lce Jam Mitigation Part 1:
Introduction to River Ice
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Overview of Montana Ilce Jams*

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

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

e 1894-2003

e October to July

 Freezeup and breakup

e 143 rivers & streams

e 170 locations (including 17 on Int’l Boundary)

* As of January 24, 2004
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Overview

This Yeh Site has heen established to integrate current infarmation related to
Spring 2002 Ice Jam and lce Jam Flooding Potential across the United States
and to provide links to technical assistance available from the LS. Army Corps

of Engineers.

Expect frequent changes as data sources will be updated daily if possible and
new products added as they are completed.  Some information resources we

hope to make available include:
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Downloadable maps

Ice Jam Flooding

Ability to view and query the CRREL Ice Jam Database (map or text

Access to current Spatial Data:
@ lee thickness {empirical and measured)
@ Snow depth and water equivalence

Index map to potential ice jam flooding
Ice Guides, Reports, and Other Infarmation
Links to other agencies providing ice or snow related Information

Technical Information

lce Jam Flooding: Causes
& Possible Solutions
Engineering & Design
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US Army Corps
of Engineers

lee Engineering

U.S. Army Cold Regions Research and Engineering Laboratory, Hanover, New Hampshire

Ice Jams in Montana

An ice jam is an accumulation of
ice in a river that restricts water flow
and may cause backwater that floods
low-lying areas upstream from the
jam. Downstream areas also can be
flooded if the jam releases suddenly,
sending excessive water and ice
downstream. Damages resulting from
ice jams can affect roads, bridges,
buildings, and homes, and can cost
the affected community thousands to
millions of dollars. More common,
however, are jams that result in
highly localized, yet serious damages
(Fig. 1). In these cases, it is often
difficult to obtain the types of disaster
assistance that are available for large-
scale flooding typical of open-water
flood events.

Engineers at the U.S. Army Cold
Regions Research and Engineering
Laboratory (CRREL) have been
working to develop and optimize
low-cost structural and nonstructural
techniques to prevent or alleviate
damages caused by ice jams. Many of
these methods, such as early warning
systems, ice dusting, ice breaking, ice
weakening, and ice jam removal
techniques, can be carried out by
local offices at a reasonable cost
(Corps of Engineers 1994), Methods
of predicting ice jam occurrence and
severity are also being developed.

The latter efforts, partly based on
statistics and probability analysis,
require the compilation of accurate
and reliable data on past ice jam

Figure 1. Severe flooding on the Milk River in Glasgow, Montana, March 1986.
(Phota courtesy of the Glasgow Courier, Glasgow, Montana; used with permission.)

events, The CRREL Ice Jam Database
was started in 1990 with the intent of
compiling data on freezeup and
breakup ice jam events in the United
States (White 1996). Currently there
are nearly 11,000 records in the
database, with the earliest account
dating from 1780. For each ice jam
event, the database includes the river
name, city, state, year, month, jam
date, jam type, damages, a short
description, a listing of publications,
latitude and longitude, U.S. Geologi-
cal Survey (USGS) hydrologic unit
code, and USGS gage number, if
available.

CRREL also has an [ce Jam Archive
that contains hard copies of CRREL
trip reports, National Weather Service
(NWS) reports, newspaper articles,
and other reports used as sources for
ice-jam-related information (Herrin
and Balch 1995). The information can
be borrowed or photocopied.

Montana ice jams

This bulletin provides a brief
summary of information in the
CRREL Ice Jam Database for rivers in
Montana. This is the second in a
series that will characterize every
state affected by ice jams using the
CRREL Ice Jam Database.

Despite Montana's sparse popula-
tion, with only 5.7 persons per square
mile (Edstrom 1993), ice jams have a
frequent and destructive history in
the state. In 1992 there were 24,800
farms in Montana; ice jam floods
often have left them inundated,

Newmle 14
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Summary of Montana Jams

« Montana experiences both freezeup and breakup ice
jams, although breakup jams predominate

e« Jams occur most often in March (46%), foIIowed by
February and January o




Introduction to Rlver 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

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






lce Cover Growth

We can estimate thermal ice growth from
modified Stefan equation

t(in) = o,/ AFDD(oF)

Ice Cover Condition a* at
Windy lake w/no snow 2.7 0.80
Average lake with snow 1.7-2.4 0.50-0.70
Average river with snow 0.4-0.5 0.12-0.15
Sheltered small river 0.7-1.4 0.21-041

* AFDD calculated using degrees Celsius. The ice thickness is in centimeters.
T AFDD calculated using degrees Fahrenheit. The ice thickness is in inches.
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Continuum from thermal to
mechanical

Thermal Breakup: Ice cover
melts in place

Mechanical Breakup:
Hydrodynamic forces acting on
cover exceed cover strength

lce Cover Breakup

Direct sunlight plays alarge role

Surface color influences
absorption of sunlight: Dusting
ice promotes melting . <
Water on ice decreases _ LA 5
reflection, may promote melting | =SSaaa =
Open water areas absorb :
sunlight

Results from an increase in
discharge (=energy to system)

Precipitation event
Snowmelt event

Dam operation (large, sudden
increase)




lce Cover Breakup

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 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



lce Jam Formation
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Freezeup Jams

Early to midwinter formation
Subfreezing air temperatures
Fairly steady discharge

Refroze
Drained frazil "

Frazil and broken border ice surface i‘:der
i ENC

Unlikely to release suddenly ‘ y Slieses

Smooth to moderate surface Frazil

el

Primary flow area

roughness




Breakup Jams

Can occur any time after ice
cover formation but generally
mid to late winter

Ice blocks
Can form more than once per Water level
season Brash/Slush

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




lce-Affected Stages

Stage Elevation above Mean Sealevel (ft)
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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
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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



	Ice Jam Mitigation Part 1:Introduction to River Ice
	Overview of Montana Ice Jams*
	Summary of Montana Jams
	Introduction to River Ice
	Dynamic Ice Cover Formation
	Ice Cover Breakup
	Ice Cover Breakup
	Ice cover transport and jamming
	Freezeup Jams
	Breakup Jams
	Ice-Affected Stages
	Modeling Ice-Covered Rivers
	Summary

