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T‘hc mnmih rnumm pcnod of k;w Itmpcmtwt that mu;h of Earth § %u!iul‘_‘ ‘
experences produces- pnmli of toeal frpumvf mans rwumi bodies of water
The resulting we can nnom%y mn:adc the uutzzam of m.eg and nivery for -
POWET FENCTALION. TANSPOCLANION. waler supply . samitany purposes, eto Rncr‘"._.
- ice can mucspa.uﬂv senaus probiems through the damage (tdoes (o hydraubic
o structures and, riversade facilives. by the Nooding that often accompanies ice

. and By iripeding winter navigalion Enginecring problems associated with

the Mmc!" rq:mc of nvery have been treated by field énganeers and. hbcmlmn 4

i resarfhcﬂ for many vears Hcmtwcr t&m efforts have been hrzci‘ss dxreutd 4

tmnrd &*ml of ad bac solutions for speufx probikems, and have tended -

. : ‘:_m_he sporadac w mm mmwﬂxwed “The rapedly increasing demands

‘;'fj_u!, upon. i;anh s wwm resources in recent years and the attendant. need - -
'.;’.fuﬂ» W uﬂ!uc mm TESOUTTES hmc been mag\mhk {or an. m&mwd level

: . of research into mnu&y all | upesu of the h»dmkn cycke. :mluckm the .,

C s mmmdfm 'f»wmm;qumhkpu&cu m%qxunw i* Wﬁ ‘

w inter .hehum of ﬁ»m an;i hlku 1t was aguny (s background that they
: ",'*set iwafﬂwk&tﬁﬂv OMmIeC ‘ust
»elnpmen! of river- Ke
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part of Whoke by nver e, the (ommuttee conchnted (hat (he faghest researlh
prlmnu}'i shouk! be asdigned 10 the following topics (1 Formation - processes
of nver we (1) we pms 4 we forces. and (4) heat exchange proxesses and
the effexts of 'hﬂ"nﬂi ennchment  Fach of these. problem areas 18 ¢ vamined
i the 1 »Uvmng sechons  The report concludes with s discussion of other river xe
probiems why(h were also judged o warrant the sitention of researchers and
nver engineers This report emphasizes the hydraulc aspects of river we
problems 1 cmph_asu perhaps tends 1o obscure the ‘nmpiu nterrelationships
that cxist hetween the hydraubics of we laden nvers and the hydrology of river
systems submted to "etnng River 1€ 1s anf/aspect of the hyvdrologx cvcle,

and hence is dependent on Climatic and phy ogtipha conditions. and sensitive

1o many haghly vanable faitors The particular native of an we occurrence
1< the result of the hydrologac mput to & given wmcrshcd subjected 1o g Certan

succession of chmatc events b3 : _ .
me?uicf-l-mm-hf e f Oy ®
R}'nt'f we forms: ahrr sufficent heat has b«n m:m erred. pnnu;\ﬁ!y to !be_'

; atmssphcrt 1o reduce the water temperature 10 (% U (or msj'z'w below . 10" the
case of aupcrguuhnga I{ 15 immediately evident that all three modes of heat
transfer. 1 e . convection. conduction. and radiabion. can ﬂla\ a significant role
in the provess However, the detauls of the several heat transfer mechanisms
involved, the physical and Chemucal processes that come into play in the evolution
of e covers dunng dinter seasons. and the bre;kup or meltus@Bof the e
hﬁiomm the onset of h:;hﬂ ur temperatures are only mperfe‘.:h understood
and formulated The major smmbi:m blocks encountered in analy 7ing the problem

 are formulation of the turbulent transfer of heat. between the nyver flow and -~
both the ice cover and the river bottom. and from the e 10 the atmosphere

the pmblem i§ unpmmded of course. by the compleunes of the dvnamics
of the water movement below and the air movement above the e, and by

the extreme temporal and spatial variabilities of the wr velocity and temperature,. - /.
During its life. ice undergoes important physical-chemucal. changes, due o
~ enlargement of grain boundanes. which radically affect its strength and hence

 also the ume and mode of brct.kwp. the undrnund:m of lbcsr evolutionary
' changes cannot be regarded as adequate Gr e
The major problems assocated with the iitial formation of nver ice are
prediction of the date of fmzmp»qummme description” of the formation.

7 ‘evolution. and dupocm of frazil «e . and analytical formulation of the processes

_ of formation and accumulaton of surface e - _

'_Mdlhb‘hdhtuqﬂm-»mﬂfmtwm
wmchtstotfnmdmmdthrdmeofﬂdmmcfuﬂwdm-
mthedutaffmtcmnpkteucccma Mtomdﬂ}xmdwf‘

‘breakup In the first approach the predictor is based on the results of - statistical
analysis of past records. The statistical tools are at hand. the hustoncal records
are usually readily avalable. st least for populated areas. uldmmkhu
-mndamlnmw:nwmemmoﬂhemm mmdmm

"._:qumcukt‘l\v Mm:ndeMwMMNm :

| sﬂ\\ﬁ play a role, as. for exampie. in planning cargo movements which can

__uke p&ut onh unclﬁ opeﬂ waxer smdmms The second” mh mvo!ves

s.
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4 heat budget anal sis and 18 most reley ant (o short-range forecasts Thetanaly sis
_wombenes theoretnalls and . empincally determined heat ransfer rates . with
meteorohgical forevasts of wr temperaiwe and humadity | cloud cover . wind

speed and directon . and hydroiogcal prediction of river-siage and discharge -

The results are short range predicuions (of the ordér of davs or 3 most. weeks!
of the dates of cntal changes in we covers & The réliability of any pradiction
based on this method 5. of cougse. mo hettér than the accurscy of the
meteorological and Nyvdrokogical forecasts utiized  Therefore 3 major obstacle
to. the development of improved predictor methads. 3 the iack of suffn:rmh
acvuraie weather predunm and current research directed toward impros ng
weather forecasts s of central m;mnmc to devciopmm of refined predictory
 for e occurrence and behavior A contunued effort s aiso required 1o improve
Heat-transfer cakkulatbions inwluded in predictor methods. and o »scmbk an
adequate data hase. op which fo prepare WWM“W curves,
Finadlyv & fuller tnderstanding of, the evolunon of the mechanical propertes.
of e s essenual (0 accurate predictions of breakup ;

Frazil loe.— Frazil i3 we which is suspended in the flow in the form of small
crystals, supercon(u!.d the water i1s cssentmal 10 its formanon (1)) Franl crvstals
will wf:cﬂ 3 e, Noat to the surface. and freeze together 10 itiate the
, uwa Under conditons mm for its formaton. it

apwmmchdnmmmm and. can even
; ﬂou;mwgumudwmexuwﬂnuﬂm Frn.nl
may .uso biock water intakes by. agglomerating va submerged surfaces Pna;m
methods for . smmiﬂfmnimminmmummw
 the flow 1o melt frazil that has already fordfid. or to prevent the hqusd water
from supercooling. Whie certamn general pnnciples concermung frazil {ormaton
are undersiood thtwvdy (27.36), the processes of the il {ormanon.
evolution, and subsequent disposition of frazil xe are only mcompietely under-
stood on s quantitative basis. and deficiencaes in the present state of know ledge

- are severely hindenng development of rabonal design methods for avosdance

of allevianen of frazik-we problems A need cxists foc a me!ﬂit investga- -
on of franl we, entasing analytical, hbnnmr) and fiekd investygations | :
L Mdﬂ-ﬁh —The process of mutal {ormabon of we on a

- nver surface ocgury more often by accumulition of xe fragments than by growth

- of anchored crystals into the flow. ' At low velocibes the accumulation s gcoeraily
only one fragment thick. and subsequent thickening is by growth into the meit
At mtermediate velovibes the w}cnmmn of the uuumulaxad {ragments 1s often
random . gving a jumbled appearance (o the cover. whike at higher ek ites

the fragments are swepl under the. downstream we and.the upsiream end of
the cover cither does mﬁ&awu upsiream or forms :n a very mrguhr manner. .

Earfy attempts (0 establish cntena for the accumaiation of e were cxprcued

inf terms of a mean Sow velocity. above which the f nts woukd be swept

. under the MAM,&OV?I and the fm;mcmad cover woukd N propagate u]ntre;m
- More recenthy cntepa for the upsiream pnwtuwc of an e cover by accumuls .
',..gmn have been denved on the basis of reriwal sinking (W) of underturning
- 12,35 as the mode's of submergence of an amving Bock, and have been expressed
i terms of the approach flow Froude number The submergence of o v sl
-} fioes beneath the leading edtc of & stahonary e covér now s reasonably _
weii un&mmd the mn.tum:.; of a-.mmuhum of the mbmer'ed beneath

L
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the cover and the evolution of accumulatons until they are several blocks thick
have not been fully clucwdated, but research efforts are underway 1o clanfy
" this aspect of the problem. whih s related directly 1o another imporiant
phenomenon . 1 ¢ . the formation of e jams : .
Iy shoukd also ‘be noted that understanding the mechanxs of acumuiaton
1s directly relevant to another aspect of we enginecering [t is>often desirable
1o accelerate the formanen of & complete e cpver. cither 10 stabilize the cover
against later movement or to reduce the rate/of heat Joss from the water and
consequent frazil formation This s accomgfished by reducing the velocity and
increasing the depth of the flow by megns .of downstream control urm.turcs
or by providing floating booms (o intiate {he accumulation.

A problem related (o the general subjecy of nver we formaton 1s the matter
of terminodogy and Classification of types of e formations A number of
Classificaton schemes have been proposed (20,.25). but they are not in compiete
agreement  Efforts shoukd conunue (o standardize terminology and to relate
ice types 1o the vanous modes of formanon and aceumulation - ,

s Jases .
There 1s a large body of literature on we jams, much of which has been
reviewed 10 the extensive annotated bibliography prepared by Bolsenga (7). .
However. most of the publications present only qualitative observations. and
there i1s a paucity of quantitative data on the condibons leading to formanon
of ice jams Nevertheless. the qualitative observations suggest certan lines of
attack to' be pursued in secking an improved understanding of the processes
of jamming. It is generally agreed that e jJams are initiated in nvers at obstructions
such as constnctions (see Fig. | as an exampie). abrupt changes in chanoel
slope or alinement. statonary we covers, etc. Only recently. however, have
\- attempts been madeé u" 17.30) to quantify the charactenstics of obstructions
which can cause ;amtmm Even these attempts have been confined prnmanly
to one-drmensional situations. and the results are .cncnlly expressed in terms
of the flow Froude number. Whilke it i1s generally observed that the lower hmut
of Froude numbers associated with jamming 1s in the range 0.06 to 009, u
1$-also known (19) that wce-transporting flows with higher Froude numbers do
not always jam. 1.¢.. some obstruchon must be present 1o mitiate and supporn

" the jam . Two approaches to the quanutative formulation of ice-jJam phenomena

. seem logcal in light of these observanons The first involves apphcabon to
- fragmented e covers of the pnnc:pks of continuum mechanics, including in

', the analyses the ‘constitutive properties of fragmented ice. in order to develop

‘predictors for the stress distribution . and the geometric configuration of,
ice jams The analytical model wouki have to be iwo-dimensional in the case
of strught channels and three-dimensional for curved or meandenng streams.

" The second approach is based on the study of sites which histoncally bave
expenienced recurring jams. to determine the hydrological and physiographxc
stream charactenstics that are associated with a high jamming potental In - -

~ fwedd investigalions, pnmcuht attention shouki be focused on the formative
uﬂnolwnnnu~forwbchmuemveryfewdeuﬂad observations, both

+ \ becawse of the precipitous nature of the ofsct of jamming. mdbecwscd \
thc difficulties of access dunng large movements of e, -
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The twy lines of investigation shoukl he coordinaied  the m'm"wwi providing

a !xmlwi within which (0 orgamze and ¢uam ne the pertinent | vanabies
w the frekd studses prm:dm. the dala necessary o v alidare the m.m;ns o

A related problem inherent in the preduction of the. time of mgumrmt of

AN W€ jAm. as, \ppo«d o ste prediction which mmuﬁ goal of ihe °
 alorementiondd studies. s understanding of the Sreakup process that supphes
. the.we whal forms Jownstream jams There are ‘wo main types of breakup
' mechancally dnven and thermally driven. both ‘tvpes shoukd be amenabie (0
analvsis. The e sheet can be treated as a plale subjected to erther hydraulic .
or thermal loading or 0 both The prncipal complications: foreseen are the.
duffscalt boundany support: conditions of the e cover, the vanabie nature of

the e strength. and the buckling that can occur wbcn an.ice slab fauls under

the actwn-of a load parallel 1o its plane - Determination of the effect an wce: |
; s:rvzmh of the dcwmvum’: of tht € cover. through the prmcsses of mdhm-

: Haa-i-mnwmmunw
o -uia‘romn; 1s-of cemnl ;Wlum“wo&bwup Wluk ms.caerdly
' ’,‘Mmmmmmmzdmnammm
."vthrenmm&mumfapmdmummenwhwhmm‘w
*jWMmamuumrpmwwhmmm It is bebevied
. Kfm;mmuwhmummfwmmmthmuﬂ
- thmdmmmwywmmm!um
awmwtsofmmuuweun(mmmemdcﬁmmmew«
Oeuummhufm.uuoﬂm_ _ *"amm
. to induce its breakup. Vanous measures, ing blasting. cutting of rebef
'-mwdmcq;mmmwwwmm
mehupmcm m\rebeenundwtthmmmdm While such’
~*mmwmmm memmmdum

- - g
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1% for an umk'rs:andmg of the formaton provesses so that measures mu be
Ctlken (o prt\rnt jamming : : .

Jamming can alsod result from . massive prostucthion: of {ranl ice  Jams of thxs
type commonly form downstream from open water aréas st channel obstntions
of af points where thefe s a decrease in channel slope (e g . at the entrance
to u reservourt While gcmra}h assoviated with the carly winter formation ptrmd

. frxzd jams do sometimes occur at other times. dunng the winter season Resu
of research efforts outlined pre\muv.h 1 the section on frazl e are required "\
to understand and allesiate the gundmnns under which. jams of fnnl ocgur

¥
r

: Tt 18 well known that the forces uhuh 1ce €xerts on structures’ and shorel Ines
can, be enormous ‘and often pmdmt ntcnsnf éamage ﬂw gcncra.l design

M l—ulmmummm

'.techmqre umd o msun ﬂw mukc su'ucmzﬂ ptks sbiutmrnts :h:p hulls.
etc., will not fnl under ice Mxm is to provide them with sufﬁclcm ngth
© that the ice luis first Somqmﬂ however. resisting the full magn of
", the expected ice forces is not practical and. alternate means are felied upon; =
. eg. we booms (see Fﬂ 1) can be dc;n;ned fo l’tﬁmu‘f tmul the force in
. the boom reaches a certain level, whereupon elements of the boom submerge :
“to dllow’ passage of some ice Over the hoom A problem related o the boom
- problem i3 the analysis and prediction of the stress distnbutions in a fragmented
ke cover. Thes Istier srea has importance - also An the undenmtdxm o( lhc
"fml exerted on. vessels moving through brash- nce Covers, < :
 Inthe !oﬂamn. &ucunm ice forces are classified as thmc cxeﬂcdby ﬂmm;
acc Ml mou pmduced by frn;mentad cce uccumnhnom lnd ﬂmﬁy Ke

‘ S .‘.A
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forces expenenced by mdhving vessels Fach of these has d”m mgaishing !u:uru
and mvolves different investigative appriaches . * ¢ -

Furca Eserted by Floating lce Sheets. - There numudcnbk qucsnm »mm
ing the correct design values to he appliéd 1o a structure (o insure that i1 Can
resist we forces For a number of yéary this uncertainty was due n hrge measure
10, inadequate knowledge about the way n which e fails. but several modes
(e g  crushing bending. sphitting. and buckling) have now been )dmt:f&ed be 108
Since the force exerted by the ice. on & structure depends o & great Sxtent-
on the mode of breaking. an immediate research dbjective should be fo determine.

_ through laborstory and fieid tests the condibons for occurrence of the different
~ modes Expenments should be guided and complemented by analvtical work
which will provide the framework for interpreting the many tests necesspry
to cover the importast ranges of strength and thickbess. shape and size of
. structure. etc It shouk! also, be pointed out that the analvtical work does not .
entail, merely strughtforward applicabion of euisting techmques developed 11
- the theory of elastxcity and phsmy and applicable 10 matenals having simpie -
rhwiopdbeh-wm To cmauwteumofmecomemmumg
. pwdxtmdmwbdmmdacmvummwwma_
1 d\wmcendb.dmmvohesmouiya combnid bending and axial-load analysis |
cftpmcMWlemmowv elastic
foundation. wamm@mmmnmmmmm:um
fhud below Since most e loads are dynamic in nature. a full treatmeént requires
: cmdmno{mndmaymmdwu sheet -
v Mz;snhonmued!mfuﬂmmmhmﬂtemepem
. of xe. muﬂammmmmmwm condibons -
- of formaton, and thermal and stress history Thus a comprebensive treaiment
' mmhmwtmumdmﬁymmndemnuhm .
- Forces of w  Acemmmintions. —In contrast to-the localized force
" analyws described mtmmm&w“xcumh
. tons require 8’ “field"’ wmch The peneral geometry of the ice accumulanion. L
- ° _the spatial variation of the constituent force elements. and the local interaction
.+« of the fragments all are necessary ingredients in a complete analysis of the
stress disthbution n fragmented ice fickds. The research thus necessarily entals
consderation, both in analytical wm;t and in ht-otum and fiekd expenments.
 of the stress-straun charactenistics of fragmented covers as functions of {ragment
. propertes. twmhzm xhacknﬂs Joading rate. etc The results that should
- be forthcomung from such ncomprehmnve attack would have applicability far

':.mmmeprobkmumhntbedemofmbmm and an improved
_ understanding of the forces involved in ice jams. uince the results would aiso :
* /have immediate bearing on problems related to the, behavior of arctc pack.

Naw - - ﬂchhmag&mn&wxdpﬂedm&umpuuh&emdocm shorehnu <

Tl B

g !mhuﬂuwv‘&.mwhne mhtedmthemmﬂxmmbm
thunmafr:mmhhnptmcuhrnwtm Wzodbythcm:_
cmmdmuudwvmhfmmwdmm-*

mAkmrwmm On a less dramatic scale thereceunmumcs into the feasibility
" of pavigatidn-season extenmon on the nanon’s inland waterways have also
"mmﬂthmdfmtkmmmmcﬂ&efmumvmdm

M“. veuei rw mvmafwnmmcovm (see Pg 3‘) i

. .,,‘:.( :; : : y : = :
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Wh:k results obtamned wn both of the areas of e force investigajon dmmud .
previously woulkd have nppiuahﬁm in the present problem . the p-annt,da! probiems
assouiated with moving \vessels require separate inveslgatibn and study. The
immediate objective of these studies shouki be developmedt of the capabdity
o predict the constituent elements Of the total resistance exerted by ‘the e
on the :moving vessél, including the components ;esuhu% from frontal breaking,
fnction Kiong the hull sides. displacement of the fragmeated ice. and . the
hydrodynamuc interaction between the e cover. the vessel, and the surtounding -
_Nusd Attempts have been initiated along these general lines of attack (3.15.18.23)
U ndzmbtaﬂ) a successful attack on these problems will entaul laboratory modeling.
field testing, and analysus ‘While much of the research will consider only .

- conventional hull shapes, effort shoukd also be directed ‘toward ‘the ments of

spctu.l types of vessels specifically designed to mummuze the e fofccs or 1o
opumize clnn:_x:g of channeis through e In thus latter area; model techniques

*fm:'i«érm' m ' 'hu-j’w‘ nv-' , February, 1972

= should pmw 10 be pnmcuhr!y advanu.eous sunce a wndc range 0( gaometnﬂ

may be tested at a'cost relatively low coqpnmd 10 that of prototype testing.”
Degradetion of River Traiming Werks.—River truining works, including bank -

o "rcvmm spur dikes, levees, and sther works, often expenience degradation
' .~‘resulmntmm scourthnd erosion by moving ice. mmts:vmty 18 generally

WMM&:NMMW bmdmwultmoccunwcn-
ﬁwtmwmwhchm. complete ice cover. The techniques

®

' 10 combat the problem. mkarephcmnto{Wm“

uwhde use of larger nprap sizes than.otherwise ‘required, INCTease 0 mass -
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\&swnmmn of e\mm‘ thermal re;wm S ool as umpie as one mught - fmi,,‘
- Suppose Even small above freezing water tamperatures (of the order of a few
”‘xmmofndwu can result 0 sgnuficant ;hm'mmam!m

I~
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There are two central queshons relaied 10 the :um Sehavior of Svers

What s the mum thermal regame . ~f the nver’ ‘A!ux are ihe effects

w Uus (hermal regime of man s ut zhn.m- of the nver’ At present nesther,

:mmv can he answered i1 quanTUAL ve Terms with confidence The figst prodlem.

exQuion._ and breakup of 4 river ice cover:

Decussestation of Natursl Thermal Regimes. - There ¢ tists ymmknhk musun-

.Jem.andm. mmmmgﬁmmmﬁm&wumnvm For

Neither concept: s wholly correct Bublder systems can be effective for local
ﬁcmmmdouhmd‘umsmmum m\m
asﬂfmmdMumvdmm-ym Indeed. # continuous
p;;hdmuﬂ'tmthcfruwﬂuﬂmmmnmofmmc

 evens. m&tmdfmmummm:hmwz

wbt{mffwngm}m It has also been observed thal temperatufe

. differences as small as 0.02° C, ‘which gemerally are uadetected by the commonly
'.-uwhndhddlhuthamm may effect a change in the underside of
; :h:m..m!mmmmﬂym Mﬂdmzolﬂn'tmmw

wave {orms (5} apm:hmumnm areas in the ice cover Coassdering

i mmmmeﬁmswbyﬂwwemm ,
_,’_uueﬂuﬂmmmcmmdmw:mmmm

 inetpensive but haghly accurate thermometer systems be developed. and that -
_the thermal regames of natural nvers be extensively documented af represéntative

umwm%mmh&mﬂmmwhmmsm

. walerways EMWw&afﬂumwoﬂMywm

tenefits than mmmktc data obtaned at many stations. unce the comple ity

of a few scattered measurements What shoukd he measured in such a'program’
Lmuwymmqummmm wh-.hgmcm dxthcrmﬂpm-.cues

* of conducton., convecthoa. lndrldutm ¢ | waler temperatures and véiocibes.
e thickness and extent. surface temperaiures, nndseh.mmdmiemp:n :
_tures. net surface radiabon. md;munduaxe:mdo{hé:themddﬁmm; =
- introduced into the niver g :
‘ m#wm-ﬁmhwnaﬂcnmmmm\hm&w_

method (1,13 avidable for predicting the extent of ice mppmssm Jownsiream

“such s overall planning. 1t 15 adequate. for others it 13 not The Lmitapons

P

I,

 examgee. Wr‘smmmmmmmmmnMaWWt

 <hermal grahent custs whah mayv be utilized for kxcal suppression of surface

- we other hand_the water flowing in we<overed rvers is widely considered :
o have .m:watmo'g and hence 1o be ncn;a,_'

.. termsiof convective and conductive eyt ransfer to the whqmd interface -

,of!htthﬂ!nﬂmmd!mxm mmwmrmmwmmmm; :

‘®

~ from the section where a thermal ioad i3 imposed 0n a nver For some purposes.

_ stem from the umphfyng assumptioas (one-hmensional flow, complete fuung,
_ unrefined !orimm of surface-heat-transfer pmusmi made Decessary by
: _,W in the present understanding and formulation of .the comsttuent
phm-em umawhnmdmwsspmwﬁemr




0 T L JANUARY 1974 Lo o TN,

\Mmm 4 Gites wnudered for vahdabon nf the v.ompumwm procedure.
only. two were cotmdered satisfactory for a n.unms vabdaton (14) An effort
should:-be made to extend the method, or devise other methods. o account
for unsteady effects, for lateral and longitudinal dispersion of the effluent and
for the nonuniform geometncal charactenstics of natural nivers The extension
of the mﬂhod' will invalve both field and analytical investigabions ind could
profitably be carmed out in conjunction with & study of the nuun& lhermu‘
regime upstream from a source of thermal effluent
 For local suppression of e, recourse is often made (0 the use 01 ar-bubbier -
systems (see Fig- 4), or 10 so-called velocity systems. The effecuveness of

“both systems 1s generally predicated on the custence of a thermal reserve in’
the stream. and the function of both systems is 10 advect the warmer or ice-free

~water to the lvocum of desired meiting Or 1ce suppression These systems are
dwwmmund(mmﬂum Mmmmum'\)ycm means

¥

ARG k-wmuhmwmmmmm wn

’_- nvmltbk to w;de the dcm nnd selection 0! lhc systems avmhble (32), and |
~ all {00 often the appmnch ukcn is one of "‘try it and see how welk it vmri;
 There akuly e;usts a need for a nuonai design pmcedurc 7

On-m , : e ; A
ot + £ " % : o . >

. While Lhe tubpcu dsscu?sed prtv;ously wm judged by the Lommmet to
be the four priority areas in ‘which rtsemh Jis ur'cndv needed. there age a
number of other speu!nc probiem uus ;hn merit attention. ‘A short, and by

"no means completc lisung of some of these '1s .presented in the following,
together with a commentary on the needed research efforts. Undoubtedly, new -

o problem mﬂmupuw demmdq are phced on nvmdmmwmw seasons.
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mm-mm ‘wu\umh:mdxc on mmr'nd
surfaces s generaily relsted (o the formaton of frazl (280 although anchor
we.may he produced directhy on the dody &y radialive heat ransfer Regardiess

cof 18 ongan wing of submerged surfaces s'a revurnng and sefius probiem }

Tfor which the usual soluton in the past Nas heen the addition of heat b} one
_means or wnother Possible use of specia we-phobw surface Coatings -aun:
;rmndt an alternale means. of ﬂkvmlm the probiem .

 Prepertiss of ice: - The thermal properires of we are faurly weil documented.

tut the mechankal properties are. oot suffiaently well estabbshed o280 [t 8¢

difficult 1 correlate the different sets of laborstory. data because of (he many

different test ’pﬂ\tﬂdms and specimen configurpions that have been used. and -

hecause of inadequate reporting of the thermal (and ogher! conditions dunng

the tests Hme there is & need for aédnm mmn‘ of e meu;tb with

the tests u:mcnm the \mporiam ranges of crystal size and onentation. Ke

temperature, sampie size and shape: kading sm!wmm etc and for repurm'

' althctmw:xmu-j resuhs Tha'eupre:enm also 2 need for.s generally

 acceptable nms of accurately measunng . mc <rushing nmq(h under ficid

m!ﬂ‘nMs
¥ rectien meﬁmf e limuted dats vhilsblé oo the fn;um {actors

o associated with the undtnudncc of nver we covers The presence of frazi

greatly complicates the probiem. udoc:the!mmdmnppku49“‘ :
_ onthc:mdcnu& of the cover Accmd;m to Nezhikovskiy (29}, the umve
Russian expenence on the effect of franl IMimde&rﬂu in the

= frcbon !umr through the winter season: the demem i1s generally attnbuted -

mamdwtmmthemoﬂmﬂmm Exmw@;mﬂmm

“do exnst, mddeseweundy Tbcpmh:mﬁfum comphicated by a isck
ddocmnmnmm(hc change in the hydraubc roughness of the nver bed ‘~
‘due 1o the presence of e An.improved understandifig of frcuon®factors  ©
mmadﬁmmcmwwﬂembhmxmemwnmdemmm
mwwmm

' ﬁ“fwhﬂu‘-ﬂh-narumnmdmmnm

e -m the effects of an e cover.on the sediment transport a.wtmsm; of a

: mu%beunumﬁled:ﬁm azcmpenmremkmnmhnesmmf
 effect on the sediment transport rate (16.34). and unce the velocity distnbuton

18 radically altéred by the presence of the ice cover, :ttsmscmbk’mspecm

memmmewmmmuwmfa:amm
- wanter.and summeér. Both laboratory and fiekd stuches are needed to estabhsh
‘*thchswmmofm:wmm The studies should benefit - .

e from the extenmive kmled.e My nul;nblt on tednmem‘tnmpon m nvm i-l

m ltaexmtd:humyafchacl" )

. Mmfmconchm
: Mqumthmumumvamm
mlm‘mxmtmmnvmmreﬂkmn Similar ‘problems anse .
3 ‘m*WdMMmﬂ!mmMgmmmhdemmmz
~ the problem 13 get dmwww;m
-smmst‘maudemupu\m mmwm
Srcould be placed on 2
.,’mmwmmmmummmmmm
“veness of the solubon adopted. This should igad (o rabonal design methods
bqndmexmfmﬂexm Alpi'ﬂem&n:uhnhb&noum-

e
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sive summa;n of these {ahmqucs or dtur‘lph\‘(‘ nd :hcsr rﬂsme sucCess m /
ovércoming the pmbkm :
it b o waat bow of k”pwiﬂmmm = Anum{m‘oﬁum
- Russian term s ‘naled i 1s the successive accumaiabon of e in layers uhac:h
. results from a contnual supply of waler to the surface These ucm&mms :
- C8n Cause evtensive damage or expense through their t.uon in biox king énmue 5
- structures, interfering with road usage . inundating structures or other facilies. .
- and by causing local ﬂoadmg Remedial measures are generally taken in reaction -
1 the occurrence of an ing. m&genenlh are treated as @ recurnng maintenance
function - The causes of ixing are reasonably Clear - However. a definite need
exists to consder the causes of ieings dunng the desigh and site-selection phases -
 of a project so as (0. mMammuze the control efforts which will be required “later,
- As i other problem arcas m\-oh:m ice. the néed e vists 10 quantify and dnswmml‘!e
the. rather - extensive expenence with wings which at present exryts.n cmh a
qualitative form and resides largely with engineers who have been ..oafnmed

with problems ansing from au‘s Valuable engineering gusdance can be abwﬁqd

- from the extensa'vtlucmurc on the, sub,ect muLh of. uhach has been summanz:d y

HQ th
o Glecher mmm dmhargu of ‘streams ormnmm from tempeme
, siacrers Often ‘have imposed up&\ the normal runoff s sudden large discharge
S oo bum which results when i large amount of water is suddenly released -
"~ from a giacier, several occurrences and the résulling cxtensive damage have
‘been descnbed (31, 33) 1n ‘considerable detiul ‘In some cases they are a fr-equem ;
aimost regular occurrence. $hile in others they seem to be unpredictable (24)
" The primary need in this area is for a method of assesung fof pecific mites

i m probabibity of occurrence of bursts,_ the likely magnitude of the muhm‘ s

me g thewr pmcnun fur damage Techmiques presently used (o' assess
‘the damafe potential include examination of histoncal records. evaluation of |
- physical’ evidgnce\of past évents. and, 0 & fimited degree. assessment of the
“potentsal of a curres t hazard where no precedent eusts Thus latter is rendered
T ?'mn @ifficult, since the - nmmded water 1s often ot nuhk at o .niear the

O emfsce . -

o bnmm%ﬂﬁummw thereh.ncb«amcnwn‘"
- efforts to navigiite waterways dunng peniods of e A3 aresult; the difficultes -
~ assocated with ice st navigation locks have become of ‘increased importance

o mmmmwndvm aﬁmmhdthemdedmsunh suggested
- previously will ad in the solution-of these pmt»ltms The difficuities inchade

-+ icing of gates. rommum on Jock walls of ice which must be remwdpenodwy :
. to. maintun adequate durmes the mmy of uvirudy loctm; through
© Ke pu;hcd‘ 4nto the lock chamber by approaching vessels. interference with

mutre-gatg gptmm blockage of intakes and valves. and icing on walkways. -

* " sccess platforms. and other minor structures which Gompromise safe operations
P _m nmazma the particular phenamena causing the probiems a need
.exmts for carly recogmition-of the. probkms umcmed mth ice zh: desap :
- phase of project planning ‘

mmmvmammum Mw:cm

»._"v{mvdsmdummuuxmhmmafmmmmmhk
__f--mm»Wmdmw“mem ‘As the
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.\mm acmﬂm pmhbmq will ne- &mh also become nmfe mw 1w
- soluton. through numrmlf «muwmn of the'co U processes involved For
exampie. the dﬂciupmm of we covers dunng wifiter seasons. the formation .
and ey olution of ice jlﬂ?@\ we suppression by therpfal ennchment. and unsteady e
we forces wummcmmk: structures appear to'be logical probiems for analy sis

. by numencal simulation. A continuing tﬁm shoukd be made 10 simulate such

- phénomena via nunnm*ﬁ means using computers. and 1o :dcnuh those parts
~of the umuhtms whnh Aare least rehable o most sqmme w0 ihe input dsfa ;

e e et

L 3 e B

¥ — - @ -
¥ i .

m examination of fiver- Ke probiems pfc;emcd hcftm has . by necessity,
""_.,.avmded the detauls of many of the problems. and the recommendations for
~ Tuture research thus have been more n the sense of §1ving direction rather
~ than ptescnbnu specific research tasks Four aréas ‘of pronty” smmm__

M;prmm of rrver ice; ice jams ice forces ‘and thermal effecty fred.

. togetber with a category of problems which defy yumple i‘saxfnm (o ansy

oneof the four areas Where possible. the present siate of hm P
been indicated lnmmxskmﬂcd‘zlqsbe !\dﬂk"-

‘knowledge in ¢ ‘m:pnubkirusofnmhydnulus assgcatendt .

Ansview of the persistence of the problems. it 1s hopék 4

iitiated (o reduce this $3p and ulumately provide the practicing

 methods and m?huqtm wtmh may be used-with Coafidens
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* solution. through _pumencal simulation of the ' x processes involved For
~example.‘the development of e covers dunng’ m

and nuhas&m of e ;;Qi\ Ke mwmuw by they

er seasons. ﬂu formation :
- mhmtm  unsteady .

e forces acting On complet structures appear 1wh WM*M foranalyms '

by num;mhtm A Continuing cﬂm umm be made 1o simulate such

: phénomena via- aumrwﬂ means using uxnpmeu Jand to tétntx!v those pans Kl

% -é-«m{ the amnhums whxh -uc k:m m!ume o mms w;muw w the input m

rew;h thus kave been ghore i thc nusc of gg\q;‘ m mhm

Z:i'nm ;pudu rtw;nfh mks Fw arem af pmmzy "'(m*

h“ﬁ;afmmm By M-S Uneds
-g.mm_asci-: wwmmu -




<ﬁ . Jmuuv*a*t Pl ;m

3 &W £y ﬁ,rsm e Jams A iaemim ﬁinw L 5 Lm Wv &tm
e irwﬂ A Greatl Lakes Research Center L 5 | ake wwcy Detrost Mxch (988

% Burtndge F B and Lader | R A Preiivunany [nvestgaion into ﬁwﬁwmﬁ :j.

. Freezeup Conditams n Canada  TEC “‘“”, %?mimkw«ti Qnmh {mmm gwd S

. Transpon ( M&w e -
9 Carey K L Asshyteal Approsches 1o G mmdmxmxﬂmmmm 5
~ .. Steam Us: md Survey Professinc. Paper CTCC, 197 pp CXO-LX "

00 Carey. KL . Vlcing Ociurvence, Contnd. amd Preventon —an \m Bibig
T raphy t&’&(’lkﬂ Speciai Report 15! Juby 190 ' i
1i-Carey K B RMRmeWm‘R%ﬂuMQMﬁﬁq i‘ht‘!ﬁﬁ o
. Mosograph [T DT May 1971
41 Carstens, T- " Experiments with Sup&mtn' md Ict Fm)m in !»kwm‘ %ua e
o (sofvuske m;-m Voi AXVE So 6198 ; :
11 Dengman S L et al. Effects of Theryu ﬁaimmm on R;w; i\r uwmm - i
{ ’Gﬁ"’lﬁ‘?h!rm&i‘kwxm e Aug e
"'f..\-t and Weeks W F  Tenpe mwkt muazww u~m
e ar mv« below.‘the Em m:m ?hm lﬁiﬂ‘kﬁﬁi &m e

1‘ ﬁuﬂ’ Wﬂw »‘M miam \L‘w ‘g :

SVW lzmw t-Sﬁf e
: R ok e
| L SSR. Jons {
eeding &mtu L_W m!;ﬁ:

fw a{th’HW«s ﬂm e
Thmm*rw %cm\ d W mhr

ORI R oot of Womkshey ©
: Imw Hyﬁkxﬂg“;ﬁ m

» d er mﬁ Late “E.:t &.m

MML&« MW*M cm’gm_
story . Hamover N “\‘F ey :
mﬁﬁ “ice Fan N ernc







HY 1 £ e i AVERICE PROBLEMS P 13

=N

© o n*é«enpfwéhxﬁ problems will no- doubt alse become mn_r? amenabie 10

sotutron. through numenical smulation of the complet processes involved For
example the development of we covers dunng wifiter seasons. the formation
and ey olution of we § we suppression by 1
we forces acting on cemphl SIUCTUres appear |
by numencal stmulatos. A continuing «ffort shoukd be made 1o simulate such

phénomena via numerncal means using computers, and (o identify- those pants

S of the sumulations whuh 4are icast rehabile o mOst sensitive to the | inpurt data
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. The examimation of niver.xe problems pfcqscmcd herein has. by necessity,
~avosded the detmls of many of the problems. and the recommendations for
future research thus have been more in the sense of giving direction rather
thnn ptescnhm speufu research tasks  Four ardas of pnonty  formatio
- processes of river ice; e jams:ice forces ‘and thermal effecty). are ideptilied.
togetber with a category of problems which defy simple «lassification fnto any

one: of the four areas Where possibie. the present state of km
heen indicated In general this knowledge [ags behund the cusre
know ledge in comparabie areas of rniver hydraulics as: X 1th nonje periods
‘An-view of the persistence of the problems. it s hopéd eArc

ennchment and unsteady
logical probilems for analy us
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