Richter Scale

M:gi;cnr;:sae Earthquake Effects
2.5 or less Usually not felt, but can be recorded by seismograph
251054 Often felt, but only causes minor damage
5.5106.0 Slight damage to buildings and other structures
6.1106.9 May cause a lot of damage in very populated areas
70t07.9 Maijor earthquake; serious damage
8.0 or greater Great earthquake; can totally destroy communities near the epicenter

Source: USGS, 2006

The intensity of an earthquake is based on the observed effects of ground shaking on people, buildings,
and natural features, and varies with location. Intensity is expressed by the Modified Mercalli Scale; a
subjective measure that describes how strong a shock was felt at a particular location (Shedlock and
Pakiser, 1997; USGS, 2004). The Modified Mercalli Scale expresses the intensity of an earthquake’s
effects in a given locality in values ranging from I to XII. Table 5.4.5-2 summarizes earthquake intensity
as expressed by the Modified Mercalli Scale. Table 5.4.5-3 summarizes the Modified Mercalli Intensity
Scale and the PGA equivalents.

Table 5.4.5-2. Modified Mercalli Intensity Scale
Mercalli

Intensity Description
| Felt by very few people; barely noticeable.
Il Felt by few people, especially on upper floors.
Il Noticeable indoors, especially on upper floors, but may not be recognized as an earthquake.
\Y Felt by many indoors, few outdoors. May feel like passing truck.
Vv Felt by almost everyone, some people awakened. Small objects moves, trees and poles may
shake.
Vi Felt by everyone; people have trouble standing. Heavy furniture can move, plaster can fall off walls.
Chimneys may be slightly damaged.
People have difficulty standing. Drivers feel their cars shaking. Some furniture breaks. Loose bricks
VII fall from buildings. Damage is slight to moderate in well-built buildings; considerable in poorly built
buildings.
Vil Well-built buildings suffer slight damage. Poorly built structures suffer severe damage. Some walls
collapse.
IX Considerable damage to specially built structures; buildings shift off their foundations. The ground
cracks. Landslides may occur.
Most buildings and their foundations are destroyed. Some bridges are destroyed. Dams are
X seriously damaged. Large landslides occur. Water is thrown on the banks of canals, rivers, lakes.
The ground cracks in large areas.
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Mercalli
Intensity

Description

X Most buildings collapse. Some bridges are destroyed. Large cracks appear in the ground.
Underground pipelines are destroyed.
Xl Almost everything is destroyed. Objects are thrown into the air. The ground moves in waves or

ripples. Large amounts of rock may move.
Source(s): Michigan Tech University, 2007; Nevada Seismological Laboratory, 1996

Table 5.4.5-3. Modified Mercalli Intensity (MMI) and PGA Equivalents
Acceleration (%g)

(PGA) Perceived Shaking Potential Damage
I <17 Not Felt None
Il A7-14 Weak None
1] A7-14 Weak None
\ 14-3.9 Light None
\% 3.9-92 Moderate Very Light
VI 9.2-18 Strong Light
VI 18- 34 Very Strong Moderate
VI 34 - 65 Severe Moderate to Heavy

Source: NYSDPC, 2008

Seismic hazards are often expressed in terms of Peak Ground Acceleration (PGA) and Spectral
Acceleration (SA). USGS defines PGA and SA as the following: ‘PGA is what is experienced by a
particle on the ground. Spectral Acceleration (SA) is approximately what is experienced by a building, as
modeled by a particle mass on a massless vertical rod having the same natural period of vibration as the
building” (USGS, 2009). Both PGA and SA can be measured in g (the acceleration due to gravity) or
expressed as a percent acceleration force of gravity (%g). PGA and SA hazard maps provide insight into
location specific vulnerabilities (NYSDPC, 2008).

PGA is a common earthquake measurement that shows three things: the geographic area affected, the
probability of an earthquake of each given level of severity, and the strength of ground movement
(severity) expressed in terms of percent of acceleration force of gravity (%g). In other words, PGA
expresses the severity of an earthquake and is a measure of how hard the earth shakes (or accelerates) in a
given geographic area (NYSDPC, 2008).

National maps of earthquake shaking hazards have been produced since 1948. They provide information
essential to creating and updating the seismic design requirements for building codes, insurance rate
structures, earthquake loss studies, retrofit priorities and land use planning used in the U.S. Scientists
frequently revise these maps to reflect new information and knowledge. Buildings, bridges, highways
and utilities built to meet modern seismic design requirements are typically able to withstand earthquakes
better, with less damages and disruption. After thorough review of the studies, professional organizations
of engineers update the seismic-risk maps and seismic design requirements contained in building codes
(Brown et al., 1996).

The USGS recently updated the National Seismic Hazard Maps in 2008. New seismic, geologic, and
geodetic information on earthquake rates and associated ground shaking were incorporated into these
revised maps, which supersede the 1996 and 2002 versions. The 2008 map represents the best available
data as determined by the USGS (USGS, 2008).

The 1996 Seismic Hazard Map shows that Saratoga County has a PGA between 4 and 5% (Figure 5.4.5-
1). The 2002 Seismic Hazard Map shows that Saratoga County has a PGA between 3 and 4% (Figure
5.4.5-2). The 2008 Seismic Hazard Map shows that Saratoga County has a PGA between 3 and 4%
(Figure 5.4.5-3). These maps are based on peak ground acceleration (%g) with 10% probability of
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exceedance in 50 years. The difference in PGA from the three Seismic Hazard Maps is most likely due to
the incorporation of new data collected and reviewed by the USGS.

Figure 5.4.5-1. Peak Acceleration (%g) with 10% Probability of Exceedance in 50 Years (1996)
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Figure 5.4.5-2. Peak Accelerati_on (%g) with 10% Probability of Exceedance in 50 Years (2002)
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Figure 5.4.5-3. Peak Acceleration (%g) with 10% Probability of Exceedance in 50 Years (2008)
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The New York State Geological Survey conducted seismic shear-wave tests of the State’s surficial
geology (glacial deposits). Based on these test results, the surficial geologic materials of New York State
were categorized according to the National Earthquake Hazard Reduction Program’s (NEHRP) Soil Site
Classifications (Figure 5.4.5-4). The NEHRP developed five soil classifications that impact the severity
of an earthquake. The soil classification system ranges from A to E, where A represents hard rock that
reduces ground motions from an earthquake and E represents soft soils that amplify and magnify ground
shaking and increase building damage and losses. Figure 5.4.5-5 illustrates the NEHRP soil
classifications in Saratoga County, as provided by NYSEMO (O’Brien, 2008). Table 5.4.5-4 summarizes
the NEHRP soil classifications.

As illustrated in Figure 5.4.5-5, Saratoga County is comprised of NEHRP soil classes A (very hard rock)
through E (soft soils). Softer soils are concentrated in the southern and eastern portions of the County.
As will be discussed in the Vulnerability Assessment, locations with softer soils may be more vulnerable
to the earthquake hazard.
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Figure 5.4.5-4. NEHRP Soils in New York
NEHRP SOIL CLASSIFICATION

Source: NYS Geological Survey - Based on correlations
of surficial geclogic materials to NEHRP socil class and
generalized depth to bedrock conditions.

Note: Actual site specific conditions may vary.

Source: NYSDPC, 2008
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Figure 5.4.5-5. NEHRP Soils in Saratoga County
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Table 5.4.5-4. NEHRP Soil Classifications

Soil Classification Description Map Color
A Very hard rock (e.g., granite, gneisses) Green
B Sedimentary rock or firm ground Yellow
C Stiff clay Orange
D Soft to medium clays or sands Red
E Soft soil including fill, loose sand, waterfront, lake bed clays Pink

Source: FEMA, 2007

The NEHRP soil classification for the State has enabled the affect of soils to be factored with the 2002
USGS seismic hazard maps. Figure 5.4.5-6 now illustrates the State’s earthquake SA hazard with local
soil types factored in. This updated hazard map illustrates a significantly higher hazard for Saratoga
County than that which is shown on the USGS national map (NYSDPC, 2008).

Figure 5.4.5-6. Spectral Acceleration with 2% Probability of Exceedance in 50 Years (2002) for New York State
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Figure 5.4.5-7. Spectral Acceleration with 2% Probability of Exceedance in 50 Years (2002) for Saratoga County

Saratoga County, NY - Adjusted USGS 0.2 sec Spectral Acceleration (SA) with a 2%
Probability of Exceedance in 50 Years

This map reflects New York State's surfical geology (glacial deposits) potential to amplify seismic waves and factoring
in the adjustment of the USGS spectral acceleration (SA) probabilities for New York State, which
apply to firm rock conditions only (http://fearthquake.usgs.gov/research/hazmaps). The
National Earthquake Hazard Reduction Program (NEHRP) soil site classifications Ato E
are associated to the state’s surfical geologic materials (1:250,000) based on shear-wave
velocity tests conducted by the New York State Geological Survey. Adjusted SA values by
the New York State Emergency Management Office based on guidelines outlined in “2003
NEHRP Recommended Provisions for New Buildings and Other Structures, Part 1:
Provisions (FEMA 450), Table 3-3.1",
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A probabilistic assessment was conducted for the 100-, 500- and 2,500-year mean return periods (MRP)
through a Level 2 analysis in HAZUS-MH MR3 to analyze the earthquake hazard for the Saratoga
County. The HAZUS-MH MR3 analysis evaluates the statistical likelihood that a specific event will
occur and what consequences will occur. A 100-year MRP event is an earthquake with a 1% chance that
the mapped ground motion levels (PGA) will be exceeded in any given year. For a 500-year MRP, there
is a 0.2% chance the mapped PGA will be exceeded in any given year. For a 2,500-year MRP, there is a
0.04% chance the mapped PGA will be exceeded in any given year. Figures 5.4.5-8 through 5.4.5-10
illustrates the geographic distribution of PGA (g) across Saratoga County for 100-, 500- and 2,500-year
MRP events at the Census-Tract level.
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