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he National Earthquake Hazard Reduction Act, passed by Congress in

1977, established the National Earthquake Hazard Reduction

Program (NEHRP), a long-term effort to reduce the risks to life and
property from earthquakes. The U.S. Geological Survey, the National Science
Foundation, and the National Institute of Standards and Technology work
individually and in cooperative alliances to accomplish the goals of the NEHRP,
governed by the Federal Emergency Management Agency (FEMA). Some of the
responsibilities include: improving building codes and land use practices, post-
earthquake investigations and education, and improvements to design and
construction techniques.

Although the NEHRP agencies have expanded the nation’s understanding of
national earthquake hazards, much remains to be learned.

Recently, a strategy was formulated to enhance the existing elements of the
NEHRP and mobilize and coordinate the actions of numerous federal programs
into an aggressive, focused National Earthquake loss reduction Program (NEP).
An important feature of this national strategy is the establishment of nine major
goals, each supported by specific targets, products, and proposed timelines that
provide a framework for measuring progress and mapping a path forward. The
NEP goals are: 1) provide leadership and coordination for federal earthquake
research; 2) improve technology transfer and outreach; 3) improve engineering
of built environment; 4) improve data for construction standards and codes;

5) continue the development of seismic hazards and risk assessment tools;

6) analyze seismic hazard mitigation incentives; 7) develop understanding of
social implications and responses related to earthquake hazard mitigation;

8) analyze medical and public health consequence of earthquakes; and

9) continue documentation of earthquakes and their effects.

This publication represents a joint project between FEMA and the State of Utah
through the Utah Division of Comprehensive Emergency Management’s Earth-
quake Preparedness Information Center (EPICenter). Other contributing state
agencies are the Utah Geological Survey and the University of Utah Seismograph
Stations.

The Utah Division of Comprehensive Emergency Management (CEM): Lorayne
Frank, Director; Bob Carey, EPICenter Manager. Thanks to Judy Watanabe and
Mikki Easton, CEM; Gary Christenson, Utah Geological Survey; Sue Nava, and
Deedee O’'Brien, University of Utah Seismograph Stations.

A special thanks to Jim Tingey for his vision and direction on this document.
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THE EARTHQUAKE HAZARD IN UTAH

Utah experiences about 700 earthquakes every year. Of this number, not counting
foreshocks, aftershocks, and human-triggered seismic events, there are about 6
earthquakes that are Richter magnitude 3.0 or greater. The smaller magnitude
earthquakes are rarely felt by people and obviously do not cause damage. However,
these small rumblings are important in studying our vulnerability to larger earth-
quakes. Earthquakes occur on faults or cracks in the Earth’s crust. Utah has many
active faults which could produce damaging earthquakes. For a detailed explanation
of the Richter scale and other earthquake measurements, see page 20.

WHEN CAN WE EXPECT “THE BIG ONE?”

We define “The Big One” or the largest expected earthquake in Utah, as a magnitude
7.0-7.5 on the Richter scale. Young active faults capable of such a large earthquake
include the central segments of the Wasatch and the Bear River faults. Other
potentially active faults include the East Cache near Logan, the East Bear Lake, the
Hansel Valley at the north end of the Great Salt Lake, East Great Salt Lake, Oquirrh in
Tooele Valley, the West Valley, and Utah Lake faults in north-central Utah; Straw-
berry, Joe's Valley in Emery County, and Gunnison faults in central Utah; and the
Hurricane, the Paragonah, and the Sevier

faults in southern Utah.



A large earthquake occurs on the central segments of the Wasatch fault on average
every 350 years. This means that there is a 25% chance of having a 7.0-7.5 earth-
quake in the next 100 years. The last such earthquake appears to have occurred
between Mona and Nephi about 400 years ago.

Earthquake histories of other faults are not well enough known to give other prob-
abilities, but a conservative and correct attitude is that, although rare, a large
earthquake could occur at any time on any of the known faults and perhaps in
unexpected locations. Read more about how often earthquakes occur on page 19.

WHY PREPARE?

Most injuries, deaths and economic loss in an earthquake are due to man-made
problems. These include damage to buildings and homes, roads and bridges, lifelines,
and business and industry. Most of these problems can be avoided. A pre-disaster
hazard assessment could help identify and correct problems ahead of time to reduce
potential damage and the associated risk to life, property, and the environment.

Many of the techniques to
reduce loss are simple and
inexpensive. Securing your
water heater and other
vulnerable articles, prepar-
ing a 72-hour supply of
essentials, and emergency
planning for homes and
businesses can all be done
with minimal expense. The
added cost to construct a
new home or building with
additional seismic bracing is
also very low.
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WHAT TO DO BEFORE AN EARTHOUAKE:

Most casualties result from partial building collapses, and falling objects and debris,
like toppling chimneys, fallings bricks, ceiling plaster, and light fixtures. Many of
these conditions can be prevented by taking a few steps now to prepare. A brief
survey of your home and office will indicate what hazards exist.

» Secure fixtures such as lights, cabinets, bookcases, and top-heavy objects to resist
moving, coming loose, or falling during the shaking. Place large and heavy objects
on lower shelves and securely fasten shelves to walls. Special care should be taken
to remove hazardous objects from above sleeping areas. Do not hang plants in
heavy pots that could swing free of hooks.

gt el » Store hottled goods, glass, vases, china, and other breakables in low or closed
cabinets and use non-skid padded matting, hold-fast putty, or Velcro whenever

Secure your furnifure possible.

by using:

* “L” brackets, corner -
brackets or “anodized” o ——
aluminum molding fo China Hutch/Bookcase China Hutch/Bookcase
attach tall or top-heavy

furniture to the wall.

B swd

* Corner brackets or
eye bolts to secure
items located a short
distance from the wall.

* Attach a wooden
or metal guardrail on
open shelves to keep

items from sliding or
falling off. Screw  °L" Brackel Screw  “L" Bracket

ey / China Hutch/Bookcase S /

* Fishing line can be
used as a less visible
means of securing an
item (guardrail).

Guardrail
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e Check the electrical wiring and connections to gas appliances. Defective electrical
wiring, leaking gas, or inflexible connections are very dangerous in the event of an
earthquake.

« Develop a family plan which addresses what to do if the earthquake occurs while
family members are at home, school, or work. This plan should include a possible
central meeting location for family members after the earthquake and an out-of-area
contact person so other family members can find out information concerning their
loved ones in the disaster area. It is usually easier to call out of a disaster area than
it is to call into one.

* Hold drills so each member of your family knows what to do in an earthquake.

» | ocate master switch and shut-off valves for all utilities and teach all responsible
family members how to turn them off. Your local utility company can show you how.

To turn off the electricity

To turn off the water
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If you smell gas, open
windows and evacuate
the house.

To shut off gas in an
emergency, Use a
large wrench.

Attach a wrench to the
valve key.

Turn in either direction
until key is crosswise
to pipe (closed).

Don’t turn it on without
the help of a utility
worker or plumber.

To shut off the gas
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Materials needed:

(2) 6' lengths of 1-1/2" 16
gauge pre-drilled strap

(1) 10' length 1/2" EMT
tube (conduit)

(4) 5/16"x3" lag bolt with
washers

(4) 5/16'x3-4" long hex
head machine bolts with
4 nuts and 8 washers

(2) 5/16"x1-1/4" hex head
machine balt with 1 nut
and 2 washers

Tools needed:

Tape measure
Hammer

Hack Saw
Crescent Wrench
Vise or Clamp
Power Drill

3/8" Drill Bit
3/16" Drill Bit
Center Punch

4" Minimum 4. M'"'mlum Drea® Stucl
P | 24" Maximum x 1
5/16"x3" Lag Bolt | 24" Maximum | Sheetrock
with washer \ | / I

1/2" EMT (Conduit)
k flattened at ends
13/2"

x16" gauge metal strap

5/16"x1 1/4" Bolt (with nut and
washers) through bent ends of strap

5/16"x3/4" Bolt (with nut and
washers) through strap and
flattened end of EMT (

Locate
center of
studs with
a small
finish nail

Sheetrock

1/2" EMT

ol 1o ge
a? eﬁgg metal strap

\__ Flexible gas

2"x4" Studs pipe connection

behind sheetrock

Secure your water heater by strapping it to the wall or bolting
it to floor. This will help prevent broken gas and water pipes and
possible fires.
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WHAT T0 DO DURING AN EARTHOURKE:

Inside wnwmmmm-m-- 1. Stay calm. First and foremost, having a plan will help you to stay calm.
2. Sa‘ay put. If you are inside, stay inside; if you are outdoors, stay there.

3. Take cover. ifindoors, take cover under a desk, table, or bench, stand in a
supported doorway, or along an inside wall or corner. Stay clear of windows,
bookcases, china cabinets, mirrors, and fireplaces until the shaking stops. If no
protection is available, drop to the floor and cover your head with your hands.
Never try to restrain a pet during the shaking.

If in the kitchen, turn off the gas stove at the first sign of shaking and
quickly take cover.

If in a high-rise building, get under a desk or table and stay away from
windows and outside walls. Stay in the building on the same floor.
Don't be surprised if the electricity goes out or if the fire alarm or
sprinkler systems go on. Do not use the elevators!

If in a crowded public place, do not rush for the doorway since other
people are going to have the same idea. Move away from display
shelves containing objects that fall.

Outside wm wm vm o o = = If outdoors, get into the open, away from buildings, trees, walls, and power lines.
The greatest danger from falling debris is just outside exterior doorways and close
to outer walls. Stay in the open until the shaking stops.

Inaayf mmmmmmm I in a car, pull over to the side of the road as quickly as is safely possible and
stop. Never stop on top of or underneath a bridge or under powerlines. Stay in
your car until the earthquake is over. When you drive on, watch for hazards
created by the earthquake, such as fallen or falling objects, downed electrical
wires, or broken or undermined roadways.
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WHAT TO DO AFTER AN ERRTHQUAKE:

» If you are at home, make sure everyone is all right; don’t move the seriously injured
unless they’re still in danger. Administer first aid if appropriate.

* Do not use the telephone unless there is a severe injury.

 Only use your car if a critical situation exists.
eKeepchildrensafeand relaxed.

» Wear sturdy shoes in areas near fallen obstacles and broken glass.

« Do not use matches, candles, or other open flame until you are sure there is no

leaking gas.

¢ Check gas, water, and electrical lines for damage.

e Turn off the gas only if you suspect a leak or if the building is severely damaged.
 Switch off the electricity if there is damage to your house electrical wiring.

¢ Do not touch downed power lines or broken appliances.

e Check water supply systems, if water is leaking, shut-off water at the main valve
(inside your home or at the meter in the street). If you do not know how to shut off

natural gas or other utilities, do not attempt to do it - get help!

e Check your home for cracks and damage, particularly the chimney or brick walls.

* Do not use fireplaces unless the chimney is undamaged and without cracks.

e Leave homes or buildings that have been damaged until a safety assessment can be
made.
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Kitchen

Cleansers reactive

Detergents reactive

Cooking oil flammable

Aerosols explosive in fire

Bathroom

Aerosols explosive in fire

Alcohol flammable

Nail polish narcotic, flammable
remover

Medicines see label

Bedrooms

Aerosols explosive in fire

Firewood explosive in fire

Gun ammunition  explosive in fire

Medicines see label

CHEMICALS

Workshops
Paints toxic
Paint thinner toxic, flammable
Adhesives toxic, flammable
Garage
Gasoline toxic, flammable
Automobile fluids
Antifreeze toxic, flammable
Brake fluid toxic, flammable
Transmission
fluid toxic, flammable
0il flammable
Laundry Room
Detergents reactive
Cleansers reactive
Bleach reactive

2

POISON

Gardening
Pesticides toxic, reactive
Fertilizers toxic, reactive
Most flammable
or explosive when
mixed with
gasoline.
General
Natural gas flammable,
explosive
Sewer gases toxic, explosive
from broken
Sewer pipes

* Use caution when cleaning up hazardous materials (glass, spilled medicine,
cleaning products, bleaches, gasoline, etc.) and beware of chemical reactions

from mixed spills.

e Listen to your portable radio for official information concerning what to do,
locations of emergency shelters, and the extent of damage in your area.

*Be prepared for additional earthquake shocks called aftershocks. Although most
of these are smaller than the main shock, some may be large enough to cause
additional damage or topple weakened structures.

o After you have your own situation under control, check on your neighbors.

» [f you are not at home, getting back together is a high priority, but take the care
and time to do so safely.

» |f you are at work, stay there (assist, if needed) until you know it's safe to leave.
Evaluate your situation: Can you get home? |s that the best place to go? Listen
to the radio, but make sure reports are confirmed before you react to the news.
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Since 1850, there have been at least 35
earthquakes of magnitude 5.0 or
greater in and around Utah.

(Courtesy of the Utah Geological
Survey, 1996)
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Faults capable of generating earth-
quakes are shown on this map. The
most active faults are the Wasatch
(WF) and Bear River (BR) faults. Other
active faults include the East Cache
(EC), East Bear River (BL), Hansel
Valley (HV), Oquirrh (OF), West Valley

"-\-

(WV), East Great Salt Lake (GSL), and
Utah Lake (UL) faults in north-central
Utah; the Hurricane (HF), Paragonah
(PF), and Sevier (SV) faults in southern
Utah; and the Strawberry (ST), Joes
Valley (JV), and Gunnison (GF) faults in
central Utah. (Courtesy of the Utah
Geological Survey, 1996)
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A 72 hour kit which includes the items below as well as other
emergency supplies can be invaluable to you and your family in the
days following the disaster. Have on hand:

5
2
g
g
-1
8
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1. Aflashlightand battery-powered
radio with fresh batteries in case power
is cut off. The official source of
information during a disaster is through
the Emergency Alert System (EAS).

2. Athree day supply of drinking water.
Approximately one gallon per day for
each adult.

3. Nonperishable, ready-to-eatfoods
andacanopener.

4. Hygiene products such as soap,
feminine supplies, toothpaste, tooth-
brushes, and toilet paper.

5. Food for family pets.
6. Afire extinguisher (Class C is

designed to use safely on any fire,
including electrical, grease, and gas).

7. First aid kit. Include medications
you may need.

8. Candles and matches dipped in wax
and kept in a waterproof container.

9. An adjustable wrench for turning off
gas and water.

10. Change of clothing for everyonein
the family.

11. Sleeping bags.

12. Money. During a disaster, cash in
small denominations is generally the
most preferred form of payment.
Some businesses may not accept
checks or credit cards.
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Check to see if your
house or garage is
securely fastened to the
foundation. If your
home was built before
1970, it probably
does not have bolts
securing the wood
structure to the con-
crete foundation.

If not, take the follow-
ing steps:

e lUsing a hammerdrill
and a carbide bit, drill
a hole through the sill
plate into the founda-
tion. Holes should be
approximately 6 feet
apart.

e Drop a 1/2"x7"
expansion bolt into
the hole and finish
by tightening the
nut and washer.

PREPARING THE STRUCTURE OF YOUR HOME

NEW HOMES AND BUILDINGS

The building code used in Utah contains requirements for seismic strengthening of
homes and other buildings. When building a new structure, at a minimum, make
sure these requirements are followed. Special design and additional bracing may be
necessary and desirable in some cases. Discuss this possibility with your engineer,
architect, and contractor before you build. Any additional cost is usually minimal.

EXISTING HOMES AND BUILDINGS

Many houses and other buildings, built before earthquake standards were used
(about pre 1970), have little or no earthquake-resistant design. Some of these
structures, such as wood-frame homes, may be fairly flexible and more resistant to
shaking. The large number of pre 1970 structures in Utah are unreinforced
masonary and present a great challenge. Careful long-term planning, leading to the
upgrade of these buildings, will substantially reduce the risks associated with
earthquakes.

Improving the safety of pre-1970 structures may involve bolting the house or
building to its foundation; attaching the floors to the walls and the walls to the roof,
and otherwise increasing the strength of the building system. Architects and
engineers specializing in earthquake improvement can help you determine the best
course of action.

Sill plate

CEM’s EPICenter has
aretrofitguide
availablecalled, “The
Utah Guide for the
Seismic
Improvement of
Unreinforced

o Masonry
o Dwellings.”

4" to 5" bolt depth

Expansion
bolt

m=mm/g



GEOLOGICAL HAZARDS ASSOCIRTED WITH EARTHQUAKES

All earthquakes produce both vertical and horizontal ground shaking. The motion we
feel is the result of several kinds of seismic vibrations. The primary or P waves are
compressional, the secondary or S waves have a shear motion. These body waves
radiate outwards from the fault to the ground surfaces where they cause ground
shaking. The fast-moving P waves are the first waves to cause the vibrations of a
building. The S waves arrive next and may cause a structure to vibrate from side to
side. Rayleigh (R) and Love (L) surface waves, which arrive last, mainly cause low-
frequency vibrations, which are more likely than P and S waves to cause tall build-
ings to vibrate. Surface waves decline less rapidly than body waves, and as the
distance from the fault increases, tall buildings at relatively great distances from the
epicenter, could be damaged.

Certain soil conditions, which may be present in our valley floors, could cause
ground motion to become amplified. Amplified ground motion could increase the
damage of an earthquake.

SURFACE WAVES
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Potential flood areas, light
blue in color, along the
eastern shores of the Great
Salt Lake from accompa-
nying large Wasaltch fault
earthquakes between
Brigham City and Salt Lake
City. Subsidence will only
occur adjacent fo the part
of the fualt that ruptures. A
lake elevation of 4,205
feet prior to the earth-
quake is assumed (modi-
fied from Keaton, 1987).
(Courtesy of the Utah
Geological Survey)

Mountain Block

FAULT RUPTURE, GROUND DEFORMATION AND SUBSIDENCE

An earthquake with an approximate magnitude of 6.5 or above could cause the
surface of the ground at or near the existing fault to break and the valley floor may
drop. The resulting small cliff or offset is called a fault scarp. The length of the fault
rupture and amount of drop depends on the size of the earthquake (larger quakes
produce longer fault rupture and larger scarps). A rupture of a central segment of
the Wasatch Fault from a magnitude 7.5 earthquake could be over 20 miles long and
produce a scarp up to 15 feet high.

The area near the fault, especially on the side which drops down, may experience
severe deformation and tilting of the ground. The area near the fault is called the
zone of deformation. Tilting of the valley floor is called tectonic subsidence. Build-
ings built on or near the area of fault rupture will be damaged. Tectonic subsidence
may cause water to flow in a reverse direction resulting in flooding.
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U LIQUEFACTION

Liquefaction is caused when water-saturated, sandy soils react to vibrations and
temporarily act like liquid. Many low-lying areas of the state, mainly in the valleys
bordering the larger mountain ranges, are vulnerable to liquefaction. When the
underlying layers of sandy soil liquefy, large masses of earth may begin to move
down slope. Light objects such as buried tanks and pipelines may rise to the
surface, while heavy objects tend to sink and tilt.

COPPERTON

HERRIMAN

SALT LAKE CIT¥

WEST VALLEY

KEARNS

CITY

SOUTH JORDAN

RIVERTON

. Lowest

Low

B Moderate LIQUEFACTION
POTENITAL
B Hign

. Fault Zone

(Modified from
Anderson, et al, 1994)

SLOPE FAILURE AND SNOW
RVALANCHES

Landslides, rock falls, and other types
of slope failure could be triggered by
ground shaking. Slope failure is
usually confined to mountainous or
canyon areas. However, steep ravines
and slopes within city limits could also
experience slope failure. The extent of
slope failure depends upon the severity
of ground shaking, steepness of slope,
moisture content, and type of soil or
rock.

If the earthquake occurs in the winter
months, snow avalanches may
constitute the greatest slope failure
hazard.

Standing bodies of water are suscep-
tible to earthquake ground motion.
Water in lakes and reservoirs may be
set in motion and slosh from one end
to the other, much like in a bathtub.
This motion is called a seiche (pro-
nounced “saysh”). A seiche may lead
to dam failure or damage along
shorelines.




OTHER EARTHOUAKEINDUCED HAZARDS

FLOODING

Earthquakes could cause flooding due to the tilting of the valley floor, dam failure and
seiches in lakes and reservoirs. Flooding can also result from the disruption of rivers
and streams. Water tanks, pipelines, and aqueducts may be ruptured, or canals and
streams altered by ground shaking, surface faulting, ground tilting, and landsliding.

Flooding due to dam failure could possibly cause the most property damage and loss
of life. Major dams that may affect the Wasatch Front are Pineview and Causey
(Ogden Canyon); Echo, Rockport, Lost Creek, and East Canyon (Weber Canyon);
Jordanelle and Deer Creek (Provo Canyon); and Mountain Dell and Little Dell
(Parley’'s Canyon). Their failure(s) could threaten all low-lying areas along the flood
paths, including parts of Ogden, Provo, and Salt Lake City. Other dams that could be
affected by earthquakes include Huntington North, Millsite, and Joe’s Valley (Emery
County); Soldier Creek (Wasatch County); Starvation (Duchesne County);

Scofield (Carbon County); Sevier Bridge (Juab County); Gunnison and Nine Mile
(Sanpete County); Minersville (Beaver County); Otter Creek and Piute (Piute County);
and Enterprise, Gunlock, Ash Creek, and Quail Creek (Washington). In addition to
these larger dams, there are hundreds of smaller privately-owned dams that could
cause local flooding if they were to fail.

FIRES

Earthquake-caused fires are often the result of broken natural gas lines. Aftershocks,
the shifting of damaged structures, and the turning on and off of utilities could ignite
new fires after the initial shock. Structural fires from homes and apartments were in
the 1994 Northridge and 1995 Kobe Earthquakes. There were approximately 110
reported in the Northridge quake and over 350 reported fires in the Kobe quake. An
earthquake along the Wasatch Front could displace and many as 25,000 people as
the result of fires. Besides natural gas, other causes of fires may include petroleum
products, broken electrical wires,and chemical spills.

HAZARDOUS MATERIALS

A hazardous material spill during an earthquake carries significant consequences.
For example, in the Northridge earthquake of 1994, over 380 hazardous materials
incidents were reported. The scale and consequences of these incidents varied from
“major” to “minor.” This type of hazard may start as a liquid spill, but may quickly
develop into an airborne hazard. At home there are household products that when
combined, create toxic gases (Refer to page 10). It is important to know what
chemicals you have in your home, and the proper first aid procedures to

reverse their effects. For additional information about household products and their
effects, contact your local fire department or emergency management office.
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