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Overview of Montana Ice Jams* 

• Highest number of reported ice events – and 
related deaths (18) in the US

• 1419 Montana ice events documented in the 
CRREL ice jam database (>10% of 13,750)

• 1894-2003
• October to July
• Freezeup and breakup
• 143 rivers & streams
• 170 locations (including 17 on Int’l Boundary)

* As of January 24, 2004



http://www.crrel.usace.army.mil/ 
icejams/index.htm

http://www.crrel.usace.
army.mil/ierd/ijdb/





www.crrel.usace.army.milwww.crrel.usace.army.mil
/ierd/tectran//ierd/tectran/ieieb.htmieieb.htm
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Summary of Montana Jams
• Montana experiences both freezeup and breakup ice 

jams, although breakup jams predominate
• Jams occur most often in March (46%), followed by 

February and January



Introduction to River Ice
• Purpose: Common language to 

describe ice results in more 
effective emergency response

• Objective: Develop an 
understanding of ice processes    
so that observers will be able to 
identify potential reasons why 
the ice problem exists and how 
the ice problem may respond to 
natural or human-induced 
interventions

• Goal: Efficient,                   
effective                       
emergency                          
response



• There are 2 basic ice types, classified 
according to their ice crystal structures
– Fine grained ice

• Frazil or snow
• “White” ice
• Resists solar penetration
• Tends to occur in dynamic, turbulent flow
• We call this Frazil Ice

– Columnar ice
• Thermally grown
• “Black” ice
• Transparent, allows solar penetration,”candle ice”
• Tends to occur in more quiescent flow
• We call this Thermally Grown Ice



ThermallyThermally--grown icegrown ice



Ice Cover GrowthIce Cover Growth
We can estimate thermal ice growth from We can estimate thermal ice growth from 

modified Stefan equationmodified Stefan equation

( ) ( )t in AFDD Fα= o

Ice Cover Condition Ice Cover Condition αα* * αα ††
Windy lake w/no snow Windy lake w/no snow 2.7 2.7 0.800.80
Average lake with snow Average lake with snow 1.71.7--2.4 2.4 0.500.50--0.700.70
Average river with snow Average river with snow 0.40.4--0.5 0.5 0.120.12--0.150.15
Sheltered small river Sheltered small river 0.70.7--1.4 1.4 0.210.21--0.410.41

* AFDD calculated using degrees Celsius. The ice thickness is in* AFDD calculated using degrees Celsius. The ice thickness is in centimeters.centimeters.
†† AFDD calculated using degrees Fahrenheit. The ice thickness is AFDD calculated using degrees Fahrenheit. The ice thickness is in inches.in inches.



http://www.crrel.usace.army.mil/ierd/tectran/ieieb.htm

http://www.usace.army.mil/inet/usace-docs/eng-manuals/cecw.htm

EM 1110-2-1612

http://www.mvp-wc.usace.army.mil/ice/
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Ice bridging or arching
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Dynamic Ice Cover 
Formation

• Bridging
• Juxtaposition of Floes
• Shoving of ice cover
• Underturning of floes
• Under-ice transport
• No ice-cover progression

IncreasingIncreasing
flow Velocityflow Velocity

IncreasingIncreasing
flow depthflow depth

FroudeFroude
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FRAZIL ICE IN RIVERSFRAZIL ICE IN RIVERS
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Chemung River, NY (after 
Barrows and Horton 1907



LaGrande River, Quebec (after Michel 1978)



Ice Cover Breakup
• Continuum from thermal to 

mechanical
• Thermal Breakup: Ice cover          

melts in place
– Direct sunlight plays a large role
– Surface color influences 

absorption of sunlight: Dusting 
ice promotes melting

– Water on ice decreases 
reflection, may promote melting

– Open water areas absorb 
sunlight

• Mechanical Breakup: 
Hydrodynamic forces acting on 
cover exceed cover strength
– Results from an increase in        

discharge (=energy to system)
– Precipitation event
– Snowmelt event
– Dam operation (large, sudden 

increase)



• Rule-of-thumb: stage increase of between 1.5 and 3 times the ice 
thickness needed to lift, break, and transport ice cover

• Often occurs later in impoundments due to damped hydrograph and 
thicker ice

Ice Cover Breakup



Ice cover transport and jamming
• Broken pieces move downstream until 

transport capacity is exceeded
– Decrease in slope
– Constriction
– Obstruction (e.g., solid ice cover)
– Bend, island

• Jam forms quickly
• Underside is very rough, leading to 

erosion and scour
• Jam failure associated with surges that 

cause erosion



Ice Jam Formation

Freezeup Jam

Breakup Jam



Freezeup Jams
• Early to midwinter formation
• Subfreezing air temperatures 
• Fairly steady discharge
• Frazil and broken border ice
• Unlikely to release suddenly
• Smooth to moderate surface 

roughness

Primary flow areaPrimary flow area

FrazilFrazil

Drained frazilDrained frazil
RefrozeRefroze
n n 
surface surface 
layerlayer

Border Border 
ice ice 
piecespieces



Breakup Jams
• Can occur any time after ice 

cover formation but generally 
mid to late winter

• Can form more than once per 
season

• Near-freezing air temperatures
• Highly unstable, with sudden 

failures
• Unsteady water flow (surges)
• Moderate to extreme surface 

roughness
• Midwinter jams may freeze                       

in place, causing additional 
problems later in the season

Primary flow areaPrimary flow area

Brash/SlushBrash/Slush

Ice blocksIce blocks Water levelWater level



Ice-Affected Stages











Modeling Ice-Covered Rivers
• Steady Flow 

– HEC-RAS (HEC-2 is 
obsolete!)

– 1-D steady flow
– Freezeup or breakup
– Can model deposition 

using iterative process
• Unsteady Flow 

– UNET
– Discrete Element Models

• Zufelt (1999) provides test 
to determine whether 
steady flow assumptions 
are violated to the point 
that unsteady flow is 
required

• 2 Dimensional Flow
– Currently in development 

Note: Flood insurance studies and re-
studies at locations with frequent ice jams 
should include ice hydraulic modeling, or 
regulatory floodplain limits may not be 
conservative enough 



Summary
• 2 Types of ice: frazil and thermally grown
• Estimates of thermally grown ice thickness can be 

used to provide estimate of change in stage required 
to cause ice cover breakup

• Dynamic ice formation processes provide 
information on the flow velocity and likelihood of 
jamming: 
– Bridging
– Juxtaposition
– Shoving
– Underturning of floes
– Under-ice transport/deposition
– No ice-cover progression

• Frazil deposition beneath ice can impact breakup 
jam location
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