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1. Introduction (Main Points)

A Water is a material
A2 0SNXQR& YIFOGSNRAIFE LINPLISNIASA Ay
A In many parts of the world, and times of the year, water turns
into ice
A Ice adds complexity to hydraulic engineering

A The 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 0°C



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)

Hydrauli c engineers often unprepg



E.g., hydropower development
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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)
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Ice concerns for hydraulic systems

a). Mountainous terrain
b). Lower terrain

. Ice and fluvial morphology

. Hydraulics problem in a large lake

properties
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A Water hasa simple,smallmolecule whosebehavioris complex
Az | G SunidRéphasediagram
A Material property variations of greatest interest

- density

- freezing temperature (liquid solid)

- thermal conductivity

- strength
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A Phases (and molecular structure)

A Freezing temperature ofater

A Densities of water and ice

A Viscosity of water
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Ice can assume a large number of different
crystalline structures, more than any other

known material!

Temperature
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open hexagonal crystal structure
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Variation of freezing temperature with pressure
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Doesfreezing temperature depression ocaarnatural flows?

Yese.qg., forsome overdeepened glaciers
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Does depression dfeezing temperatureccur inhydraulic
engineering?

You bet!- For pressurized situations
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Also, the reverse process may
occur (see later)



Variation ofwater density with freezing temperature
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Water is unique, as its solid
phase {h) is lighter than liquid
phase



Variation ofviscosity with pressure and temperature
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3. Ice Formation in Rivers and Lak@&ain Points)

A Needto considerthermal and phasechangeprocesses
A Iceassumedlifferent forms (samebasiclh crystal)
frazilice,anchorice,borderice,&@ O K S No¥, aufeig(naled
A Main types of ice cover
accumulation (most rivers start this way; large lakes)
- freezeup jams (and possible flooding)
thermal (lakes; eventually rivers; small lakes)
accretion (very turbulent flows; steep rivers)

A Ice insulates (reduces convective heat loss to air), esp. when
snow on cover

A Ice presence alters flow distribution (3D)

A Freezeup flooding typically cause flooding alosmaller rivers
AUNBlFYasE ONBS{Ta X t2¢6 2NRSNI adl




Thermal and Mixing Processes
Mixing of water faster than thermal fluxes tmrbulent flows

(Monin-ObukhowLength important)
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Thermalgrowth of ice covec & 1 K S NI | §
Ta Air
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T,, = 0°C Water

The heat loss coefficient, H,,, takes into account heat fluxes due to i

net short wave; net long-wave; sensible heat; heats of evaporation,
condensation & sublimation

In simplified form, the Stefan equation gives
h = a(ADDF)%>, with ADDF = accumulated degree-days freezing
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Thermal processes also affect river banks
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Several Forms of River Ice
(frazil and anchor ice; border ice; ice cowaufeig naled)

Frazil, anchor ice
and border ice

Frazil

Drifting slush may comprise frazil and anchor ice



Floating ice cover on Missouri River, MT
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Layering of aufeis (naled)

Grounded ice, aufeis (naled), in Siberian River



Aufeisin gravelbed channels
(Runoffflow substantiallyredirected)
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Anchor ice in hydraulic & thermmiead(SusitnaRiver)

Why Is anchor ice formation so robust?
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Ice under ice, and lateral concentration of flow
(Channel constriction; Susitna Riyer
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4. Ice Cover Brealkp (Main Points)

A Icecoversbreakup two mainways
thermaldecay
dynamic(mechanicafailure)
ACKSNXYIFf RSOFIé& A0S YIFAyfteé aNRGa
A Dynamic brealup can be abrasive on channels
A Dynamic breakup most dynamic on nortfiowing rivers

A Breakup jams typically cause flooding along larger rivers or
higher order streams in a watershed



Need to Consider Ice Strength and Thickness

1— Ice Forms

Strength
Thickness

lce Out ——
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General trends in effective ice-cover strength over the course of winter
Break-up may occur when ice cover is weakened or thin.



Ice sheet strength: weakest is flexure (upward)
(Ice acts a floating elastic plate on an elastic foundation)

Ice Fishing, Single Showmobile One Car. A Light Pickup Truck
Cross-Country Skiing, 2 or

KEEP OFF Walking Group of People aVan

30-38 cm

General guidelines



Flexural failure of ice impacting a levee
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4. Ice Concerns in Hydraulic Systems

a). Mountainous Regions
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Main Points
A Icecongestsand blocksflow, addsa flow boundary
A Creates problems with various hydraulic systems

- Hydropower plants
- Pipelines
- Channels
- Tunnels
- Water intakes
- Spillways
- Freezeup flooding (developed mountain valleys)
A2SQfft O2YAARSNI 20KSNJ aelsPof SYa



Mountainousregions are important sources of water, but pose
additional complications for the winter performance of flow
conduitsc colder, greatepressures, groundwater




In mountainousterrain, flow often conveyed ifree-surface
and pressurized conduits

El Dorado Water
Diversion System,
Sierra Nevada
Mountains, CA\V




Water intakes
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Hydropower penstocknd turbine

Turbine  Frazil Ice
Formation &
Accumulation
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Pump andipeline

Frazil Ice
Formation &
Accumulation
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Siphon (inverted)
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Tunnels
Iceconcerns:
w Similar concerns as penstock and siphon
bottom, though pressures less
wlce accumulation
w Icing andaufeisfrom seepage
w Snow at entrance or exit
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Example 1: Pumftorage Hydropowefacility
(Yards Creek, New Jersey)

Net head® 200m;Discharge® 7md/s




Example 2Hydropower Facility
(King Cove, Aleutians, Alaska)

Net head® 70m, Dischargeé 1m?3/s

Frazil Ice
Formation &




Example 3Alder Creek and Plum Creek Siphons
(Sierra Nevada MtsCaliforniaNevada)

Frazil Ice Formation
M= L HGL & Accumulation

H,° 100m; Q ° 2m3/s

EL.2




As iceboluses slow siphon flow; boluses enlarge, accelerdiiagkageof
siphonoutlet




