
Part IV 

Risk Assessment 

  



Hazard Identification  
 

Numerous hazards face the Mountainland region; everything from grasshopper infestation to solar 

flares.  In the interest of creating a plan that is a resource instead of a burden, Mountainland selected 

natural hazards whose impact is significant according to the history of the region.  Hazards were 

identified through input from city officials, researching past disasters and Geographic Information 

System (GIS) data.  The table below indicates several hazards, their main source of information, and why 

each was selected or not selected for this Hazard Mitigation Plan. 

Identified Hazards 

 

Hazard Map Availability Reasons Selected Sources 

Flood Yes 

 

• Most Frequent Hazard 

• Historically Highest Cost 

• Readily available data 

• Successful Mitigation 

FEMA Floodplain maps & 

HAZUS software 

Wildland Fire Yes 

 

• Historic Data 

• Current Development Patterns 

Increase                         likelihood  

• Potential Loss of Life 

• 90% Human Caused 

West Wide Wildfire 

Assessment, US Forest Service, 

Bureau of Land Management, 

Utah Division of Forestry, Fire 

& State Lands 

Earthquake Yes 

 

• High Potential Impacts 

• Public Awareness 

• Need for Preparation 

• Possible High Cost 

United States Geological 

Survey (USGS), University of 

Utah 



Drought Daily maps 

available, but scale 

and variability are 

inappropriate for 

county-level maps. 

• High Potential 

• Public Awareness 

• Historic Data 

• Current Condition 

• Growing Population Increases 

demands 

• Successful mitigation through planning 

US Drought Monitor, Utah 

Division of Water Resources 

Mass 

Movement 

(Landslide & 

Debris Flow) 

Yes • Review of Past Disasters 

• High Cost of Homes in Areas at Risk 

• Often Triggered by Other Hazards 

United States Geological 

Survey (USGS) 

Avalanche Coordinates 

Available 

• Public Awareness 

• Highest Death Count in Every County 

National Oceanographic and 

Atmospheric Administration 

(NOAA), Utah Avalanche 

Center 

Severe 

Weather 

Scale and variability 

are inappropriate 

for county-level 

maps. 

• High Frequency 

• Public Awareness 

• Successful Mitigation 

• Historic Data 

National Oceanographic and 

Atmospheric Administration 

(NOAA) 

Dam Failure Yes • High Potential Impacts 

• Public Awareness 

• Need for Preparation 

• Possible High Cost 

Utah Division of Water Rights, 

Army Corps of Engineers 

Infestation Yes • Historic Data 

• Public Awareness 

• State Database 

Utah Extension Office 



Radon Gas Yes • Public Awareness 

• Second Leading Cause of Cancer 

Utah Department of Air 

Quality 

Tornado Coordinates 

available 

• Historic Data 

• Because there is nothing above an F1 

(up to 112 mph winds), only cursory 

information provided 

• Weather events often unsuitable for 

mapping due to large geographic extent 

National Oceanographic and 

Atmospheric Administration 

(NOAA) 

Volcano Yes NOT SELECTED FOR ANALYSIS 

• No eruptions in Mountainland counties 

in written history 

• Little mitigation possible for 

Supervolcano eruptions such as 

Yellowstone 

United States Geological 

Survey (USGS) 

Terrorism No NOT SELECTED FOR ANALYSIS 

• Not suitable for this Plan, which will be 

public knowledge 

• Cities, Police Departments, and 

Emergency Managers have independent 

plans with specific objectives 

Utah Department of Public 

Safety 

Infectious 

Disease 

No NOT SELECTED FOR ANALYSIS 

• Not a Natural (non-human cause) 

Hazard 

• City Emergency Managers have 

independent plans 

Center for Disease Control 

(CDC) 

Hazardous 

Material Spill 

No NOT SELECTED FOR ANALYSIS 

• Not a Natural (non-human cause) 

Hazard 

• City Emergency Managers have 

independent plans 

City and County Emergency 

Managers 



Solar Flare No NOT SELECTED FOR ANALYSIS 

• Little prevention/ pre-disaster 

mitigation possible other than education 

• More appropriate for Disaster 

Response 

National Oceanographic and 

Atmospheric Administration 

(NOAA) Space Weather 

Prediction Center 

 

 

Profiling Hazard Events 
 

Part IV includes general descriptions, definitions, and mitigation strategies for hazards identifies by 

Mountainland.  Parts VI-VIII include hazard analysis and historic events for each county. 

The following table identifies the recurrence and frequency of hazards in the State of Utah.  Hazard 

profiles for each of the counties are in each specific county annex. 

Hazard Recurrence and Frequency, adapted from Utah 2012 State Hazard Mitigation Plan 

Hazard 
Number of 

Events 

Years in 

Record 

Recurrence 

Interval 

(years) 

Hazard 

Frequency and 

Probability/Year 

Droughts (<0 PDSI) 66 118 1.79 56% 

Earthquakes (≥ 5.0) 31 160 5.16 19% 

Landslides * unknown unknown unknown unknown 

Floods** 23 129 5.16 18% 

Tornadoes (all) 129 62 0.48 208% 

Avalanches 

(fatalities) 111 56 0.5 198% 

Wildfires (>5000 

acres) 79 23 0.29 343% 

Lightning (fatalities) 65 64 0.98 102% 

PDSI, Drought Years as indicated by NOAA, http://www.ncdc.noaa.gov/temp-and-

precip/timeseries/?parameter=pdsi&month=10&year=2010&filter=1&state=42&div=0  



Magnitude 5.0 or larger Data from UGS and University of Utah Seismography Station. 

* Landslide recurrence intervals cannot be predicted because landslides often have 

recurrent movement with the same landslides moving each year depending on climate. 

**Only large flooding events reported by the USGS and FEMA. 

Tornado and Avalanche data courtesy of the NOAA. 

http://www.wrh.noaa.gov/slc/climate/tornado.php 

http://www.wrh.noaa.gov/slc/projects/disasters/avalanche_deaths.php 

Lightning data courtesy of NOAA, http://www.lightningsafety.noaa.gov/stats/59-

12_State_Ltg._Fatality_Map-rates.pdf 

 

  



Earthquakes 
 

An earthquake is the sudden release of tension built up over years as tectonic plates shift all across the 

earth’s surface. Plates tend to rupture along weak zones referred to as faults. When plates rupture they 

produce seismic waves that are transmitted through the rock outward producing ground shaking. 

Earthquakes are unique multi-hazard events, with the potential to cause huge amounts of damage and 

loss. Secondary effects of a sudden release of seismic energy (earthquake) include: ground shaking, 

surface fault rupture, liquefaction, tectonic subsidence, slope failure, and various types of flooding. 

 

The Intermountain Seismic Belt 

The Intermountain Seismic Belt 

(ISB), which Mountainland is part 

of, is a zone of pronounced 

earthquake activity up to 120 miles 

wide extending in a north south 

direction 800 miles from Montana 

to northern Arizona.  The Utah 

portion of the ISB trends from the 

Tremonton Cache Valley area south 

through the center of the state, 

along the Wasatch Front, and the 

southwest through Richfield and 

Cedar City concluding in St. George.  

"The zone generally coincides with 

the boundary between the Basin 

and Range physiographic province 

to the west and the Middle Rocky 

Mountains and Colorado Plateau 

physiographic provinces to the 

east" (Homebuyers Guide to 

Earthquake Hazards in Utah, 

Eldredge 1996).   

 

Ground Shaking 

Ground shaking causes the most 

impact during an earthquake 

because it affects large areas and is 

the origin of many secondary 

effects associated with 

Figure 1 Utah Geological Survey 



earthquakes.  Ground shaking, which generally lasts 10 to 30 seconds in large earthquakes, is caused by 

the passage of seismic waves generated by earthquakes.  Ground shaking is measured using Peak 

Ground Acceleration (PGA).  The PGA measures the rate in change of motion relative to the established 

rate of acceleration due to gravity.   

 

Liquefaction 

While living directly on a fault line is far from ideal, structures farther away can experience equal or 

greater damage depending on the underlying soil.  Deep sediments, such as those surrounding Utah 

Lake, increase the frequency of seismic waves, which are more damaging to short, stiff structures like 

the common home.  Loose soils are also more susceptible to liquefaction, when loose soils with a high 

water table behave like a fluid during episodes of shaking.  Liquefaction is possible in earthquakes 

magnitude 5.0 and higher.  Local geologic conditions, such as depth of sediment and sediment make up, 

affect earthquake waves.  

 

Surface Fault Rupture 

During a large earthquake fault movement 

may propagate along a fault plane to the 

surface, resulting in surface rupture along 

the fault plane.  The Wasatch fault is a 

normal (mountain building) fault with 

regards to movement, meaning the 

footwall of the fault is pushed upward and 

the hanging wall slips downward.  Thus 

faulting is on a vertical plain, which results 

in the formation of large fault scarps.   

Surface fault rupture along the Wasatch 

fault is expected for earthquakes with 

magnitudes of 6.5 or larger.   The largest 

probable earthquake that could strike the 

Mountainland region is an earthquake with 

an estimated magnitude between 7.0 and 

7.5; an earthquake of this magnitude, based 

on current research, would create "surface 

fault rupture with a displacement of between 16 to 20 feet in height with break segments 12 to 44 miles 

long" (Homebuyers Guide to Earthquake Hazards in Utah, Eldredge 1996).  In historic time surface fault 

rupture has only occurred once in Utah; the 1934 Hansel Valley earthquake with a magnitude 6.6 

produced 1.6 feet of vertical offset.   

 

Figure 2  Utah Geological Survey 



Surface fault rupture presents several hazards.  Anything built on top of the fault or crossing the fault 

has a high potential to be destroyed in the event of displacement.  Foundations will be cracked, 

buildings torn apart, damage to roads, utility lines, pipelines, or any other utility line crossing the fault.  

It is almost impossible to design anything within reasonable cost parameters to withstand an estimated 

displacement of 16 to 20 feet.  

 

Secondary Earthquake Threats 

The major secondary effects of earthquakes include liquefaction, avalanches, rock fall, slope failure, and 

various types of flooding. Since other sections address mass movement and flooding they will not be 

discussed in depth here.  It is important to keep in mind, however, the impact these secondary hazards 

could have on response to an earthquake.   

 

Various Flooding Issues Specific to Earthquakes 

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 landslide.  

 

Seiches 

Standing bodies of water are susceptible 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 (pronounced “saysh”). A seiche may lead to dam failure or damage along shorelines. 

 

 

Modified Mercalli Intensity Scale 

Intensity Effects Geologic Effects 

I Barely felt by sensitive few.  

II Felt by few indoors.  

III Felt by several indoors.  Hanging objects may sway.  



IV 

Felt by many indoors and few outdoors.  Dishes, windows, etc. 

rattle Rock falls may be triggered 

V 

Felt by almost everyone.  Some plaster walls crack. Small, unstable 

objects are displaced. Hanging objects swing greatly. Liquefaction may be triggered. 

VI Felt by all. Some heavy furniture moved. Damage light. Strong shaking. 

VII 

Damage negligible in buildings of good design and construction; 

slight to moderate in well-built ordinary structures; considerable 

damage in poorly built or badly designed structures; some chimneys 

broken. 

Very strong shaking. Seiche 

waves may be produced; small 

slumps and slides along sand 

and gravel banks. 

VIII 

Slight damage in specially designed structures; considerable in 

ordinary substantial buildings with partial collapse; great in poorly 

built structures. 

Severe shaking. Surface 

rupturing fractures. Spring or 

well water may change flow 

rate, etc. 

*Adapted from  The Severity of an Earthquake, a U. S. Geological Survey General Interest Publication.  

 

Probability of Future Damaging Earthquakes 
 

Severe earthquakes, by their nature, are rare disasters.  Tectonic plates move fractions of an inch per 

year, slowly building up tension until they “break”.  In the case of devastating earthquakes, the process 

can take decades to centuries.  The graphic below depicts how often and how long ago significant 

earthquakes have occurred along the Wasatch Front.  According to the USGS, there is a 57% probability 

of a magnitude 6.0 or above earthquake occurring along the Wasatch Front in the next 50 years. 

http://pubs.usgs.gov/gip/earthq4/severitygip.html


 

Figure 3 Utah Geological Survey 

 
 

 

  



Potential Mitigation Strategies 

 

The following mitigation strategies are provided so that communities may be aware of measures that 

could be used to limit the exposure to earthquake related damage. 

 

Objectives Strategies 

Local Planning and Regulations •Create a seismic safety committee to recommend changes in standards 

Adopt & Enforce Building Codes • Adopt International Building Code (IBC) 

Incorporate Earthquake Mitigation 

into Local Planning 

• Offer financial incentives to home and business owners who retrofit 

• Inventory vulnerable public and commercial buildings 

Map and Assess Community 

Vulnerability to Seismic Hazards 

• Use GIS to map shaking and secondary hazards  

• Incorporate seismic strengthening into Capital Improvement Plan 

Conduct Inspections of Building Safety 

• Require the hazardous materials be located outside areas of seismic 

hazards 

Structure and Infrastructure Projects •Use flexible piping to extend water, sewer, or natural gas service 

Protect Critical Facilities and 

Infrastructure 

• Retrofit critical public facilities 

• Brace generators, elevators, and other equipment 

Implement Structural Mitigation 

Techniques 

• Install shutoff valves where water mains cross fault lines 

• Install window film to prevent injuries from shattered glass 

Education and Awareness •Encourage homeowners to install latches on cabinets and drawers 

Increase Earthquake Risk Awareness • Offer GIS mapping online for residents and design professionals 

Conduct Outreach to Builders, 

Architects, Engineers and inspectors 

• Conduct information sessions on seismic code 

• Train building staff on form ATC-20 (Applied Technology Council) 

Provide Information on Structural and 

Non-Structural Retrofitting 

• Develop outreach to encourage homeowners to secure tall furniture 

• Establish a library of technical documents on structural mitigation options. 

Adapted from FEMA's "Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards (2013) 

 

  



Flooding 
 

Humans have always sought out water for 

survival; drinking, agriculture, travel and 

energy.  Some features like basins, plains, 

and alluvial fans appear ideal for homes 

built on flat ground or a gentle slope.  

Periodic flooding in riverine areas carries 

nutrients to soil ideal for agricultural 

production.  The problem arises when 

builders expect the water that has shaped 

the very land they sit on to stop routine 

flooding and stay predictably within its 

bounds.  The attraction to water plus effects of urbanization contribute to floods being the most 

common hazard in the United States. 

 

Flooding is a temporary overflow of water onto lands not normally inundated by water producing 

measurable property damage or forcing evacuation of people and vital resources.  Floods frequently 

cause loss of life; property damage and destruction; damage and disruption of communications, 

transportation, electric service, and community services; crop and livestock damage and loss, and 

interruption of business.  Floods also increase the likelihood of hazard such as transportation accidents, 

contamination of water supplies, and health risk increase after a flooding event. 

 

Several factors determine the severity of floods including rainfall intensity, duration, and rapid snow 

melt.  A large amount of rainfall over a short time span can result in flash flood conditions.  Small 

amounts of rain can also result in flooding at locations where the soil has been previously saturated or if 

rain concentrates in an area having, impermeable surfaces such as large parking lots, paved roadways, 

or post burned areas with hydrophobic soils.  Topography and ground cover are also contributing factors 

for floods.  Water runoff is greater in areas with steep slopes and little or no vegetative ground cover. 

 

Frequency of inundation depends on the climate, soil, and channel slope.  In regions where substantial 

precipitation occurs during a particular season or in regions where annual flooding is due to spring 

melting of winter snow pack, areas at risk may be inundated nearly every year.  

The Mountainland region can experience both rapid snow melt in the Spring and severe summer storms.  

As Summit, Utah, and Wasatch counties grow they must take into account the effects of urbanization on 

Figure 4 Sandbagging in Provo during the 1983 floods 



the ability of soil to absorb rainfall.  The diagram below demonstrates how a built-up environment alters 

water dynamics. 

 

Figure 5 Effects of Urbanization (EPA) 

 

Conditions which may exacerbate floods: 

Impermeable surfaces Debris 

Steeply sloped watersheds Contamination 

Constrictions Soil saturation 

Obstructions Velocity 

Explanation of Common Flood Terms 

 

FIRM: Flood Insurance Rate Map 

 

100-year flood: Applies to an area that has a 1 percent chance, on average, of flooding in any given year.  

However, a 100-year flood could occur two years in a row, or once every 10 years.  The 100 year-flood is 

also referred to as the base flood. 

 



Base Flood Elevation (BFE): As 

shown on the FIRM, is the 

elevation of the water surface 

resulting from a flood that has a 

1% chance of occurring in any 

given year.  The BFE is the 

height of the base flood, usually 

in feet, in relation to the 

National Geodetic Vertical 

Datum (NGVD) or 1929, the 

North American Vertical Datum 

(NAVD) of 1988, or other datum 

referenced in the FIS report. 

 

National Flood Insurance Program (NFIP):  The NFIP is a Federal program enabling property owners in 

participating communities to purchase insurance as a protection against flood losses in exchange for 

State and community floodplain management regulations that reduce future flood damages.  

Participation in the NFIP is based on an agreement between communities and the Federal Government.  

If a community adopts and enforces a floodplain management ordinance to reduce future flood risk to 

new construction in floodplains, the Federal Government will make flood insurance available within the 

community as a financial protection against flood losses.  This insurance is designed to provide an 

insurance alternative to disaster assistance to reduce the escalating costs of repairing damage to 

buildings and their contents caused by floods. 

 

Special Flood Hazard Area (SFHA): Is the shaded area on a FIRM that identifies an area that has a 1% 

chance of being flooded in any given year (100-year floodplain).   

 

Floodway: Is the stream channel and that portion of the adjacent floodplain that must remain open to 

permit passage of the base flood without raising that water surface elevation by more than one foot.  

 

Potential Mitigation Strategies 

The following mitigation strategies are provided so that communities may be aware of measures that 

could be used to limit the exposure to flood related damage. 

 



  

Objective Strategies 

Local Planning and Regulations   

Improve Compliance with NFIP • Complete and maintain FEMA elevation certificates for buildings 

Incorporate Flood Mitigation into Local 

Planning 

• Use "green infrastructure" program to link, manage, & expand greenways 

• Mitigate hazards during infrastructure planning 

Limit or Restrict Development in 

Floodplain Areas 

• Develop stream buffer ordinance or limit impervious surfaces 

• Prohibit or limit floodplain development 

Adopt and Enforce Building Codes • Require the hazardous materials be located outside areas of seismic hazards 

Improve Storm Water Management • Complete a storm water drainage study for known problem areas 

Structure and Infrastructure Projects   

Preserve Floodplains as Open Space 

• Allow developers to increase density in another area to keep flood area 

vacant 

Conduct Regular Maintenance for 

Drainage Systems and Flood Control 

• Routinely clean and repair storm water drains 

• Detect and prevent illegal discharges into storm water and sewer systems 

Protect and Restore Natural Flood 

Mitigation Measures 

• Retain thick vegetation on public lands flanking rivers 

• Protect and enhance landforms that serve as natural barriers 

Protect Critical Facilities • Require critical facilities to be built above 500-year flood elevation 

Education and Awareness   

Educate Property Owners • Provide accurate floodplain maps 

*Adapted from FEMA's "Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards (2013) 



Dam Failure 
 

Dams are frequently built for recreation, flood control, fire protection, irrigation and water storage.  

Most dams are small earthen works on private property, causing limited damage if they fail.  Summit, 

Utah, and Wasatch counties have hundreds of dams, but only 48 are likely to put life at risk should they 

fail.  The most hazardous of these are the Deer Creek and Jordanelle Dams, which could engulf entire 

communities in Wasatch and Utah counties.   

 

Dam failures are defined as the failure of a man made water impoundment structure, which sometimes 

results in catastrophic down grade flooding.  The diagram below depicts common features of dams.

 

Figure 6 Dam Features.  Created by the Forest Service and FEMA 

 

Dam failure can have many causes, as seen below.  Overtopping, or when water comes over the top of 

the dam after a significant rain event or because of a low area in the crest of a dam, can quickly erode 

the crest, slope, and toe of the dam quickly leading to failure.  Overtopping is specifically mentioned as a 

possibility if the Jordanelle dam fails due to piping, then raises the water level in the Deer Creek dam 

until it experiences overtopping.  Earthquakes can instigate many of the problems a dam normally faces, 

such as mass movement (a slump or landslide), cracking, and/or liquefaction leading to stability failure.   



 

Figure 7 Possible dam problems.  Graphic creates by the Forest Service & FEMA. 

According to the Bureau of Reclamation, the Jordanelle Dam is built to withstand a 7.5 magnitude 

earthquake on the Wasatch Fault 19 miles to the west or a 6.5 magnitude earthquake directly beneath 

the dam.  Deer Creek dam also experienced extensive renovations from 2003-2008, and is now much 

less likely to suffer serious adverse effects in the event of an earthquake.  The Utah State Engineer has 

been charged with regulating non-federal dams in the State since 1919.  The Engineer ensures that all 

non-federal dams are inspected routinely and that the results of those inspections are available to the 

public.  With the passing of the Federal Dam Safety Act in the 1970’s, Utah created a Dam Safety Section 

responsible for all non-federal dams.  

 

The State Dam Safety Section has developed a hazard rating system for all non-federal dams in Utah.  

Downstream uses, the size, height, volume, and incremental risk/damage assessments of dams are all 

variables used to assign dam hazard ratings in the Dam Safety classification system.  Using the hazard 

ratings systems developed by the Dam Safety Section, dams are placed into one of three classifications 

high, moderate, and low.  Dams receiving a low rating would have insignificant property loss due to dam 

failure.  Moderate hazard dams would cause significant property loss in the event of a breach.  High 

hazard dams would cause a possible loss of life in the event of a rupture.  The frequency of dam 

inspection is designated based on hazard rating with the Division of Water Rights inspecting high-hazard 

dams annually, moderate hazard dams biannually and low-hazard dams every five years.  There are 

more than 150 dams in the Mountainland Region of which 48 have received a high hazard rating by Dam 

Safety.  

 

The following information regarding a failure of both Jordanelle and Deer Creek Dams and resulting loss 

was prepared by the United States Department of the Interior Bureau of Reclamation entitled “Dam 



Failure and Maximum Operational Release, Inundation Study: Deer Creek Dam” completed, February 

2002. 

 

Introduction and Purpose 

  

On February 27, 1995, the Commissioner of the Bureau of Reclamation (Reclamation) issued a policy 

statement regarding establishing an Emergency Management Program at Reclamation dams.  This policy 

stated that Reclamation would offer technical support and assistance to communities and jurisdictions 

downstream of Reclamation dams to ensure that adequate dam-specific emergency operation plans are 

in place.  Directives for the emergency management program state that Emergency Actions Plans (EAP) 

shall be developed and are to contain descriptions of potentially affected areas in the flood plain with 

inundation maps wherever appropriate.  Studies are designed to assess the worst case scenario, when a 

reservoir at full capacity suddenly experiences an instantaneous failure.  More often than not, dam 

owners have enough forewarning of a problem to remedy it or at least give warning.  The dam failure 

study below was prepared to meet the goals and objectives of the Commissioner’s directives.  

 

The purpose of the study was to identify potential flood hazard areas resulting from the unlikely events 

of “sunny day” failure of Deer Creek Dam (referring to an event that occurs when severe weather, 

earthquakes, or other extreme events are not present), the maximum operational release of Deer Creek 

Dam and the “sunny day” failure of Jordanelle Dam resulting in the failure of Deer Creek Dam due to 

overtopping. 

 

These studies are standard practice within Reclamation and therefore do not reflect in any way upon the 

integrity of either Jordanelle or Deer Creek Dams.   

 

Previous Studies  

 

The Denver Office completed a previous Flood Inundation Study in June of 1990.  It addressed two 

conditions, 1) a PMF (Probable Maximum Flood) causing the failure of Deer Creek Dam; and 2) a PMF 

(Probable Maximum Flood) causing the failure of Jordanelle Dam, which then results in the failure of 

Deer Creek Dam.  Both scenarios were accomplished using the National Weather Service (NWS) 

DAMBRK model. Cross sections and some dam breach parameters were obtained from these studies for 

use in this report. 

Description of Jordanelle Dam 

 



Jordanelle Dam and reservoir is located on the Provo River in Wasatch County in north central Utah 

about 5 miles north of Heber City, Utah.  The reservoir has a storage capacity of 311,000 acre-feet at 

active conservation, and a total reservoir storage capacity of 361,500 acre-feet. 

 

The primary purpose of the reservoir is to provide Municipal and Industrial water for use in Salt Lake City 

and northern Utah County.  Additional project purposes include flood control, recreation, Heber Valley 

irrigation water, and fish and wildlife enhancement. 

Description of Deer Creek Dam 

 

Deer Creek Dam and reservoir are located on the Provo River about 16 miles northeast of Provo, Utah 

and about 10 miles southwest of Heber City, Utah.  Deer Creek Dam consists of a zoned earthfill 

structure, spillway and outlet works.  The reservoir has a storage capacity of 152,570 acre-feet at the top 

of the gates, which is elevation 5,417 feet.  The reservoir is part of a collection system, which stores and 

releases water from the Duchesne River, Weber River, and also the Provo River drainage.  The primary 

recipients of the water are cities and farms along the Wasatch Front.  It also provides year-round power 

generation and is used heavily for recreational purposes. 

 

Study Results  

 

The results indicate that flooding resulting from the sunny day failures of either Jordanelle or Deer Creek 

Dams will inundate the residential areas along the Provo Canyon corridor and in Orem and Provo, which 

could result in the loss of life.  In addition, parts of Springville located within the flood plain south of 

Provo, Utah as well as major highways and road crossings would be heavily impacted by the 

floodwaters.  

 

The routings of the floods were terminated at approximately 10 hours for the sunny day failure of 

Jordanelle and Deer Creek Dams.  About 10 hours after flooding begins, most of the floodwaters are 

safely contained by Utah Lake.  The results of the flood routing are listed in the attached tables.   

 

Sunny day failure of Jordanelle Dam resulting in the failure of Deer Creek Dam due to overtopping, 

identifies results obtained from the sunny day failure of Jordanelle Dam modeled as a piping failure.  The 

table includes the maximum water surface, peak flows, and flood arrival times from the beginning of the 

failure of Jordanelle Dam to the flood arrival at Provo City. 

 



Sunny day failure of Jordanelle Dam  

 

River Miles 

Downstream 

of Deer Creek 

Dam 

Maximum 

Water 

Surface  

Elev 

(Feet) 

Depth 

Above  

Streambed 

(Feet) 

Arrival 

 Time of Leading 

Edge 

(Hrs) 

Arrival 

Time of 

Peak 

Flow 

(Hrs) 

Maximum  

Flow 

(CFS) 

Location 

0.0 5439 165 River Miles 

Downstream of 

Deer Creek Dam 

2.5 

 

 

3,573,000 

 

Deer Creek 

Dam 

10.0 4926  

 

104 

 

2.0 

 

2.9 

 

3,124,000 Mouth of Provo 

Canyon 

14.5 N/A N/A 2.5 3.0 3,085,000 Provo City 

*Arrival times are from the beginning of Jordanelle Dam failure 
*Mile 0.0 is at the downstream toe of Deer Creek Dam 

 

Sunny day failure of failure of Deer Creek Dam identifies results obtained from the sunny day failure of 

Deer Creek Dam modeled as a piping failure.  The table includes the maximum water surface, peak 

flows, and flood arrival times from the beginning of the failure of Deer Creek Dam to the flood arrival at 

Provo City. 

 

 Sunny day failure of Deer Creek Dam  

 

River Miles 

Downstream 

of Deer 

Creek Dam 

Maximum 

Water 

Surface Elev 

(Feet) 

Depth 

Above 

Streambed 

(Feet) 

Arrival Time of 

Leading Edge 

(Hrs) 

Arrival Time of 

Peak Flow 

(Hrs) 

Maximum 

Flow 

(CFS) 

Location 

0.0 5381 107 0.1 0.7 1,550,000 Deer Creek 

Dam 

10.0 4915 93 0.8 1.1 1,397,000 Mouth of Provo 

Canyon 

14.5 N/A N/A 0.9 1.2 1,386,000 Provo City 



*Arrival times are from the beginning of Deer Creek Dam failure 
*Mile 0.0 is at the downstream toe of Deer Creek Dam  

 

Maximum operational release of Deer Creek Dam identifies the results of the maximum operational 

release from Deer Creek Dam to the mouth of Provo Canyon, based on the maximum release of 13,500 

cfs.  The table includes the maximum water surface, depth above streambed, and peak flows obtained 

at the cross sections modeled. 

 

Maximum operational releases of Deer Creek Dam (Releases are based on continuous flow of 

13,500 cfs) 

 

River Miles 

Downstream 

of Deer Creek 

Dam 

Maximum 

Water Surface 

(Elev) 

Depth Above 

Streambed 

(Feet) 

Maximum 

Flow 

(CFS) 

0.0 5289 15 13,500 

 
10.0 4836 

 

14 13,500 

 

 

  *Mile 0.0 is at the downstream toe of Deer Creek Dam  
 

Inundation Maps 

 

Inundation maps produced from this study are shown on U.S. Geological Survey Quadrangle maps 
(Scale 1:24,000).  They combine flood inundation boundaries from both the National Weather Service’s 
(NWS) DAMBRK one dimensional model, which was used to route flows between Deer Creek Dam and 
the mouth of Provo Canyon, and MIKE 21, the two dimensional model which terminates at Utah Lake.  
The flood inundation boundaries shown on the maps for each scenario were taken from the 1993 study 
and are located in the county annexes. 

 

Mitigation 
 

Local Planning and Regulations   

Include Dam Failure scenarios into Local 

Planning 

• Designate multiple escape routes for inundation zone 

• Require the hazardous materials be located outside inundation zone 



 
 

Map and Assess Community 

Vulnerability to Dam Failure 

• Use GIS to map inundation zones for high-risk dams (if not previously done)  

• Incorporate seismic strengthening into Capital Improvement Plan 

Include Dam Owners in Planning 

Process 

•  Use dam’s Emergency Response Plan in city emergency response plan 

• Invite dam owners to attend planning workshops when applicable 

Structure and Infrastructure Projects   

Conduct seismic retrofitting • Incentivize dam owners to retrofit high-risk dams 

Partner with dam owners for upgrades • Designate a dam liaison from the public works department to talk to owners 

Education and Awareness   

Educate the Public on their Risk • Make maps and reports readily available 

Review Inspection Results Regularly • Designate employee to review inspection results on a yearly basis 

*Adapted from FEMA's "Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards (2013) 



Wildland Fire  
 

Identifying Hazards 

 

A wildfire is an uncontrolled fire spreading 

through vegetative fuel often exposing or 

consuming structures.  Wildfires often begin 

unnoticed and spread quickly and are usually sighted by dense smoke.  Wildfires are placed into two 

classifications Wildland and Wildland-Urban Interface.  Wildland fires are those occurring in an area 

where development is essentially nonexistent, except for roads, railroads, or power lines.   Wildland-

Urban Interface fire is a wildfire in a geographical area where structures and other human development 

meet or intermingle with wildland or vegetative fuels.  As the populations of the MAG region grow, 

residents build farther into wildland areas.  This can pose problems for local fire departments as they 

endeavor to extend their services to new homes.   

 

When discussing wildland fire, it is important to remember that fires are part of a natural process and 

are needed to maintain a healthy ecosystem.  If fires are suppressed for longer than the ecosystem is 

accustomed to and debris collects in the understory, any wildland fire that occurs will have more fuel to 

burn and be more difficult to control.  Land Management agencies across the state try to keep the fuel 

low load through controlled burns, manual removal, and other practices.  Three basic elements are 

needed for a fire to occur (1) a heat source (2) oxygen and (3) fuel. Two of the three sources are readily 

available in the counties making up the Mountainland region.  Major ignition sources for wildfire are 

lightning and human causes such as arson, prescribed burns, recreational activities, burning debris, 

sparks from equipment, and carelessness with fireworks.  About half of all wild fires started in Utah can 

be attributed to human activities, with the other half caused by lightning.  Once a wildfire has started, 

vegetation, topography and weather are all conditions having an affect wildfire behavior. 

 

Potential Mitigation Strategies 

 

The following mitigation strategies have been provided so that communities may be aware of measures 

that could be used to limit the exposure to Wildland Fire related damage. 

 

 

Objective Strategies 



Local Planning and Regulations   

Map and Assess Vulnerability to Fire • Use GIS mapping to analyze planning decisions, zoning, development, etc 

Reduce Risk through Land Use Planning • Designate high-risk areas and specify conditions for use and development 

Develop a Wildland-Urban Interface 

Code 

• Involve Fire Protection agencies in determining standards for development 

• Address access, signage, fire hydrants, water availability, vegetation, etc 

Structure and Infrastructure Projects   

Create Defensible Space Around 

Structures 

• Create defensible space around power lines, oil and gas lines, etc 

• Replace flammable vegetation with less flamable species 

Conduct Maintenance • Arson prevention cleanup in areas of abandoned structures, trash, etc. 

Natural Systems Protection   

Implement a Fuels Management 

Program 

• Perform maintenance including fuel management: pruning, selective logging, 

etc 

• Sponsor local "slash and clean-up" days to reduce fuel loads along the WUI 

Education and Awareness   

Participate in Firewise Program • Consult Firewise guidance in encouraging best practices for the community 

Increase Wildfire Risk Awareness • Organize local fire department tour to show officials vulnerable areas 

Educate Property Owners about 

Wildfire Mitigation Techniques 

• Install fire mitigation systems such as interior and exterior sprinklers 

• Remove dead or dry leaves and other combustibles near/on homes 

*Adapted from FEMA's "Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards (2013) 

  



Landslides 
 

Many hazards are characteristically intertwined.  Lightning may start a Wildfire or excessive rain could 

lead to a dam failure.  Landslides are no exception.  Landslides, often referred to as mass movement, 

occur any time the driving forces of gravity outweigh the resisting forces (friction, cohesion, strength of 

material) of a slope.  This can be accelerated by a fire, which destroys the vegetation keeping soil in 

places, or a flood that lubricates soil particles and decreases the friction holding them in place.  

Earthquakes can also instigate movement of an unstable slope.  Any area with a slope could be a site of 

mass movement.  Mountain slopes with the spectacular views sought by many a homeowner are 

especially susceptible to landslide activity.  Though there have been fewer catastrophic landslide 

disasters than flood or fire, there are numerous events where a few homes are damaged or made to 

undertake extensive mitigation measures because the land under their foundation is slowly creeping out 

of place.   

 

Mass movement can occur at a snail’s pace or faster than a flood.  The speed depends on the 

composition of the mass being moved and the cause of the movement.  There are several types of mass 

movement, the most relevant of which are explained below. 

Three Common Types of Landslides in Utah 

 

 

Debris flows consist of sediment-water mixtures that flow 
down a streambed or hillside, commonly depositing sediment 
at canyon mouths in fan-like deposits know as alluvial fans.  
These often occur during episodes of heavy rain, especially if 
a slope has experienced de-vegetation from fire or 
construction.  Debris flows can start with just a few cubic feet 
of material and gain huge quantities as they quickly flow 
downhill.   

 

Slides are down slope movements of soil or rock on 
slopes.  They can occur so slowly that the only evidence is 
gradual cracking of a home’s walls and foundations or fast 
enough to kill.  There are several activities that increase the 
likelihood of this type of mass movement occurring, such as 
cutting into the toe of a slope, overwatering, adding weight 
(such as a house) to the top of a slope, and removing 
vegetation (especially trees). 



 

Rock falls consist of rock(s) falling from a cliff or cut slope and 

are very common in the canyon country of southern Utah.  

Rock falls, by definition, involve material travelling through 

the air and happen very quickly.  Earthquakes are often a 

trigger, as is repeated freezing and thawing which expands 

cracks within the rock. 

Potential Mitigation Strategies 

 

The following mitigation strategies are provided so that communities may be aware of methods that 

could be used to limit the exposure to landslide/Problem Soils related damage. 

 

Objective Strategies 

Local Planning and Regulations   

Manage Development in Landslide 

Hazard Areas 

• Locate utilities outside landslide areas 

• Limit new development in steep slope/high-risk areas 

Open Space • Leave open space or setbacks on and near at-risk slopes 

Warn inhabitants after triggering events • Monitor at-risk slopes after fire, intense rainfall, or other events 

Map and Assess Community 

Vulnerability to Landslides 

• Assess vegetation in wildfire-prone areas to prevent landslides after fires 

• Inventory infrastructure in areas vulnerable to landslides 

Structure and Infrastructure Projects   

Prevent Impacts to Roadways • Apply soil stabilization measures on steep, publicly-owned slopes 

Install drain fields • Install drains on slopes with naturally poor drainage 

Remove Existing Buildings and 

Infrastructure from Hazard Areas 

• Acquire at-risk buildings and infrastructure 

• Enforce permanent restrictions on development 

Education and Awareness   

Educate Public on Hazardous areas • Make public hazard maps 

Real Estate disclosure • Ensure that homebuyers know risk before purchasing homes on slopes 



Educate the public on correct watering 

practices and slope vegetation 

• Disperse guidelines for correct watering practices to those in vulnerable 

areas 

• Recommend services and plants to those living on or near steep slopes 

*Adapted from FEMA's "Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards (2013) 

 

 

 

 


