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There are huge risks.

We can take action to reduce the rlsks
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There are huge risks.

We can take action to reduce the risks.
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Mag 2 or smaller

Historic Earthquakes in Nevada
1868-2004 : o

Earthquakes have occurred throughout Nevada.



There is a good chance that
you will experience a major
earthquake. There are at least
30 faults that could cause
damage in the Reno-Carson
City urban corridor.
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The probability of at least one
magnitude 6 or greater event
In the next fifty years is
between 34 and 98%. The
probability of at least one
magnitude 7 or greater event
In the next fifty years is
between 4 and 50%. Hazards
Include intense ground
shaking, ruptures of the
ground, liquefaction,
landslides, and ancillary
problems, such as fires and
hazardous waste spills.




We used FEMA'’s loss-estimation model,
HAZUS-MH, to estimate the effects of
potential earthquakes near each of the

county seats in Nevada.

This model is used in emergency-response and
recovery exercises and will be used to help rapidly
estimate the scope of damage and losses immediately
after an earthquake (information that helps with a
Presidential Declaration of Disaster).



FEMA used this model in 2000 to estimate
annualized loss from earthquakes:
$55 million per year for the State, including
$28 million per year for the Las Vegas area, and
$18 million per year for the Reno area.

But major earthquakes in Nevada don’t occur
annually. They happen on any given fault every
few thousand to tens of thousands of years. If an
earthquake occurs soon near an urban area, the

conseqguences can be devastating.

Because Nevada has so many active faults, the
hazards are high, and the risks are huge.



The risks are huge.

For a magnitude 6.9 earthquake on the
Mount Rose fault, HAZUS estimated, for the
Washoe-Carson-Storey-Douglas region:

up to $7.6 billion in economic loss
(~2.9 billion iIn Washoe County alone)

major damage to approximately 12,000 buildings
800 to 3,000 people needing public shelter
80 to 300 fatalities.
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The risks are huge.

For a magnitude 7.1 earthquake on the
Genoa fault, HAZUS estimated, for the
Washoe-Carson-Storey-Douglas region:

up to $2.5 billion in economic loss
(~$471 million in Douglas County alone)

major damage to approximately 12,000 buildings
800 to 3,000 people needing public shelter
80 to 300 fatalities.
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well exposed in gravel
quarry south of Genoa
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The risks are huge.

For a magnitude 6.5 earthquake on a fault
near Virginia City, HAZUS estimated, for the
Washoe-Carson-Storey-Douglas region:

up to $2.5 billion in economic loss
(~$8.5 million in Storey County)

major damage to approximately 3,500 buildings
200 to 800 people needing public shelter
20 to 90 fatalities.



Mount Rose
fault zone

Comstock
fault zone
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Genoa
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The risks are huge.

For a magnitude 6.5 earthquake on the
Carson City fault, HAZUS estimated, for the
Washoe-Carson-Storey-Douglas region:

up to $2.2 billion in economic loss
(~$665 million in Carson City alone)

major damage to approximately 3,900 buildings
170 to 700 people needing public shelter
30 to 110 fatalities.
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EARTHQUAKE SHAKING POTENTIAL MAP FOR PORTIONS
OF EASTERN CALIFORNIA AND WESTERN NEVADA

2005

map shows the relative intensity of ground shaking and damage in parts of California and Nevada tfrom anticipated
thquakes. Although the preatest hazard is in the arcas of highest intensity as shown on the map, no area within
n 1s immune from potential earthquake damage
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Herlong [ ) JI@ landscape of the area shown on the map has been significantly shaped by faulting and erosion. These processes are still
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$ . in or near a major urban center will disrupt the economy of the entire region. Effective disaster planning
rencies, and by private business, can dramatically reduce losses and speed recovery
40" |
L4 5 4 ® Current building codes substantially reduce the costs of damage from earthquakes, but the codes are intended only to prevent
PLUMAS Sufchffe: widespread loss of life by keeping build from collapsing, not to protect buildings from damage
® After a large carthquake, residents and businesses may be isolated from basic police, fire and emeraency support for a period
rom several hours to a few days. Citizens must be prepared to survive solely on their own, and to help others, until
Portola @) Nixon outside help arrives.
Gragagle [-_: z ® Maps of shaking intensity after the next major earthquake will be available within minutes on the internet, The maps will be
1 [ os.gov/recent/'shaking. html, o W, cism.org/shakemap/ne/shake for northern California
/\_\_\J «] - WASHOE / and at htip:/yuake.seismo.unr.edu/shakemap/shake for Nevada. The maps will help identify areas
J c N S most seriously affected and will help guide emergency crews to the most damaged regions
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We don’t know exactly how often these
specific earthquakes occur, but we do
have reasonable estimates of earthquake
rates for each region.



0.2 sec Spectral Accel. (%9} with 10%: Probability of EXxceedance in 50 Years
site: NEHRP B-C boundary
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The earthquake
hazards in Nevada
are comparable to
those in
seismically active
areas of

California.




Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

~50% chance for Reno and Carson City, magnitude 6.5
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

20-25% chance for Fallon, magnitude 6.5
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Probability of an earthquake of magnitude 7.0 or greater occurring

within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

1-2% chance for Lovelock, magnitude 7.0
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

- ~10% chance for Lovelock, magnitude 6.5
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Active faults on the Winnemucca 1 x 2-degree sheet
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

5-10% chance for Winnemucca, magnitude 6.5
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Active fault on the west side of the Ruby Mountains, on
the haul road to the Rat pit at the Bald Mountain mine
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

6-8% chance for Elko, magnitude 6.5

""" Dw_p\/ulgﬁlm
i ._.-'/;FEHI
\\\ o
smei— | ETKO: $224 million loss
0 In EIko County from
f magnitude 6.5

| !
] e km
3‘ / 0 T80

! | I | I
1177300 1177000 -118° 30" -118° 00 1157 30° 115700 -114°30° -114° 00

Probability

0.2%
0.2C

o]
=
fas]

-
M

-

CO0DOO0OOCODOO0D
G2 R D2

Lo o ]
— L



417 ; | i r;.._. T _1. : Irl'lr. o é;l'.:._.
(R RERItCCa, A f FATLNS32) T A diissa @
i - L ﬂaa : l'iiﬁﬂ ok |

r__ﬁ{f Tfaf"?;.lla?( I 1149 ¢ f. . -:..'; ,‘;'r )
= r E}i‘ rifq -i,l_,l“" & it ._..—'f ”5]'“"] A v
{"'-_ wfﬁ,{,la-" i 1139 1k42 Batile- ';;'-“'“’ Ry }1 1154 f'_'l
1659 £ 113584 ) x.., Nroowtain - 7 g4 A TR
7 | 1_13;2_ ,_}f,; : .J-_,_*gf""'-' A J ._f'f j{""'l
e ¢ O O] aynas 7  Bedwane Xyt ] |

Active faults on the Winnemucca 1 x 2-degree sheet



Probability of an earthquake of magnitude 7.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)
~1.5% chance for Battle Mountain, magnitude 7.0

42° 00"

n NEVADA

Prebability
41730y 0.08C
: 0.06¢
0.045

() o

0.030

41 oo &
0 02F
| E 0.02¢

0.01E

T 0.01¢
Battie Maliral a9 00F

Battle Mountain: $74 million loss|i 0.00C
Lander County from magnitude 7|5

3

40° 30

o

40° 0O’
\1 km i
/ 0 50

™

! ! I I T T T
-117°30 -117°00° -1168° 30" -118°00' -115°30' -115° 00 -114°30° -114° 00



115*
_jl- 'ﬂ"‘fl_ 5 .I: .-F
At

Vi687a |

|||'_.l+

L 00

1180 1 !é
DA e

20 i w1187

j,-;' . | "'In'l'-:. B

g ' ..: -\.. 3 Lg . .::I_ A L EI. ..- ! r .é 1 '.r I r !

GUS A slt N o AR 11; 3 ( .

i 1 - d ¥ c w [ o sall! R ! ,Tl?g i .
£ 1184

Sty W

Kllometers

Active faults on the Millitt 1 x 2-degree sheet



Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

10-15% chance for Austin, magnitude 6.5
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Probability of an earthquake of magnitude 7.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

<0.5% chance for Eureka, magnitude 7.0
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

1.5-2% chance for Ely, magnitude 6.5
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Active faults on the Lund 1 x 2-degree sheet
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

2-3% chance for Pioche, magnitude 6.5
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Probability of an earthquake of magnitude 7.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)
12% chance for Yerington, magnitude 7.0
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Probability of an earthquake of magnitude 7.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)
10-12% chance for Hawthorne, magnitude 7.0
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Probability of an earthquake of magnitude 6.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

>60% chance for Reno, Carson City, Yerington, & Hawthorne
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Active faults on the Tonopah 1 x 2-degree sheet



Probability of an earthquake of magnitude 7.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

<1% chance for Tonopah, magnitude 7.0
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Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

5-10% chance for Tonopah, magnitude 6.5
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Active faults on the Goldfield 1 x 2-degree sheet




Probability of an earthquake of magnitude 6.5 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

5-10% chance for Goldfield, magnitude 6.5
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There are active
faults nearly
everywhere in
NEVEGES

Red = fault ruptures ™
during historical
earthquakes (last 150
years)

Yellow = other Quaternary but not
faults (<1.8 million years old) it everywhere.



Shaking Potential Map
for Nevada

Possible Shaking in Possible \ & \ )
Peak Acceleration Maximum Modified ) \ ) |
(percent of gravity) Mercalli Intensity* J \ T
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* See page 4 for descriptions of Intensity
VIl and VIII. In Intensity IX, general panic
occurs and there may be damage to some
well-built structures.
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Faults on the Death Valley 1 x 2-degree sheet
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Faults on the Las Vegas 1 x 2-degree sheet
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Quaternary fault exposed at construction site in Las Vegas Valley
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Quaternary fault exposed at construction site in Las Vegas Valley
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The risks are huge.

For a magnitude 6.6 earthquake on the
Frenchman Mountain fault, HAZUS
estimated:

$4.4 to 17.7 billion in economic loss

major damage to approximately 30,000 buildings

3,000 to 11,000 people needing public shelter
200 to 800 fatalities.



For a magnitude 5.9 daytime earthquake on the Frenchman
Mountain fault, HAZUS estimated, for all of Clark County:

$2.2 to 8.9 billion in economic loss,
of which $1.2 to 4.7 billion would be in building damage,
$0.3 to 1.3 billion would be in damage to building contents, and
$0.7 to 2.9 billion in business interruption losses related to the building stock;

major damage to 4,000 to 17,000 buildings
(655 completely destroyed),

3,000 to 12,000 people needing public shelter,

300 to 1,200 people needing hospital care (but only 768 of 2,341 beds
would be available in the county during the first day, up to 910 at Day 3 and
1,730 at Day 30); and

80 to 300 fatalities.

(Casualty numbers are expected to be less for either a night-time or
commute-time earthquake.)

(from NBMG-NDEM-FEMA-sponsored earthquake exercise for the City of Las Vegas, 2003)



Probability of an earthquake of magnitude 6.0 or greater occurring
within 50 km in 50 years (from USGS probabilistic seismic hazard analysis)

10-20% chance for Las Vegas area, magnitude 6
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NTS and the Las Vegas Valley
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Data from NTS shots showed that sites in Las Vegas Valley shake

more than sites on bedrock (because of loose soils and/or
amplification of seismic waves due to the geometry of the basin).




The main points:

1. The earthquake risks are huge In
Nevada.

2. We can do something about it.
a. Be prepared to respond.

b. Mitigate structural risks, largely
through building codes and avoiding
faults and areas of liquefaction.

c. Mitigate nonstructural risks.
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Nonstructural damage often can be easily prevented.
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Secured computers at the
Clark County Building Department







Information about Nevada earthquakes
and what you can do:

Nevada Bureau of Mines and Geology
www.nbmg.unr.edu

Nevada Seismological Laboratory
www.seismo.unr.edu

THE UMIVERSITY CiF

NEYADA Nevada

Earthquake

Safety
Council

. Nevd dd Departmentof

P blic Sufety

Division of Emergency Management




Loss-Estimation Modeling of Earthquake
Scenarios for Each County in Nevada
Using HAZUS-MH

Nevada Bureau of Mines and Geology
Open-File Report 06-1
University of Nevada, Reno

There are huge risks.

We can take action to reduce the rlsks
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Be prepared for fires (Loma Prieta = World Series Earthquake, 1989).






San Francisco, 1906
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San Francisco, 1906, after the
earthquake and fire
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orthridge Earthquake, 1994).
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Expect damage to highways (Oakland, 1989 World Series Earthquake).
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Retrofitting can sometimes help (Oakland, 1989).
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Expect disruptions to utilities (electricity, water, sewage, telephones,
etc., Northridge, 1994).
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Expect dlsruptlons to communlcatlons (radlo tower Bay area 1989)
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Expect damage in areas with poor soil or rock conditions
(Loma Prieta, 1989).




Expect liquefaction (Loma Prieta, 1989).



Loma Prieta Earthquake, Marina district, San Francisco, 1989



Expect lateral spreading (Loma Prieta, 1989).
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Expect damage to unreinforced masonry buildings (Northridge, 1994).
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Expect damage to older bundlngs Wlth soft -story constructlon (Northrldge 1994).
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Hope that construction practices were up to code (6-story bldg, 1zmit, Turkey, 1999).



Expect problems with unusual construction (Cal State Northridge parking
structure, 1994).




Hope people'keep' 'a sense of hufnor (bUt expectmlc_)oting)




Expect large numbers of people needing food, clothing, and shelter
(Loma Prieta, 1989).




ma Be aware of potential
| loss of normal

1 communications by
! telephones and cell
S D hones.

%/p‘rlll(\

(i 7
e
S\

R

< virginia
Foothills

2 Golden
Valley

O Radio and television stations
Refer to table 33.

- gy o from NBMG’s 1996 “Planning
Cermemmem Scenario for a Major Earthquake in
Western Nevada” — A magnitude
7.1 earthquake on the Mt. Rose
fault near Reno could cause loss of
telephone and cell
communications.

Surface faulting from scenariq
earthquake




O Elementary school
’ Middle school
' High school

O Administrative office

/ Surface faulting from

scenario earthquake

Modified
Mercalli

| Intensity

]

S [ v
1 [ Jw

Be aware that potential
shelters may be
damaged.

from NBMG’s 1996 “Planning
Scenario for a Major Earthquake in
Western Nevada”
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Loss-Estimation Modeling of Earthquake
Scenarios for Each County in Nevada
Using HAZUS-MH

Nevada Bureau of Mines and Geology
Open-File Report 06-1
University of Nevada, Reno

There are huge risks.

We can take action to reduce the rlsks
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