Section 5.4.3: Risk Assessment - Earthquake

5.4.3 Earthquake

Thefollowing section provides the hazard profile (hazard description, location, extent, previous occurrences and
losses, probability of future occurrences, and impact of climate change) and vulnerability assessment for the
earthquake hazard in Warren County.

2016 Plan Update Changes

» The hazard profile has been significantly enhanced to include a detailed hazard description, location, extent,
previous occurrences, probability of future occurrence, and potential changein climate and itsimpacts on the
earthquake hazard is discussed. The earthquake hazard is now located in Section 5 of the plan update.

» New and updated figures from federal and state agencies are incorporated. The 2010 U.S. Census data has
been incorporated, where appropriate.

> Previous occurrences were updated with events that occurred between 2008 and 2015.

» A vulnerability assessment was conducted for the earthquake hazard using FEMA’sHAZUS-MH earthquake
model and it now directly follows the hazard profile.

5.4.3.1 Profile

Hazard 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); less than 10% of earthquakes occur within plate
interiors. New Jersey isin an area where the rarer plate interior-related earthquakes occur. As plates continue
to move and plate boundaries change geologically over 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).

According to the U.S. Geological Society (USGS) Earthquake Hazards Program, an earthquake hazard is any
disruption associated with an earthquake that may affect residents normal activities. This includes surface
faulting, ground shaking, landslides, liquefaction, tectonic deformation, tsunamis, and seiches; each of these
terms is defined below:

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

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

e Landdide: 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 the wet sand near the water at the beach. Earthquake shaking can cause this effect.
Liquefaction susceptibility is determined by the geological history, depositional setting, and topographic
position of the soil (Stanford 2003). Liquefaction effects may occur along the shorelines of the ocean,
rivers, and lakes and they can also happen in low-lying areas away from water bodiesin locations where
the ground water is near the earth’ s surface.

e Tectonic Deformation: A change in the original shape of amaterial caused by 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 sub-marine slides, or exploding volcanic islands.
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e Seiche: Thedloshing of aclosed body of water, such as alake or bay, from earthquake shaking (USGS
2012a).

Location

Earthquakes are most likely to occur in the northern parts of New Jersey, which includes Warren County, where
significant faults are concentrated; however, low-magnitude events can and do occur in many other areas of the
State. TheNational Earthquake Hazard Reduction Program (NEHRP) devel oped five soil classifications defined
by their shear-wave velocity that impact the severity of an earthquake. The soil classification system rangesfrom
A to E, asnoted in Error! Not a valid bookmark self-reference., 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. Studies have not yet been conducted by NJGWS to determine the NEHRP
classifications for Warren County; however, other New Jersey agencies have compiled similar data on soil
classification for the County.

Table 5.4.3-1. NEHRP Soil Classifications

Soil Classification Description

A Hard Rock

B Rock

C Very dense soil and soft rock
D Stiff soils

E Soft soils

Source: FEMA 2013

New Jersey Department of Transportation (NJDOT) compiled a report on seismic design consideration for
bridgesin New Jersey, dated March 2012. In the report, NJDOT classifies the seismic nature of soils according
to the American Association of State Highway and Transportation Officials (AASHTO) Guide Specifications
for Bridge Seismic Design (SGS). For the purpose of seismic analysis and design, sites can be classified into
Sail Classes A, B, C, D, E and F, ranging from hard rock to soft soil and special soils (as with NEHRP soil
classifications). NJDOT aso developed a Geotechnical Database Management System, which contains soil
boring data across New Jersey. The soil boring logs were then used to classify soil sites. Through this analysis,
NJDOT developed a map of soil site classes according to ZIP codes in New Jersey where each ZIP code was
assigned a class based on its predominant soil condition. In Warren County, most ZIP codes were rated as a
Category C or D. Figure 5.4.3-1 provides avisua confirmation of thisinformation.
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Figure 5.4.3-1. ZIP Code-Based Soil Site Class Map

Source:  NJDOT 2012
Note: Warren County is indicated by the red circle.
Soil Classes A and B are rock sites
Soil Class C is very dense soil
Soil Class D is dense soil
Soil Class E is soft soil
Soil Class F is special soil requiring site-specific analysis

Liquefaction has been responsible for tremendous amounts of damagein historical earthquakes around the world.
Shaking behavior and liquefaction susceptibility of soils are determined by their grain size, thickness,
compaction, and degree of saturation. These properties, in turn, are determined by the geologic origin of the
soils and their topographic position. Although this data has been calculated for parts of New Jersey, NJGWS
has not yet completed this for Warren County, New Jersey. Based on the Standard Penetration Test (SPT) data
from the neighboring Morris County, which contains means, ranges, and standard deviations similar to Hudson,
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Essex, Union, and Bergen County data, it islikely that Warren County soil properties are comparative. Although
liquefaction susceptibility will vary throughout the County, the mgjority of the County most likely has alow to
very low susceptibility, with afew small areas having moderate or high susceptibility. Once test boring samples
are conducted and calculated for Warren County, more accurate data regarding liquefaction vulnerability in
specific areas will be able to be determined.

Liquefaction occurs in saturated soils and when it occurs, the strength of the soil decreases and the ability of a
soil deposit to support foundations for buildings and bridgesisreduced. Shaking from earthquakes oftentriggers
an increase in water pressure which can trigger landslides and the collapse of dams. For information regarding
dam failures, refer to Section 5.4.1 (Dam Failure) and for landdlides refer to Section 5.4.6 (Geological Hazards).
On the other side, earthquakes contribute to landslide hazards. Earthquakes create stresses that make weak
dopesfail. Earthquakes of magnitude 4.0 or greater have been known to trigger landslides.

Fractures or fracture zones along with rocks on adjacent sides have broken and moved upward, downward, or
horizontally are known as faults (Volkert and Witte 2015). Movement can take place at faults and cause an
earthquake. Earthquake epicentersin eastern North America and the New Jersey area, however, do not typically
occur on known faults. The faults in these areas are the result of tectonic activity from over 200 million years
ago. Many faults can be located in New Jersey and in parts of Warren County. One of the most well-known
faults in the state is the Ramapo Fault, which separates the Piedmont and Highlands Physiographic Provinces.
Asindicated in Figure 5.4.3-4, Warren County might feel the effects of an earthquake along the Ramapo Fault;
however, the fault itself is not located within County borders (V olkert and Witte 2015).

The New Jersey Highlands are a physiographic province in northern New Jersey and they span approximately
1,000 sguare miles of scenic and rugged terrain, which includes portions of Warren County. Faults are acommon
feature in the Precambrian rocks of the Highlands. The faults range in width from a few tenths of an inch to
hundreds of feet and in length from afew feet to as much astens of miles. The Ramapo fault formsthe boundary
between the Highlands and Piedmont Provinces. Itisamajor structural feature, having awidth of at least several
hundred feet and stretching for alength of 50 miles from Somerset County northeast into New Y ork State. Itis
the most seismically active fault in the region. The Reservoir fault borders the Green Pond Mountain Region.
(Volkert and Witte 2015). Figure 5.4.3-2 illustrates the location of both faults in northern New Jersey and their
relation to Warren County.
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Figure 5.4.3-2. Faults in Northern New Jersey

Source:  Volkert and Witte 2015

Note (1): This is a simplified geologic map of northern New Jersey showing the location of the Highlands (tan). Solid black lines are faults
and red lines mark the Reservoir and Ramapo fault lines. Short-dashed lines mark contacts between older Precambrian rocks and younger

Paleozoic rocks.

Note (2): The black circle indicates the approximate location of Warren County.

Extent

An earthquake's magnitude and intensity are used to describe the size and severity of the event. Magnitude
describesthe size at the focus of an earthquake and intensity describes the overall felt severity of shaking during

the event. The earthquake's

magnitude is a measure of the energy released at the source of the earthquake and

is expressed by ratings on the Richter scale and/or the moment magnitude scale. The Richter Scale measures
magnitude of earthquakes and has no upper limit; however, it is not used to express damage (USGS 2012c).
Table 5.4.3-2 presents the Richter scale magnitudes and corresponding earthquake effects.

Table 5.4.3-2. Richter Magnitude Scale

Richter Magnitude

TE| MonTH 2016

250rless Usually not felt, but can be recorded by seismograph
25t054 Often felt, but causes only minor damage
5.5t06.0 Slight damage to buildings and other structures
6.1t06.9 May cause alot of damage in very populated areas
7.0t07.9 Major earthquake; serious damage
8.0 or greater Great earthquake; can totally destroy communities near the epicenter
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Source:  Michigan Tech University Date Unknown

The moment magnitude scale (MMS) is used to describe the size of an earthquake. It is based on the seismic
moment and is applicable to all sizes of earthquakes (USGS 2012d). The Richter Scale is not commonly used
anymore, as it has been replaced by the MM S which is a more accurate measure of the earthquake size (USGS
2012c). The MM S uses the following classifications of magnitude:

o Great—My,, >8

e Magor—M,=7.0-7.9

e Strong—My =6.0-6.9

e Moderate—M,, =5.0-5.9

e Light—M,,=4.0-49

e Minor—M,, =3.0-39

e Micro—My <3
The intensity of an earthquake is based on the observed effects of ground shaking on people, buildings, and
natural features, and varies with location. The Modified Mercalli (MMI) scale expresses intensity of an
earthquake and describes how strong ashock wasfelt at aparticular locationin values. Table5.4.3-3 summarizes
earthquake intensity as expressed by the Modified Mercalli scale. Table 5.4.3-4 displays the MM scale and its
relationship to the areas peak ground acceleration.

Table 5.4.3-3. Modified Mercalli Intensity Scale

Mercalli

Intensity| Shaking |Description

| Not Felt  [Not felt except by a very few under especially favorable conditions.
I Weak Felt only by afew persons at rest, especially on upper floors of buildings.

Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people do not
I Weak recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the
passing of atruck. Duration estimated.

Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows,
v Light doors disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing
motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects

v ez overturned. Pendulum clocks may stop.
Felt by al, many frightened. Some heavy furniture moved; afew instances of fallen plaster. Damage
VI Strong dlight
Damage negligible in buildings of good design and construction; slight to moderate in well-built
VII Very Strong |ordinary structures; considerable damage in poorly built or badly designed structures; some chimneys
broken.

Damage slight in specially designed structures; considerable damage in ordinary substantial buildings
VI Severe  |with partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks,
columns, monuments, walls. Heavy furniture overturned.

Damage considerable in specially designed structures; well-designed frame structures thrown out of
plumb. Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations.

Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
foundations. Rails bent.

IX Violent

X Extreme

Source:  USGS 2014

DMA 2000 Hazard Mitigation Plan Update - Warren County, New Jersey 5.4.3-7
TE| MonTH 2016




Section 5.4.3: Risk Assessment - Earthquake

Table 5.4.3-4. Modified Mercalli Intensity and PGA Equivalents

Modified Mercalli
Intensity Acceleration (%g) (PGA) Perceived Shaking Potential Damage

| <.17 Not Felt None

I 17-14 Wesak None

Il A7-14 Wesak None

v 14-39 Light None

V 3.9-92 Moderate Very Light

VI 9.2-18 Strong Light
VII 18-34 Very Strong Moderate
VI 34-65 Severe Moderate to Heavy

IX 65-124 Violent Heavy

X >124 Extreme Very Heavy

Source:  Freeman et al. (Purdue University) 2004

Note: PGA Peak Ground Acceleration

Most damage and loss caused by an earthquake is directly or indirectly the result of ground shaking. Modern
intensity scales use terms that can be physically measured with seismometers, such as the acceleration, velocity,
or displacements (movement) of the ground. The most common physical measure is peak ground acceleration
(PGA). PGA isone of the most important measures used to quantify ground motion. PGA is a good index of
hazard to buildings because there is a strong correlation between it and the damage a building might experience
(NYCEM 2003).

PGA expresses the severity of an earthquake and is a measure of how hard the earth shakes, or accelerates, in a
given geographic area. PGA is expressed as a percent acceleration force of gravity (%g). For example, 1.0%g
PGA in an earthquake (an extremely strong ground mation) means that objects accelerate sideways at the same
rate as if they had been dropped from the ceiling. 10%g PGA means that the ground acceleration is 10% that of
gravity (NJOEM 2011). Damage levels experienced in an earthquake vary with the intensity of ground shaking
and with the seismic capacity of structures, as noted in Table 5.4.3-5.

Table 5.4.3-5. Damage Levels Experienced in Earthquakes

Ground Motion

Percentage Explanation of Damages
1-20% Motions are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any,
9 are usually very low.
Below 10%g Usually causes only slight damage, except in unusually vulnerable facilities.

May cause minor-to-moderate damage in well-designed buildings, with higher levels of damagein
10 - 20%g poorly designed buildings. At thislevel of ground shaking, only unusually poor buildings would be
subject to potential collapse.

May cause significant damage in some modern buildings and very high levels of damage (including
collapse) in poorly designed buildings.

>50%g May causes higher levels of damage in many buildings, even those designed to resist seismic forces.

20 - 50%g

Source:  NJOEM 2011

Note: %g Peak Ground Acceleration

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
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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., 2001).

The USGS updated the National Seismic Hazard Mapsin 2014, which superceded the 2008 maps. New seismic,
geologic, and geodetic information on earthquake rates and associated ground shaking were incorporated into
these revised maps. The 2014 map represents the best available data as determined by the USGS. According to
the data, Warren County has a PGA between 3%g and 5%g. (Petersen, et. al. 2014). The 2014 PGA map can be
found at http://pubs.usgs.gov/of/2014/1091/pdf/ofr2014-1091.pdf.

A probabilistic assessment was conducted for the 100-, 500- and 2,500-year mean return periods (MRP) in
HAZUS-MH 2.2 to analyze the earthquake hazard for Warren County. The HAZUS analysis evaluates the
statistical likelihood that a specific event will occur and what consequences will occur. Figure 5.4.3-3 through
Figure 5.4.3-5 illustrates the geographic distribution of PGA (g) across the County or 100-, 500- and 2,500-year
MRP events by Census-tract.
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Figure 5.4.3-3. Peak Ground Acceleration 100-Year Mean Return Period for Warren County

Source: HAZUSMH 2.2
Note: The peak ground acceleration for the 100-year MRP is 1.9 to 2.2 %g.
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Figure 5.4.3-4. Peak Ground Acceleration 500-Year Mean Return Period for Warren County

Source: HAZUS-MH 2.2
Note: The peak ground acceleration for the 500-year MRP is 4.4 to 5.0%g.

DMA 2000 Hazard Mitigation Plan Update - Warren County, New Jersey 5.4.3-11
TE| MonTH 2016




Section 5.4.3: Risk Assessment - Earthquake

Figure 5.4.3-5. Peak Ground Acceleration 2,500-Year Mean Return Period for Warren County

Source: HAZUS-MH 2.2
Note: The peak ground acceleration for the 2,500-year MRP is 14.0 to 16.8 %g.
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Previous Occurrences and Losses

Historically, New Jersey and Warren County have not experienced a major earthquake. However, there have
been a number of earthquakes of relatively low intensity. The majority of earthquakes that have occurred in
New Jersey have occurred aong faults in the central and eastern Highlands, with the Ramapo fault being the
most seismically active fault in the region (Volkert and Witte 2015); Warren County is impacted by earthquakes
in the New Jersey Highlands. Small earthquakes may occur several times a year and generally do not cause
significant damage. The largest earthquake to impact Warren County was a magnitude 5.3 quake that was west
of New York City. It wasfelt from New Hampshire to Pennsylvania (Stover and Coffman 1993; NJGWS 2014).

For this 2016 Plan Update, known earthquake events that have impacted Warren County or that have had its
epicenter in the County, between 2008 and 2015 are identified in Appendix X. The State of New Jersey has not
been included in any FEMA major disaster (DR) or emergency (EM) declarations for earthquake events (see
Table 5.4.3-6). For events that occurred prior to 2008, see the 2011 Warren County HMP. Please note that not
all events that have occurred in Warren County are included due to the extent of documentation and the fact that
not all sources may have been identified or researched. Loss and impact information could vary depending on
the source. Therefore, the accuracy of monetary figures discussed is based only on the available information
identified during research for thisHMP Update. Figure5.4.3-6illustrates earthquake events where the epicenters
were located in Warren. The figure shows that three earthquakes had epicentersin the County.

Table 5.4.3-6. FEMA DR and EM Declarations Since 2008 for Earthquake Events in Warren County

FEMA Declaration Date(s) of Event Event Type Location

Number
No DR or EM Declarations were recorded for Warren County during this time period.
Source:  FEMA 2015
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Figure 5.4.3-6. Earthquakes with Epicenters in Warren County, 1783 to 2015

Source:  NJDEP 2014
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Probability of Future Occurrences

Earthquakes cannot be predicted and may occur any time of the day or year. Major earthquakes are infrequent
in the State and County and may occur only once every few hundred years or longer, but the consequences of
major earthquakes may potentially be very high. Based on the historic record, the future probability of damaging
earthquakes impacting Warren County is low.

According to the New Jersey Geological and Water Survey (NJGWS), between 1950 and 2015, Warren County
has had three earthquakes with epicentersin the County. Thisdatawas used to determine the recurrenceinterval
and the average annual number of events for Warren County. Based on this data, the County has experienced
three earthquakes with epicenters in the County and have felt the impacts of 84 earthquakes with epicenters
outside of the County. The table below shows these statistics, as well as the annual average number of events
and the estimated percent chance of an incident occurring in a given year (NJGWS 2015).

Table 5.4.3-7. Probability of Future Occurrence of Earthquake Events

Number of Probability of
Occurrences Recurrence event Occurring % Chance of
Between Rate of Interval in Any Given Occurring in
Hazard Type 1950 and 2015 Occurrence (in years) Y ear Any Given Y ear

Earthquake with
Epicenter inside 3 0.05 22.00 0.05 4.55%
County
Earthquakes Felt
by the County
(including those 84 1.29 0.79 1.27 127.27%
with epicenters
outside the
County)

Source:  NJGWS 2015

In Section 5.3, theidentified hazards of concern for Warren County were ranked. The probability of occurrence,
or likelihood of the event, is one parameter used for hazard rankings. Based on historical records and input from
the Planning Committee, the probability of occurrence for earthquake events in the County is considered
‘occasional’ (hazard event is likely to occur within 100 years see Table 5.3-3). Although earthquakes happen
frequently (likely to occur within 25 years), the level of historic impact is minimal; therefore, alower probability
category was assigned.

Climate Change Impacts

Providing projections of future climate change for a specific region is challenging. Shorter term projections are
more closely tied to existing trends making longer term projections even more chalenging. The further out a
prediction reaches the more subject to changing dynamics it becomes. The potential impacts of global climate
change on earthquake probability are unknown. Some scientists feel that melting glaciers could induce tectonic
activity. As ice melts and water runs off, tremendous amounts of weight are shifted on the Earth’s crust. As
newly freed crust returns to its original, pre-glacier shape, it could cause seismic plates to dip and stimulate
volcanic activity according to research into prehistoric earthquakes and volcanic activity. National Aeronautics
and Space Administration (NASA) and USGS scientists found that retreating glaciers in southern Alaska might
be opening the way for future earthquakes (New Jersey State HMP 2014).

Secondary impacts of earthquakes could be magnified by future climate change. Soils saturated by repetitive
storms could experience liquefaction during seismic activity because of the increased saturation. Dams storing
increased volumes of water from changesin the hydrograph could fail during seismic events. There are currently
no models available to estimate these impacts (New Jersey State HMP 2014).
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5.4.3.2 Vulnerability Assessment

To understand risk, a community must evaluate what assets are exposed or vulnerable in the identified hazard
area. For the earthquake hazard, the entire County has been identified as the exposed hazard area. Therefore,
all assets in Warren County (population, structures, critical facilities and lifelines), as described in the County
Profile (Section 4), are vulnerable. The following section includes an evaluation and estimation of the potential
impact of the earthquake hazard on Warren County including the following:

o Overview of vulnerability

e Dataand methodology used for the evaluation

e Impact on: (1) life, health and safety of residents, (2) genera building stock, (3) critical facilities, (4)
economy, and (5) future growth and devel opment

o Effect of climate change on vulnerability

e Change of vulnerability as compared to that presented in the 2011 Warren County Hazard Mitigation Plan

o Further data collections that will assist understanding this hazard over time

Overview of Vulnerability

Earthquakes usually occur without warning and can impact areas agreat distance from their point of origin. The
extent of damage depends on the density of population and building and infrastructure construction in the area
shaken by the quake. Some areas may be more vulnerable than others based on soil type, the age of the buildings
and building codes in place. Compounding the potential for damage — historically, Building Officials Code
Administration (BOCA) used in the Northeast were developed to address local concerns including heavy snow
loads and wind; seismic requirementsfor design criteriaare not as stringent compared to the west coast’ sreliance
on the more seismically-focused Uniform Building Code). As such, a smaller earthquake in the Northeast can
cause more structural damage than if it occurred out west.

Ground shaking is the primary cause of earthquake damage to man-made structures. Damage can be increased
when soft soils amplify ground shaking. Soils influence damage in different ways. One way is that soft soils
amplify the motion of earthquake waves, producing greater ground shaking and increasing the stresses on
structures. Another way is that loose, wet, sandy soils may lose strength and flow as a fluid when shaken,
causing foundations and underground structures to shift and break (Stanford 2003).

Damage from earthquakes depends on the location, depth, and magnitude of the earthquake; the thickness and
composition of soil and bedrock beneath the areaiin question; and the types of building structures. Soilsinfluence
damage in two ways. Soft soils amplify the motion of earthquake waves, producing greater ground shaking and
increasing the stresses on structures. Loose, wet, sandy soils may lose strength and flow as a fluid when shaken
(thisis known asliquefaction). This causes foundations and underground structures to shift and break.

The entire population and general building stock inventory of the County is at risk of being damaged or
experiencing losses due to impacts of an earthquake. Potential losses associated with the earth shaking were
calculated for Warren County for three probabilistic earthquake events: the 100-year, 500- and 2,500-year mean
return periods (MRP). The impacts on population, existing structures, critical facilities and the economy within
Warren County are presented below, following a summary of the data and methodol ogy used.

Data and Methodology

A probabilistic assessment was conducted for Warren County for the 100-, 500- and 2,500-year MRPs through
alevel 2analysisinHAZUS-MH 2.2 to analyze the earthquake hazard and provide arange of |oss estimates for
Warren County. The probabilistic method uses information from historic earthquakes and inferred faults,
locations and magnitudes, and computes the probable ground shaking levels that may be experienced during a
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recurrence period by Census tract. The default assumption is a magnitude 7 earthquake for all return periods.
Soil type data from the NJGWS is not available for Warren County, so HAZUS-MH default data was used.

In addition to the probabilistic scenarios mentioned, an annualized loss run was conducted in HAZUS-MH 2.2
to estimate the annualized general building stock dollar lossesfor the County. The annualized loss methodology
combines the estimated losses associated with ground shaking for eight return periods. 100, 250, 500, 750, 1000,
1500, 2000, 2500-year, which are based on values from the USGS seismic probabilistic curves. Annualized
losses are useful for mitigation planning because they provide a baseline upon which to 1) compare the risk of
one hazard across multiple jurisdictions and 2) compare the degree of risk of all hazards for each participating
jurisdiction.

As noted in the HAZUS-MH Earthquake User Manual ‘Uncertainties are inherent in any loss estimation
methodology. They arise in part fromincomplete scientific knowledge concerning earthquakes and their effects
upon buildings and facilities. They also result from the approximations and simplifications that are necessary
for comprehensive analyses. Incomplete or inaccurate inventories of the built environment, demographics and
economic parameters add to the uncertainty. These factors can result in a range of uncertainly in loss estimates
produced by the HAZUS Earthquake Model, possibly at best a factor of two or more.” However, HAZUS
potential loss estimates are acceptable for the purposes of this HMP.

The building stock in HAZUS-MH was updated using the custom building inventory generated for the County.
The occupancy classes available in HAZUS-MH 2.2 were condensed into the following categories (residential,
commercial, industrial, agricultural, religious, government, and educational) to facilitate the analysis and the
presentation of results. Residential loss estimates address both multi-family and single family dwellings.
Impactsto critical facilities and utilities were also evaluated. The model estimated potential losses to buildings
at the Census-tract level.

Data used to assess this hazard include data available in the HAZUS-MH 2.2 earthquake model and professional
knowledge. Asnoted, HAZUS-MH 2.2 generatesresults at the Census-tract level. The boundaries of the Census
tracts are not always coincident with municipal boundariesin Hunterdon County. Theresultsin the tablesbelow
are presented for the Census tracts with the associated municipalities listed for each tract. Figure 5.4.3-7 shows
the spatial relationship between the Census tracts and the municipal boundaries.
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Figure 5.4.3-7. Census Tracts and Municipal Boundaries in Warren County
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Impact on Life, Health and Safety

Overall, the entire population of Warren County is exposed to an earthquake hazard event. The impact of
earthquakes on life, health and safety is dependent upon the severity of the event. Risk to public safety and loss
of life from an earthquake in Warren County is minimal with higher risk occurring in buildings as a result of
damage to the structure, or people walking below building ornamentation and chimneys that may be shaken
loose and fall asaresult of the quake.

Populations considered most vulnerable are those located in/near the built environment, particularly near
unreinforced masonry construction. In addition, the vulnerable population includes the elderly (persons over the
age of 65) and individualsliving below the Census poverty threshold. These socially vulnerable populations are
most susceptible, based on a number of factors including their physical and financial ability to react or respond
during a hazard and the location and construction quality of their housing. Refer to Section 4 (County Profile)
for the vulnerable population statistics in Warren County.

Residents may be displaced or require temporary to long-term sheltering due to the event. The number of people
requiring shelter is generally less than the number displaced as some displaced persons use hotels or stay with
family or friends following a disaster event. In HAZUS-MH, estimated sheltering needs for the earthquake
hazard are summarized at the Census tract level. Table 5.4.3-7 summarizes the population HAZUS-MH
estimates will be displaced or will require short-term sheltering for 500- and 2,500-year MRP by municipality.
HAZUS-MH estimates there will be no displaced households or people seeking short-term shelter as a result of
the 100-year event.

Table 5.4.3-8. Estimated Displaced Households and Population Seeking Short-Term Shelter from
500- and 2,500-year MRP Events by Municipality

500-Year MRP 2,500-Year MRP

Displaced People Requiring Displaced People Requiring
Municipality Households Short-Term Shelter | Households Short-Term Shelter

Allamuchy Township 0 0 4 2
AlphaBorough 0 0 2 1
Town of Belvidere 0 0 3 1
'?(l)?/iv rr?tsﬂ\i/én Township —Hardwick 0 0 1 0
Franklin Township 0 0 1 0
. : : : :
Greenwich Township 0 0 1 0
Town of Hackettstown 2 1 14 8
Harmony Township 0 0 0 0
Independence Township 0 0 2
Knowl t(_)n Tov_vnshi p— Hope_ 0 0 2 1
Township — Liberty Township

Lopatcong Township 1 0 8 4
Mansfield Township 1 1 10 6
Oxford Township 0 0 1 0
Town of Phillipsburg 2 1 17 11
Pohatcong Township 0 0 0
Washington Borough 1 1 5
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Table 5.4.3-8. Estimated Displaced Households and Population Seeking Short-Term Shelter from
500- and 2,500-year MRP Events by Municipality

500-Year MRP

2,500-Year MRP

Displaced People Requiring Displaced People Requiring
Municipality Households Short-Term Shelter | Households Short-Term Shelter
Washington Township 0 0 1 1
White Township 0 0 3 2
Warren County (Total) 7 4 82 45
Source:  HAZUSMH 2.2
Note: The number of displaced households and persons seeking shelter was cal culated using the 2010 U.S. Census data (HAZUS-MH 2.2
default demographic data).

According to the 1999-2003 NYCEM Summary Report (Earthquake Risks and Mitigation in the New York /
New Jersey / Connecticut Region), there is a strong correlation between structural building damage and the
number of injuries and casualties from an earthquake event. Further, the time of day also exposes different
sectors of the community to the hazard. For example, HAZUS considers the residential occupancy at its
maximum at 2:00 am., where the educational, commercia and industrial sectors are at their maximum at 2:00
p.m., and peak commute time is at 5:00 p.m. Whether directly impacted or indirectly impact, the entire
population will have to deal with the consegquences of earthquakes to some degree. Business interruption could
keep peoplefrom working, road closures could i solate popul ations, and loss of functions of utilities could impact
populations that suffered no direct damage from an event itself.

Thereareno injuries or casualties estimated for the 100-year event. Table 5.4.3-9 and Table 5.4.3-10 summarize
the County-wide injuries and casualties estimated for the 500- and 2,500-year MRP earthquake events,
respectively.

Table 5.4.3-9. Estimated Number of Injuries and Casualties from the 500-Year MRP Earthquake Event

Time of Day
Level of Severity
Injuries 2 0 0
Hospitalization 0 0 0
Casualties 0 0 0

Source: HAZUS-MH 2.2

Table 5.4.3-10. Estimated Number of Injuries and Casualties from the 2,500-Year MRP Earthquake
Event

Time of Day
Level of Severity
Injuries 19 29 20
Hospitalization 3 4
Casualties 1 1

Source: HAZUS-MH 2.2

Impact on General Building Stock

After considering the population vulnerable to the earthquake hazard, the value of general building stock exposed
to and damaged by 100-, 500- and 2,500-year MRP earthquake events was evaluated. In addition, annualized
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losses were calculated using HAZUS-MH 2.2. The entire County’s general building stock is considered at risk
and exposed to this hazard.

The HAZUS-MH 2.2 moddl estimates the value of the exposed building stock and the loss (in terms of damage
to the exposed stock). Refer to Table 4-7 in the County Profile (Section 4) for general building stock statistics
(structure and contents).

For this plan update, aHAZUS-MH probabilistic model was run to estimate annualized dollar losses for Warren
County. Annualized losses are useful for mitigation planning because they provide a baseline upon which to 1)
compare the risk of one hazard across multiple jurisdictions and 2) compare the degree of risk of al hazards for
each participating jurisdiction. Please note that annualized loss does not predict what losses will occur in any
particular year. The estimated annualized |osses are approximately $2.3 million per year (building and contents)
for the County.

According to NY CEM, where earthquake risks and mitigation were evaluated in the New Y ork, New Jersey and
Connecticut region, most damage and loss caused by an earthquake is directly or indirectly the result of ground
shaking (NYCEM, 2003). NYCEM indicates there is a strong correlation between PGA and the damage a
building might experience. The HAZUS-MH model isbased on the best available earthquake science and aligns
with these statements. HAZUS-MH 2.1 methodology and model were used to analyze the earthquake hazard
for the general building stock for Warren County. See Figure5.4.3-3 through Figure 5.4.3-5 earlier inthisprofile
that illustrates the geographic distribution of PGA (g) across the County for 100-, 500- and 2,500-year MRP
events at the Census-tract level.

In addition, according to NY CEM, a building’s construction determines how well it can withstand the force of
an earthquake. The NY CEM report indicates that un-reinforced masonry buildings are most at risk during an
earthquake because the walls are prone to collapse outward, whereas steel and wood buildings absorb more of
the earthquake's energy. Additional attributes that contribute to a building’s capability to withstand an
earthquake's force include its age, number of stories and quality of construction. HAZUS-MH considers
building construction and the age of buildings as part of the analysis.

Potentia building damage was evaluated by HAZUS-MH 2.2 across the following damage categories (none,
slight, moderate, extensive and complete). Table5.4.3-12 provides definitions of these five categories of damage
for a light wood-framed building; definitions for other building types are included in HAZUS-MH technical
manual documentation. General building stock damage for these damage categories by occupancy class and
building type on a County-wide basisis summarized below for the 100-, 500- and 2,500-year events.

Table 5.4.3-11. Example of Structural Damage State Definitions for a Light Wood-Framed Building

DEETSE

Category Description

Slight Small plaster or gypsum-board cracks at corners of door and window openings and wall-ceiling intersections;
d small cracks in masonry chimneys and masonry veneer.

Large plaster or gypsum-board cracks at corners of door and window openings; small diagonal cracks across
Moderate shear wall panels exhibited by small cracks in stucco and gypsum wall panels; large cracksin brick chimneys;
toppling of tall masonry chimneys.

Large diagona cracks across shear wall panels or large cracks at plywood joints; permanent lateral movement
Extensive of floors and roof; toppling of most brick chimneys; cracks in foundations; splitting of wood sill plates and/or
slippage of structure over foundations; partial collapse of room-over-garage or other soft-story configurations.

Structure may have large permanent lateral displacement, may collapse, or be in imminent danger of collapse
Complete dueto cripple wall failure or the failure of the lateral load resisting system; some structures may dlip and fall
off the foundations; large foundation cracks.

Source: HAZUS-MH Technical Manual
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Tables 5.4.3-14 through 5.4.3-17 summarize the damage estimated for the 100-, 500- and 2,500-year MRP
earthquake events. Damage |oss estimates include structural and non-structural damage to the building and loss
of contents.

Table 5.4.3-12. Estimated Buildings Damaged by General Occupancy for 100-year and 500-year MRP
Earthquake Events

Average Damage State

100-Year MRP 500-Year MRP

Category None |Slight | Moderate | Extensive | Complete | None | Slight | Moderate | Extensive | Complete

Residential 34,568 0 0 0 0 34,131 350 7 9 1
! (93.1%) | (0%) (0%) (0%) (0%) (91.9%) | (<1%)| (<1%) (<1%) (<1%)
Commercial 1,771 0 0 0 0 1,772 11 11 1 0
(4.8%) | (0%) (0%) (0%) (0%) (4.8%) | (<1%) (<1%) (<1%) (<1%)
T 207 0 0 0 0 200 5 2 0 0
(<1%) | (0%) (0%) (0%) (0%) (<1%) | (<1%)| (<1%) (<1%) (<1%)
Education,
Government, 1,101 0 0 0 0 1,071 23 7 0 0
Religious and (3.1%) | (0%) (0%) (0%) (0%) (2.9%) | (<1%)| (<1%) (<1%) (<1%)
Agricultural

Source: HAZUS-MH 2.2

Table 5.4.3-13. Estimated Buildings Damaged by General Occupancy for 2,500-year MRP Earthquake
Events

2,500-Year MRP

Category Moderate Extensive Complete

. . 31,181 2,652 628 95 12
REEIE] (84.0%) (7.1%) (1.7%) (<1%) (<1%)

Commercial 1,510 169 78 13 1
(4.1%) (<1%) (<1%) (<1%) (<1%)

e 173 21 11 2 0
(<1%) (<1%) (<1%) (<1%) (0%)

Education, Government, 936 108 48 8 0
Religious and Agricultural (2.5%) (<1%) (<1%) (<1%) (0%)

Source: HAZUS-MH 2.2
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Table 5.4.3-14. Estimated Value (Building and Contents) Damaged by the 500- and 2,500-Year MRP Earthquake Events

Total Improved

‘ Percent of Total Building

Estimated Total Damages*

Value and Contents *
N (Building and Annualized ‘ 100- ‘ ‘ Annualized ‘
Municipality Contents) Loss Year 500-Year 2,500-Year Loss 100-Year | 500-Year | 2,500-Year
Allamuchy Township $571,338,576 $3,962 $0 $251,403 $4,173,652 <1% 0.0% <1% <1%
Alpha Borough $236,443,700 $1,340 $0 $87,998 $1,367,060 <1% 0.0% <1% <1%
Town of Belvidere $208,884,847 $1,293 $0 $84,661 $1,312,187 <1% 0.0% <1% <1%
.?Lirfg‘z‘i’;” Township — Hardwick $818,686,734 $4,632 $0 $316,035 $4,661,439 <1% 0.0% <1% <1%
Franklin Township $421,358,160 $2,534 $0 $163,631 $2,613,132 <1% 0.0% <1% <1%
%ﬂ;ﬂg:}:yse” Township —Hardwick | 353 134 001 $2,387 $0 $158,426 $2,454,813 <1% 0.0% <1% <1%
Greenwich Township $754,163,557 $4,207 $0 $277,190 $4,334,625 <1% 0.0% <1% <1%
Town of Hackettstown $1,246,877,415 $9,645 $0 $612,694 $9,906,064 <1% 0.0% <1% <1%
Harmony Township $680,109,620 $4,533 $0 $280,578 $4,638,280 <1% 0.0% <1% <1%
Independence Township $562,692,950 $3,568 $0 $231,487 $3,718,620 <1% 0.0% <1% <1%
.'FQV‘\’,‘I’]";‘I’S I‘I’_"i"gi;p{)\'fvﬂfﬁi . $729,588,042 $4,156 $0 $275,333 $4,284,204 <1% 0.0% <1% <1%
Lopatcong Township $901,355,768 $4,821 $0 $320,890 $4,940,356 <1% 0.0% <1% <1%
Mansfield Township $675,653,610 $4,524 $0 $291,263 $4,667,422 <1% 0.0% <1% <1%
Oxford Township $236,605,810 $1,428 $0 $93,083 $1,477,724 <1% 0.0% <1% <1%
Town of Phillipsburg $1,247,165,038 $7,336 $0 $485,336 $7,415,535 <1% 0.0% <1% <1%
Pohatcong Township $367,402,487 $2,098 $0 $141,076 $2,103,502 <1% 0.0% <1% <1%
Washington Borough $465,395,288 $2,927 $0 $189,758 $3,027,220 <1% 0.0% <1% <1%
Washington Township $790,167,286 $4,820 $0 $314,342 $4,984,962 <1% 0.0% <1% <1%
White Township $543,597,526 $3,230 $0 $208,633 $3,327,536 <1% 0.0% <1% <1%
Warren County (Total) $11,850,620,504 $73,439 $0 $4,783,818 $75,408,422 <1% 0.0% <1% <1%

Sourcee. HAZUSMH 2.2
*Total Damages is the sum of damages for all occupancy classes (residential, commercial, industrial, agricultural, educational, religious and government).
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Table 5.4.3-15. Estimated Value (Building and Contents) Damaged by the 100-, 500- and 2,500-Year MRP Earthquake Events (Continued)

Total Improved Estimated Residential ‘ Estimated Commercial
Value Damage Damage
- (Building and ’

Municipality Contents) 500-Year 2,500-Year 100-Year 500-Year 2,500-Year
Allamuchy Township $571,338,576 $0 $213,763 $3,619,910 $0 $11,854 $176,470
AlphaBorough $236,443,700 $0 $48,118 $758,416 $0 $19,999 $285,391
Town of Belvidere $208,884,847 $0 $37,648 $604,869 $0 $11,223 $162,322
.'?(')"’\fvrfsﬁ‘i"r’)” Township —Hardwick $818,686,734 $0 $188,167 $2,876,012 $0 $43,324 $609,597
Franklin Township $421,358,160 $0 $98,401 $1,597,291 $0 $9,257 $133,624
Eﬁ mzﬁy{ﬁvﬁ’z’gmi - $393,134,001 $0 $126,067 $1,979,135 $0 $7,332 $105,897
Greenwich Township $754,163,557 $0 $195,013 $3,124,487 $0 $65,231 $936,312
Town of Hackettstown $1,246,877,415 $0 $304,193 $5,152,935 $0 $133,585 $1,994,338
Harmony Township $680,109,620 $0 $65,330 $1,040,136 $0 $5,940 $85,421
Independence Township $562,692,950 $0 $189,689 $3,103,829 $0 $16,701 $240,700
.'ng‘\’,"r:’g]‘l’g f‘l’_"i"g‘g:;pﬁ)mgfip $729,588,042 $0 $210,786 $3,351,635 $0 $26,623 $381,765
Lopatcong Township $901,355,768 $0 $224,544 $3,540,660 $0 $67,805 $968,071
Mansfield Township $675,653,610 $0 $189,937 $3,140,047 $0 $63,300 $920,950
Oxford Township $236,605,810 $0 $64,437 $1,043,968 $0 $4,082 $59,769
Town of Phillipsburg $1,247,165,038 $0 $201,518 $3,158,812 $0 $83,961 $1,196,790
Pohatcong Township $367,402,487 $0 $63,609 $1,003,730 $0 $59,678 $846,305
Washington Borough $465,395,288 $0 $122,793 $2,016,115 $0 $34,906 $507,706
Washington Township $790,167,286 $0 $216,114 $3,5653,871 $0 $49,868 $723,182
White Township $543,597,526 $0 $131,358 $2,105,208 $0 $22,177 $317,362
Warren County (Total) $11,850,620,504 $0 $2,891,482 $46,771,067 $0 $736,844 $10,651,971

Source:. HAZUSMH 2.1
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HAZUS-MH estimates no damages for the 100-year earthquake event. HAZUS-MH estimates $4.8 million
(<1%) in damages to buildings in the County during a 500-year earthquake event. These damages include
structural damage, non-structural damage and loss of contents, representing less than 1% of the total improved
value for general building stock in Warren County. For a 2,500-year MRP earthquake event, HAZUS-MH
estimates greater than $75 million (<1%) in damages to the total general building stock improved value.
Residential and commercia buildings account for most of the damage for these earthquake events.

Earthquakes can cause secondary hazard events such as fires. HAZUS-MH estimates zero fires are anticipated
as aresult of the 100-, 500- and 2,500-year MRP events.

Impact on Critical Facilities

After considering the general building stock exposed to, and damaged by, 100-, 500- and 2,500-year MRP
earthquake events, critical facilities were evaluated. All critical facilities (essential facilities, transportation
systems, lifeline utility systems, high-potential loss facilities and user-defined facilities) in Warren County are
considered exposed and potentially vulnerable to the earthquake hazard. Refer to subsection “ Critical Facilities”
in Section 4 (County Profile) of this Plan for adescription of the critical facilities in the County.

HAZUS-MH 2.2 estimates the probability that critical facilities may sustain damage as aresult of 100-, 500- and
2,500-year MRP earthquake events. Additionally, HAZUS-MH estimates percent functionality for each facility
days after the event. Asaresult of a100-Y ear MRP event, HAZUS-MH 2.2 estimates that emergency facilities
(police, fire, EMS and medical facilities), schools, utilities and specific facilities identified by Warren County
as critical will be nearly 100% functional. Therefore, the impact to critical facilities is not significant for the
100-year event.

Table5.4.3-16 and Table 5.4.3-17 list the percent probability of critical facilities sustaining the damage category
as defined by the column heading and percent functionality after the event for the 500-year and 2,500-year MRP
earthquake events.

Table 5.4.3-16. Estimated Damage and Loss of Functionality for Critical Facilities and Utilities in
Warren County for the 500-Year MRP Earthquake Event

Percent Probability of Sustaining Damage Percent Functionality
Moderate | Extensive | Complete DEVASTUNIVEVA)

Critical Facilities

Medical 95-96 34 1 <1 0 95-96 99 100 100

Police 95-96 34 1 <1 0 95-96 99 100 100

Fire 95-96 34 1 <1 0 95-96 99 100 100

EOC 95-96 34 1 <1 0 95-96 99 100 100

School 95-96 34 1 <1 0 95-96 99 100 100

Utilities

Potable Water 98 1 <1 0 0 99-100 100 100 100

Wastewater 98-99 1 <1 0 0 99 100 100 100

Electric 98-99 1 <1 0 0 99 100 100 100

Communication | 98-99 1 <1 0 0 100 100 100 100
Source: HAZUS-MH 2.2
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Table 5.4.3-17. Estimated Damage and Loss of Functionality for Critical Facilities and Utilities in
Warren County for the 2,500-Year MRP Earthquake Event

Percent Probability of Sustaining Damage Percent Functionality

Moderate | Extensive | Complete Day 30 | Day 90

Critical Facilities

Medical 73-77 | 14-16 7-9 1-2 <1 73-77 89-91 98 99
Police 74-77 | 14-16 7-8 1-2 <1 74-77 89-91 98 99
Fire 74-77 | 14-16 7-8 1-2 <1 74-77 89-91 98 99
EOC 73-77 | 14-16 7-9 1-2 <1 73-77 89-91 98 99
School 73-77 | 14-16 7-9 1-2 <1 73-77 89-91 98 9
Utilities

Potable Water 79 12-13 8 <1 <1 85-92 | 99-100 100 100
Wastewater 79-81 | 11-13 7-8 <1 <1 83-86 | 99-100 100 100
Electric 79-81 | 11-13 7-8 <1 <1 86-87 100 100 100
Communication | 79-81 12 7-8 <1 <1 95-96 100 100 100

Source: HAZUS-MH 2.2

Impact on Economy

Therisk of adamaging earthquake, in combination with the density of value of buildingsin New Jersey, places
the State 10" among all states for potential economic loss from earthquakes (Stanford 2003).

Impacts on the economy as a result of an earthquake may include the following: loss of business function,
damage to inventory, relocation costs, wage loss and rental loss due to the repair/replacement of buildings. A
Level 2HAZUS-MH analysis estimates the total economic loss associated with each earthquake scenario, which
includes building- and lifeline-related losses (transportation and utility losses) based on the available inventory
(facility [or GIS point] data only). Direct building losses are the estimated costs to repair or replace the damage
caused to the building. Thisis reported in the “Impact on General Building Stock” subsection discussed earlier.
Lifeline-related lossesinclude the direct repair cost to transportation and utility systems and are reported in terms
of the probability of reaching or exceeding a specified level of damage when subjected to agiven level of ground
motion. Additionally, economic lossincludes businessinterruption |osses associated with the inability to operate
a business due to the damage sustained during the earthquake as well as temporary living expenses for those
displaced. These losses are discussed below.

HAZUS-MH estimatestherewill be no loss of income or capital asaresult of the 100-year event. Itissignificant
to note that for the 500-year event, HAZUS-MH 2.2 estimates the County will incur approximately $10.2 million
in income losses (wage, rental, relocation and capital-related losses) in addition to the 500-year event estimated
structural, non-structural, content and inventory losses ($5.1 million).

For the 2,500-year event, HAZUS-MH 2.2 estimates the County will incur approximately $82.5 million in
income losses, mainly to the commercial and residential occupancy classes associated with wage, rental,
relocation and capital-related losses. In addition, HAZUS-MH estimates greater than an estimated $84.2 million
in structural, non-structural, content and inventory losses related to the 2,500-year event.

Roadway segments and railroad tracks may experience damage due to ground failure and regional transportation
and distribution of these materialswill beinterrupted asaresult of an earthquake event. Lossesto the community
that result from damages to lifelines can be much greater than the cost of repair (HAZUS-MH 2.1 Earthquake
User Manual, 2012).
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Earthquake events can significantly impact road bridges. These are important because they often provide the
only accessto certain neighborhoods. Since softer soils can generally follow floodplain boundaries, bridges that
cross watercourses should be considered vulnerable. A key factor in the degree of vulnerability will be the age
of the facility or infrastructure, which will help indicate to which standards the facility was built. HAZUS-MH
estimates the long-term economic impacts to the County for 15-years after the 2,500-year earthquake event. In
terms of the transportation infrastructure, HAZUS-MH estimates $3.1 million in direct repair costs to bridges,
highway, railways, bus, and airport facilities in the County. There are no losses computed by HAZUS-MH for
business interruption due to transportation or utility lifeline losses.

HAZUS-MH 2.2 also estimates the volume of debristhat may be generated as aresult of an earthquake event to
enable the study region to prepare and rapidly and efficiently manage debris removal and disposal. Debris
estimates are divided into two categories: (1) reinforced concrete and stedl that require special equipment to
break it up before it can be transported, and (2) brick, wood and other debris that can be loaded directly onto
trucks with bulldozers (HAZUS-MH Earthquake User’s Manual).

For the 100-year MRP event, HAZUS-MH 2.1 estimates O tons of debris will be generated. For the 500-year
MRP event, HAZUS-MH 2.1 estimates greater than 20,000 tons of debris will be generated. For the 2,500-year
MRP event, HAZUS-MH 2.1 estimates greater than 150,000 tons of debris will be generated. Table 5.4.3-22
summarizes the estimated debris generated as aresult of these events by Census-tract.

Table 5.4.3-18. Estimated Debris Generated by the 500- and 2,500-year MRP Earthquake Events

500-Year 2,500-Year
Concrete/ Concrete/

Steel Steel
Municipality (tons) (tons)

Allamuchy Township 303 102 1,930 1,034
AlphaBorough 438 177 2,708 1,763
Town of Belvidere 599 240 3,745 2,429
Blairstown Township — Hardwick Township 976 393 5,885 3,862
Franklin Township 430 175 2,697 1,753
Frelinghuysen Township — Hardwick Township 341 143 2,108 1,401
Greenwich Township 468 172 2,921 1,729
Town of Hackettstown 2,111 883 13,594 9,175
Harmony Township 300 123 1,860 1,209
Independence Township 547 206 3,460 2,109
Knowlton Township — Hope Township — Liberty Township 1,093 442 6,758 4,378
Lopatcong Township 1,021 388 6,277 3,831
Mansfield Township 561 219 3,576 2,233
Oxford Township 236 88 1,491 890

Town of Phillipsburg 2,527 1,041 15,627 10,409
Pohatcong Township 461 183 2,846 1,820
Washington Borough 1,331 583 8,498 5,985
Washington Township 887 342 5,640 3,502
White Township 602 240 3,766 2,405
Warren County (Total) 15,231 6,140 95,385 61,917

Source: HAZUS-MH 2.2

Future Growth and Development

As discussed in Section 4, areas targeted for future growth and development have been identified across the
County. It isanticipated that the human exposure and vulnerability to earthquake impacts in newly developed
areas will be similar to those that currently exist within the County. Current building codes require seismic
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provisions that should render new construction less vulnerable to seismic impacts than older, existing
construction that may have been built to lower construction standards.

Change of Vulnerability

Warren County continues to be vulnerable to the earthquake hazard. However, there are differences between
the potential loss estimates between this plan update to the results in the 2011 HMP. For the 2016 update,
probabilistic scenarios were evaluated using a Level 2 HAZUS-MH analysis. In addition, a more current and
accurate building stock inventory was used for this HMP update.

Effect of Climate Change on Vulnerability

Providing projections of future climate change for a specific region is chalenging. Some scientists feel that
melting glaciers could induce tectonic activity. Asice melts and water runs off, tremendous amounts of weight
are shifted on the Earth’s crust. As newly freed crust returns to its original, pre-glacier shape, it could cause
seismic plates to dip and stimulate volcanic activity according to research into prehistoric earthquakes and
volcanic activity. National Aeronautics and Space Administration (NASA) and USGS scientists found that
retreating glaciersin southern Alaska might be opening the way for future earthquakes.

Secondary impacts of earthquakes could be magnified by future climate change. Soils saturated by repetitive
storms could experience liquefaction during seismic activity because of the increased saturation. Dams storing
increased volumes of water from changes in the hydrograph could fail during seismic events. There are currently
no models available to estimate these impacts.

Additional Data and Next Steps

A Level 2 HAZUS-MH earthquake analysis was conducted for Warren County using the default model data,
with the exception of the updated building and critical facility inventories. Additional data needed to further
refine and enhance the County’s vulnerability assessment include NEHRP soils, liquefaction and landdlide-
susceptible areas to be integrated into the HAZUS-MH model. Further, identifying un-reinforced masonry
critical  fecilities and privately-owned buildings (i.e., residences) using loca knowledge and/or
pictometry/orthophotos will enhance this analysis. These buildings may not withstand earthquakes of certain
magnitudes and plans to provide emergency response/recovery efforts for these properties can be set in place.
Mitigation actionsinclude training of County and municipal personnel to provide post-hazard event rapid visual
damage assessments, increase of County and local debris management and logistic capabilities, and revised
regulations to prevent additional construction of non-reinforced masonry buildings.
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