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1. Introduction (Main Points)

ÅWater is a material

Å²ŀǘŜǊΩǎ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘƛŜǎ ƛƴŦƭǳŜƴŎŜ ƘȅŘǊŀǳƭƛŎ ŜƴƎƛƴŜŜǊƛƴƎ

ÅIn many parts of the world, and times of the year, water turns 

into ice 

ÅIce adds complexity to hydraulic engineering

ÅThe purpose of this lecture is to inform you about ice in 

hydraulic engineering



Extensive regions can be freezing cold

Parts of the Northern Hemisphere that experience at 

least one month of average air temperature below 0oC

¶



Some regions are cold and mountainous
(Major temperature, pressure and phase changes in hydraulics systems)

¶



Some regions are cold and mountainous
(Temperature, pressure and phase variations in hydraulics systems)

¶

Hydraulic engineers often unprepared for ñJack Frostò 



E.g., hydropower development

Monthly flows in the Middle Reach of the Susutna River, 

Alaska (2012-2013)
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Susitna River, Alaska (2012-2013)
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Ice (Jack Frost) overlooked quickly complicates things

Perplexed ranchers viewing wintertime, bank erosion along Missouri River, 

Eastern Montana (a reach d/s of Ft Peck Hydro Dam)



Lecture Outline

1. Introduction

2. Waterôs material properties 

3. Ice formation processes

4. Ice break-up processes

5. Ice concerns for hydraulic systems

a). Mountainous terrain

b). Lower terrain

6. Ice and fluvial morphology

7. Hydraulics problem in a large lake



нΦ  ²ŀǘŜǊΩǎ tǊƻǇŜǊǘƛŜǎ (Main Points) 

ÅWaterhasa simple,smallmolecule, whosebehavioriscomplex

Å²ŀǘŜǊΩǎuniquephasediagram

ÅMaterial property variations of greatest interest

- density

- freezing temperature (liquid ª solid)

- thermal conductivity

- strength



²ŜΩƭƭ ōǊƛŜŦƭȅ ŎƻƴǎƛŘŜǊ

ÅPhases (and molecular structure)

ÅFreezing temperature of water

ÅDensities of water and ice

ÅViscosity of water

ÅLŎŜΩǎ ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜƴƎǘƘǎ

A small, polar molecule
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²ŀǘŜǊΩǎ ŦǊŜŜȊƛƴƎ ŎǳǊǾŜ ƛǎ ǳƴƛǉǳŜ



Variation of freezing temperature with pressure
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