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PREFACE 

On the Lnvitation o~ the Presidents or the Hungarian Academ~ 
o~ Sciences and of the rational Water Authorit~ of Hungar¥. re­
speetivel~, a S~posium on the theme or "H¥drpulic Research on 
Rivers and on Ice with Special Regard to Navigation" was held in 
~dape8t rrom the 15th to 17th Janu~, 1974. The S~posium was 
·organized jointl~ b~ the Sections of FIIHial H:ydraulics and or 
Ice Problems, International Association ror H~draulic Research 
(IABR) and b~ the Section o~ Inland Navigation, Permanent Inter­
national Association of Iavigation Congresses ,PIANC). 

It is the first time that these two 1nternat1onallf respect­
ed associations joLntl~ arranged a meeting on an important sphere
of scientific problems. We, the hosts, felt ver~ much honoured 
that this meeting was held in our countr~ and that it was partic­
ipated b¥ a great number of distinguished professionals, in spite
of the narrow theme chosen. 

As the hosts had hoped, this sfmPosiam proved to be a re­
markable success from two points of view. As for science and 
profession, the 41 contributions and the discussion presented re­
sults of high scientific and practical value. And as for co-oper­
ation between professionals of different branches of SCience on 
international level, this S~pOSiWB demonstrated that such joint 
ventures could offer an excellent opportunitf for achieving com­
promise between often inconsistent human needs, as it waa pointed 
out b~ Prof. Harold Jan Schoemaker in his lecture and b. Prof. 
Imre D6gen, Prof. Taizo H8.¥&shi, and Prof. Hen;r1 Vandervelden in 
their toasts at the f1nal banquet or the S~posium. 

In the name of t he local committees, the Sponsoring, the 
Scientific, and perhaps first of all the Organizing Cocmittee, I 
must expre ss mf sincere thanks for that reallv int ensive and 
helpful guidance, assistance and co-operation bf which the Secre­
tariats of both Associationa made it poss1ble for us to ach~eve 
such a success as this S~~os1um has turned out t J be. 

Budapest, 30th September. 1974 

J6zsef VLncze 
Vice-P~esident 

National Water Authorit1 of Hungar~ 
Ch&1rman. Local. Sponsoring COIllIDittee 
IAHR/PIANC Svmpo8i~ on River and Ice 
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l' H E S Y M P 0 S I U M o N R I V E R A ~; J - :: .:.. 

held aD 14 through 18 January, 197 4 
i D BUQa peat , Hunge ry 

Prof.Imre Deg en , Sec r e ta ry of State aDd Presid ent of VH,N BS 
t he Honorary ChS ~rms D of t he Symposium and the Chei rmen of t ~ e 
InterDations 1 Honorary Commi ttee . The preparetion of the Sym~o­
s i um wes direct ed by s Loc el Sponsoring Committee ( Che i !"lllsn: 
Mr.J6zaef Vincz e , Vice- Presidan t , OVH; Sec r etary: Prof. Dr. Ed e 
Kerta1 eSc ., Head , Depsrtlllent of Wa ter Manag ement, OVH , enoTy a 
~Scientific Committee ( Chairman : Prof .Dr.John L, Bogar a i , 
Me mber of UTA, Buda pest Un i versity of Technol ogy ; Secre tery:?rof. 
Dr. don St arosol s zky CSc •• Deputy Hee d , De partmen t of ;/e t a r Msna ­
gelllent, OVR). f urthermore by 8 Loc a l Org an i z i ng CO lllmittee ( ~ h 8ir­
maD: Dr.Karoly Stelczer CSc ., Di r ec t or of the Reeearch Institute 
fa Wa t er Res ourc es Devel opmen t , VITUKI; Sec reta ry: Dr. Zo .tan ~. 
Hank6, Head, Department of H1dromec hanic s, VITUKI). The Sym?os i um 
meter~81 we8 prepared f or publi cation io f orm of pre pr io. s and 
postprints by Dr.Ot t6 Has~£pra D.Sc ., Scien tific Consul tent, VITUiG . 

The Subj ec ts of the Symposium covered the hydraul i c as ?ect s 
o the fo llowing fi eld s : 

- river regula t i on a nd fl ood contro l , r i ver canaliza t i on and we ­


te r power devel o pmeDt, e t c .; 
- ice phenomen a of natural, t r ained and cenel ized ri ve r s ; 
- i n lend n8~ige ~ion. 

At tne s essions of tne Sympos ium the papers su omi tt e':: on ~he 
fo ll owing aubj ec ts were discuased: 

A) Rela tionships of f l uvia l end ice hyd r aulics 

The effects of the f l ow condi tions on t he ic e fcrrneti o~, 
drif t . cover developmen t , jemmi ng end break-up wit h s~ecial r e­
gard to multipurpoae river tra i ning and na vi gati on . 

B Interrel tions between river treinin r i ver c8 0s 1i zl! ci on : :l .', 
es wa er Dower eve opmen aD naV~5a on w~:;o 5;:e~ 1 8 _ ::,e ­

sard to ic e con tro l 
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River training ,"arks t or improving i ce f l ow cond itions, i n­
terrela t ions between river morphology and i ce regime . Strategy of 
~ce breaking for ic e floo d prevention on r i vers , melting f rom up­
stream, considering meteoro l ogica l forecasting . Problems connect­
ed with i c e phenomena on canali zed rivers of email elopa i nclud­
ing effects of runoff or peak river power plants. Effec t of nat­
~ral and artificial effluents, including c ooling water, on t he 
ice rebie e of rivers. Ice r egime of trained or canalized river s 
with r espect to navigation. 

C) E:fects of runoff regulation 

~ffecte of runoff r egulation, on water, ice and bed r egimes , · 
:'n upatream eIld downstream reache s of rivers, caused by na tural 
or man made reaervoirs with speciel regard to nav;i.gation. 

41 papers were submitted as a total. )8 papers were grouped 
8~j ~ublished 8e preprints according to the subjects as fol l ows: 
Subject A) - 13; Subject B) - 17; Subject C) - 8. 3 other papers 
arr-lveo too late and were published ~n the Postprint volume. 

?r-O(J) 18 countries 160 experts psrticipated i n the Symposium. 
·!'he events and results of the Symposium - without the inten­

~i o n of completeneas - may be summarized ae fallows. 

On 14 January 1974 the participants of the Symposium were 
·selcome d ana registered, furthermore scientific and informative 
~eteriel was distr ibuted. 

In the morning of lt January at the opening session Prof.Dr. 
John L.BogBrdi, Academic an and President or the Commission for 
Scient~fl O Water Management of MTA, addreseed the partic ipants on 
behalf of the hosts, namely of the Hungarian Ac ademy of Sciences 
(~T~) and of the National Wster Authority of Hungary (OVH) ; and 
jelivered a formal opening speech. On behalf of the organiZing 
international associations Prof.Dr.Taizo Ha~ashi (Japsn), Preai­
aent of IAHR, and Prof .Hen~ Vandervelden ( elgium), Secrets ry
General of PIANC, welcomed &e Symposium. Purthermore Dr.G~orgy 
Fekete, Di rector of the rn·ternational Danube Commission's ecre­
terI8T ad dressed the participants of the Symposium and Prof. 
KirH ZVOr~kin (USSR) conveyed the best wishes of Dr.Mikhail 
Skladne v,resident of the Soviet Nstionsl Committee for !AHR. 

che opening session was followed by a festive session at 
w=' i:::h Prof.lmre Degen, Secretary of State, welcomed the partici­
~ent9 of the Sympos~um by a formaL addres9 conveyed on behslf of 
~he HUngarian Government, furthermore performed a festive lecture 
:>n "·,',E ter }lenage!I!ent Aspects of Plood snd Ice Control in Hungary". 
?ol~ ::"Ring the lecture a film WaB presented, informing sbout eome 
events of the major floods and the development of the methods and 
:neeo s o~ fighting a.gainst floods in this country between the 20 's 
of .hi s ceotury end the present deYB. 

In the afternoon of 15 January Prof.lstvan Mitrai held a 
-enera: ie:::ture on subject C). After the lecture the submitted 
cecere were introduced by the euthors calling the attention to 
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the aain p01nts and final conclusions. The session wss closed by 
a general d1scuss10n. , 

In the evening Prof.Dr.G:rl:irlcr CssnAdi. Academician and Pre­
sident of the Branch of C1vil EniineertDg Sciences of MTA, Minis­
ter of Transport and Post o~ the Hungerian People's Republic, 
gave a reception, marking the openiIlg of the ' Symposium, on behalf 
of the Hungarian Academy of SCiences (MTA)R. 

On 16 January the sess10ns on subject B) wpre introduced by 
a general lecture of Prof.Dr.Miklos Kozak. Because of the illness 
of Prof.Kozak: the lecture W88 conveyed by Dr.iaklos Szela~. '::he 
lscture was follcrwed by the introduction of the pspers an the 
dternoon session wa,s closed by a general discussi,Jn on subject 
B). In the svening the Symposium members participated in the 
theatre periormance of -Wedding Peest of Ecser" by the Hungerian 
State Polk-Ecsemble. 

On It Janua~ the general lecture on subject A) wes perform­
ed by Pro .DT.OdlD Sterosolszky. The introduction of the pa?ers 
was followed' end the afternoon session was closed by a generei. 
discussion. 

At the closing session of the Symposium Prof.lr.F~rold J. 
Schoemeker performed a lecture on "Past Experiences and ~~ture 
Trends tD Development of Co-operation between International As­
societiona Dealing with ~ater". The scient ific and profe9sio~e: 
results of the Symposium were summarized by Prof.Dr.John L. 30­
5'!gi. The Symposium WSB fortllally closed by Prof •Henry Vana er­
ve en. 

In the evening Prof.lmre Degen, Secretary of Stete, ~a7e a 
d1n:ner in honour of the SytllPOSl.Um participants, cn behalf ~f the 
National Water Authority of Hungary (ova). Hia toast em?cas1zed 
th.e advsntsge, o8ceso1.ty and importB.Ilce of th.e international co­
-operation in both goyernmental organizations enc non-govern­
mental associatio~s or institutions, furthermore it commemorated 
with compliments the initiative of the IAHR conceroing the co­
-operation between the international associations dealing with 
water. In their replies Prof.Dr.Taizo Hayashi, President of L~H? 
end Prof.Henq Vandervelden, Secretary General"f ?L!.nG, besides 
appreciat~ng he success and reeults of the SYC?~8ium ane e~?a8­
sizing the usefulness of the international co-operation, eX;J::-es­
sed their hope that the experiences of the Budapest Symposi~c 
would stimulate elsa other organizers to call for 9i~1lar j oi nt 
ventures. 

In the mornings of 16 and 17 January the Symposium per~ici­
pants had the opportunity to visit the Hydraulic Laboratory cf 
tha Institute for Water Management and HydrauliC Engineerin~ at 
the Budapest University of Technology (B~-VVl) end that of ;Qe 
Research Institute for Water Resources Development (7 ITUKI), 
respectively. 

II Surely all the participants wil,l be shocked ':Jy the aorro·...-:'li 
news that just in the time of prepering this volume Pro~eaa~r 
Csenadi died unexpectedly, causing a greet 1089 to ~he 9cie~­
tific life of Eungarv. 
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On 18 January, in a one-day atudy tour, the Symposium part­
icipanta got acquainted with the Hungarian Icebreaker Flotilla 
which held a demonstrstion with 11 units on the Danube in the lla­
ja region. The demonstration was directed by Mr. Janos Szanti, 
Direc tor of the Lower Danube Valley Diatrict Water Au thor~ty. 
The usefulness of the Flotilla was proved by the demonstration in 
s pite of the Danube having no ice cover. After the demonstration 
~.Ferenc Kincses, President of the City Council of Baja,recaived 
the guests, then on the activity of the Lower Danube Valley Dis­
trict ~ater Authority Mr.Janos Szenti and on the Hungarian Ice­
breaker Flotilla ~. Las z lO Honfi, Director of the River Regula­
tion and Gravel Dredging Co., respectively, delivered lectures. 

The ac companying persons of the Symposium members partici­
?ated in social and recreational programmes. 

The results of the Symposium may be summarized around two 
i deas: 

- -;i1 th respec t to forming the 'Nay of thinking, it must be regard­
ed very imp ortant that experts, invastigating the same pheno­
mena from the View-points of different social-economic goals, 
co-~ld exchsnge their ideas concerning fluvial and ica hydrau­
lic s, and navigation. The joint venture summoning experts of 
verious disciplines offered an excallent opportunity for 
ac hieving compromise between inconsistent human needs. 

- It fo11O'.vs from the foregoing that the scientific and profes­
sional outcome of this Joint venture contributed, in a wider 
l i ght, to the aoluti on of some problema in the control of the 
aquatic environment of mankind. 

Budapest, February, 1974. 

Dr.Karoly Stelczer CSc. 
Chairman, Local Organizing Committee, 
-IAHR/PIANC Symposium on River and Ice 
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SUBJECTS OP THE SY14POSIUK 

Subject A) 	 RELATIONSHIPS OF PLUVIAL AND ICE HYDRAULICS 

The effects of the flow conditions on the ice formation, drift, 
cover development, jamming aDd bresk-up with special regard to 
multipurpose river treining aDd nevigation. 

Subject B) 	 IBTERRELATIONS BETWEEN RIVER TRAINING, RIVER CANALI­
ZATION, LOW HEAD WATER POWER DEVELOPMENT AND NAVIGA­
TION WITH SPECIAL REGARD TO ICE CONTROL 

River training works for improving ice flow conditions, interre­
lation between river morphology and ice regime. Strategy of ice 
breaking for ice flood prevention on rivers, melting from up­
stream, considering meteorological forecasting. Problems con­
nected with ice phenomena on csnalized rivers of small slope in­
cluding effects of runoff or peak river power plante. Effect of 
natural and artificial effluents, including cooling water,on the 
ice regime of rivers. Ice regime of trained or canalized rivers 
with respect to navigation. 

Subject C) 	 EFFECTS OF RUNOPF REGULATION 

Effects of runoff regulstion, on water, ice aDd bed regimes, in 
upstreem aDd downstreem reaches of rivers, caused by nstural or 
man made reservoirs with speCial regard to navigation. 
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PROGRAMME OF THE SYMPOS Im1 

Participants' 	Programme 

Monday, January 14, 1974 
10,00 - 20,00 	- Welcome of Symposium Members 

- Registration of participants 

Tuesday, January 15 
8,00 - 18,00 - Regiatration of participants 
9,30 - 10,15 - Opening sesaion 

10,15 - 10,45 - Break 
10,45 - 12,00 - Festive session 

"Water Management Aapects of Flood- and Ice Con­

trol in Hungary"

Invited speaker Prof.I.Degen, 

Honorsry Chairman of the Symposium. 

Cinema performance on the seme subject

12,00 - 14,00 - Break 
14,00 - 14,45 - General lecture on Subject C. 

Invited speaker Prof.I.Metrai, 
Member, Local Scientific Committee 

14,45 - 15,15 - Introduction of papers on Subject C by the 
authors.Discuasion 

15,15 - 15,45 - Break 
15,45 - 16,30 - Introduction of paoers on Subject C by the 

authora (continued). Discusaion 
16,30 - 18,00 - Di9cusaion (Subject C)
20,00 - 22,00 - General reception offered by the Hungarian

Academy of Sciences 

Wednesday, January 16 
9,00 - 9,45 - General lecture on Subject B. 


Invited speaker Prof.Dr.M.Kozek~ 

Member, Local Scientific Committee 


9,45 - 10,15 - Introduction of papers on Subject B by the 
authors.Diacnaaion 

10,15 - 10,45 - Break 
10,45 - 12,00 - Introduction of papere on Subject B by the 

authors (continued).Discussion 
12,00 - 14,00 - Break 
14,00 - 15,15 - Introduction of papera on SUbject B by the 

authors (continued).Discussion 
15,15 - 15,45 - Break 
15,45 - 18,00 - Discussion (Subject B). 

• Substituted 	b~ Dr.M.Szalaf 
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9, 00 - 12,00 - Alternative programme

Technical visits to Hydraulic 

Laboratories st the 

- Institute for Water Management snd Hydraulic 

Engineering, 
Budapest University of Technology (BHE) and 

- Research Institute for Weter Resourcee Develop­
ment (VITUKI) 

20, CO - 22,00 - Tbeatre performance 
"Wedding Peest of Ecser" by the 
Hun~ar1an State Polk-ensemble 

Thur s day, January 17 
9 ,00 - 9 , 45 - General lecture on Subject A 


Invited speaker Dr.O.Starosolszky, 

Secretary, Locsl Scientific Committee 


9 , 45 - 10 ,15 - Introduction of papers on Subject A by the 

authors. Discussion 


10 . 15 - 10 ,45 - Break 
i8 ,4 5 - 12 , 00 - Introduction of papers on Subject A by the 

authors (continued). Discussion 
12, 00 - 14,00 - Break 
14, OC - 14, 30 - Introduction of papers on Subject A by the 

authors (continued). Discusaion 
14, 30 - 16 ,00 - Discussion (Subject A). 
16 , 00 - 16 , 30 - Break 
16,30 - 17, 30 - Closing session 

~Conclusions Gained on the General Lectures, 
Papers and Discussions; Current and Future 
Trende of Hyarau.lic Research on Rivers aild Ice 
with S~ecial Regard to Navigation". Invited 
speeker Prof.Dr.J.L.Bogardi, Chairman, Local 
Scientific Committee 
"Past Experiences wi.th Puture Horizons for Co­
-operation between International Associations 
Dealing with Weter." Invited speaker Prof.H.J. 
Schoemaker, Member, International Honorary Com­
mittee 

~ , ,-: - 12 , 00 - Alternative programme 

Technicel visits to Hydraulic 

Laboratories at the 

- Institute for Water Managament and Hydraulic


Engineering, 
Budapest University of Technology (BMB) and 

- Research Institute for Water Resources Develop­
ment (VITUKI) 

19 , 30 - 22 , 30 - Banquet offered by the National Water Authority
of Hungery 
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Priday, January 18 

7,00 	 - Departure from Budapest for Baja 
- Introduction of tha Hungarian Icebreaker Flotilla 

on the Danube in the Baja region 
- Lunch 
- Introduction of the activity of the Lower Danube 

Valley District Water Authority in the fields of 
flood control, river training, ics problems and 
navigation at ths Baja City Hall. 
Host Mr P.Kincses, Presidsnt, Baja Municipal 
Council,. 
Invited speakers Mr J.Szsnti and Mr L.Ronfi, 
Members, Local Sponsoring Committee 

21,00 	 - Arrival in Budapest 

Ladies' Programme 

Tuesday, January 15, 1974 

9,30
11,30 

- 11,30 
14,30 

- Visit 
Break 

to the Castle Hill in Budapest 

14,30 
20,00 

17 ,30 
22,00 

Visit to ths Bude Royal Castle Mussuc 
General Reception offered by the Hungarian 
Acsdemy of Sciencea 

Wednesday, January 16 
9,30 - 11,30 	- Excursion to the Buda Hilla, refreshment at the 

Hotel VorOs Csillag 
11,30 - 14,30 - Break 
14,30 - 17,30 - Cooking show at Hotel Budapest 
20,00 - 22,00 - Theatra performance

"Wedding Peast of Ecser" by the Hungarian State 
Polkensemble 

Thursday, January 17 
9 , 30 - 11,30 - Visit to the National Gallery, Budapest 

11 , 30 - 14,30 - Break 
14, 30 - 17,30 - Walk in the downtown area of Budaoest 
19,30 - 22,30 Banquet offered by the National '!later Authority 

of Hungary 

Priday, January 18 
- Common programms with the participants' 
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POSTPRINTS 

On the following pages the material of the session discus­

sions is reproduced on the basis of tape recordings and submit­

ted written notes. In some cases when the tape recording was in­

terrupted Bnd also the discusser did not submit any written ma­

terial, this interruption is marked by C ••.••• ). The reeder and 

the discussers concerned are asked to pardon kindly the organi­

zers for this deficiency. These postprints tontain some papers, 

too, which attained the local Organizing Committee too late to 

be included into the Preprints volumes. They arejfound at the 

end of the related Seasion discuasiona. 

Tape recordings have been put down by Dr.pal Magyar. 



I 

I 


I 


I 


I 




OPENING S E S S I 0 :Ii 

9:30 a.m. January 15, 1974 

J .L.Boglirdi, Chairman 
I.D~gen, G.Pekete, T.Heyashi, 
H.J.Schoemaker and 
H.Vandervelden, Members 

J.L.Bogardi. Chairman: 

Ladies and Gentlemen! 

Distinguished Participants of the Symposium on River end Ice, 

Dear Guests, 


On behalf of the Hungarian Academy of Sciences and of the 
National Water Authority I have the pleasure to welcome you in 
Budapest at the Opening Sesaion of the Symposium on River and 
Ice, organized jOintly by the International ASSOCiation for Hy­
draulic Reeearch and by the Permanent Internetional Asaociation 
of Navigation Congressea. Personally I myself, as citizen of the 
host country, feel very much honoured by your intereet which is 
demonstreted by the large number of the audience. 

It is my pleasure to greet first His Excellency Professor 
Degen, Secretary of State, President of the National ~Iater Au­
thority who is representing the Hungarian People's Republic. I 
gladly greet with respect Professor Taizo Hayashi, ·President of 
IAHR, Professor Harold Schoemaker, Secretary-Treasurer of IAHR 
.and Professor Hsnry Vandervelden, Secretary General of PIANC re­
presenting the sponsoring international associations of this 
Symposium. Pinally allow me to greet also Dr.Gyorgy Fekete,Direc­
tor of the Secretariat for the International Danube Commission 
and the members of the International Honorary Committee as well 
as all council members of both international associations who 
have been able to participate in this Symposium. Last but not 
leaat allow me to greet alao you, Ladiea and Gentlemen, our deer 
guests, participants of the Symposium on River and Ice with Spe­
cial Regard to Navigation. 

Ladies and Gentlemen, 
I am convinced that this joint venture of these two famous 

and well known internetional organizations will prove to be an 
important step in the co-operation and co-ordination between the 
various non-governmental international organizations dealing 
with water in various aspects and working in various disciplines. 

I should also like to hope that this three day Symposium 
will have successful reaulta not only from the point of view of 
Bcience and engineering but also in better understanding awoag 
the peoples of various nations and so it is not hopeless to pre­
dict that - earlier or later - peace will govera sll over the 
world. I wish so, I hope so. 
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Ladies and Gentleaen, 
I wish you a successful work in the Symposium, a pleasant 

stsy in Budepest end with these thoughts in my mind allow me to 
declare the Symposium opensd. Thank you. 

Now, may I invite Prof.Hayeshi, President of the IAHR to 
take the floor and to address us. Prof.Hayashi! 

T.HsY8shi: Thenk you Mr. Chairman! 
Mr.President, ~f the National Water Authority of Hungary, 

!!r.Chairman, Distinguished Guests, lIIemb'L' s of the Symposium on 
River end Ice, Ladies and Gentlemen! 

It is my privilege to greet you on behalf of the Interna­
tional Association for Hydraulic Research which I represent here, 
?irst of all, I should like to express our deep gratitude to our 
hosts - The Hungarian Academy of Sciences and The National Water 
Authority of Hungary - for their gracious invitation, and the 
S yn~osium committees for the great effort which they have made 
:' or the oreparation of this Symposium. The arrangements as evi­
denced thus far are outstanding. 

It is very gratifying that this Symposium 1s organized joint­
l y by the Sections for Pluvial Hydraulics and for Ice Problems of 
~he International Association for Hydraulic Research and the Sec­
tion for Inland Navigation of the Permanent International Asso­
ciation of Navigation Congresses . 

Since I think that some of you may not know so well about 
the IAHR as about the PDUJC, let me g ive a brief explanation of 
the aims and activities of the lAHR and slso our old and close 
relations with the PlANC. 

rh e lAHR was s tab lished in 19J5 as the IAHSR - The Interna­
tiona l Association for Hydraulic Structures Resesrch - with the 
?~r?ose of international co-operation of the engineera and 
sc i entists interested in hydraulic re aearch. 

And this took place on t he occasion of the 16th Congress of 
Pl ANG held in Brussels, in which 66 partiCipants specialized in 
hydraulic research felt necessary to make a forum for their O·lIIl 
s?ecialization. Later, its name was changed to the present name, 
L,ternational Association for Hydrau lic Research by deleting the 
,'Io rd "Structures" end the objective s. of the ASSOCiation were 
st ated as "to stimula.e and promote hydraulic reaearch, both 
besic and applied, in ell aspects " . The LAHR is aD association 
of individuals and of groupe of i ndividuals, and i t has now eome 
1 00 individual members and sowe 260 corpors te members frow 81 
cif f erent countries of the world. A recent concern of' the lAER 
is fluid mechanics in the problems of wdter envi ronment, and the 
;. ss ociation conducted its last two congresses on the general 
t hemes relevant to water environment. Its next congress, i.e.the 
l o th Congress, which will be held in Sao Paolo in summer next 
year, will also be conducted on a general theme pertaining to 
the water sciences useful to the Ulanagement of the water en­
·,i!'~n",ent. Keepin[' physi.os and technology as ita base of COUl­
Je~en c e. the IHG: is ea~er to have co-operation with other in­
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ternational associations interested in water problems. With re­
spect to river mechanics, the IAHR had the great pleasure of or­
ganizing a symposium jOintly with the International Association 
of Hydrological Sciences about a year ago in Bangkok. ADd todey 
we are very happy to be able to organize this sympoaium jointly 
with PIANC. I am convinced that many fruitful results will be de­
rived from the exchange of information and knowledge between the 
members who get together with different techniques and through 
different approaches. And I hope we shall be able to hold meetin~ 
like this between our AssociatiOns from now on. 

I am speaking on behalf Of . the IAHR and in this context may 
express my hope that hydraUliC research may have great inspira­

tions from the collegues who expect useful reaults of our work. 
Mr. Chairman , I thank you very much for the opportunity given 

to me to address at ths opening session of this Symposium which 
you snd your committee have laboured. 

Chairman: We are very grateful for the warm greetings ex­
tended to the Symposium by Prof.Hayashi, President of the IAHR. 
Thank you. 

May I now invite Prof.Vandervelden, Secretary General of 
PlANC to take the floor. 

H.W.J.Vandervelden: Mr.Chairmanl His Excellency Prof. Degen, 
Secretsry of Stete, Ladies and Gentlemen! 

It was with great pleasure that the Permanent International 
Commission of the Permanent Internationel Association· of Ne'!iga­
tion Congresses, on behalf of which I have the honour of address­
ing this assambly, accepted to sponsor this Symposium jOintly 
with the International Association of HydrauliC Research. 

Speaking for the President of PIANC, Professor G.Willeros,un­
fortunately unable to be with ue today, it is my privilege to 
congratUlate the organizers for their initiative to hold this 
Symposium on "River and Ice" under the auspices of the .Hungarian
Academy of Sciences and of the National Water Authority of Hun­
gary and to wish them every auccess in this undertaking. However, 
with personalities such as Professor Degen, Secretary of State, 
Presidsnt of the National Water Authority of Hungary and Profes­
sor Dr.Bogardi, Chair of Hydraulic Structures, Budapest Univer­
sity of Technology, among the leading officials of this Symposi­
um - this success is guaranteed beforehand. 

Por the last ten years or so PlANC has endavoured to stimu­
late closer COllaboration bet~een technical international organ­
izations pursuing kindred objects. The first signa of such colla­
boration came to light on the occasion of our 20th Congress,held 
in Baltimore, USA, in 1961. It took a more concrete form et our 
21st Congrsss (Stockholm, 1965), when so-called "sister" ssso­
ciations were asked to furnish technical pepers on subjects of 
the official program and ware invited to send an observer to the 
Congress itself. This prectice haa been continued with setis­
factory results at aubsequent congresses. 

This collaboration is not confined to our congresses which, 
as· you know, only taka placa every fourth year. We have alflo ap­
plied this prinoiple to our international Study Commissions. 
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These are s e t up to examine topical probl eas raquiring mo~ time 
than the few hours a vailabla at a Congress. 

A f ew sister associatioDs are gener al ly invited to coopere ta 
in the work of these Commissions in ord er t o c oncent rate efforts 
and thus obtsin the best p08s ible results . 

In this connec tion I would like to pay tribute to Professor 
Schoemaker of the Delf t Uni ver s ity of Technology , the devoted 
Secretary Gene r al of the Interna t ional Association of Hyd r aulic 
Res earch, who took the initiative to con tact me over a year ago 
r egar ding the sponsors hip of t h.is Sympos i um. He knew ver y well 
t hat his suggestion, would be echoed fav ourably, sinc e he was a­
ware of PIANC's longstendi ng wish for c ollaborati on and svoi danc e 
of dupl i cation. 

I might add here that more rscently, Professor Schoemaker 
ha s initiated c ol l aborati on in yet another field of ac tivityltha t 
of water rssources development. The aim is to f orm a group of wa­
t er-or lell t ed internati onal non-governmelltal organi zat i ons who 
woul d strengthell t heir c ooperat i on iD a l l technical problems de-

i vi ng from the usa of water in ordar to avoid both the dispersal 
~f effor t a and t he overlapping of ac t ivit ies . A meeting of four 
such organ.iza t ioDs was held ill I etallbul l as t September. They de­
cid ed , i n ter a l ia, to aet up a c en t ral body (or Presi dent Coun­
cU) c omposed of delegations of each psrticipat iDg or ganiza t i on . 

As far as PIANC is c onc arned, i ts governing body. the Per­
manent In tenlationa l Commiss:1on, ha.s not yet been ec quaill ted 
wi t h t h is Dew proposed col laboration ; there is. however, no doubt 
that i t wi l l be favoura bly accept ed at the next General Assembly,
in June. 

On baha l f of the Permanant In ternst~onal ABsocia t i on of Nav­
i ga tion Congresses I eXpress most siDcere wishes f OT e fruitf u l 
end i n every wey s uccessfUl Symposium . Key the di scussions be be­
nefi cia l to al l the part icipants Slid may fUrther progres s be a­
ch.ieved in the f1e l d of s c i entifiC research, thus c on tr~but1J:lg to 
improve the we l fere of mankind. 

Chairman: We ha ve been deeply i mpressed by the k.ind f r iendly 
words of Pro f .Vand ervelden, which teatified the thorough under­
st8J:Idillg of the problems to be disouesed. Thank you Prof. V8J:Id er­
ve l den ! 

now I ahould like t o iIlvite Dr.Peil:ste, Direc tor of the Sec­
re t ari at f or t hs International Danube Commission. to take the 
f loor. 

Gy.Pekete: Mr .Cneirm8J:I! Hon ourabl e Secre tary of State I 
La di ee 8J:Id Gentl emen ! 

Pi rst of all le t me greet you not onl y on ~ part but also 
on behalf of tha Danube Co mmissi on on the occ asion of t he begi ll­
ning of thi s Symposium. 

For us, t he r epr eaentatives of the Danube Commission . i t is 
a great honour t o partiC i pa t e in the work of such 8 h igh-level 
scientific plenum. 

Scient i s ts coming from ell parts of the worl d have ga t hered 
here to discuss the i mpor t8J:I t probleme c onnected with the r ela­
tionships of fluvial and i ce hydraul i c s and the ef f ects of run-
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off r egulation with spec i al regard to navigation. These problems 
have muoh in common With the tasKS of t he Danube Commission. 

As it ia knOWD. t he sphere of activi ty of the Commission 
c overs partioularly the esteblishing of the plans of the basic 
works on t ha Danube as wall as t he coordination of the hydrome­
t eorological service on tne Danube for navigation purposes. 

It i e, of course, i mpossible to solve these problems without 
scient ific fundsmental besi s , bu t the ma in tes~ is to sum up the 
r esults of sc i entific research in the pertinent field. 

Danubi en countries perf or~ed import an t work within the frames 
of the Daaube Commission . The Commission has es tablished the basic 
plans. 

To t his end the CO~iBsion ad opted recommenda ti ons concern­
ing the establ isbment of a uniform method f or the determinat i on 
of tha navigation and r egulation l eve l on the Danube , it has als o 
elaborated a~d ad optad recommend a~ions on the establ ishment of 
the parameters of the n3vigable channe l , of hyd r ot ec hn i c e l end 
other s tructures. The Commissi on ed i ted two vo l umin ous oublice­
tions, as report, on t he ice r egime of the Danube. . 

The record on t h e shall ows i s publ i shed annua lly. The l ong i­
tudinal river prof ile f or the stretch of the Danube from Ulm to 
Sul iDa, i . e. over t hat falling int o the c ompetency of the Commis­
s ion , was published. 

In order, to c oordinate the activity of t h e hydromete orolog­
ical etat i ona of the Danube c ountries, the c ommiss i on ad opted re­
commendetions relating t o tha co-ordina t ion of t h e hyd romet eoro­
l ogical servicea on the Danube, which c on tsin in particular . he 
deSCripti on of uni~isd ~8thods of the obse~ation and pr oc ess i ng 
of dat a. In ord er to unify t he data rela t ing to runoff along :ne 
entire l ength of t he Denube, t he Col!llldssion Bd opted r ec ommenda­
tions ae regerds t he neceseary measures to be tek en f or making
the dat a of t he d1ecaarge perc1se. Hydrologics Yearbooks ere 
publiehad regularly,and besides this, a t ten year interval s hy­
dro l ogics l reference bo oks conc ern ing the Danube s ra edit ed. 

The Commiss ion synthes1zee the experiences obtained by the 
ripa~ian c ountries as regards hydrological forec asts and is en­
gaged in etudying the poss i bilit ies of their i mprovement . 

Ladi es and Gentlemen. 
I am cODvinced that .the result s of t h i s Symposium will con­

tribute aven more to the effi o i ent r eal iza tion of pr actical wor ks 
aiming at meeting the demands of neviga tion • . 

In conc lUsion , may I assure y ou that wa shall follow the 
preceediDgs of the pressDt sympos ium with the greatest attention 
and shall do our best to utilize 8S much as possible the r esults 
to be obtained for the benefit of enauxing an even more effiCient 
n Bvigati on on the Danube . 

I wish every succ ess in the work of the Symposium. 
Thank you for your at tention. Thank you very mUCh, Mr.Chair­

men! 
And now may I g ive to you the Great Medal of the Danube Com­

mission whi c h was i ssued at t he 25th anniversary la9t year. 
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I would ask our Chsirman, Prof.Bogardi to sccept from me in the 
name of the Secretariat of the Dsnube Commission the Great Medsl 
of the Danube Commission. Thank you! 

Chsirman: Thank you. And I should like to thank my friend, 
Director Fekete for his address which we highly sppreciated. And 
of course, many thanks for this nice present. And now I should 
like to csll to the floor Professor Zvo~kin,to read the message
of Professor Skladnev who unfortunately is not able to psrtici­
pate in our Symposium. Prof.Zvo~kinl 

K.A.ZvoEIkin:~.Chairman! Ladies and Gentlemen! 
President of the Soviet Committee of IAHR Prof.Skladnev un­

fortunately csnnot be present at our Symposium. Let me read the 
brief message of Prof.Skladnev. 

"Mr.Chairman! Dear Colleaguas, Ladies and Gentlemen! 
On behalf of the IAHR Soviet National Committee and myself 

I have the pleasure of welcoming the participants of the Sympo­
sium on River and Ice. 

I am glad that the finsl decision of arrsnging this Sympo­
sium and its current subjects wss taken at tha 2nd Internationsl 
I c e Symposium held in Leningrad in 1972. 

Our Hungarian Collesgues took advantage of tha experience of 
Soviet scientists in organizing thia Symposium. I wish most cor­
dially to all participants of the Symposium River and Ice s 
great success in this "cold" but very important and interesting
branch of science. 

Unfortunately, winter ice conditions prevented some· of my 
~ olleagues from coming to the Sympoaium. But I trust their co­
-workers who are present hera will excellently cope with the . 
duties entrusted. I wish you every success in your activities. 

M.Skladnev, President of the IAHR Soviet National Commitee". 

Chairman: Thank you Profesaor Zvor¥kinlAnd may I aak you to 
extend our best regards to Professor Skladnev. We regret very 
much that he ia not sble to participste. 

Lsdiea end Gentlemen, now we shall hsve a break and the 
Festive Session will be opened at 10:45. Thsnk you. 
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10.45 a.m. January 15, 1914 
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H.Vandervelden, Membera 
I. Degen, Invited Speaker 

(The opening address of Prof.I.Degen, Secretary of State, i3 

published in the 1st preprints volume.) 
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S B S S I 0 l'I' O. SOB J E C T A 

Relttionab;l..ps OIl Pluyhl and Ice Hydraulics 

9:00 a.m. January 17. 1974 

L.A.Z olotov. · Cha1~ 
W.Lise16!fy, Co-Chairman 
tl.Siaroaola~. Invited Speaker 

L.A.goloto. Chairman: Ladies and Gentlemenl I em Zolot ov 
~rom USSR. I decfare opened the firet eeesion on Subject A. The 
=aiD theme of our Bession is WRelationahips of Fluv i sl and Ice 
H:ydrau.liea". 'l'oday we will discuss "tI:!.e effecta of the flow con­
ditions on the ice fOrJllation, drift, cover devel opment. j elll!llilig 
and hrealt-u.p wi tb. speciel regard to 1IIUltipu.rpoaB river training 
and navigation. I wouJ.d ilie to introduce my co-ohairmen Dr.',fol ­
demar Laa~6fty. Profeaaor taezl61'fy is scientific adviser of the 
gydraullc Docu.m.1UI"tat1on an.d In!ormati.an Cantr • and Professor Dr . 
Oiitln Staroaolezky wl10 is our invited ap-eaker. 

Dr.Staroeolezlty, I ask 10U to praeent your report. 

b,S~srosolazkY: Thank you Mr.Chairmanl Ladies and Gentlemen ! 
Di stinguished Participanta o!the Symposium on River end 

Icel 
I fee l very much honoured that I have the priviltge to de­

l:iver 6 general l ecture concerning interrelatione be tween f luvia l 
and ice- hydraulica . In lIlY geueral l ec ture conoerning Ul81Jlly i ce 
hydraulics I w1eh t o summarise the recent resul t s, t o give a gen­
eral .ie. of the s lite o! art on t he investi get ioDB of ice pheno­
mena, t o v1~el:ize t he tu~ problems t o b s olved and f inally 
t o put the papers 8UbIll1~ed in our Symposium t o Subject A i n e 
co OD fratll8.worlc. 

Prot ..Degen in h:1e introduct.o):7 leoture has eulpha.ai.zed tha t 
ice conditions are con't"rollad :t'IuIdalll.8Jltally by the combina t ion of 
channel morpho~ogy and c11-.t1c cODd1tions. And further these 
cond~ t10D8 can be aODtrolled by human in terference, fundementelly
by river regulati.oD s tructuree. These two s t e temen ts tundemeDtel­
ly tmderlille the clQse interrelation be t ween .f l uvi al and i c e hy­
draulics. Prom these 1;be f ollcmiDg cOtl.cl'UBions oan be arri ved at l 

1••0 adequate information on ice hydraulics can be obtained 
with.out. iIl1'ormat10n on channel morphology and f l uvial hydraulica 
these latter repre8en~ boundary conditions t o i ce phenomena _ 

2 . 1'1'0 ice cantro.l measures can be deviaed unless the hydrau­
lics of ice end river are total ly unders t ood. 

rhaae c oncl usioDs may appear l ogical and in my l ec ture 
thought it to be important t o emphaa ize them specielly. 
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The foundation of modern fluvial hydraulics was around the 
middle of the last century by famous French hydraulicians. Ac­
curate observations and tha use of mOdals have reach'1nowadays far 
enough to predic t the flow of water in streambeds with a fair 
degree of reliability. Provided that the initial and boundary 
c onditions are known. In alluvial channels where these boundary
conditions are subject to variations the solutions considered 
otherNise accurate appear approximations only. Concerning the 
co~plete de scription of sediment transport and the influence 
thereo f on the channel and in term of the flow itself the pre­
sent methods howev er adva~c ed they may appear contain a number of 
un8ertainties. It is f or t his reason that fluvial hydraulics in 
s~ite of the exa c t mathematical models remains a rather empirical 
scienc e and the majority of engineers engagad in this field leaves 
reliance r a ther on actual field experiments than on the applica­
tion of advanc ed the ories. 

This statement may be discussed. And I hope that my distin­
guished f riend Dr.deVries, Sec retary of the Fluvial Co mmittee will 
discuss in this res pect. Ice hydraulics which deals wi th the tra­
vel of i c e and thus with kinetic ice phenomena has not yet attain­
ed this stage. Certain physical s imilarities have been r ecognized
between the movement of i c e and sed im ent but th,e devel opment of a 
scien t if i c a pproach based on t he mechanics of fluids and of s'olid 
bodies and does not ex lusively on experiences sssociated on the 
ac tivities a nd events of the inter national associationa on hy­
dra ulic research. Several congresses and s eminars contribute 
g r eatly t o this de velopment a s a resul t of which we can speak of 
ic e hydrau l ics a~ all. I t is 108ical t hat ad vances in r i var hy­
dr au lics ~romot e the ev olution of i c e hydreulic s a s we ll. A brief 
review s hould il lus trate t his s tstement. 

In the fie ld of fluvial hyd raulic a e considerabla deve lop­
me n t has ta ken place in r ecen t yeara . Let me r efer only to a few 
of t he m. The differ ential equa tioDa deec r i bing un s t eady heat-flow 
phen omena became acce ssible to s olutio~) e l t hough mos tly with an 
a pproximati ve charac ter onl~ with t he he lp o~ adva~ced computa­
ti onal techniques and high speed computers. At the sams t ime it 
was experienced that t he volume and accuracy of basic data ava il­
ab le failed to meet the requ i r ements of advanc sd c omputer techni­
ques . 

An other c onclusion: advances in c omputation t achniqus s offer 
the poss i bi lity for more accurat ely ana ly~ in g t he effeots of hu­
men interf er enc e ( reservoirs, dams . river barrages, diversions , 
disc harges etc . ) on f l ow aDd regime condi tions in natura l allu­
via l channels . Although he sdvancemen t waa Dot 8 S spec tac ular 
than in t he f ormer cBse , neverthe l ess it opened the way for de­
s cribing more ac curate l y than before three-di mens ional fl ow phe­
nomena , t he i mpor tenc e of s ec ond s ry current s in the highl y non­
-'niforc riv er channels, t ha t ~a s ful ly ap preciated ye t allowanc e 
f or t he m c ou ld be ma de just a 9 in the ceae of fri c t ional re s iet­
ance at th e c ost of ra ther crud e app roxima t i oDs and s i mplific a­
tions on l y . Devel opmen t in ins t rumenta tion . e spec ially the in tro-. 
duc ti on of f low direc tion meters. c an be regar ded as new tools in 
thie re s pect. In the observa t i on of pulsa tion and of different 
a tt ac hed ~henomena t he in trod uc tion of laser- techniques and ed­
vanced recording related have raau l ted in c ons i derable improve­
ments es pec ia lly where n o more than the macro effects of tha pro­
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cess that means the complete evolution of mixing "; "9S of in t erest. 
The scientific advancement in fluviel hydreulics was followed 
with a slight phase--shift by knowledge on ice phenomena. Where 
the relative scarcity and expansive nature of observation tech­
niques presented considerable difficulties and obstacles as a 
consequence thereof there is still a lot of oa"remeters for the 
theoretical solutions and it is virtually impossible to check 
theoretical results against field observation data. In fact, the 
unsteady variation of flow is mostly accompanied by unsteady ica­
-motion. Of course, a phenomenon in ice movement may be unsteady 
even if the flow itaelf ia steady since the formation and melting 
of ice are themselves unsteady " phenomena. Concerning the effects 
of hydrotechnical structures on ice phenomena additional vari­
ables must be introduced or certain simplifying assumptions lose 
their validity. 

Concarning the influence of three-dimensional flow condi­
tions on ice phenomena the relationships available are again of a 
qualitative character only. In that the pattern of the streamlines 
on the surface are vit'tually traced by following the movement of 
the ice floes that flow usually on the surface. Nevertheless, ice 
drift would be more reliable to forecast i f information were 
available on three-dimensional velocity distribution. Better l~­
derstanding on pulsation and diffusion phenomena would permit the 
more exact description of cooling and freezing "processes as well 
as of the movement of flush and fra7.il ice. In this domain ap­
pears the possibility of transplanting the results of research 
conducted on account of pollution control, turbulence and this 
possibility should be utilized. This seems to afford the only 
means for estimating the impact cooling water discharges cn the 
ice regime in rivers. ~lhich problems have been mentioned yester­
day and before yesterday many times. The few examples are believ­
ed to demonstrate the necessity of a parallel development in 
fluvial Bnd ice hydraulics. The practical benefits of theoretical 
advancement may accrue emong others to navig ation. This can be 
illustrated by the following examples. 

As a consequence of the growing number of cooling- water dis­
charges the thermal pollution in the recipients and thus the 
average temperature of water in them is alao increased, especial­
ly in industrially developed countriea. In the winter season this 
rise in temperature has an influence on ice formation and con­
sequently on the length of the nsvigation season. Ice form~tion 
may be restricted to much shorter periods of tae year. But it may
also extend to much l onger periods. The length of t he river reach 
affected is of fundamental importance. The question ia obviously 
of economic interest; the ice is removed from a longer distance. 
The appearance of ice on longer reaches may make the removal of 
the preaumably thin ice cover over the intermedia t e reaches by 
ice breakers economically attractive. Advances in the the~ry of 
unsteady flow and ice movement may lead to a program of runoff 
control whereby navigation caD be prolonged for an extended peri­
od. Besides releasing relstively warmer water from reservoirs re­
ference is made here to the poasibility of breaking up the ice 
cover by al'tificial flood-waves especially before the advent of 
melting I.hen conditions otherwise are favourable. 

After this introduction let me summarize tue main problems 
of ice hydraulica . 
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( The ~eiD pert of Dr.Staroao~sz~·e lecture has been published in 
t he 2nd Preprints volume.) 

Ladies and GentlemeDI Before t1nishing ~ lecture I want to 
e~~uAeize the campIer character of future research. Rel ationships . 
of g6neral val i dity cannot be expectad unless fundamentsl rela­
tions of nsture l sciences arB sdopted aa a atarting baaia . Local 
observatioDs must be extended to simultsneous messuremeDts of a l l 
relevant factors involved. More studies should be pe~ormad on 
tue bas i s of fundamentsl "relations and on conditions correspond­
in~ :0 locsl observations. The athsmsticsl modals ~ormulatsd can 
be "sc lved undar various initial and boundary condlt~ons. rho val­
idity of the relationships assumed is verifisd b7 fiald observa­
tions . Therefore orgaDi~ed research activity" is r e quired in which 
earlie r observation data are used in combination with accurate 
~bserva~ions performed in their majority with ths help of new ad­
venced methods and eqUipment from which some beve been iDtroduced 
yesterday. 

7ioelly let me express my hope that this complex way of in­
vS9tigat1on may be performed in a framework of an intsrnational 
~~~~eration. Thank yOU very much for your kind atte~t10n! 

Chairman: l'henlt you very IIIIlCb, Dr.Starosoluzq for your .,ery 
~o tere8ting report, How we shall discuss the pepers. 

There ere 13 papers connected to Subjeot A. How all t hese 
?6?erS ere o~eD to discussion. Let me begin our discussion with 
?aper A2 . "The 'echan i es of River I ca J amB" by Dr.Kennedy and 
J~.UZUDer. Dr.Kennedy, yOU are welcoms. 

J.F.Ken.n ed.t : Thank you. II:r .Cha~nl The work: I SID going t o 
re port today is serving 8S 8 subject t o t he doctoral thesis of 
os of our gradua t e s tudentB t Iir.UzUllez; my ao-eu t hor. Hia Master's 
~eper re sul t ed i n a ~ork on iee end i t wae presanted iD our l a s t 
~onferenc e i n Leni ngrad. And n ow he is continuing hi s work on 
,n i s s ubject. His home is Turkey ao I predic t he wi l l be a leed­
in~ ael t hori t y on ice problems when he re turns homa. 

The subject of ice j ems is every compl er one involving 
as it does - most of the sspects that en ter into river i ce prob­
i ems , including the hydrauliCS of the flow under ice, s t rength of 
~he i c e , transport of the ica and the production and melting of 
i ce. This is perhaps that makes ice jams the very lIlteresting and 
troublesome problem that they ere. 

If I could heve the lights down pleaae! And turn to the 
slides. ~hank you! 

Let me begin by noting t hat ice jama have attended artistic 
attention during past years a a we see this in the painting by 
-,onet called "Breaking of the Ice" , However. when one looks at a 
real ice jam it loses some of its artistic a ttractiveness and 
becomes a somewhat more frighten~ phenomenon. This is a photo­
,;raph made by the Corps of Engineers from the 196 -, ice-jam 1Il th~ 
vicinity of Quab City be tween Iowa and Illinois. The flood pro­
duced by this ice jam wss one of the greatest experienced in re­
cent years in the Upper- Miesissippi River end produced tremendous 
damage. 7ihen one looks more clo sel y to the surface of an i ce-jam 
- as you CBn see - you find a r eal mess. I think if one wants to 

Subject A 



do theoretical work on 1ce-jruu perb.aps you should never g o ou t 
and look at an ioe-jam. You become so disc ouraged that you might 
give up right at that time. I am always alao s l ittle stsrtled 
and puzzlsd by tha amount of junk and trash accumulated OD 1co­
jams. lou wil l find barre l s, old doora of are, ell matter of 
trasll and I just do not understand where does thia come from? But 
it ses s inveriably to be present. Tll1s agein is the ice sc cumu­
I tiOll on the Kias:iseippi River in lo",a and Illinois. iihen one 
18 feced with a difficult Datural phenomenon it is alweys a good
idea to look at it in tha laboratory and ",e have done this in the 
laboratory flume at IO"'8 u8ing simple paraff1n blocks thet ahow 
soma of the characteristios of ioe jams. Tll1s is e photograph 
made through the side glass wall of II flUl!ls wi til the flo., from 
left to right. Tha faaturas of the ica accumulation show ~anerlll 
thickelling from the upstream end. The ice apparently thickens 
until ita str&ngth at any point is great enough to support the 
losd supply from the upstream end. These loads will be discussed 
in more detail later but CQQu1st of the imnact of the flow 6nd 
ice sgain8t the upstream eDd, the shear strese OD the bottom of 
the ice cover, the component of the weight in the direction of 
the flow that is the gravity exerted on the ice and on the weter 
that it contains. One also frequently observes i n thia modelited 
j ams at least the phenomenon that Dr.Starosolszky spoke of. t he t 
is the transpo.rt of the indIrtdual particles on the uIlders ide of 
ttle ice cover. BveDtuelly though, one· does achieve a mor e or less 
equilibrium thiclcneslI at lIome disullce dOll'Dstresm fr o!ll t ne l ead­
ing end of the 10e jam and at tbis point the force s exerted on 8 

unIt length of the ice jam, that is t he weight of the ice end the 
water it cont.ins - plus t he shear atrese OIl the bott om -, are 
just balanced by the shear exerted on t he ic e jam by t he wal ls of 
the flume or by the banks of a river. 'rllat i a t o sey , t h e net re­
s isting f orce du.e t o t he normal st rees in t he j em is c on s ten t be­
cause of tha uni f orm thickness. 

Let us now l ook at a still more ideelized s ituation and s tart 
to c aDsider the f rsmework to the ana lys is t hat will be developed. 
Bow today I am going to deecribe an anslys is t hat i s s omewna_ 
different .from t he one presen ted in the preprints . The prepr int 
was prepared almost a year .ago and since tha t t i me we have made 
c ODsidarsble add it1anal progress s o I wi ll desc r ibe to you t he 
preeent status of thia research. It is still con tinuing bu t near­
i ng c ompletion. 

Ths flow approaches the upstream end of the ice jam and be­
cause of the presence of the ice jsm there is of course an in­
crease iII the water surface, that is the additional resistanc e 
off ered by the presence of the ice cover causes the fl aw t o deep­
all . Consequently, one ha.8 upstream of the ice jam the formation 
of a backwster region. Now , with the srrival of more ice to tce 
upstream end the ice cover wi ll propagate the upatream direc ~ 
tion, that is t he leading edge will move upstream. The notati on 
used iII t he sl i de, I believe, is internetional due to Dr.Staro­
Bolszky ' s t erms . The equilibrium thickness and the equilibrium 
depth of flow under the ice sre noted by te and he. respectively. 
t B~d ~ ere the thickness aDd depth of flow upstresm from the 
P~int where the jam achieved its equilibrium conditions. Now just 
to give a general overview, Ozuner has succ eeded now in solving 
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the unsteady ice-jam accumulation problem for the situation in 
which the eqUilibrium conditions have been reached st some doWD­
stream point. And then one can grab the problem by simply to make 
a change in the coordinates, you look at the problem in a moving
coordinate system. And the results of the analysis are the pro­
files giving the ice thickness and also the distribution of depth 
upstream from the ice jam, as well as the rate at which the ice 
jam is propagating in the upstream direction. Let us now look at 
some of the forcea involved in achieving the equilibrium. As al­
ways in a problem of this sort we do not have much to work with 
Newton's laws and the equations of kinematics or continUity. So 
the basis for the analysis - as far as the ice is concerned - is 
the static equilibrium of an element taken from the ice cover. 
Now keep in mind, that in this analysis we will treat the force 
balance in the ice cover as static, but we will treat the un­
steady dlDamic equations of the water flow under the ice. Now 
what are the forces acting on the elementary control volume that 
we ses. This is a parallel pipehead section cut from the ice jam
Bnd e~tending over the whole depth. You can see the water surfaca 
noted by these small nsbla and the forces acting are the follow­
ing: 

First of sll there is the weight of the ice and the water it 
contains in the direction of flow. That is to say the stream will 
be slightly inclined and consequently there will be a weight com­
ponent along the stream. There is the normal stress r!5 x'. acting 
on the upstream end snd the balance will be made by the normal 
stress on the dOWDstream end plus the additional normal force 
slang the length on the side of the ice jsm. And if you extend 
the size you will find the banks of the stream eventually. There 
are the shear stresses ~xy acting. Pinally at the bottom of ths 
ice cover there is the shesr stress exerted by the turbulent flow 
of water beneath the stream. You might also note the coordinates 
used - the most important one being X in the downstream direc­
tion. Now before we can begin to solve the problem you obtain the 
thickness T as s function of length along the stresm. ~e must 
first express the stresses 6 and t'xy somehow in terms of thex 
thickness. This is s particularly puzzling problem, one which we 
will consider lster. But I wsnt to refer now to the lower figure 
just to set the background of whst you will see later. In a frsg­
mented ice cover the normal - I should say the verticsl normal 
stres.s G z is distributed in the triangular form that you aee il­
lustrated. Now this is the effective interparticle stress be tween 
the ice fragments. And of course it reaches a maximum at the wa­
ter line. Being the buoyancy of the particles below the water 
surface supports the weights of the particles above. And we have 
in expressing 1I:Q" wa have related their fa~lure values or maxi­
mum values to this applied normal stress 6 z and have used the 
aversge value of it. Stated in other way we can say that the max­
imum value of the normal shear stress 6 is proportional to the x 
mean value <5 z' Similarly, the maximum or failure value of 11 xy 
is equal to s cohesive intercept or constant cohesion plus a con­
stant times c5 z' The motivstion for doing this stems from the 
fact that the whole ensembls of flowing ice is less constrained 
in the vertical direction than in the other directions. Any fail-
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ure due to application of stresm ice forces or she8r forc es can 
be releaved by expansion and the consequent relative moti on of 
the ice fragments, an expension in the Z direction. 

Well, let me now simply eummarize t he e qua t ions t ha t ent er 
into the problem. And I won't go int o t he detai l s of the so l u­
tion. First of all there is the force equilibrium of the i c e C')v ­
er which is - I t old you before - considered as static .That sim ~­
ly says the change along the length ot the normal for~es pl us the 
c hange caused by the shear stress minus the shear stress a ;J?1 i ec by 
the flow ~s equal to the weight of the i c e. As we just discusse~ . 
the longitudinal normal stress G x is assumed to be propor ti ona : 
to the aversge vertical stress G- resulting in !q.2. And t h is 
follows directly from the hydrost~tic relations. Similarl y, the 
shear stress ~ is expressed as - first of all it is ass ~med to 
be, or shown toXbe - linearly distributed across the channel. It 
is clear - I think - thst the shear stre6S '~XY must be zero in 
the channel's centerline and then it is distributed lineerly ac­
r oss the channel and to show thi~ you me ke an endlysis very s imi­
ler to that you might show that the shear stress in an open c hen­
ne l floVi or uniform pipe-flow ie l i nearly dis . ributed . Bu t t he 
maximum shear stress itself 'U ry is taken t o be eque l t o a c or.e ­
sive interce? t ( . ..... ) dynamical boundary cond i t ions s i mply <l S Y S 
that at the leading ed ge of the ice c over 6 times t t ha t L:; . ile x 
streng th of the ice c over must be equal to t he fo rc e s u ppl i e6 by 
t he mOlI!en t um of the oncoming ice bl oc ks. And n otic e t ha t '"e ere 
now in effect using a moving coordinate syst em because Vs au~fa c e 

velo c i ty of the ice particles is ipcreased by the e mount of Vii 

which is the veloc i ty wi th whi ch the upstrea m i n t o the ic e c ove r 
is p rogressing . And fina lly fr om simple kin e ma t i c s on e c en deri ve 
Eq .9 which g iv es a velocity with which the ic e c~ve r mov es. "f eL. 
on e ta~es thi s system of equat i ons not too be d t o s ol ve you re p-
idly can get an equa t ion f or j ust t from .2.! whict! ari s es in Eq . 6.

Cl X 
can be ex pressed from Eq . l . wi t h the other quantitie s an' y ge t 
e s y s tem of equations which are read ily so l ved . No'll , t he i n teg r a ­
tion proc eeds from the downstre am end that is f rom t he , oint '!Ihe..-e 
we have e qui librium conditions or Bome other s peci f ied va l ue s fa " 
t and h i n the ups t ream direction . NoY! one cen e l so der i'le 
s~raigh t away exp;e s aions for the equi l i br i um thic kness SilI! ? ly by 

dropping the t erms in t he f orce equa ti on for tha ic e and in;x 
t he momentum equa t i on for the fluid end you get the bar ex~res­
sions f or ' e and he' Uow when you start to i ntegrete t b~ e que­
tions you run into Bome ma th emat ical di f f icul t i es f or 1he c as e o ~ 
equil i brium condit i ons . Thes e are circ umvent e d by ;Eki ng sec "nc 
derivatives making subs t itu t i on an d then i t i s ~ ery s tre i gh t for ­
ward to solve. 

NoVi t he results : I want t o g i ve yo u here scme cy?ica l e:za Jl ­
ples. Thi s is the norma l i2: ed t h i c lale s s of t he i c e jam f rem .~ e 
upstraam end versus dis tance al ong t he ica jam. And 0:' ~ OU!'8e 
this is a f unction of the primarie s which ar i s e in the e quat ' o~. 
notably the slope of the st r eam, f ric t i on f ec t or fo r the unc e r ­
side of t he ice cover, and t he poro s i ty. 
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Given a ~treng1h one CaD calculate from the .~uationB quite
eesily aDd one can aleo sol•• fcr the unsteady case, how fast the 
ice j8111 is propagating upstxe8lll, how fast the nood wava 1s mov­
ing upatre8~, this is all programmed now by the results being
genereted. 

'/low l et ma 10tIrn to this question of 1I'a1uatu.g these stress 
coefficients. We he1l'e undarta~en some subsidiar,y reae.rch program
ill which we Bre a tteCllptillg to determine the .normal and shear 
strength of fragmented ice c01l'ers. This work W88 being dOllS in 
the l ow teCllperature room of the Uni1l'eraity of Iowa end we are us­
ing this ice torce facility which I mentioned yesterday. ADd in 
theae experiments ";e place fragmented ice of roughly controlled 
dimensions, thia i8 surfece ( ••••• ) ice in the t8n~ to the de­
s ired thickness. '!'he shiny sheet what :\tau. see which is 1I000ted on 
the motoriled carriage is then moved into the ice jelD to compress 
it until 1t faile. The plate 18 mounted on a dy.aamomater and you 
get out of this s record of displacement 8l1d force. And these ex­
periments haYe been mede with different 8ises of ice, d1f~arent 
i ce thicknesses and different carriege speeds. The ftru eet of 
reaulte showed the dependence of this quantity ~ normal strength 
coeffic ient on the carriage velocity. And you see that the 
strength of the i ce is also strongly depend8Dt on the carriege
velocity. These 1I'elociti es very from about 0.01 c11l/s to 0. 1 em/a.
And thia is one of the mos t difficult aspects. The second aspect
thet i s difficul t ia the fect that for e given speed there i 
euch wide ver iabili ty of kx ' And tb~a is illua1rated in the slide 
that ahows the reaults for the constant velocity noted hare••OW, 
wll see t ha t even ror the cona i:lIDt veloc1.ty ~or dUfereJ:lt ice 
s iKes there 1s e speCial ease fo~ kx and we think that this ie 
dua t o en UDadequacy in our analytical fra work for kx or is due 
i nstead t o just the fact thet for the sam.e eonditions ~:J: vsries 
wide l y. '.7a have made similar It%perillients to evaluah the sheer 
atrength which r epresBnted in this csse ~ f a - a shear forca and 
you can SBe the stxOIlg dependence on the Yalocity, with t.lie nor-­
ma l i zed velocity on the horizontal Bcale but with much l ess acat­
ter and ther e ie this intriguing relation thet the normal ised 
eheer strength aeems to - ' times the normalized velocity is prsc t­
lcal ly constent . 

But t he fact t hat the strength coef!iciaat depends 80 strong 
on t he ice i a certainl y a troublesome f asture. 

1'his 1s for t he prograJII how it noll' stands; I belie1l'e the 
general anel yt i cal framewor k for the ice jem is relative compl ete 
but t he r emain ing wor~ to be fin ished i s quantification of t h i s 
str ength c oeff icients of the 1ce. >ih1ch are of central i mportance 
to t he formulation of i ce jam machanics. Than~ you! 

Cbairmanl Thank you Dr.Kennedyl Are there any questioDs or 
commen t s ? Concerning Dr.Kennedy' s report? 

G. Rouve l My name is Rouve from t he University of Aachen,Ger­
many and I went t o ask Mr.Kennedy ~ether the shesr 8~Ba is not 
s f unction of t ime? I f you placed your prefabricated ice blocks 
in the flume and you s t ar t m01l'ing the cerriage with the d~mo-
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meter I would expect that it depends very much on time. I would 
like to know if you obtained some experiences in this respect? 

J.P.Kennedy: Yes, this is quite right. As the ice is sitting 
in en undisturbed way for e time this cohesive term becomes pre­
dominent one. And for ice at very low velocities the cohesion is 
much-much greater than the granular friction. Whereas when the 
ice is disturbed and then you move it fast the cohesion term is 
practically zero. But I think this velocity dependence is con­
nected with this cohesion. If you are loading the ice very slow­
ly first of all the individual particles are being pressed to­
gether and secondly they have time to stick together. And I think 
this is the origin of this velocity dependence. But you are quite
right.-After the ice sets even a short time the initially freg­
mented cover becomes more the matrix of or post medium ice, it is 
no longer fragmented ice. 

A.P.Larsen: I am Lareen from Sweden. You have develooed an 
equahon of ice cover thickness varying -,'lith distance dow!:stream 
and you get t as a constant ove:' the width of the channel. No>! 
the shear stress is increasing from zero at the centerline of the 
channel to a maximum at the banks. So one would e7.0ect the equi­
librium ice thickness to increase towards the banks. 

Dr.Kennedy would you please e l aborate a little this. 
Thank you! 

J .F .Kennedr One must distinguish in this case between the 
shear stress be ng experienced by the ice at any point, the act­
ual sheer stress in the cover and the failure shear stress. Ana 
according to this m~del feilure shear stress occurs at the bankd. 
That is the maximum value that can occur. And this is this maxi­
mum or fsilure value of shear stress or shear strength that is 
related to the thickness. And then the shear streng_h is reducing
from thia value across the channel to become zero at the center­
line. So this makes the distinction batween the shear stress at 
any point and the shear strength of the ice. Did I make this 
clear? 

Ch~irman: Thank you Dr.Kennedy. Now I declare a break about 
one hal of an hour. The second PiU"t of our seaaion will star~ at 
11 sharp. Thank you ! 

Chairman: Let ue continue our discussion. Let me introduce 
Dr.Starosolezky that time not as a general reporter but 8S the 

--author of paper ;\.1. "General Trends of River Ice Research". 

O.Starosolszky: Thank yoU - Mr.Chairmenl I have to apologize 
in disturb~ng you again. 

Economic life in the countries situefed under cold and mo­
derate climates is fundamentally influenced especially in winter 
by the conditions in rivers. It was this economic necessity 
which prompted the inhabitants of these countries to devote sci­
entific and engineerL~g attention to the ?henoc~ne related to 
ice. The knowledge afforded on ice by the naturel sciences end 
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the engineering-technical measures f ollowing t he refrom. have in 
genera l resulted in consequenc as of ec onomic int erest . This is 
,he main basia that we in Hungary have had a quite a long tradi­
tional way on resea rch activi ties on ice. 

The main achievements i n Hunga ry made t hus f ar can be sum­
<:l a :!:'ized s s fo llows. In Hungari.an hydraulic enginaari ng prac tic e 
i c e c ond it ions primari ly on the Danube and t o a l esser extent on 
th e ~ i gza Ri ve r are of mej or interest . The fun daments l work of 
:ete c ol l ec t ion has be en performed i n the last ) 0 yeers. First of 
&1 : ?r of .Lasz l offy whom we are having tod ay a a c o- chairmen and 
: ~ .Horv a th whoge publ ica tions in int erna t i on al professional lit e~ 
E : ~ ~e ~ isseminated t he Hungari an r esul t s in hydrol ogy of i c e 
::us t be <'l ent i oned . Some of thesa paper s may be vi sualized in a 
9ue~ 1 exhi b i t i on ~n the buffet-hal l . In the course of this analy­
t!:a : wor~ they arri ved t o s numbe r of c onc l uBi ons and ha va de­
, e rzined re 12 tionshipa wi th met e or ologica l cond i tions of grea t 
;; ::ec , ical ~nterest . tlore rec ently Dr .Cs oma and Dr . Zsuffa have 
: c~ s : u e :!:'eQ similer problema by applying advenc ed ma themat i c al 
s :e:i s t ~ c 9 to ~hem. Experienc es c onc ern i ng the i c e c over f orme­
c:' en : :.; rin . the. aet yea r s heve been c ollected primaril y f or the 
-en:.< be i n the f :::emel'lo:!:' " of the COMECOl' . Thie wa a made ma inly by
:.'.!·. :JJezy, a p:::ect i ce l engineer of t he distric t wa t er author ity. 
:'he :: :lrf" ?e!"f orme1 by i e breaker vess als ha s been ana l yzed by 
:,:r .3oi'nar. 0" ~ha t time he \Vas the di rector of t he Lower Danubian 
J'. s:r~ ~ t ;;ate r A'H hor i t y whlch wi l l be visited by you t o-morrow. 
l ~e ?neno-ena i n the vi cinity of struc ture s has been s tudied by 
:,:C- . 5Jl:lody end :': r .ilaka Ivi th specia l regard on the i c e control at 
"he : irs ; r i ver ba rrage on the Tiaza River . 

:he thrust e ne other effects exer t ad by i c e have been deal t 
:. ~ th :'0 de t ai l by Dr .Torok. These publicat ions ha va been publiah­
ed - s or ry t~ Sey - mainly in Hungarian in t he periodical "Viz­
"' bY: Kj zle rn enye k " (Hyd raulic Eng in ee r ing). during the la s t de­
cade. ::'he re~e"Bn t pr ofe s a i oDa l f oreign l i terature has be en re­
vi e ::e ci in a CO l:l9 re hensi ve r eport by me in which t h e t hermsl bud­
be t 0 : ','/In er c ourses. t he hydraLllica 01' sediments, of i ce lDove­
~en t . ice ~ressure and the pro t ec t i oD of s truc t ures f rom i c e heve 
~ e e n discuss ed. AD i n t er esting con tribut ion t o the knowledge of 
the ~ e ha"i ou r of t he i c e c ove r end on the influanc e of a . ruc t ures 
~e s been med e rec en t ly by Mr. Zsi l ak. Reaults f r om his -:Jork wi ll 
~e d e ;;::)n s~ ra te.j oy Dr.Hanic:o here somewhat later. 

Prac tical informa t i on available on ic e control has been sum­
mE:-iz ed by sever al a·"tho!'s , ?Ihos e Vlork was c oordina t ed and edi t ed 
by ~;- . 3i ~o s in a c omprehens ive manua l. Let me show you this. You 
':;i :l !'inc it in Y~ 1.4 !" br i e f c Bse. Sorry to say that it is in Hun­
Eari en but it has, a s I r emember, English, French. GeI'tDan and 
~~ 9 9i8 n summaries. 

I!l Dr der to d i s seminate u p-t o-da te informa tion t o en.s ine ers 
en <; ae;ed with i ce ?roblemg in prac t ice , the tex t of lectures de­
liv ered at e tra ining ourge i n t he winter of 1972/7) ','/8S pub­
' ishe~ by t he Nat iona l ~ater Au thori ty . This comprehensive re­
'Ji e ','i :) f th e P.unc ari en prac tic e in i c a-c ontrol has been published 
q~ite r ec ently, gome days before a nd I hope that all of you ha ve 
recei ved i t . In r es oonse to orac t ical reouirements and consider­
ing f irs t of all the conditions prevailiD~ in Hungar y research 
su b j ec~s m2Y have been suggested and th e l is t of these sugge s-
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tions can be found in my paper. 

What I wish to emphasize is that different methods are need­
ed for studying ice phenomens. And especially in Hungary. Because 
Hungary is a small country we don't have enough brain-forces to 
study everything. Therefore I wish to inform you about our ef­
forts in this respect in the future. 

In some of the subjects it is conaidered advisable to review 
the present state of knowledge in a preliminary paper founded on 
available experience and on the relevant literature. In this re­
spect we are very gla.d having this symposium here in Hungary ane 
having the possibility to collect different data from di ff erent 
countries and to exchange experiences of leading ?ersonalities in 
ice hydraulics and ice control. 

In the case of some subjects it is not desirable to go into 
further details. In some problems field observations are bslie v e~ 
necessary because all phenomena are affected by different climat­
ological conditions and we have to take into consideration :he 
special Hungarian conditions. 

Finally, a third group of subjects appears to require beyond 
fiald observations, investigations either in the field or in the 
laboratory, the results of which would permit conclusions to be 
drawn for particular locations.Our research has to deal with this 
special subject. 

The manifold character of the SUbjects listed in my generel 
lecture suggests logically to conduct research work on the bae ~ 9 
of organized international cooperation, organized primarily by 
the IAHR Commi ttee on Ice Problems. Therefore Vie woul d welc owe 
more intensive work: in the frawework of this organization. I 
would like to inform you that yesterday at the lunch break we 
had small meeting for the mambers of the Committee on Ice Prob­
lems and we decided some measures, some advancement in the work 
of our Committee. Only one thing that I wiah to em?hasize. Be­
Cause we want to speak in a common language we need a good te!'­
minolog:'{. During the last years a comprehensive te=inology has 
been prepared by the National Committee of the USSR in Russian 
language and the EDglish version was made by the Canadien .i\!'O'l? 
We would prefer to enlarge this work to as many langua ges as 
possible. Therefore we want to recruit some voluntary peo?le "Iho 
will be able to prepare other versions. EspeCially we wot.: ld pre­
fer a German version, of course 8 French version and s ome otr.e!'s. 
The only one I can report that the Scandinavian version, meyte 
the Swedish one, was accepted by Prof.Larsen and of course we 
Hungarians have to offer the opportunity to prepare a Hungeri2D 
varsion even though the Hungarian language is not en interna­
tional one. This is considered necessary in order to ~erforw !'e­
search work with the required intensity and the hope of a de­
signed research of general validity. :;'e hope that i n the comin" 
years our Committee on ice problems will be able to make Clore 
contact with other committees of our association as this e.~. is 
our Fluvial Committee and perhaps with other groups or cornm~ttees 
of other international associations, e.g. the Committee on Snow 
and Ice of lASH. De hODe that the international coo 'Jeretion .vi:l 
be a good besis of the" improvement of the knowled~e ' on ice ~ 
the neer future. ThaDk you very much for your kind attention' 
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. Chairman: Are there any comments or questions? Please. 

G.Tsan~: Gee Tsang from Canada. It is my personal opinion 
end e1so the informal opinion of some of my superiors in Cenada. 
:;e consider in an area like ica and hydraulics, which 1a well 
kn own to you that a lot has to be done and on a national scale, if 
you want t o do the things separately it will take s long time to 
do it. Seeing that how much effort has baen dona in the frames of 
the IKJ and the Internetional Geophysical Yaa~ a similar interna­
tional effort should be sought by IAHR to study ice-hydraulics 
;Jrcolems. Last time personelly I \~ as in Bern on our last meeting 
and I was right ha ppy to see tha number of scientific papers com­
ing out from that meeting, probably about 4 or 5 times the number 
o~ pe pers here we have for this sympoaium. And also IGY is a good 
exemple, a elobel geophysicel cooperation end therefore and based 
on t hat - this also is my personal opinion ~ we should consider 
I~q~ to GO into the possibility to heve e similar ~ind of cooper­
Etion. Than k you ! 

Cha irman: Thenk you very much! Any comments? 
Then ~e shall go to the next paper A3. "Kinematica of Flow 

Unde r I ce Cover" by Dr.Zhidkikh, Sinotin and Guenkin. I now in­
vit e ?r of.Zvor¥kin wh o will present the paper. 

,: .,o..Zvorykin: My name is Zvorykin, I am from Leningrad. 
"'r. ·~halrman, Lad ies and Gentlemen! I want to make a short 

addition t o ~aper AJ because the authors are unfortunately ab­
sent. ?hey are my Soviet colleegues. 

hmons various problems of ice hydraulics those of kinematic 
st ruc ture of plane pressure turbulent flows are of particular in­
terest. The ex perimental results presented enjoy many practical 
e ?plications in s uch leading branches of economy as hydropower
enGineering, water transport, weter eupply, stc. However, the 
;> robl em of celculati on of flow kinematics under ica cover has not 
yet been s olved adequately partly due to lack of perfect deaign
methods and partly due to some difficulties in choosing initial 
data, end perticularly ice cover roughness coefficients, 

To simplify calculati ons formulae some investigators (Levi,
Grishanin,etc. ) proceeded from equations of the semi-empirical 
theory of boundary layer. In terms of this theory the kinematic 
charecteristics of flows under ice cover are governed only by 
the ratio of the ice cover roughness coefficient to roughness 
c oe ~ficient of the river bottom. 

In the ?aper submitted to the Symposium the authors employed 
eq'lations of ClOti:lD, in IVhich molecular viscosity is replcced by 
eddy visc osity. The coefficient of turbulent exchange is assumed 
t c vary ste;mise at the depth of maximum velocity and ia calculet­
es ~y the Prandtl-Karman formula. hs a reault, relationships have 
been obtained for the basic features of the kinematic a of flow, 
viz.: fl o!; velocity, water discherge, the position of the maximum 
'/eioc i t y plane and turbulent exchange coefficients. . 

It should be em phasized that the kinematic characteriatics 
o! flows covered lVith ice depend on the absolute values of rough­
ness of the ice cover BDd the river bott om, rather than on their 
ra"i:io, which is in full agreement with experimentel results pre­
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sented in the paper. 
St.ilar effeot of boundary resistances on the totemsl 

strtloture or oertain 87stem has been known long ago 1n a Dumber 
of soienoee. for example in the theory of heat transfer. 

ID due time the under-surtace of the 1ce cover alters (be­
comes smoother). In other words. the 1ce cover aa well 8S the 
river bottom Day be considered as an erod1ble aurface. However, 
in oontrast to the river bottom, the erosion of the 1ce cover re­
sults from thermal rather than the mechanical effect of the flow. 

The above independence of the kine~tic structure of flow on 
the roughness of boundary aurfaces enables one to assume that 1n 
flows under ioe cover occurs mutual adjustment of the 1ce cover 
and the river bottom roughnesses. 

~h.r quantitative study of this phenomenon 1s required.
Besidee, laboratory and field investigations ehould be carried 
out to est1llate roughness coefficients of the ice cover. 

'rhaDk ,.ou v.ry wohl 

Cha1n!aD: 'rhaDk ,.ou "ery much, Profeaaor Zvorykin. AJJy ques­
tion.? 

H.D.Olbr1ech: My name is Olbrisch. from the University of 
Aachen. 

The method of calculation is developed here by regarding
the vertical strips in the middle of the croes-section. 

md by derining a curve that will deecribe the velocity
distribution as it is shown in Pig.l end Pig.2 in this paper, 
you will find the maximum value of the velocity given by the 
height hl' Rega1'1ling such a ,ertical stripe not in the middle 
of the cress-eeotion but in the outer part of the cross-aection 
espeoiall,. near to the banks and if the banks are veri steep or 
__,. be "ertlcal the question now is, how the height hl has to be 
determined in those outer parts of the croes-eeotion where 
the .ide influence of the bank. is effeotive. 

tr1r!aD1 ThPk ,.ou very IlUCh. Professor Zvoryk1n? Do you 
went 0 answer? 

K.A Z!o~k1p: That ..s ..de b,. tha authors and not by me. I 
prasenieA onli an addltion to what the,. had to say. In general I 
think the reaark i. good and we ha"e to find the 80lution for 
the probl811 pre.ented:llll the co_nt of JIr.Olbrisch. 

Do 70U want something el•• or are yOU 8atisf1ed1 If you want 
to ha"e an answer to your question, please write to the authors. 
I will sub~t TOUr paper and they will answer your problam di­
rectly. !r. 70u .atisfled? 

H.D.Olbrlpeh: Thank yOU, Professor Zvorykin! 

C~r=!n: Our next paper i. A4. MAn Approach to ~valueting
the ID~bi ity of Longitudinal River-Bed Variptlons", by Dr. 
Komara. Unfortunately, Dr.Komura ls not present at our symposium. 
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:s aDybody oomment ing on hia paper? Or aube1 t thi. report? .0. 
Unfortunately we OaDDot disouas thia report because the author 
is not here. ~e stat. of t hings ia with report AS, ftSome Ob ••r­
Yations of Pluvial and Ica Hydraulics to the Cold Cl1mate ft • by
Dr.Li. The author is alao not here. Is there anybody who oan t ell 
us eomething on this report? 

Hext paper AG, ftA Few Problems of Ice Motion Whioh Covers a 
Kajor Part of the Water Surface, rermed Saturated Kotion ft by Dr. 
Zsilik. Dr.Rank6, I invite you to present this report. 

Z.G.Rank6: Allow me pleaae, to convey aome additional in­
formation to you tor Kr.Zsilak, who is the author of this paper. 

Saturated ice motion is a passage ot ice with ~ly any 
free BUrface of water between the individual ice floes, ao that 
the w.ter is moving along with the ice. Between the individual 
floes. , running ice and the embankments a powerfnl interaction 
is being developed. The relationships presented in the paper can 
be evaluaied starting from ' two ditferential equatioI18. The first 
of these is the Hewton equation of motion and the second the 
equation of continuity. 

If the thrust between the ice drifts equals zero, the ice 
motion ie termed congestion-tree motion. If this ia not the case. 
it is referred to as congested motion. In the caas of congea­
tion-free motion the resistance of flow can be related to ice 
velocity. and in the caae of congested flow, when thrust ia ex­
isting between the ice drifts, the flow reaiatance can be ap­
proximated aa a linear function of the thrust. 

For a permanent, rectilinear, uniform and cOJlge.tion-f~ 
flow it may be derived that the relative alip ot ice velocity 
decreasee with the increase of water veloc1ty - 8. it i. ahown 
in the paper. Contraversely, in the case of a p8raanent, rec t i li­
near, uniform but congested motion two recant reaul ta D1at be 
lIlentioned. 

The first may be called aa the raD&e ot influance. It in­
dicates the length over which an iatluence decreaaes down to its 
e-th fraction, in which e refers to the base of the natural lo­
garithm. The range ot action may suitably aerve for characteriz­
ing the ice conditions of a river. 

And secondly: using the relationllhipa deacribed in the paper 
a possibility 1s given as determining the thruat d1etribution de­
veloping within the following body of ice. 

The slide shows two thrust distributions. The solid line re­
fers to a case with a characteristic flow velocity ot 2 mls and 
the broken line to one ot I mls. On the vertical axis you can see 
the stress in Kp/m2.i2 refere to the length of tha backwater 
curve, while PI 1s the length of the ice drift upstream from the 
end of the backwater . On the right side of the horisontal axis is 
the barrege. The maximum values of the thrust appears within the . 
range of the backwaier 11mit and decreasea towards the barrage at 
first rapidly, then at a modest rate. 

Stresa diatribution shows a aimilar pattern .lao with a 
standing ice cover. This circumatance explaina why ice jama de-
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••lop with the creation of ic. cover . ~e ice drift coming from 
the upper river reach forme aD 10e c over of a l oose consistence 
within the reach at the beginning. As aoon as t he upper end of 
the ic . c over attains the backwater limit, respectively passes 
beTond it , the ice c over in t he r each will be exposed to an ever 
increasing .trees. Icdlvidual floes occurring in t his period may
be ascribed to the compression of the ice cover undergOing en 
ever increasing atress , end likense i 0 an unsui table suppor t on 
the river banka . ~e torce originat ing f r o. the decrease of the 
atreaa IllU.8t be taken up by t he banlc8. It t he reac tion force of 
t he banka is tnautficlant , the i ce cover bec omee congested with 
one individual fl oe over the other and n ll th1eken unt11 the 
equilibr 1ma i8 reached. Thank you ver.y Guch ! 

Cbairmtnl TbanJc you very w ch Dr.Hank6! Are ther e any com­
..ent8 c oncerniJIg report A6? Or are there additional Ilaterials ? .0 c omments, no questi on. Our nexi report is A 13 by Dr.Bulatov. 

invite Dr.Onipchelllco to pr88BDt thi8 paper . You ere we lcome, 
Dr .Onipchenko. 

G.Onipohenkol I am Onipchenko from USSR . Itr.Chairmanl 
Ledie8 and GenUelllenl Let lie greet you on behalf of Itr.Bulatov 
and presBDt hi. paper -River Debac l e 8. a Punc tion of Stream Hy­
dreulic Resi me and Kel t ing Ic e Cover Strength". 

~e preaeDied re lai lon8hipa are derived on t he ba8is of 
many years of observation data of the US SR rivers. Computa tions 
on concrete cond1tlou cloaely agreed with the prototype da ta. 
We CaD ~e thia method consequent ly f or the short period fore­
caat of river debscle. In this cue the main acting forc e i .s 
taken as a !Uncti on ot the i oe cover lower eurface causing de­
s t ructive atre.. in the ice cover. Physical model of interac tion 
forc es permit to consider wind effects in case of flow velOCity
1. equal to zero . This model of the debac l e process is assumed 
~o develop the method of short range forec eet of t he debacle t or 
all rivers of t he USSB. In this r espec t this model of the de­
bacl proe.~. is univereal. 'or s pecifiC rivera and poi nts, how­
ever, the Inowledge of l ocal condi~lons i s needed. E.g. concern­
ing the Central Asian rivers flOWing frOlll the South to the 
.orth one haa t o take into account the inflow of heat contained 
in watera fro. the upper, non-frozen parts of the river. Addi­
tional knowl sdge of heat brought by water i8 needed for rivers 
tlowing out of lakes and water basins. Por sOMe rivers it is ne­
cessary to accurately know an increas e in water diacharge und er 
debacle and t or some other a aore accurate knowledge of heat in­
flow to i De cover , etc. 

However, accord ing to the mentioned peculiarities all riv­
era can be divided into groups for which it is possible to de­
velop typical .ethods of debac l e forecast that is such which are 
suitable with small changee not fOr one river but for a whole 
group of rivera . At present, t ypical met~ods of debacle forecast 
ar e being developed in the ayd rometeorological Centre of the 
USSR. 

Calculation of thicknees end Melting ice cover strength
found an independent application for developing forecasts of wa­
ter level height under ice blooking. in rivers including also 
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forecast of OpUIIIUIII t .1IIIe for ice-breakers to come into operatioD
with the purpose of opening transit navigatioD. 

Thank ;,oul 

C~irmanl Thank: ;,OU very much Dr.OnipcheDko. ~ question or 
cOMmen~? So. Our next paper il 1.1. "Variation of Dilcharge with 
Cross-Sections with Ice Co verB b;, Prof.Rouv', Olbr1sch,and Stott­
meister. I invite Dr.Olbrisch to present thil report. 

H.D.Olbrischl Kr.Chairmanl Ladies and GentlemeDI 
Thia paper does not include neW results of ice research but 

the aim of this work was to find a new method for the calculation 
of discharge under an ice cover in oomparison to the dtlcharge of 
the same cross-section without an ice cover. 

Regarding some of the formulas which I will Ihow in the next 
picture, the composite roughness has to be calculated in this W8;'. 
Tbeae formulas have some restrictions. These restrictions are de­
scribed in the paper. Using modern computer techniques it is pos­
sible to vary input data - as it is shown here- and to v&r7 the 
data in a very wide range. Por this purpose a lot of cross-Iec­
tions of different shape and size have been inveatigated, cross­
-eections of natural form as well as crolS-lectioDs of regular
form as to be found in man-made channell. The roughness of each 
cross-section was used not onl;, for the whole profile but also 
for parts of the cross-section dividing them into vertical 
s~ripes. Using then dimenlianless equal ions for the roughnels and 
the discharge or the reduction of the discharge - as it is shown 
here - all resulting points of a particular cross-section lie on 
onB curve that is defined by the ratio of ~ as this La &hewn in 
this picture. P 

But thie curve is not onl;, valid for one cross-section but 
also for all cross-sections with the salDe value at Pl • 

p 
Some pOints are to be found hare accordiDg to the f01'lllll1a of 

Kr1ahnamurth;r and these pointe are situated in the above part and 
here in the lower part quih awa;, from the _in part of thJ.I 
curve where the other points are situated right clole together,
according to the other formulas. This _;, cause aome problema ­
of which I will talk about later -. In logar1ta.ic s:ratem ;,ou can 
derive a very aimple method - aa an axa.ple 1a ahawD here to 
determine the reductioD of the dlacharge. This axample - and it 
ma;, be represented b;, thia croaa-sectiOD - shall ebow which vari­
stions can be daDe in the developed program becaule all of the 
shown variables can be changed for instance to si.ulate the in­
fluence changiDg with time or with a growtng ice cover or chang­
ing roughness, variatioD of the crosa-sectioD, eto. In thia meth­
od of calculation one problem may ariae. If we calculate the dis­
charge of an;, crols-aectioD that can be done b;, calculating the 
discharges of sll parta of the cross-sectiona - as I have men­
tioned ~ and if this rewlts SUll up to the whole discharge over' 
the crose-section we cannot find the same value as in the ftrlt 
calculation of the profile and the whole amount of discharge. 

This picture will give you an idea of the reason for this 
problem. Namely, by finding mathematical curvea delcribing the 
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vel.oo1S;y d1.sb"1but1oD WIder aD loe Clover. 'l'h1e wil l be po1.Dted 
out in a stud;y ~1q; UDder work aDd 11; rill be r8110rted leter. 
fh.azzIt ~ ".1'7 ImCh T 

CM1nllPu 'l'baJlk ;you v~ maeh ".Ol br1acb.. Dr.Larlilen ,please! 

!..P~ ...~ I have a ~_ e l i des to pre s ent. 
Ii'. • J.araen !'rolll tile tI'll1'fft'1!11t"y o~ Lund Sweden . 

would Uke to correct a riat e.eut ill the paper by Rouve a t a l . re­
Sard1n6 ~ paper ~ran110 Ro~.ea ot Ice-Co.ers~. Ita refer­
ence IIUllbiar 1.8 3 11:1 paper A7. 

The aJl~ra at.te that n~ c OIIIpui.t10118 Ire.. to haTe been 
baMd on the a.amption Ulat bot h the rougtm••• coe~1'ioietlts f or 
tH ohcmel. bott~ aD3 t i c_over a2"8 equel. 

!hl.a 1.8 lIot -the C&a8 u it would readily B1JP'IIU" frOID Pig.4. 
of t he paper . fl,g.4 U a d1ag:nul gi'f1llg the compoaUe roughneslil 
oo.t1'101C1t a.a a f'tulction ot t he ratio of rousbn.se coef1'icients 
at two bca:mdarba 1t'1.th different ro\lSbll . ..... 

So here in .Uda 1. ;you ... the co~osi te roughn••a on the 
vartical ec;i. d1.ri.ded by the rougher of t he t wo bOUIldaries 8Ild 
the .b8<:1.... ar. rati Os of roughx!ftfJa o:t the lJIIIootb..r boundary to 
the roush.r boam:lar:r••~ t h . rougher bOUllda17 oould be the upper 
~•• t he ice OOTer ill tb.i.l cu., or the r OQClar boundary call be 
the 10.er OIIe. It 1.8 a _Uu of putting the lIId i cee right . 

It .._ appropriate to OO_lIt a IHUe furl her an the the­
or;y beh1Dd tAU dapaa. ~icula.rl.;y s1.nc. th. .. C OBllll8l1 ta also 
pe.rtaill to paper A3 b;y Dr.ZlU.dk1kh . t a1­

kzq of the 1'~ 0:11:et1 in the paper A7 . i.e. fOTlllUlas by 
HortOD, Billstein. Lot ter, Pavlo'lsld., etc. are baaed OIl one of the 
following aaaumptiane: 

1. 	'lha _m vel oci"t7 of nch of the K b-1rea. is &qual to the 
iIean .eloc iS;y of thtt _01. sm.. 

2. 	'1'ho r..ist.Dee to n ow ~ tu whole area is equal to the BUill 

of the re.1.atclcea of the lIU~e.. . 
3. 	The 1;ot&1 cliacharge ot t he croS...ec tiOD eqlUlls the SUIII of the 

discharges of "ill. 1Rl~1!I . 

:rheae are lDIIIerlin1Dg "8Wlpt10l18 on mich theBe formulae 
ell are baJlo8d. 

fhe O~ procedure o.t these a.sawaptions is the sub-divisi ­
on ot the cros_Be<lticmal &rae . In order to derive a correct de­
scription of the ph;ysical behaviOur, the sub-areas should be 
chosen in such a we;y that the tlow within each area is governed 
b;y the type of roughDees charao teristic to the wett&d perimeter 
assigned to that ar_. 

'!'he authors get results that differ depending on which for­
mula they use. Particularly, t h e result indicated in Fig.2 of 
the authore' paper, which shows an increase of discharge with ice 
cover - aD impossible reeult, a8 stated by the authorlil - but i t 
. ..m8 to be compatible with VeIl Te Chow's statement in his Open 
Cbamlel Plow Book that 80llle ot the formulae result ill negative 
triotion factors. 

A .ethod of subdiVision based all the assumption that the 
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velocitT d1atributiOD tollowe the logarUhm1c law tor ~ de­
veloped turbulsace has been described tQ a paper ~ Losses 
Ceused by ~ Ice Cover on Open Channele~, Journal of the Boston 
Soc1ety of Civil EngtQeers, Jam.aar,r, 1959, and I 'thiDk • brief 
IJUIIIIIIIU"Y of this thod oaUhed there I IIhoaJ.d gi"a Tou DO'IL' hare. 

What we 888 here in the IIPt 1ll1.de ie a wo-d1meJ1l1icmal flow, 
a bottom .here the roughllesll is dellCribed 111 thie case by a ~ 
lIi11g-factor. At the time when I developed these to~s I wee 
Illore ellgUJeeriDg oriented, nOlt' all I PI more invol..,ed 1D research 
I lI'auld better usa Darcy'. friction factor. !ba up~er bampd~ 
hes 8 d1tferellt roughuesil deocribed by 8 1Iam11.11g oo~ticieDt Dl' 
50. the velocity d1stribution .tth1D the t.o leyara ie deSCribed 
b:r t he Pr81ldtl log8r1thm1.c dutribution lall' which tor • rough 
turbulent flo. states that the 't'.loo1ty 1.8 the :hmertiOll ot the 
diet&1lce to the wall. i'h81l ueillg tha equatiQIIII tor ccmtimUt,­
the c ond 1 tiOll that the shear 1a zero -.hell the "two pro:tu.. join 
- in other words where the velooHT ia e8%1.llWD - and WJ1.ng the 
c and 1tion th,a t the flow ie m:li:rOrl!l - so that 1;h.e slo.,e of the 
eDergy ItQe ie the 8111118 - TOu CIIII derive no equ.ati0D8, one ot 
which ginll you the ratio betweell n to Y2 (the depth of the up­
per and lower layers) and also you get an eqlUltion nlat1Dg the 
c OIllPall ite rou,glmesa to this rat10 01: depth••ow, the equation 
f rom the CompOlltt. roughness whioh Tou Bee down to the lett of 
t he slide caD be e%prened in the ratio of n to 3'2 Q:Cluein17 , 
eo theretore this indi.o.tes that the cOllp081'h 1'ougbness 1.a a 
runc tioll only or this nUo • .lnd th1!r 1.a the h8llu at IIQ' die.grall 
which you ea. on tbe first elide. 

Bow, there 111 • reetr1ctian 1:0 thi.e. Am:! that iel although 
the cOllpos1te 1'oughnlllla 1.s a tWlctian onIT ot the ratio 71/n 
"this nUo 1s fl hlDc t101l ot the tot.l depth. Am:l tbat ill the rea­
lion for the lilll1tetiOIl which Tau saw 0:0 IQ' e~1de Io.l. So that 
graph 1s 111111ted in terms of depth it ::rOll need it tar • high 8C­
c urac::r or tor a depth leS8 than I m. 

J.Dd there loll II questiOll wh1ch wall b1'Ollght up by eme ot 10' 
a erma.n frielld shere: _hat haPPeJlJl at. elope? 

iVell, the veloc1ty at a ce.rteill potQt - acco:rd1llg to the 
Prandtl-distr1butiOIl - is II tuuctian at the perpendicular dis­
tance to wall so the error we cowmit if the elope ill not too 
eteep is cos 1:1IIIes the depth compare to the depth itself.AlId this 
error is ye17 small. It ::rOll have a: 98.1'11cal wall ot couraa :rOIl 
would haye to look 8t it ill II ditferent tray but the dope ehoWJl 
on the elide here is 1:2 which 18 a COIIIDOll elope in nature and in 
artificial channels. 

I ahow here 8 slide on velOCity distnhuUOll iII power-ca­
nal in Sweden with Sll ice cover. One teature 18 the thickening of 
the ice c over towards the ba:oks. IJI the oe:otral pari; of 1;he 01'0BIiI 
section the th1ckness is very small BlId then 1t iIlcre8ses towarV8 
ihe bllDka. Bow, th1s ice cover is developed pretty Each in the 
aelle way oil S ice de velops on e lake. So 1t 18 not e cover p1'oduceH 
by tractured ice. You aee t~t the ma%1mum vel oc1ty 18 found pret ­
ty close to the lIid-depth. Thank ::rou very much I 

Chairrn~: TheDk 7011 ver;:r m ch Dl-.La.raBD. Who 18 the Xlext 

speaker? Dr. ouve, please. 
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G.Rouve: Mr.Cb.'rmaoI ~ you vt=:r IIIl1cb, Mr.Larse:a, for ylJllr 
comments . I think your remarks with the first slide was a mis­
Ill'Iderst8.lldiDg due to t he shortage of space 1J:l the articles . We 
refer to your paper a sentenoe ahead and the next sentence wher e 
we epeak about the common roughness of ice surface and the bot t om 
surface is Dot directly cODnected to the sentence shead but I 
feel thet it is qUite important also at the bottom . Roughnese
1e not unique over the whole width as t he surface roughness 1e 
not common for the whole width. OD your last slide you had the 
larger ic e thicknesses at, the borders whsre we certainly should 
have larger roughnesses. I feel that could be the result of the 
axtension ot this paper whioh we hoped to be ready today but due 
to 80mB unexpected diffioulties we oould not finish up this pe­
per . The main 81111 is now to get by adjustillg all alfa value - if 
I oould see the last slide please - and this value i s either 
directly connected with the value in the paper of the Ruseian 
colleagues or oonneoted to your value Y2 - with other words( •••• )
which divides the upper and the lower tnfluence of the roughness 
- we hope that we can get the same disoharge ae oalculsted by e 
oommon frio t ion coefficient. 

1I'0w, we would be very gratehl it you, Dr.Lars en, or somebody
else oould give us data baeause ws expect as aOOD as this slfa 
value as a ftmctiOll ot roughness and water depth ie found we can­
not ollly calculate the d18charge knowing the ice c over or knOwing
the roughness of the ice cover but also - and that would I feel 
be IllUch Dlors intaresting - it you know the d1scnarge you can Cal­
culate the roughness of the ioe over. 

Thank you very muchl 

~f Thank you vary IIItlch, Or.Rouvs. Or.Lareen. Please,
Sir . 01i1filii to 'answer? 

A'P'Larsenr Well, I just want to show you some results of 
actual measurements. Me~mants made in ths channel of waicn 
I showed ths velocity distributioD in the last slide. Here we 
made measursmSIl'ts 1J:l sUlllmer time to establish ronghness of the 
bottom. And havs measured 8 different discharges, shown here as 
points along the lower curve. The upper curve 1s based Oll 4 meas­
urements for 4 different discharges in wi..nter tilne .men the chan­
Del was covered with ice . During these 4 measuremants some 340 
verticsl sections were msasured with current meters and the i ce 
roughness was computed based on velocity profiles. 

And thell in ~erms of the Kenning coefficient we f OUlld thet 
the Manning n was 0.0192 t or the ice cover . Then we c omputed the 
oomposite r oughness based on the formula I j uet show you and 
found that the composite roughness was 0.027 and then we computed 
t he composite roughness besed on direct measurements of head os e 
and f and exact l y the same r esul ts in be t ween tha limit s of aC­
curacy which was a difference in the third dec imal . Pr om t his 
s lide you see t hat the increase in head- l oss is approximat ely
60 % with the ice cover . How this whol e research was under t aken 
in order to obtain some da t a becauee at that time we '(ere d ee i gn­
ing a much l onger canal in Sweden where the head - l osses wer~ 
qnite important for the power-plants. An d we us ed t hi s app r oach 
and predicted that the loases in this chaDnel woul d be about 100% 
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higher with an ice co·...r. fhs canel baa ainoe been cOIlstructed 
aDd lIIe.~.III.nta hayS been made and it haa been t'ound that for 
ons part at' the channe l the increase in head-losa is 120 ~. t'or 
the ot her part - t he two parts are round 3,5 kill each - we t'ound 
aD increaas ot' 8 0-90 %. So these are the figure a we can produce
frolll Sweden tod&3'. IVe hope to do sOllie more measurements and pro­
duce aome other resul ta aoon . Thank you very much! 

c~m: thank you Yery IlUch Dr.Larsen! Dr .Bouye. are you
.aU,IT you do not anawer, t hank :you very lIIuch. 

G. Rouvellt iBsurprtsing and I could not thlDk about it that 
the SYlllPoslu.1 on Riyer and Ice 111&3' haYe such hot discua8ions . 
It i8 difficult for me to belieye the remarks OIl Ven Te Chow's 
negat i ve roggbnes8 and t hat t he value could be larger than one. 
At the 1II0lllent I do not Bee any possibility. On t he other hand 
:your i ncrease at energy loee ie certainly - you t ake the energy
l osa for the ice-tree flow aB 100 % - is not it? When you apeak
about increase? All right, yes,thank you very much. 

Chairman: i'hanlt you, IIr.Rouve. Well, Ladies and Gentlemen, 
wit h thIs we conclude our morning Bession. Our discussions will 
be continued at'temoon, betore the closing session. Our s sc ond 
.ea8ion or at'temoon session will start at half past two. 

Thank you very IllUch, for your kind attention. 
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S ES S IO lil o 11 a U B J E C T A (Cont inued) 

2 130 p.m. Janu&r7 17, 1974 

C.J.P1_ t e, Cha.1nIal:I 
E.Xer1;ai , Co-Cb.airman 
Cl.S1;aroaole.zq, Invited Speaker 

C.P.P1menta C~1raaD: Ledies and Gentl emenl We go to con­
tinue the preseDtat~n and discuaaion of papers on Subjeo t A 
that we have started t his morning. I a. Professor Pi.anta from 
the Technical School of the sao Paolo Universi ty, Braeil . I em 
also director of 1;he Technol ogical Cen ter , Wa ter Hydraulics and 
Electrical Departmen1; of 1;he Secret ariat of Work and Public Serv­
ices of Sio Paolo State of the Pederative Republic of Brasil. 

Professor Dr.Kertai ia co-chairman,wbo 1s tbe Secretary of 
the Local SPOD80ring Committee and also Head of the Department of 
Water Manage.en1; of the ..tioDal Water Authority and Profeeaor of 
Hydraulics a1; the Technical Univeraity of Budapest. 

Some1;i.es I will aak him 1;0 halp ~ becauae my English is 
ver:J' little. 117 seeoDd laDguase i. hench. 

flUs morning _ arrived to paper .18 cd now we go to contin­
ue. Lat us .ee paper A9. I ast for 1;he au1;hor of this paper.
Pleue, 1Ir.!fh0lllaS, would :rtIU i111;rodllCe U1 Is there someone to in­
troduce this paper? 'rhan tile nu1; paper ia AlO. I ask for the 
SIIthor of thi. peper 1;0 iIIb-oduce U.IIr.Majewelti1 

Y."i...tir 1Ir.~1 Ladl•• IIlId Gentleman I The paper I 
.. goIng. 0 preaeDt baa the aim to a.velop a m.thod for calcu­
lating ..ter temperature along the at.Lawrence River and to give 
a foree·ast or 88:r, what reeult will be of cenain methoda pro­
poa.d to 1l3oraas. the leDg1;h of the navigation period or at leaat 
1;0 keep i1; icefr•• in the whole winter. 

!h. firet slid. aho.. hare ths longitudinal section of the 
Grea1; Lek •• IIlId '!he Bt.LawreDCe River and the aection of the riv­
er which was UDder in"eat1ga1;lon. It begine jus1; frOtll Lake On­
1;ar10 and conbill. s.veral b:rdraulic a1;ructures. Thill section ia 
about 260 aile. long which. La appro 400 kM. The whole saction ia 
eh01lll frOll! Lake OJItario, :roo ... the point ••ro which waa taken 
.. a refereuce poillt at ~.ton IIlId then we go downstream 
1;hroU&h .on1;real and this eaction waa under 1I!vaatigat1on. 

!h. section at the St.Lawrence i8 qUite complicated hare ba­
cau•• it includea a river channel which i. a true cbannel and 
then :rOD can a•• farther ao•• enlarg••ents of the river, Lalte 
St.PraDcie, Lake st.Louia and Lak. St.Peter. All these have to 
be. taken into account when w. bave Btaned with this stud:r_ 

!h. Bcheaetic ri"er aection looks like on thia picture; 
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Above the hori.ontal liDe this shows the St.Lawrenca R~yer, the 
~eteoro log1cal etations along the St.Lawrence River and below the 
points for the meaeurement ot wster temperatura. The measurements 
of water temperature and ice service were started about two years 
ago for this study when it was iDitiated. The discherge of the 
St.Lawrence River is very steady. This is due to the influence ot 
Lake Ontsrio which is a big reservoir not only trom a hydraulio
point of view but also from 8 tharmal point of view. It is a vary 
s~eady thermal stabllity. Then there is a dsm sbout 62 miles from 
the lake which can control tha diecharge of the St.Lawrence River 
and ~hen wa heve two power stations. The average dischsrge 1s 
210 000 'fs and thia is equivalent to 5950 m)/e. I am using here 
two 8y8te~8 of unit becauss actually this study was carrisd out 
in English units and most of the paopls hare - I think - ars ac­
costu~ed to the matric system. Along thia section it was iDveat­
igated only one bigger inflow that is the Ottawa River with the 
diacharge of 11)0 m)/s which was sctually te~en iDto account in 
this study. We hed here six meteorological stations wh1ch give 
us all metaorologicsl parameters and we had also six pOiDta for 
.e~or temperature which were nearly in the same plsces at the 
metecrological stat10ns. Investigating the values of meteorolog­
1cal perameters along this river section we came to the conclu­
aion thst at the meteorological station of Montreal we get pract­
icslly an .verage vslue for the whole aection and therefore we 
used these values for our study. Here you have the run of air and 
water temperatures in Montreal which are shown as ta and t. and 
also ihe temperature at K1ngston that is in the point zero. Bow, 
the firet point which we have to do is the evaluation o~ the heat 
iranefer coeff1cient. And W8 did it for several months bafore 
freezing and in ~he fall and winter through October, November,De­
cember, January and !'ebruary. To calculate hest trBIafer coeffi­
cienta the following parameters were taken into accountl avapora­
t10n, conduction, rediation, baCk-radiation and precipitation in 
the form of snow. They were calculeted iD BTU/tt2 day and in 
Pahrsnbeit degrees which you see on the vsrtical axis and on the 
horizontel we see the difference between water and air temperat­
ure. The system developed for the calculation of water tsmperat­
ure wae aa tollows: we divided the whole riYsr section in sub­
-sectioDs of the length ot two mil es, equivalent to 3.2 km. For 
eech ot thesa cross-eections we had the values of discharge which 
wse practical ly constant changing only in one point at the infl ow 
of the ottawa Rivar, then we had to calculate the cross sections, 
t hen averege velOCities, then the time f or pessags of water part­
icles between the two croae-sections taking into scoount the 
length end the average ve locity end then we oslculated tims, the 
cumul a t ive t ime of passsge. The formuls which wss devel opsd for 
this ca l cul ation 1s given in the proceedings. I only want to 
emphesizs here the point whera wa had to interpolats the air 
tempera ture for a given point . So wa assu~e that the wat er part­
icle 1s movi ng between two metaoro l ogical sta t i oDs elong the riv­
er and t he time passes by, s o we interp olated the air temperat­
ura acc or ding to t i me and di s tance between two stations. 

f irs t of all we had to make the verification of our model. 
Prom ab out two-three yeers of field meesurements we took saver a l 
period e of air and water temperaturea in October, November, De­
cember , January, february and we calculated exactly what temper­
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lltures we obtaiDed 1'1-011 our _'thad. 01' cou.r.e, III:len I .how you 
one crt 1IIJ' examplee on tile picture on tha top, :rou can II" that 'lie 
caloulated the cont1.nuoue llJle aJld then :rou oan eee the dots 
which show the po1.nte obtailled f~1I tield _aaurelUmtll. Of cOl11"se 
this ie one ot our best tits - usuall:r given for verification. 
Some of our checEs were not 80 good than this one. ADd then we 
'IIBlIted to t1.nd out what was the diecrepancy of the me.allred and 
calculll"ted telllperaturea aIld tbe:tl .... ceme to the conolullion tbat 
the reeult ••a the information on ice. Which 'll8S Dot taken in 
01U" ~t8lD 1.nto aocount. That 1IIe1lJ1l!l the heat d1tfusion bas here 
an iarportant role. The other l1.ne on the graph abo'l'e is tile CUIllU­
1at1Y8 value ot t1~ Which means the pa.aage of ...ater particles 
from »oint .~ to the aDd ot oar investigated point - about 16 
de;rw ••ow tha piCture below ah01lfl the air ts~ratu.r8 interpo­
lated II%Id :fOIl alao CII%I sea the d1acharge which is conlltant oyer 
the whole section. With tha cm1,. chaDge 'llhere the Ott.... a River 
COHS into the st .LawrllDCe • 

• ow, we ill our stud,. tooll: three ..thode crt lIIproving our 
situation, ths thermal Bituation oZ St.La.wrence. One w.a the 80­
-called regiaented chaJmel, .hich _lIltS that eo_ of the areas 
oZ 8t.LewreDCe Ife cClllld exclude tre. tla flow b7 closing them by 
da.. or b7 other h:rdraulic .tructure•• Of cour.e this could be 
done at pl&ce8 where it WB.8 poaa1bla fro. an eDginaer1ng point ot 
view • .bid the result ot thill t~ __ that 'lie incre.sed the tlow 
velcci t,. and also we deereaaed the watar surface so we acted in II 
double ..,., we lowered the heat tran.ter tc the IItllollphere and we 
ahorteJled the t1ae at wIrlch _ur pa.rt1eles have flown troll! poiDt 
Mr1) to the .mui crt our aecUan. 801IIII oZ theae places are ehown 
lara an the p10tur. and :fOI.l CII%I aee the reduction o'f the water 
aurt~ce. Of' coarse in 0tI? calculat10ns 'lie had to introduoe new 
crOSII aeet1.on8 crt amaller Yaluea••Olf, the calculations ot water 
temperatures in the at.Lawrence River ",e d1d tor natural condi­
tions and tor part17 regiaented cbaDnel. 

Bere lIleo :fOIl cen aee the intlu8DCe ot the second lIathod 
wh:1ch __ proposed that _ailS the incre.ae oZ discharge. Because 
as I told betore, at the beginuillg of the river section there is 
• do which COl1trolJl the flow and then there 18 a possibility to 
increase the d1sclLarse in certain lUr1ta. Bat we wanted to eee 
what :1nfi.llllZlce that w1J.l have on the extension of the period 
without 10e or sUpl,. an ...ter t elllperature. nd on the picture 
above yo~ can lIee that IItUt1J:lg '11'1 th a telllpera1iure en lCingat Oll 
fro 40 vP tor d1tterant dt.charges the dis~CDce when the water 
telllperature nechea the point crt lIero or the freezing po1.nt. ADd 
alao ,.ou CIIII II" the intluance ot the initial tetllperature - 20 P 
at the beginning at ~ton - 'II'1 t h pract~eal1,. quite a big dif­
tereuclI in water tetlparature trom the st .LawrllDc e River . Now the 
p1cture below IIhOWII the 1Dt luance of t he regi.ented channel 
confining the river in II 11l111t.o chalme l - IIIld here you can com­
pare theae two l inea ..1th the p1cture on the t op 210 and ) 00 000 
ctll IIIld you ae. the l ength ant~l the .ater temperature reaches 
th.e point of zero. 

O! c ourse we came here t o t he c onclusion t hat neither the 
regimented chaDDel nor t b e increase ot disc harge can s o lve the 
problem. 

The third ..thod wh1ch wa.a taken into account wae the addi­
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1:1.011 of ....1:e hea t frolll t lwrwal or DIlCla&Z' POlNr-p~1:•• What IN 
here preuDt illl that heat ad dition 1Dcre_ the _tar te.parat­
ure tram the piC ture with 12 1:1._ 0.5 0, !'rOta 12 pawa' ~a1:1ona 
with the capacity of )600 ... This ... calculated on the basia 
that t he efficieDcy of a po.er station ill a bout 40 _, t he die­
charge wall 210 000 cta and we used hare the heat tl'lUUdq coef­
ficien t 95 BTU/ft2 day which ill appro equal to 466 OIl1/r da!, aDd 
giTen 111 c ll1lt1grades. The first l ine aboy. sh01lll 1:he 1'1m of the 
....ter tellperatura f or natural cOIIdi1:1oD.II without heat additiQII 
and t he linll with etepe 8hows the addition of heat aDd you CaD 
sell t hat t he whol e sec tion under 11IvestigatioD CaD be kept ioe­
~free. Thll other s olution here on the picture dOWll aho_ the hea1; 
addi t ion with partly r egimllnted channel aDd you can see that aTeD 
here s t arting wi th a temperature from Leke Ontario with )6 ~, 
that i ll 2 . 2 OC , t he addition of heat at a rate of 10 time8 0. 5 opo
l e8ves t he .hole s ec tion without ice. So thia atudy actually gal' a 
t he i dea wha t CaD be dane by us ing one ot these three •• thoda and 
th1a is the fina l conclusion. 'that the onl.y solution which could 
give e good result ie rimply heat addition. Of CO.\U"IIII I am not 
d1Bcua.ing t he feasibili ty of t h1a aolutiaa aDd other disadvaD­
tages which lllay ariae f rom han.ng open w. h r surface. 111 a vel'J" 
co ld climate which CaD haTe very f ar reacb.11lg effecta, but thia 
of course was not discus.ed ill III]' study . 

ThallI!: you ! 

ChJi rman: Thank you 1Ir.llaj e..k:1 ! Ilr.Gl!n:neberg woW.d 7OQ. l ike 
to make a cOllllllent? 

P .GUlUIebeI"ll:: I haTe three ~k. on 1lr,"Jewald'. paper. 
1. The heat tr8llster coetticiente 111 Pig.l lIhaw quite • 

plauaible dependence on water temperature, in that they are low­
est in Pebruary, when water 1;e lllp4l rature8 are lowast, though the 
a verage wind apeeds play an i llportant role. too. The dependence
of the heet transfer coefticient on the difference t -t 8eame 
to be wrong. In addition to the turbulent exchange clust d by wtnd 
there ia an exchange caused by buoyant lifting of air ele!llents 
that were heated when 111 contact with the warm _tar surface. 
This buoyancy effect rises with the temperature difterence t.-ta • 
IUHI (Physikalisch-lIIeteorologische Uberlegungen zur Butzung Ton 
Oewtisaern tur KUhlzwecke. Archil' Met.Geoph •.Biokl.Ser.A. 21, 
S.95-122, 1972) finds the rise o~ heat transfer coefficien~ to be 
) ~/deg. 

2. The total heat tranafer coefficient way rise. when ice 
torme tion begins. The ice ~ormetion modi~ies the heat exchanga 
processes in two ways: a) The floating ice isolates the river 
thermally. The surface telllperature of the loose collars o~ ice 
floes is close to tha air temperature, the difference tice-tair 
ia small, and so is the heat e~change. The inner parta of ice 
floea are closer to the water talllperature, depending on the ~k­
ness and age of the floes. end the heat exchange is grsater here. 
So when the ice coverage be )0 %. the thermal isolation may be lIT 
to 20 % only. 

b) Tha ice structures protruding over the water surface en­
hance heat exchange in two ways: I. The surface is roughened. so 
that the wind stumbles over the obstacles. Thus the lowest centi­
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metres of air are more inteQsely mixed, and the w~rmed ekin of 
air in contact with the water is more rapidly replaced by cold 
air. II. The proximity of very cold collars of ice floee and warm 
open water gives rise to an intense buoyant exchange of a i r, 
bringing more cold air into sensible contact with the wat er sur­
face. 

The question now is whether the intensification of heat ex­
change as described in b~ will be compensated by the isolation 
described in a). The magnitude of effects depends on the form and 
coverage of ice and on the meteorological conditions. Poseibly up[ 
to a certain coverage the heat transfer is coneiderably enhanced. 

3. The equilibrium temperature during an ice period may be 
about -10 deg. centigrade (air temperature -12 deg.). Adequately
spaced power stations may keep the water temperature 10 deg.
higher. If now the weather changes and the equilibrium temperat­
ure rises to 0 deg., the power stations will raise the water tem­
perature to +8 deg. (the heat exchange coefficient rises too). In 
WesterQ Germany water qualities are such that biologists strongly
disapprove so high heatings up. So the power stations should have 
two cooling systems, once-through-cooling for the ice periods and 
cooling-towere for the remainder of the year. This on the other 
hand is unprofitable for the electricity producers. 

Thank you! 

Chairman: Mr.Kajewski, would you like to reply? 

W.Mad ewaki: Ac mally, there were t hree points which I should 
answer. 

1. Changes of heat trans1'er coefficient with increasing dif­
ference between air and water temperature. 

This relation was based on the average monthly meteorolog­
ical parametere using formulas adopted by other authors.The etudy 
was not epecially concerned with changes of heat transfer coef­
ficient and later average values were taken into account for cal­
culation of water temperatures. 

2. Influencs of ice aD heat transfer coefficient. 
This was not specially investigated and in some csses of 

verification I only mentiond that the discrepancy between cal­
culated and observed water temperatures might be influenced by
the ice formation, i.e. the heat of fusion. 

3. The influence of heat discharge into river. 
This study did not concerQ with summer period and therefore 

I cannot give a precise answer. I quite agree thst this problem
should be also investigated for summer time from the point of 
view of environment. Thank youl 

Chairman: Does somebody else make a question on this paper?
OK. The next paper is A 11, "Entrainment of Ice Blocks - Second­
ary Influences" by Dr.Ashton. Please! 

59 Subject A 



G.Ashton : Thank yo~ Kr. Chairmanl Ladi ea and Gentle~eD ! 

My nallle is George Ashtoll, I am f rom the Col d Regiolls 1sb ill 
Hano ver, Hew-Hampshi r e. I would edd my qualification because s ome 
of the dat a which I wi ll show t oday CBlDe out from The University 
Of Iowa. It was actua l ly obtailled whell I wes thera and a t that 
time I was perplexed by on e part of i t and I waB not able to 
figure out what t he sol ution WaS at that time ; later I d i d and at 
the tillle Professor Kennedy , his s tud ent UZUDer and ~self have 
communicated on i t. I think we are closer to the agreement than 
when we started the prob lsm. 

The probl em is 8 very fundBIDen tal one which deals wi th the 
aimili tal')' of the en t ra iDlIleDt of a f loating ·block or ill a parti­
c ular case of s givan s pec ific gravlty 10e. Historically, t here 
is a cer t a in development tha t deserves s ome recounting. 

Some time in the l a te 50 ' s ( •••••• ) propos ed t hat 8 crite­
rion for ice jamming would be the Froude number . A conven tional 
~oude number besed on the depth of flow. This id ea was s ub­
s equently extended and some support given to it by t he s~dies of 
Fa riset snd Hs uaser and later of Michel. On one form or another 
of the entrainment of a s ingle bl ock. 

May I ha ve the firs t slide? 
Bef ora we go on I think i t i s wor th pOinting out that tha 

very fi r st thing t hat happens when an ice bl ock comes down the 
r i ver that it strikes the leading edge of some thing. Ordinarily 
i t is an ice co ver , it may be en other obstac l e such 8S a float­
ing bridge or even various sorts of weirs . 

Now, going int o the probleml you hs ve the thi ckness of the 
bl ock , you have the leng th of t he block , you have the depth of 
the f low a lIlain veloci ty of the f low and that - as this will be 
talked later - is rel a t ed by straight fo rward ccntinuity rela­
tionship to the ve l ocity that would be average Ullaer t·he block. 

Final ly, you have the densi ty of the water end the density
of the block which in the cass of a s olid piece of i cs is well 
established but in the case of a cohesive frazil flock it is not 
s o well defined, and lIlay be much closer to that of tha wa ter it­
Be lt . And finally another term is gravity that wi ll affec t the 
~roblem co nS iderably. Now, this is the problem t hat Paris e t and 
nausser work ed at and they concluded that the entrainment - that 
is the condition under which the velOCity or depth conditiona 
fo~~e the block to submerge or go und er the cover cr to stay 
flos ti~g in its original arri ving position - was given by 8 

?~oud e number. in their case a densimetric Froude number which 
they firs l defined with the length psrameter of the thickness. 
~hey did not say that t hi s WaS equivalent to a certain constant 
wni ch co~es out of the argument they used and t~en they put a 
~ulti ~l ier k on it. And thi s was used by a number of authors. 
;.od this was eY-pleined in a number of ways. 

Fariset and Hausser recognized that in the simplest case the 
~heno",enon i8 equal with a simple submergence whi.le the block re­
~ains in a horizontal position . And to get the relationship they 
~ o t yG~ simply balance the velOCi ty pressure differences against 
~ he buoyancy of the block when it is in a horizontal poaition. 

And all that yo'.1 reqUire is cOlll;Jlete submergence before in­
s~abiiity occurs. 

60 Subject A 



They recoguj.zed "that tbJ.a r:l1d not always occur. That oft8l1 
t he bloc k turned. 1IMu wOIll d be j.nd icated by t his angl e .. which 
becomes nearl y ~ attere while. In most caees it does t bia. How­
ever , they repor t ed t hat t he effect of this was t o cause t his 00­
effic i8l1t t o vary this k value f r om approximat el y 2/3 , which was 
ssocia t ed wit h rather cubic shape blocks t o 1 . ) wit h t he very

t hj.n blocks. In other wor ds, very thj.n blooke are mor e s table 
tl:La.n are the very th1ck; blocks . 

Thill ill where things were etand j.ng for eome time . 
Reported j.n 1972 but b.gan j.n 1970 Kr.Uzuner working under 

t he direct i on of Prof .Kennedy did a lot of detailed analysis on 
t his problem, very detailed ana l ys i s . It was uumeri oal and in­
cluded the effects of t hs angl e and j.ntegrated t he pressure 
forces t hat would occur. Ths r esult s of thi s s tudy gave a great 
amount of dat a. By very carefully done sxper i ment s. And by the 
pe= i saion of Dr.Kennedy theaa data are ava ilable and t hey ere 
very impress ive in their scope because t hey cover a number of 
s pecific gravi ties - bes id es tha t of i ce - r angi ng f r om appr o 
0 . 5 to up very naar that at i ce. They a l s o cover a wide range of 
thickness over he i ght of t l ow of appro 1/ 10 of t he flow depth to 
8/10 which bec omes to be v~ meaningless . And these ds t a as they 
presen t ed them were very sucoessfully used in predi ction met hods . 
HoWever, i t was predicted indivi dually by the separate s pecific
graVi ties . The t op curve i e the data for specific gravi ty of 
about appro 0 . 5 , the Dext one tor 0 .67 and t hen finally this is 
the one wi t h spec i tic gravity ot 0.87 which is near i ce.They then 
unified these data - t hey reooguized that these ooul d be unUied 
better ·than to have separate plots and sO they could use it as e 
predic t i on soheme. The whole thing resulted in B mo~ent coeffi­
ci8l1t both 8S a ftulction of the speoi1':1c gravity of dens ity and 
as a f'uIlc tiOD of the thicme8s - l ength ratio . 

At this point I started l ooking a t the data and perticul!U'­
lJ' a t the analys u and I tOUlld it very good bu"t a lso I found it 
very complicated . So I prepared a Simpler analysis even by l eav­
ing ou t 80me detai l s so that we would Dot have to go t hrough t his 
complicated anal ysis ever,r t1me. And I simply did B moment eqUi­
librium on that. I said that the weight o~ the bl ock poin t s down­
ward the buoyancy force acts up rd. it rotates such tha t the 
point of 1Datahil iiy occurs ~an the upstream leading edge of the 
bloc k is at the s tagnatioD _~er levsl . And t hen ~inally you have 
a preSlfUre "l:erDI wh ich s1mpl;r Cell be derived as a oDe-d imensions l 
energy relationshi p aDd i "l: might be more compl icated when you go 
in ext r eme oases such as a deep flow and you certainly have a 
pressure dif tereDce there but it is l ocal . 

Prom these we go s treight forward t o a s imple expression but 
with no iJldicati oD wb.a t the ratio t hiokness ()ver l ength would 
give. This pr e s entation i s a bit biased in my fav our. We would go 
back t o KeDDedy's and UZlUler's presentation f or a moment. The re­
sult of this is that you may plot the data of Kenned y and Uzuner 
on a densimetric t hickness Froude nUlllber plot, this i 8 the thick­
ness over depth ratio. This i s one pl ot it you study it careful­
l;r. The next two plots have identical ord inates and abscissas but 
qata of three differen t specitic gr avit i es. There are some data 
here r epresented by these particular symbols which are the ones 
that tend right above the line. The straight l ine is equi va l en t 
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to the Pariaet and Hausser line with k • 1. The other two lines 
are variations iD the .ssump tions that you ma ke of the depth at 
which the rota tion occurs . I won't go in the details of those 
- as you can s ee i t is not too much difference in the results 
and certainly the scatter of the data causes some differences. 

Now if you t a ke all theae three plots of data and superim­
pos e you Bee t hat they lie in a band that is shown by these vert­
i ca l lines. And it liea quite close t o this very simple solut i on 
t hat comes out from s simpls momen t equilibrium analysis. How­
ever, those few points which I showed you are outside of this en­
ve lope and are as s ociated with very thin blocks. Otherwise ther e 
i s a amall ef fect of thickDess over length or thicknass ratio but 
not very much. One Be t of data s ugges ted that perhaps if you come 
very close to the deneity of wa tar or as you become very thin in 
the block either in terms of t hiokness over length or thi ckness 
over depth of flow that perhaps they not behave the Bama way. 

And according l y, myself and a man workiDg with me did s ome 
experimen t s wi t h very t hin blocks. And we found essentially no 
difference. Which l eavas this one data sat unexplained. At least 
a t t he moment . We di d find one thing that was of inter es t and 
thst is t hat we did Dot gst any difference in the crit i oa l ve lo­
city depend i ng on whether the block was initially at rest and the 
ve loci ty of f l ow spesded it up until the instabilit y occured. We 
fo und no differenc in the behaviour in that case and in the case 
i n which e block wss floated on the water upst ream and came down 
ana turned under. 

I might further add, and this is not in the paper that the 
feet that the initial block is entrained, as is given by this re­
la tionship of the data in the lower line, does not necessarily 
mean that you cannot form a stabil COver. We found that at velo­
cities intermittent between this line and this top line that the 
blocks underturned and stucked. In a fashion that we could meas­
ure that the Pariset - Hausser criterion with k • 1 was correct. 
So we are now here you have instability ocourred but the way it 
occurs results in a secondary mOde in forming a new cover with 
the thickDess that it should have for that velocity. Bow, hope­
fully you can be convinced that the regional depth Proude num­
ber is incorrect and the thickDess Proude number is the correct 
one. All that you need is to multiply that left ordinate by the 
equare of the thickness - length ratio and recover youreelf with 
the same deta to a densimetric depth Froude number and you see 
thet the dsta line is in the similar band and you see the con­
ventional plot of the data. 

Now, what I want to conclUde from this C •••••• ) iUl 
A peculiar way to do the analySis. In my analysisjXennedy's 

enelysis and in the previous analysis the critical essumption 
wes the C •.•••. ) when the top leading edge became submerged. This 
not necessarily haa meant that the entire block was submerged. 
And you may write down the flow-equations eligned for other re­
actions and further constrains in a classiC stability manner but 
they become not handlable and I chose not to solve them. There 
wes very low effect found of the thickness over length - ratio, 
anyhow one must stress uncertainty with very thin blocks in very
deep water depth. Finally,Iwish to apologize for not to be close 
to the subject but I wanted to show a picture of winter naviga­
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tion as it occurs verr clo se to m¥ h ome , and very close to Dr. 
Kenned~ 's laboratorv and rather 1n the m1ddle of the United 
States ~n Pebruar;y, two ¥ears ago. I thank ¥aU if you found it 
interesting. In this case a private compan.y decided that it want­
ed to deliver a cargo of phosphate in winter, when no shi~s were 
operating and navigation had ceased. I think you will find this 
different to other transportation s;ystems in man.y places. Barge s 
are 200 feet long, there are six of them here, it is too wide and 
they are pushed b¥ one tug-boat of 3000 HP. We were success~ul i n 
breaking 9-12 in unbroken· ice . u.nbroken before we got there; al' t er 
we got there , there was a co urse of br oken ice for the next boac 
and we also found that t here we re a lot of other boats moving 
cargo up as soon as the pat h has been cleared. The reason I eay 
this i s because we ha d t ime s when navigation was difficult in ,he 
i ce. We were lat er all;y stopped. And the abili t y of these tug­
- boats simpl¥ to run ahead as an i ce- breaker wa s qui t e notable 
and it occurred in m~ oase s that we had no pro blem at all in 
clearing the path and i n. gOing back in taking t he barges on. And 
I think the total length percentage of the reach where there was 
difficul ty was only in the order of a few percents. This is a 
very att r active wa¥ to operate in the ice . St ill another prospe c­
tive before I quit, I will show ;ycu a view from the front of the 
barge. I want to point out onl;y one strik1ng thi ng; t hat the 
breakage of ice on the first pass through the cover extended 
about 2 inches aside of the barge. It left a ver ¥ clean track. 
flo'Rever, the next passage left a verlf wide track because the by­
way that the diverging wav-pattern originat i ng at the bow will at 
some distance outfirm the barge. Subsequently the entire track or 
path will full with broken ice. That was I wanted to sa:; to you 
and I would be hapP¥ to answer an.y question. Thank you. 

Chairman: Thank lIOU Mr.Ashton. The next paper is A 12. Mr. 
Degt¥arev, please. 

V.Degt~rev: Mr.Chairmanl Ladies and Gentlemen! Let me in­
troduce mlfs~t. M¥ name is Degtyarev, I am professor of Novo­
sibirsk Institute of Water Transport. I shall read the report by 
Balanin and Borodkin professors of Leningrad Institute of lIat er 
Transport. Thell are absent from the s¥lDposium~ 

Thank ;youl 

Chairman: Thank 1I0U Mr.Degt¥arevl Is t here a~v ques t ion 
about paper A 11 bll Mr.Ashton.? Mr.Kenned¥, please. 

J.F.KennedS: I am Kenned¥ from the United States. I t h i nk 
Ashton's contriution of showing how this rather converse rela­
tion developed blf him and myself can be simplified is wo=th­
while, and 1I0U are willing to accept this degree of approx1.:Ila­
tion which is verll adequate in most cases. You do not need t o 
consider the links effect. It is interesting also to consid er 
how the links effect enters and either for the vertical su b­

~ The text is published in the volume ·Contributions to Sub j ecc 
An. 
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mergence mode of sinking or the undertnrning mo de of aitiking 
which have been ana.l:yzed b:y earlier investigators in Canada and 
also b~ m:yselt and Ashton - in ei ther case the l inks ef fe cts en­
ter as a reault of the rather massive !low-field around the up­
stream end, due to !low separation and reduced pressure region 
and so on. HoW', using Uzuner 's anaJ.:ytical model ~u have one 
additional to ol which ~ou can use to take account of this effect 
of l ow pressure around the upstream end. It ma:y not be too im­
portant, as Ashton' s resul ts indicated it apparentl:y do e s no t go 
into the larger values, in which case :you can use a s ingle rela­
tion in terms of the densimetric Froude number. One other com­
ment concerns t hi s no-spill condition, which also Ashton men­
tioned and that is t hat this is another rather artificial device 
which we used as a substitute for the correct and complete anal:y­
sis which we should do. As h e mentioned that was found rather 
difficult. I recentl:y tri ed to begin too to undertake to ascer­
tain, I used both the moment and the vertical force equllibri um 
when underturning or sinking has occured and I discovered onl:y 
that I had no t becoming smarter than I WQB two :years ago as I 
cou i d ge t a reasonable close function this time neither. 

Chairman: IU'.Ashton, would :yoa l ike to rep1:y? 

G.Ashton: I do not make a rep1:y but I want to comment some 
observations of Mr.Kenne d:y. One i s that there is st~ a ques­
tion about the ver:y t hin blocks. We found some ve r:y dLfficu1t 
problems on the real nambers, on what real1:y happened. The very 
thin blocks in the order of 2/3 em t hick seem to behave differ ­
ent l~. That is it takes a higher vel ocit:y to entrain them as t his 
is predi cted b~ the other data. And 8 0 there is a question ther e, 
this i s a rather important ques t ion, man.v of the ice-floes that 
come down are ver:y thin relative to their length. Ev en t hinne r 
t han those weirs, and t hev ma:y come down with their t hickne s s 
0 . 0 2 relative to their l ength. So it ia s t ill an open questi on, 
t here is quite a lot of room that it ma:y be possibl e to do a 
limited anal:ysis, just let limi t ,,-ourself to veq small value s of 
t i L ratio and perhaps to consider Kenned:y 's anal:ysis to look over 
p~B of it. Thank :you. 

Chairman : ! nv question about paper A 12? Mr .Kenned:y,pleaae. 

J .F.Xennedy: Juet one short observation on this interest i ng 
s cheme that has been proposed . I have observed in fl¥ing over the 
Kiss issippi River and the Missouri River in the United States 
t hat there is a point wher e side- jet di s charge of a pow~r-p1ant 
along t he r ive r came i n. The he ated water of these river s makes 
usuallf its own rathe r narrow wa~ l ike a channel. Ice cove r s al­
most entire~ the river except onl~ the ver~ site of the dis­
charges. And I think one might be well advi s ed - he who i s going 
to pUr1ll1e this scheme - to seek des i gns whi ch wou.ld undertake t o 
maintain the s t ratificati ou, to keep the heated water at the 
s~rface and then rather be co nt ent b~ the ioe channel which 
make s i tself. And I t hink t his waf :you are qu i te r ight t o pro­
t ect the main bod~ of the r iver from the tempe rature-ris i ng ef­
f ect. 

Chairman: lIr.Degtvarev ! Would ~11 like to repl:y? 
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Chairman: How, we start discussion about Sub ject A. 

Mr.Taang p~ea8e . fOU like to comment? 


G.TS~: First of aLl , I wanted to make m~ comment this mor­
ning but ~ce I am now here I would like to sa~ something about 
this morning's paper about the discharge variation between a riv ­
er with and wi t hout ice-cover. The author Dr.Rouv~ has shown in 
his :paper a curve which shows the ratio of too man.y coefficients, 
th.e r atio of n~/n, as a f!.lnction of discharge r atio. Last !{ear 
I had a re ci r culating flume and I j ust wanted to see what happensif 
I have an ice cover out side under natural conditions . I have a 
motor driving the wate r going around and around , I leave the 
flume outside and then I obs erved what happens. Firat , of course, 
the ice cover was formed . Without ice cover the head difference 
was a bout 1 mm or so . And when the ice cover was formed ,this head 
i ncr eas ed . The flume was a glass-flume so I could observe ho .? the 
air waa t r apped underneath t h e ice cover. And you can see the air 
bubbles gradually going down underneath the ice cove r . In f act, 
it seems the trapped air ha s quite an influence on t h e underside 
roughne s s of the ice cove r also . And then we continued the ex~ 
periment , and in the experiment the power input was tested. The 
input powe r lead to the motor was constant, but howe'Ter, we found 
the vel ocity gradually increased especially when ~o u have frazile 
ice , and this frazile ice was formed in the size of 2-2 1/2 cm. 
It then stuck to the bottom, which was gravel in uniform sizes . 
and also stuck to the t op. And when this thing happene d ehe 
resistance increased by a facto r of an other order of magnitude 
and I think this is extr emely important , and pr obably a 10. of 
ice will be overloaden due to this under natural co ndit ions . 

Talking about the comment on this morning paper, the author 
professor has t~ed about the sediment transport effect of 
frazile ice . iie have a research site i n 9. river in Ontario , in 
Canada and i n a straight section we have picked samples i n fo ur 
cross-sections throughont the whole winter. And then we f ou nd, 
that v/hen frazile ice is formed and a secondar~ current in the 
river induces a double - vortex, this takes the frazile to the· mid­
dle and so in the middle ~ou have an island , more or l ess an 
island made up with frazile and all this in a river of the width 
of 50-60 metres . No?! we went to the ••••••• River whi ch was 500­
- 80 0 m wide - very wide river- and we observed t hat the secondar!{ 
current t ransported the frazile ice again in the middle . How 
when frazile ice goes in the middle, this accumulates the re, and 
I tried to trace whethe r i t goes down with .he curre nt . And we 
have not iced t~e frazile accumulati on in the first section, 
g:!:'aduall" increasing in the second section but i t never reached 
the tilird and fourth section. I thick it just went b!{ melting 
and b:y eroding awa.y. All this ini"ormation was gathere d in Canada 
b:y the liater Surve~ of Canada, when we took measurements. of i ce 
during winter discharge , making holes in the ~ce to be 90 0le to 
measure also the di scharge. And sometimes, when we see a i razile 
pack alwa:ys almost in the middle going right to the bottom and 
on the t wo edges all is clear and when then we take a measure­
ment in the clear water planes and we go also upstreare not ~ar 
aW8l/ to a place which :,as no frazile ice and take anothe r a~ s­
char~e measurement, the:y are about 40 %. Wh~ is that? Frazile 
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ice becomes sometimes a porous material. You have water passing 
through. Sometimes the frazile would behave like a sediment car­
ried away b¥ the water, but sometimes it will baheve like a 
porous material usuall¥ as it has been accumulated at a certain 
place after some time. We call this tracing effect, when ice is 
accumulated like a sand pack. Small channels are developed in 
this case in the ice through which water ma¥ pass through. I 
think this would be a ver¥ interesting thing, to stud¥ further. 
And probabl¥ this would rise a question to iOU in ¥our future 
work. Thank ¥Ou.· 

Chairman: Somebod¥ else to make a comment? No? I do. 
rn m¥ countr¥, in Brasil, we have no ice problem, except to 

find enough ice to keep our whiak¥ cold. But we have another 
problem that is ver¥ similar to that of ice covers and ice jams 
in rivers. In some of our rivers an aquatic plant called "aguape" 
grows. This planthas its roots in the river bed, and is connect­
ed to the main floating part bi a long stem. During floods the 
increase in stage Causes the floating part of the plant to rise, 
and the stems are broken. The plants then float downstream until 
the¥ reach a bridge, or some other obstacle, where the¥ accumu­
late. The¥ then form a "green cover" on the stream that is ver¥ 
similar in its behavior to an ice cover. These "green covers· 
m~y become several feet in thickness and mBi cause large in­
creases in the water stage. 

This plant produces a beautiful flower, and m~ tourists 
are tempted to take samp1ee home to plant in their own gardens. 
However, this is a ver¥ dangerous practice, because these plants 
spread and grow veri fast, and can soon infest the river of the 
new location - bringing a Brazilian problem to the site. 

For example, the Nile River has recentl¥ this problem, as 
the result of thoughtless tourists. 

I would like to take this opportunit¥ on behalf of mi gov­
ernment to invite the lJarticipants of this S¥mposium to come to 
Sao Paulo to attend the 16th Congress of the IAHR which will be 
held in Ju1¥ 1975. The exact dates are Jul¥ 27~August 1. I look 
foreward to see ¥ou in Brasil. Mr.Starosolszk¥, would ¥ou like 
to summarize the results of this session? Thank ¥OU. 

O.Staroso1szky; Thank ¥ou,Mr.Chairman, giving me the privi­
lege to make a summar¥ about the results of our morning and af­
ternoon discussions. Of course, mBi I emphasize, this is ver¥ 
usual in engineering practice, when we do not have a proper and 
accurate method to solve the problem to use some approximations. 
Now I feel somewhat, that I shall use onli an approximative 
method for making a summari on this subject. We had man..y inter­
esting discussions and papers concerning different problems of 
ice-hidraulics and interrelations between fluvial and ice hi­
draulics. As we recognized immediate1¥ now, from the discussion 
of Prof.Pimenta,there are similarities all around the world . 
where our knowledge concerning ice mav be used. Let me mention 
e.g. that there is a verv big similariti be~een the motion of 

timber on a river, that means logs on a river and ice. And our 

knowledge concerning the ice-h;ydraulics mll¥ be used in other 


66 Subject A 



di~rerent subjects. I have here ~our points, as the main tasks 
~or ~uture research. Let me re~er to them. 

First, the observations concerning ice phenomena m6¥ be 
judged as rather poor, when we want to use some mathematical mod­
eling on ice ~ormation, ice dri~t in ice jamming. As a consequen­
ce o~ this statement, we need an improvement of the observation 
methods inoluding instrumentation. And or the subjects or obser­
vation as well. For solving the di~ferent problema, baaed on dif­
~erent mathematical mOdels - aome o~ theae have been introduced _ 
we need quite a lot climatological data. Because the ioe regime 
ia depending on the atmospheric conditions and the World Meteoro­
logical Organization has the re~ponaibilit¥ on problems o~ operat­
ive h¥drologv, it may be proposed to ~ind some contacts with this 
governmental organization. The WYO, as a governmental internatio­
nal agenc¥ m&¥ ensure the uni~ied methoda o~ observation. What we 
need when we want to make some comparison concerning the observa­
tions and the results on di~~erent rivers o~ the world. 

The second conclusion maybe as ~ollows: the cooperation in 
the ~ield of ice-~ormation, ice-floes and the breakup would be 
encouraged in all countries sitnated in a common catchment. The 
~ormation s¥stem mav be based on telereporting or telemeter­

ing. I think an example in the Danube Basin would serve as a 
good example of such an international cooperation. This would 
be a useful tool making preventive measures against ice damages. 

The third conclusion: parameters concerning ice properties 
have to be investigated more intenaivel¥ in order to obtain data 
which we need when using ice h¥draulics ~or ~orecasting of ice 
phenomena. Investigations on cohesion, strength and of other 
mechanical properties o~ ice would be especiall¥ welcome because 
of the proper values we need when using di~ferent hydraulic com­
putations concerning ice problems. 

The fourth and the last one which was man.v times discuBsed: 
the thermal power stations and the connected outlets of COOling · 
waters may change the ice regime o~ the rivers. Therefore, a 
special care haa to be taken on the observations in this respect,
and take into consideration their e~~ects on winter-navigation. 
I think, that today's morning and ~ternoon sessions have been 
good contributions to coordinate future research and ~or a bet­
ter understanding of ice-phenomena. Thank ){OU very much. 

Chairman: I close this session with m~v thanks to the 
authors, manv thanks to the general reporter Mr.Starosolszky, 
man.y thanks to our Cochairman Mr.Kertai and man.v thanks to all 
participants of this s~posium. And mall¥ thanks to the Org~z­
ing Committees and excuse-me for my very bad English. 

(On the next pagea two late papers on topiCS belongi~ to 
Subject A are published, and also an Addition to Paper A-3J 
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ADD I T I 0 li 

TO PAPER A-3 "KINEMATICS OF FLOW UNDER ICE COVER" 

b.y ZHIDKIIE V.III., SINOTIH V.I., GENKIH Z.A. 
submitted b~ K.Zvor~kin 

Among various problems of ice h~draulics those of kinematic 
structure of plane pressure turbulent flows are of particular in­
terest. The experimental results presented enjo~ maIlJj practical 
applications in such leading branches of econom.y as h¥dropower 
engineering, water transport, water suppl~, etc. However,the prob­
lem of calculation of flow kinematics under ice cover has not 
~e en yet solved adequately partl¥ due to lack of perfect design 
~ethocs and partly due to some difficulties in choosing initial 
data, and particularly ice cover roughness coefficients. 

To simplify calculation formulae some investigators (1.1. 
Levi, K.V.Grishanin et al.) proceeded from equations of the semi­
-e~pirical theor¥ of boundar¥ la¥er. In terms of this theor¥ the 
kinematic characteristics of flows under ice cover are governed 
:lilly by ratio of the ice cover roughness coefficient to the river 
bottom one. 

In the paper submitted to the S¥IDposium the authors employed 
equations of motion, in which molecular viSCOSity is replaced b~ 
eddy viscosit¥. The coefficient of turbulent exchange is assumed 
to vary stepwise at the de~th of maximum velocit¥ and is calcu­
lated b¥ the Prandtl-Karman formula. As a result, relationships 
have been obtained for the basic features of kinematics of flow, 
viz.: flow velocit¥, water diacharge, the position of the maximum 
velocity plane and turbulent exchange coefficients. . 

It should be emphasized that the kinematic characteristics 
of flows covered with ice depend on the abaolute values of rou~ 
ness of the ice cover and the river bottom rather than on their 
ratio, which is in full agreement with experimental results pre­
sented in the paper.

Similar effect of boundary resistances on the internal struc­
~ure of certain system has long been known in a number of Bcien­
ces, for example, in the theory of heat transfer. 

In due time the under-surface of the ice cover alters (be­
co~es smoother). In other words, the ice cover as well as the 
=iver bottom ma¥ be considered as "erodible" surfaces. However, 
in contrast to the river bottom, the "erosion" of the ice cover 
results from thermal rather than mechanical effect of "he flow. 

The above dependence of the kinematic s"ructure of flow on 
the roughness of bounrlar¥ surfaces enables one to assume that in 
f~ows under ice cover occurs mutual "adjustment" of the ice cov­
er and the river bottom roughnesses.

Further quantitative stud¥ of this phenomenon is requi~ed. 
Eesides, laboratory and field investigations should be carr~ed 
o~t to estiJI:ate roughness coefficients of the ice cover. 
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ABSTIIACT 

The present paper deals with the conditions of snow ice 

formation: overloading of the ice cover and the appearance of 

cracks and openings in the ice through which the SDOW is flood­

ed by water. The paper contaLn8 formulae for computing distances 

between thermal cracks and determining the critical values of 

water level fluctuations causing the formation of ice cracks 

near the shore. 

The process of snow ice formation is divided into two 

phases: the flooding of the snow-ice cover and freezing of 

water-saturated snow. The author suggests formulae for the 

estimation of the flooding depth and area. The paper presents 

the estimated data on the depth of flooding and the thickness 

of the frozen snow saturated with water. 
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It is shown that the intensive snow ice formation occurs 

in the regions of maA'S activities facilitating ice cover 

flooding water level fluctuations in the upper and lower pools 

of hydroelectric plants, ice-breaking snd exploding, thermal 

openings in ice at the site of industrial waste discharges, 

ice holes made by fishermen, etc. 

Rivers, lakes snd reservoirs of the USSR, espeCially of 

the north-west, are often subject to the formation of snow 

ice due to the freezing of water-saturated snow on the surface 

of ice cover. In some water bodies the formation ,of snow ice 

is equal, sometimes even dominating, factor of the increase 

ice cover thickness: its portion in the total "gross" ice 

thickness is 50% and more. 

The maiA and obligatory condition of snow ice thickness 

increase is thick snow cOYer formation on the ice, which causes 

ice overloading, i.e. snow weight is greater t~ the lifting 

capacity of the floating ice cover: 

0) 

where h~ and PJ - depth and density of the snow cover; 

h. and pi. - depth and density of the ice cover. 

The second condition of snow ice formation, which is no 

le8s important, is the occurrence of cracks and openings in the 
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ice cover which discharge water to the ice surface. The main 

factors of ice crack formation are as follows: 

(1) thermal deformation of the ice cover; 

(2) water leTel fluctuations; 

(3) man's economic activities; 

Thermal deformatiollS result in two types of cracks: 

shallow fracturiRg and deep sp11ts. The shallow fracturing is 

cond1tioned by sha~ daily changes iJt the air temperature aIld 

is characteristic for snowless periods. Shallow cracks penetrate 

only the upper layer of ice cover, thUs being non-responsible 

for water leaking out into the ice cover. Deep cracks are 

formed in case of stable fall or rise of temperature: they are 

wedge-shaped and come through the whole ice cover. Deep wedge-

shaped cracks are explained by the deformation of the ice cover 

that tends to bending as the result of thermal compression or 

expansion of upper layers, the sizes of the lower layer remain­

ing unchanged. As a first approximat1on it may be assumed that 

the surface of a thsrmally bant ice cover has a slightly curved 

cylindrtal form which makes it possible to consider the inter­

action of forces taking a beam with a rectangular cross-section 

as an example. The following equation will be true for a bent 

freely floating ice beam: 
2­

f .1 hi.. (2)
pJ: +P-x: =--6 

I 2 6 t 

where the left part presents the sum of bending moments of 

forces (P' is the load at the place of the beam rise; P" is the 

force acting at the place of the beam lowering; )::t' )::2 is the 
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distance b~t~een fulcra and the beam centre), while the right 

part ~resents the balancing internal tension ( ~t is the ten­

sile force at the beam surface; h. is the ice beam thickness). 

From the hydrostatic balance conditions of the cambered 

floating ice beam and geometric relationships we obtain the 

values p' ,p" Xi Xl' deriving the following equation 

after substituting these values in (2): 

0) 

.:here L is the half length of the beam (distance between 
~.~ 

cracks). Y'"" is specific gravity ...ater;~ radius of 

"he beam curvature ( ~ is the thermal coefficient of the 

beam linear expanSion, .4 t is the change in the beam surface 

tempe ra ture) • 

The formation of cracks is probably connected with the 

fact that tensile forces at the ice cover surface reach their 

critical values, i.e.G t > G «(5 is the temporary resistanca 

of ice to tension). Po~~ula (3) makes it possible to determine 

the soortest distance bet~een the through cracks ( L ) for 

specified G, R and hi. . 
The water level fluctuations cause the formation of bank 

·cracks. The c r itical value of level fluctuations (.4 H ) for the 

known ice tbickness ( hi ) at which the fracture of a floe 

takes place, may be computed by formula 

(4) 

Fo rmula (4) was obtained in accordance with the theoreti­

cal r e sea rc h made by B.V. Proskuryakov and V.P. Berdennikov. 
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Water also comes out to the ice surface thr uugh cracks 

and holes formed as the result of man's economic ac"ivitics 

such as water level fluctuations in upper and lower pools of 

b;ydroelectric power stations, ice holes cut by fisuprmen, 

air-holes in zones of active warm industrial water diact!arg;i:lg, 

construction of bridges and roads on ice, etc. 

The process of snow ice formation is divid.ed into -'; \,;0 

qualitatively different and strictly successive stages: 

(1) Submersion of s now-ice cover by water; 

(2) Congealing of water saturated snow. 

At tue first stage of S:lOW ice formation process i t is 

necessa ry to determine the depth of sno .. submers ion and sizes 

of submersion zone. When water freely comes out to the ice 

cover surface, the submersion takes place till the hydrostRtic 

equilibrium is established, i.e.: 

(5 )P1 + p2 + P" g.= P3 + p4 

where ~ is the lifting force of submerged ice; P~ is that of 

submerged snow; P~ is the weight of snow above the sub~~rsi0n 

level;P... is the weight of capillary water ascending above the 

submersion level; PQ..t is the elevating power of air bubbles in 

submerged sno><. 

After substitution o f values~'~'P3'P" ,P.. &in (5) aau 

transformations made, the follov:ing equation for computiru; tile 

sub!:lerged snow dep -oh ( hJu8) is obtain~d . 

h - h.J)O~-O.084h,+dJ... 
(G).j"S- i.092~"'fl 

where he is the capillaI'Y rise of v;a];er in sao':;; J\ anti p. "r~ 
the densities of ice and snow, res)~ctivelY;c\i5 the ave.:-:!"" 
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water content in 1 cm3 of the capillary fringe; Jl is bh,e 

lifting capacity air bubbles in 1 cm3 of submerged snow.Values 

d and Ahave been determined u:perimentally: d." = 0.44 g/cm2 , 
("hen h~ equals 2 cm to 10 cm) • .Il = 0.03 g/cIll3• 

If the submersion depth computed by (16) is more than 

the snow del'th h.1 (..hich is senseless), then it should be 

assUJlled that h = h.j' The submersion is accompanied by snow 

settling caused by decreasing mechanical strenght of wetted ice 

crystals. The settling coefficient of wetted snow, being the 

ra;;io betl.een the depth of v;etted S~O\\i layer and the depth of 

this layer before wetting, varies within 0.6 - 0.8 depending 

on S:10,; density and some other factors. 

Applied to 17 cases of snow ice formation at Klyazma 

Reservoir when water was more easily going out to ice surface 

during winters of 1956-59. formula (6) gave a + 2cm deviation 

( 1.3 em for absolute values) as compared with the observed 

de~th. ,he Sign taken into account. 

A free submersion of snow ice cover takes place only 

Tohen ,he air temperature is abouD oOe which does not last long 

in ,inter. At low temperatures the submersion level does not 

alY.ays reach its possible limit since the cracks through which 

·:.ater ",oes out to ice are blocked by ice reefs or completely 

frozen. That is why the velocity of water expansion over ice 

under snow is of great importance ~ submersion process. 

The formula for computing the submersion zone has been 

obtained on considering the equation of water motion in the 
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horlzontal capillary: 

..£ (Mv)=P ( 7)d'l 
where M ls the mass of moving water, V ls velocity, P is 

calving force, 1: ls time. 

Water flowing through a caplllarY is affected by the 

followlng forces; b;yd.raulic head p.. , b;ycaaulic resistanceP'1. 

and suction force of wetting liquid P;l 
Introducting values P". P'l. and P-4 int" (7), we 

obtain the following differential equation: 

(8) 

which is solved as foll.ows: 

(" I ) . A) 2. -~ }?", 9ll'1+n.. (17" Jw 7." e ... 
t+·­

-4rt, S't 

where "L is water vlscosity coefficl611t, p"" is water .density, 

9 ls gravlty acceleration, Le is capillary radius, t!' is the 

distance passed, H is b;ycaaulic head. . 

Results of computing by (9) correspond quite satisfactorily 

to the data of experlments and observations. 

The dependences considered do not take into account the 

thermal conditions that obviOUSly influence the velocity 

of water motion through snow and submersion depth. Strictly 

saying, these dependences are only applicable when the 
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temperature is about oOe or a little below. 


The data obtained from experiments and theoretical 


research enable to make several gradations of thermal conditions 

and corresponding velocities of 'Rater expansion through snow 

for. an approximate estimation of the process of snow-ice 

cover s~bmersion. 

1. 	~t the air temperature of oOe to - 3°e the motion of 

submersion front ~ be comp~ted by (9). However, the front 

will not move slower as it remotes the original source of 

water appearance at the ice surfaca aince the front 

movement is ~sually followed by appearance of new sources 

close to it. Under these conditions the submersion front 

moves at the distance of 20-40 m a day. 

2. 	At the air temperature of - 30e to - lOoe the submersion 

front passes a 6-10 m distance a day. 

3. 	The air temperature being - 100e - 20oe, the front covers 

a 4-6 m distance a day. 

~. 	 At the temperature below - 200 e the submersion of snow 


by .,ater and formation of snow ice do not practically 


occur. 

The second phase of snow ice formation process is the 

freezing of water saturated snow. When computing the freezing 

of 'liater-end-snow mixture at the ice cover surface, it is 

necessary to take into account some peculiarities that 

distinguish this process from an analogous process, i.e. the 

pure ",ater free zing. 
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1. 	The water-and-snow mixture has a solid phase (ice); 

consequently, in the process of freezing 1 cm3 of the mix­

ture will liberate less heat than that of pure water. 

2. 	Heat conductivity of a frozen mixture layer is smaller than 

that of pure water 6iACe it contains a considerable number 

of air bubbles. 

3. 	Heat flux coming to the lower surface of the ice cover 

does not influence the mixture freezing. 

O.Devik's simplified formula of ice thickness has been 

applied to compute freezing of water saturated snow. 

Taking into account the above peculiarities, the formula 

will look as foilows; 

it!< L .r:(,. 1~.)~ QI\. ~ Jt d.h.u.=-~nJ+Y(h.j.k~~ +t(ri4.-f..l) ..i 't (0) 

where h . is the depth of a frozen layer of water-and-snow 
.~ . Q " 

mixture (snow ice) J h is the original thickness of snow ice; 

"/tJ.,i and "-4 are heat conductivitiee of sno_ ice and snow, 

respectively; ~< ~dP~ are densities of snow ice and snow, 

respectively ; is heat of ice formation;t j is the av~rage 

temperature at SIlOW surface for selected time interval; 1: 1s 

t~. 

Verified computations using (10), the results of which are 

presented in Table I, satisfactorily correspond to the data 

of observations made at the Krasavitsa Lake (Leningrad 

district): 
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Tabla I 

Snow ice thJ.ckDess, 
cmPer i 0 	 d 

desigJI.ed observed 

20.Jan.-1.Peb.1955 4.5 5-6 
8-10 Peb.,1955 2 2-3 

10-21. Peb.,1955 13 15-16 
20-31 Dec. ,1955 13 11-12 

Water-saturated SAOW usually freezes rapidly, but 

sometimes (after abunda.D.t snowfall or at lIre-spri:Ag period) 

the freezing is prolonged. In these cases it is expedient to 

compute freezing or to examine the ice cover thoroughly, since 

the UAfrozeD anow sluah considerably deteriorates the working 

conditions of passages and sharply changes the character of ice 

break iD spriDg. 
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AB3TllACT 

The paper deals with the process of the Dniester breaking­

up and ice jam formation in spring. The accepted breaking-

up process model is used ss the basis for determining the 

main factors of spring ice jam formation responsible for 

jam dimensions at different years. 

These factors include flood flow, ice cover strength 

and thickness of ice jam accumulations in winter. The relation­

ship obtained enabled to develop the forecast of maximum ice 

jam heights for several points on the Dniester-river. The 

forecast is based on computing the ice stren5th from meteoro­

logical data and flood flow from observational data obtained 

at river head and some tributaries. 
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The breaking-up of the Dniester-river is followed by 

ice jam formation on the stretch between the town of Galitch 

and Duboseary Reservoir. By the scale and frequency of ice 

jam events the Dniester exceeds even northern rivers. The 

floods caused by ice jam overflow the populated areas in 

the river valley and bring forth JIIuch dalIIage. 'rbat is why 

lIIuch attention is paid to studying the Dniester spring ice 

jam in order to develop preventive measures and methods of 

forecasting. 

The Dniester originates in the north-eastern Carpathians 

at the altitude of 760 III. The river stretch from its source 

to Galitch presents a mountain river type. Within the greatest 

part of the stretch liable to ice jam the Dniester flows 

through a narrow valley with steep slopes and poorly developed 

floodplaill. The average gradient varies within 0.1-0.5 ". 

but at IWlIl/Irous shallows it falls considerablY. The climate 

of aiddle Dniester is rather unstable. In winter the thaw 

periods frequentlY occur causing a repeated formation of ice 

cover. Sometimes the ice thickness reaches 50-60 cm. 

The Dniester breaking-up starts at the river head and 

goes OA downstream which makes possible ice jam formation 

despite the southern situation of its basin. Ice jam nents 

are also determilled by the 1II0rphology of river bed and valley~ 

Buaerou8 bed obstacles such as alluvial conos, islands,channel 

constractioAs and abrupt bends hamper the downstream transport 

of ice and form the centres of jam piling-up. The Dniest.er 
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stretch from Galitch to Dubossary counts 36 ~lac e 3 liable 

to ice jam formation. 

The Dniester is also characterized by winter ice jam 

events formed as the result of the river breaking-up in 

winter. These winter ice ,jams affected further by cold form 

the frozen ice accumulations with the depth of 1-3 m. These 

accUlllu:. "ions do not cause dangerous level rises, but 

conSiderably hinder the ice drift during spring breaking-up 

forming sizeable ice jams at many river ~oints (Fig.l).The 

spring breaking-up accompanied by ice jam events takes place 

during February-March period or' the first half of April. 

The jam formation is a very complex process, depending 

on many factors. The factors pe~manent in time include those 

determining the conditions of ice transport on different 

river stretches, while the factors varying in time are present­

ed by hydrometeorological peculiarities of breaking-u~. Among 

the variable factors the flood il1~ensity, free~il1g conditions, 

ice thickness 9.lld others are usually taken into account. How­

ever it is rarely possible to obtain satisfactory dependences 

between ice gorge thickness and one of the above factors. 

When studying the Dniester ice gorges it has turned 

expedient to schematize the breaking-up process for making 

• 	 clear the factors that determine spring ice jam formation 

under particular conditions. 

Generally the breaking-u~ of rivers occurs as the 

result of interaction between thermal and mechanical factors. 

ChizhoT-Buzin 
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The thermal factgr causes ice melting and its strength 

weakening, i.e. it determines the degree of ice cover stabili~. 

The mechanical factor is the sum of forces affecting the ice 

cover destruction, hummocking of ice floes and their transport 

along · the river. 

AS a criterion of ice cover stability may serve the value 

of its integral strength. 

(1)
S"2 = f

o 

I (G)dh. 
k. 

where It. is the ice cover thickness, 6 is the temporary 

resistance of ice to compression, flexing or cutting. For 

the analysis of river breaking-up process the flexing 

resistance is preferable as the most stable characteristic 

usually determined in field investigations. 

In spring the ice cover transverse strength becomes 

equalized, therefore parameter Gh may be assumed with a 

reliable accuracy as an integral characteristic of ice cover 

strength and its potential resistance, that numerically 

expresses the thermal factor. 

The main force affecting the ice cover is the pull force 

of the stream. 

(2) 

where j is t~e water volume weightl R. is the hydraulic 

radius, j :\.s the water surface gradient, V is stream 

velocity and C is Chezy's coefficient. In a first 

approximation for a particular river stretch the mechanical 

Chizbov-Buzln 



U 	 III 

Fig.1. 	The combined graph of the Dnieater-river stages, 
1967-68. 

1 - Ga1itch; 2 - Nizhny; 3 - Za1eschiki; 4 - Zhvanets; 
5 - Mogi1ev-Podo1sky; 6 - Soroki; 7 - Gruahkaj 8 - Kamenkal 
9 - Rybnitsa. 
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factor is the function of water discharge or level. 

The comparison of schedule graphs of the ice cover 

strength and those of water fluctuations (Fig.2) gives a 

good presentation of hYdrometeorological conditions, under 

which the sizeable ice jams are formed on the Dniester. All 

years ~ith spring ice jam events on the Dniester differ from 

each other by meteorological peculiaritie~. At the beginning 

of spring flood development an intensive rise in temperature 

frequently accompanied by rainfalls caUSeS an intensive snow 

melt, thus detel:'mining the flood wave formation. A.t this 

period the ice cover strength is intensively weakened. If such 

Weather regime does not change until the flood has passed 

the mid-river stretch, the ice strength to this moment is so 

lessened that no considerable ice jam is formed even if the 

ice cover th1c~ss is great. The breaking-up like that 

abOVe took place in 1950 and 1956. But when during the flood 

formation period the rise in air temperature is followed by its 

fall, the we~ of ice strength ceases or is even restored 

due to freezing. The situation comes when the great values 

of discharges are combined with those of ioe cover strength. 

These were the causes for an intensiVe ice jam formations in 

195~, 1954, 1965, 1968 and 1969. 

The breaking-up prOCeSS judging by observations1 data on 

the Duiester river deVelops as follows. 

The temperature rise period initiates the process of 

ice cover ~eakening and water level riSe. Shore leads appear 
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Fig. 2. 	 Schedule ~raphs of water stages (2), ice 
strength (3) and ice cover thickness (1) 
The Dniester-river at the town of Soroki. 

Chizhov-Buz1n87 

http:293TJ03ll1.lI


and ice tears off the ballks. Stream. forces cause the telLSiolLS 

~ the ice cover that cODCentrate at the sites of ice cover 

contact with the ballks. At this time the ice cover is 

subject at different sites to compression, expansion and 

flexure. The initial stage of breaking-up is predominated by 

tensile and bending stresses depending on the stream. velocity, 

the length of the stretch where ice is torn off the banks, 

channel width and meandering. At the places where these 

tensions exceed the temporary resistaDCe of ice, the ice 

cover is destructed and ice starts to move, the cover becomes 

disintegrated. The first breaks in the ice cover appear at 

the channel bends. The condition of the breaking-up beg~ 

for a definite stretch may be expressed as fOllows: 

0) 

Por some points on the Dniester satisfactory dependences 

have been obtained (correlation coefficient 0.83 - 0.90) 

bet~een the stage immediately before the beginning of ice 

drift and the ice cover strength as expressed by the 

linear equation: 

,*p = tT. + a f 6h + Ge !-lew (4) 

'1Ohere!l,! is the breaking-up level, llew is low water level 

in ~inter, which is a characteristic for autumn-winter ice 

jam events at the stretch;a., a" ae are constant values. 

The first ice motion makes the ice cover break into 
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pieces, thus starting the second stage of ice breaking-up. 

The compression tensions concentrating at the places of ice 

contacts with the banks are ~redominant at this period. The 

increase in discharges starts the destruction of ice fields, 

hummocks and channel dams. At the same time the ice drift 

begins on some stretches. As maIIY cofferd.a.ms are broken, 

large ice masses pile-up above sOllIe centres causing hWlilllocks 

and formation of multilayered ice conglomeratiQDS. 

It follows from the abQVe scheme of ice jam formation 

that the thickness of ice accumulation of the ice jam is 

determined by the sum of forces developing at the motion of 

ice masses, i.e. stream forces pulling ice massesl gravity 

force component, hydrostatic head of water; inertial forces 

and resistance forces on account of internal friction between 

ice floes and friction against banks. All these forces depend 

mainJJ{on the stream velocity and discharges.It may be thus 

. 	 conceived that the ice cover thickness ( H3 ) of the ice jam 

or level ( ~ H3 ) of an additional rise on account of the 

stream cross section narrowed by the ice jaa accumUlation 

is the function of discharge during the spring ice jam 

formation ( 0 3 ) 

If maximum discharge of the flood wave is assumed as 

the argument, then (5) Should be put as follows: 

(5) 

Chizhov-Buzin 
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v;heroi.n the symbol ~ moans that some additional condition 

is required for ice jam formation with the accumulation 

thickness that mBJ be created by the wave max1mum discharge. 

During ice jam formatipn ill. the zone of channel da!!!!Di ng there 

arise- strong compressive tensions owing to the head of ice 

masses liable to hummocks. If the tension in the ice jam 

c~ntre exceeds tha temporary resistance of ice to compreSSion, 

the ice jam will bs destructed at the stage of its formation. 

The stability of ice jam centre is determined by parameters 

of a particular channel stretch and by ice cover potential 

strength (6'It ). Ice jam formation and its stabllity is also 

greatly affected by residual winter jams. The value of this 

factor may be characterized by winter low water -level (lIe~). 

Hence, the condition for ice jam f _ormation is put as 

follows I 

( 7) 

This dependence for some points of the Dniester has 

been realized in the form of the linear polynomial: 

(8) 

Ice jam rise (4 HJ ) for 26 year observational period 

has been determined by the combined graphs of stages, 
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parameter 6h. has been computed by S.N. Bulatov' s methods II}. 

These dependenc e s enabled to develop the method for a 

short-term forecast of maximum ice jam levels for to wns of 

Mogilev.-Podolsky and Soroki. 

Computations r equired for forecas Ging include; 

computation, 2-5 days in advatlce, of floo ..} discharges and 'IIater 

levels that could t ake place in c a se of no ice jam and ice 

cover, by their relationship with the source wate rs and tho s e 

of several tributariesf 

computation of ice cover strength by meteorological data. 

By checking it was established that computation of Cft 

for 2-4 days in advance p r oved impossible due to inaccuracie s 

of the meteorologi cal forecast. are satisfactory results 

have been obtained using the values of ice cover strength on 

the day of forecasting, i.e. 2-3 days before the flood pas sage. 

It s hould be noted that t he r ealization of the method 

of forec asting maxi mum levels caused by ice jam has been 

favoured by a great number of ice jam forming pla ces c lo sely 

si '~uated to the points unde r studY. The longest distances betweer . 

them enable to consider ice j ams on these stretche s as having 

their permanent places of formation. 

Fig. 4 presents the graphs of r e lationship bet~een actual 

maximum ice jam levels ( jC/ "70',," and those compute d by 

developed me tho ds ( 1/:ncy:;c' ). 
Results of fo r ecast quality assessment a r e gi ven in the 

tab le be low. 
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Table 

Point Number of Correlation Mean Mean 5 Days MeanAerial coefficient square square ~ 
in squareterms by root root Gw Go"advan- rootwhich devia- error ce devia­dependences ti(m of tion ofhave been from check- levelobtained the ing changestan- fore­ fordard c?-sts, advance

6'" S periodcm cm 0014 

Kogllev­ 28 0.90 182 78 0.43 2 155 0.51­Podolsky 

Sorok1 27 0.92 241 94 0.39 3 195 0.48 

Ferecast is made as follows. When air temperatures become 

pos1tive the daily values of ice cover strength and ice thiCK­

ness are computed by nomograms compiled for the Dniester, and 

when the water levels at the river head begin to rise, 

discharges and free-from-ice-jam levels sre computed 2 or 3 

days in advance. The breaking-up level and the date are deter­

mined by the dependence (4). Far this date and subsequent 

days maximum water levels are predicted. 

The relationship between Q"'01f and 6h is used to 

dstermine the character of breaking-up. In case of the ice jam 

breaking-up the maximum level is computed by the following 

dependence ~ 

(9) 
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Plg.4. 	Relat ions between maximum obse rved ( ~) and 
predicted (H'~) water leve ls 

1 - the Dniester-river at Kogl1ev~odolsky 
2 - the Dnies~er-r1ver at Borok1. 
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In case of free-f rom-1ce-j am breaking-up t he maximum 

l evel is computed according t o ~. If t he f l ood 1s incapable 

of breaking the ice cover, the maximum level is computed by 

the dependence I 

(10) 

wher e i6 the discharge increment since water leve l begins 

to rise. 
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S E S S I 0 ]I 011 SUBJECT B 


Interrelations between River Training. River Canalization. 

Low Head WaterPower Development, and Navigation with 


Special Regard to Ice Control 


9:00 •••• J aDUary 16. 1974 

Ch.K.Hurtlt. Chau-m 
L.Bik6czi. Co-chaiman 
••Kosik, Invited Speaker
(substituted by ••Szal.y) 

Ch.K.Hurat. Chaintanl My name is Charles Hurst, I am a 
chiefengfrieer of the Department of Public Works in Canada, I 
will be acting as chairman for this morning sesaion. The asso­
ciate chairman is Mr.Rak6czi; I find that we both are colleagues 
in t he sense that we attended the same university although in 
different times. And we have had a few re.iniscences about the 
geographical part of Canada which we both are familiar with. Pro­
f esBor Szalay is substituting for Profesaor Kozak who is una­
void.bly i ll and i s not available with ua today. The aame rules 
of procedure will apply as yesterday. I hope that anybody who 
wi shes to participate will f111 in the proper form and I also hope 
t hat . e will have a little more discussion today than we had yes­
terday. 

This seminar - a8 you know - is a combination or two major
8ssociationsl one whi ch i8 ba8ioally an association coocerced with 
oper.ting and building pr oblems and the other one with "solving 
s ome of the problems r epresented by the other association.So that 
rather than have two parallel CODrses of presenta tion of papers 
I hope that .e will have todey s ome cross-fert ilization. 

Jlo.. if I can a8k: ~te••or Szalay to lII8ke a summary of the 
papers ud introduce the subject • 

• ,s.,lf11 Mr.Chairman. Honourable Guests. Ladies and Gentle­
menl 

Before making my genersl report I would like to ask for ex­
cuse because probably I shall apeak elso about problems or raise 
questions alresdy discussed yesterday in topic C, but this is due 
to the fact that we have mallY things in common and there are many
overlappings in them. And in order to avoid your reproaches I as~ 
for your pardon- ... ... " 

• .The text of the lecture appeared in the aeparate volume of 
General Lecture on Subject B by ••Kozat. 
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Ladie. and Gentle.eD, I arri Yed to the eud at t he general 
report aDd I thaDk "'1'7 much for :rour kind a ttention . 

Chairman I I think the questi on. raised at the and at Mr. Sza­
la7 '. repor t are ye1'7 pertinent and I think to these i t should be 
glyen turther c ODs i derstion. I would add one additional one , 
through which we came acroSl in t he last couple ot :rears and that 
i . the etteot of ice c ontro l on enYironmental tactora . You may 
• .,.1 ••11, how CaD that affect the aD.i r onment? Let me gi. e you
the uaaple . 

During the wiDtertime the tlow of Lake Erie t hrough t he N1a­
gara Ri.er i. art ected to a consider able ext ent by en ice boo. 
which has baan placed acros. the t otal l ength at t he river to hold 
back t he ice in i t. natural stat e . As a result,aome people c la1. 
that tha i ce ha. been retained in the l ake tor a considerabl e 
t 1lle atterwards, t hus aff.ct ing t he climate in the particular area 
adJ acent t o t he l ake. And t hey bave caused some considerable dis­
tress amonget the engineera who are responsible tor this and no­
bod:r really knowa what the answer ie . Now, . ome r eeearch wor k ha. 
been carried out, but I would like t o raiee thia queat i on with 
:rou to include tho.e who were listedl how do we know the etteote 
on the en.ironment at the acti.itiea t hat wa under take whila maD­
aging ioe . 

Iow wa oome to t he tir .t paper, paper Bl, which i. to be ~­
cu • • ed by Prot.Dagt:rara. at the So.1et Uni on. 

Prot.Degt;,a.reY? 

,.Dett~rev: Mr.Chairman! Ladies and Gentlemen! Le t me read 
the r epor ~ i.i.Zhidkikh , senior engineer ot the Leningrad In­
etitute at Watar Transport, becauee the author at thia report is 
sb.ent trom this .,..po.iu......... . 

~k you .e1'7 llUoh. 

Cha1rman 1 'rhaDk you . Are t here aDy que. tions that anybody 
liked t o asi' I think I ha.e a ques tion here trom Mr.GUnnenberg. 

P. GUDnenbergl Mr.Pre.ident! Gentlemen I I ha.e two remark. to 
.ake. 

ID the German Paderal Republic barragea are protected aga:1Det 
presaur e tram 1ce shaets by air bubbling. The r iver water i8 ful ­
ly R1%ad aDd is at the freezing point down to t he ground , s o that 
no heat can be transported by t he water thna pumped up. Ne. erihe­
les. a gap in the ice sheet can be hel d open. The w. ter, between 
..erging t o t he surface and . ani shing again under the ice sheet , 
i. expo.ed to t he cold a tmo.pher e tor le.s than two seconds . I 
prasume, that t h18 apace ot time 1a not sufticient to a l l ow for 
an effic iant under cooling ot that _tar. ThUll the vel ocity of 
growth of t he ioe aheet t oward s the gap 1. essentiall y zer o. 

To ettect th1s, we need about 10 times more air per second 
and . e tre thaD the iDstall ationB de.cribed in t he paper preaeD1ad. 

• 	 Tha text ot this lecture appeared 1D the .eparate .olume or 
CODtr1butioDa to Subject B by •• I.Zh1dk1kh. 
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Th. coapreseore r.onaume about )00 watte per metra of length 
ot the oo~struct10n protected. 400 Watts would be sufficient to 
oompensate for the heat extracted tr~ the water aurtace of a ona 
matre .ide gap by the cold atmosphere. So I would raia. tbe 
~uest1on. as to whether it might b£ easier to install a cheap
heating de~ice 1nB ead ot ~ expena10n air bubbling sTst... 

Thallk ,.oul 

Chairman: Are th.ere any remaro? Would you care to eOJDIDent 
onth&1:1 

a.Aahton: .,. name 18 alorge .1IIIbton trOll, the Cold Ragione Re­
eearcb ~a !i:Dginear1ng Laboratory in Hanonr, tr.lA. 

1'11. diecu8ser has raised the intenliniDg queet10n coneemitlg
whether the power arpended in a pneumetio inatallation could be 
better used by direct haat applioation to melt the 1ce. In aome 
cases this may ~ery well be true, particularly it a negligible
thermal reser.. i ••yailabl.. aa U attall the caee in riYer in­
stallationa. In other cae•• , howeyer, the energy transported and 
deliv.red by a pneumatic installation tar exceeds the energy in­
put. It should eleo be pointed out that in utended inetallat1oJ:lS, 
such a. used to suppre.a ice 1n navigation channels, there i& 
often a dellgBr of premature17 exhausUng the thermal reserve.Very
much n.eded are temperature .easuremente with good reaolution, of 
the order ot 0,01 °c, since very small water temperature differ­
ences may otten accomplish significant ioe suppression it suffi­
ci.nt yolnmo of water ia moyed. 

Cheirman: ThaDk youl lanned,. trom the United Sta~esl 

J.7.EannedYI I would 11k. to back up the point made up by 
our German oolleague coneerning the uae ot theae bubblers in r1v­
ere where generally the temperature stratiticat10n i8 very small 
or ze~th ro ia simpl, the same temperatuxe tram top ~o bottom, 
and in theee caee. ~h. bubblere wort by not traDaport1~g haat ~o 
th surface but by bringing in a cQlIiinuoua .upply ot ice-free 
watlr to the suriace. And it passes over the TUrfaca betore ~he 
ice crystals conglomerate and make. more lca Consequently. I 
qUestlon the applicability of the heat transfer calculation to 
the sltu.tioD. BecausB this is not a queation ot cooling the wa­
ter to tbe tree~ing point but rather a quostion at cODvecting the 
orystals paat the open area betore thoy can form an 100 shee~. 
Seoondly, in thie cBee. I think, one should keep in mind that tbe 
bubbler-ay tem ia likely to increase the overall loeproduction in 
B region beoause you are melntaining e relsonable open water tor 
having more heat transfer with the atmo.pharo and then in this 
CaBO one Wit compare ibe BmOUJlt ot en.rgy input tbrQugh tbs bub­
bler system, and includ. the transfer trom the lir to the .ater, 
with tha increaaed open surface aree and henca ·u greater poasi­
bility for heat 1;ran.fer to the area. So, you " )' suprela ice 
formation locally but caus. are overall iee production. Pinalll', 
as concerna the energy efficiency of suoh systems. I queation
whethlr a pneumatio ayatem 1e in general the moat efficiant.CBr. 
ta1nly, it ia perhapa more conyenient that )' IU must proyide just 
one anergy aource aDd then distribu1;e the air However, we must 
recall what thal!8 8)'stel!ll are doing. 1'I1ey ar· in eftect acting liS 
pUlipa. lh1ch are briDging water from one 10 1 cOllvecting past 
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the .urrec•• Iow, aD air-nse pimp ill II .,ery inefficill12t pump.
ADd I think, in general, a more effioient lIys~em 1nvolves direot 
pumping of tne water. After all, in ord er to compress air to the 
preesure near under t he water you muet do a rather large emount 
of work on it. ADd all of that energy 1a lost then when the air 
escapes from the surface. Whereas, simply to bring water from one 
elevation to ano~her within the a8me body of water will cause 
that you work only against the amall amount of potential anergy
difterence due to stratifica t i on and thet is very-very smell but 
you muet end againat the triciion ot any piping that might be re­
quired. But you do not have t o put the energy into the fluid 'Id:l1ch 
1a 108i e8 you do in the caee of air whioh is released from the 
w.ter due to • lower pressure. ThaDk youl 

Chairman I Thank you Dr.Kennedyl Are there allY other oom­
.enta? Moat or t heee oomments relate to the Question of the pro­
teciion of hydraul ic airuc iures. I wonder if there is any work 
done on the possibil i ty of using this type of whether it 1& pUmps 
or whether it is pneuW6tic systema or maintenance en ice.free 
channel. I know t hat the Hational Research Council in Csnada has 
carried out eoma experimentll a few years ago on bubbler systems
in the Arctic, they were succesatul in two other cases in keeping
ice .way from structures} but thia W8a baaed on heat transfer. In 
the thtrd case there was no heat at all in the water and there 
was no auility there t o maintain sn ice-free operation . Well, are 
there further comments on this particular paper? May we mova to 
paper Jo.B2? Which wes prepared by our Rumanian oolleagues. I 
gather that t here are no people here trom Rumania, 1s there any­
body a.,ailable to present that paper? Or is there anybody who 
willlles to make any comments on i t1 

3.Petkov1cl lIr.Chs1rmanl Ladies and GentlemaJlI Idy discllaeion 
is connectea to paper B2. I am sorry that the suthors ere sbsent. 

The problem of ice control in the backwater eone can not be 
solved by ioe br eakers only. as it is mentioned in the paper H2. 
The ice regime has to be c ontrol led simultaneous l y by the action 
at ice breakers and overfl owing the dam, in order to increase t he 
slope and f l ow .,elocity in reservoir. 

All it is well known, the nver damming specially aggravates 
the 1ce regime in the ups t ream zone of backwster. In the c oncrete 
csee of Iron Ga t e r eservoir. the l arge populated and i ndus t rial 
areas are a1tua t ed in thia zone. On a basis of this, i t c ould be 
c onc l uded that the protec t ion ot theae populated areas ia more 
important than t he energy 108see. caused by overflo~g t he demo 
Thus, in t his case and all similar c8sea, t he only method of ice 
control c onaista in correlated action of i ce brea,kers and de­
crealling of water le.,e1s in reservoir by overflowing.

ThalIk you l 

Chai rmen: I s there anybody who wishes to comment on tile past 
comments ? Then can we pr oceed t o the discussion of paper BJ . I 
understand that Profess or Zvorykin i s to discuss that paper. And 
af ter this paper we will have our break . So, Profesaor zvorykinl 

K.A.ZvOtykin l I am Zv orykin , USSR. 
Kr.Chairman l Ladiea and Gent lemen I I have a short ad dition 
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to paper B3 -On Porecaating and Control ot Ice Conditione in 
Shiplltt s " that ie presented by my Soviet col leagues Dr.Pekhovitch 
and Dr.Shatalins who unfortunatel y are Dot preseni . 

Invest gatlon ot the ice regime in shipll~ts is eaaential 
t or the sel ection ot the optimum service conditions. Comparison 
of the three types of service cODditiona reveal a t hat t he amount 
ot growing ice i s the m1n~m when the shi p lift chamber i. either 
drained and exposed t o the ambient air, or submerged in and fil ­
led with water (the .ecODd type of opereting cond i t i one). Such 
"dry" hauling ot ships is oonducive to ice produc tion over t he 
chamber _11s through cold accumulation in s ··.eal ( the regenera­
tive ice f ormation scheme). 

The curre~tly adopted technique ot haul ing of ships in a wa­
ter-f illed chamber has certain disadvant ages t rom t he vi ewpoint 
ot winter operation. In t hi s caee ice pr oduction ls at t ributable 
to simultaneous regeDeration ot cold in the ohamber walla and re­
cuperation of col d when the chamber i s exposed t o t he ambient air, 
whioh reaults both ill the increase ot the chamber weight owillg to 
ioing of the outer chamber w.ll surface , and in the decreese ot 
its cross-section. 

The structural f satures of the shipl ift chamber ha ve a con­
siderabl e etfect on the character of ice forma t i on . When calcul ­
at ing freezing-over of actual eng1nee~ struc ture. it ehou ld be 
borne in mind that stiffening ribs induce loca l i ce accretion up 
to 50 %. 

In ca~ulation" of ice thicleness aocount IIII1st be t aken of tile 
wall thermal e~fec t of s tift ening
rib. 

resi.tanoe R ~ including the 

ie the ther=al ~siatence of the wsll, with the ef fect 
of st iftening ribs neglected; 

Bi 	 is the dimensionless parameter cons i dering the eff ect 
of stiffening ribs and depeudtcg on the shape, dimen­
e10DS and spacing of the riba; 

a( 	 is the heat-transfer coeff1cient trOll the ribbed wall 
surface of the ehip11ft ohamber. 

In regions with strong winds preva1 1iIlg icing of the chamber 
msy be also due t o s praying of water over t hs walls and wave a C­
tion. The experiments c onduc t ed by the author s demonst rated that 
t he ice pr oduct i on rate f or ice growing in thin l aysrs over the 
chamber walls may be very high 8S compared to t hat when the input
of c old is effected at t he expense of heat c onduction. 

Thank you ! 
Chairman: Thank i Ou. Dr.ZvOrJkin! Are t here aD¥ further com­

ments on t his paper? PO Bs1bl i we could break f or - I would S81 ­
a half an hour , whi ch seems long enough. And oould reconvene here 
at a quarter to 11 , pl ease. 

Chairman : I have been asked to change t he order of presenta­
tion . Rr . Szenti who is t he author of paper B16 would not be 

101 	 Subject B 

. __ . 



e.ailabla tor dieou.aio~a tbi. artamoaD eo ~ ••ked Lr we would 
ellow hi8 to participate tnia .OrD~. And it there are DO objec­
'iODS I would ~ow like to aak Mr. Ss«ct1 to take ;ho podlwa to 
pre.ent his peper. 

J.S~eD'i: Kr.Chai~aDl Ladies aDd a.ntlemaDl 
'1'he pre.ence of ice c.ueed s1&nitlcllJlt floods on tbe lower 

reache. of lhe Hungar1e~ sect10n of the Danube BIYer, OD a reach 
about 100 ka long upstre•• from tba Yugoalay!an border, Doraover, 
La 1956 e cataatroph1c tlood occurred.Atter tbe latter, wb«c 10 
the diatr1ct of the town of Baja more .tban 20 leyoe tailures 00­
c~ on both s1des ot the r1.er end the layeee ware oyertopped 
on long sections more ~ long, actiye flood protection based OD 
1ce-braaking .ethods hes been conducted b~ tbe Hunsarian 'ater 
¥anaglmeDt Seryice. The ice-bre.ker tleel ba been crested in tbs 
paat decade. The direction ot tbe ice-breaker flset 18 e rather 
complicated tssk requiring the de.elopment of ayailabls iDforma­
;iOD. In order to operate the tlset in tbe .ost efficieDt way it 
1. indiapenaeble to know the e.ount of the floating ice,a.g. tha 
numerical perelletere at the process in c once=. Taking into 000­
sid.ration theae fBcta, new kinda of ica obsarYa11oua heyS beeD 
introduced in 1971. loatead of tbe Visual obeerYatioD of the 
riYar's iCI cover photogra .tric obsarYatlone carried out !rom 
aleyeted points haYa been in~uced. Ica thickDeaa la .~d 
fro~ lee breakara properly. Besides introduoing objecti.e tne1ru­
senta ot ob.erYetio~ the wey of .eaauring was established in or­
der to ob1aiD at8tis11c81 samples. Lee thickneas ia deterwiDed by 
)0 obaerYatioDs per dB~ while ths ice coyer i. observed ~ tan 
deily ph010a at each of tiYe stations. The .elocl1y d~tr1butlon 
of tbe lIIo.1Dg ice CBJl alao be deter.llin d by kliowin& the intervals 
bl!tween ta.killg tha pictures aIId analyzing the s.... 'rOIl the bas­
tc Yaluea obtained in this ..,. tha mcst ~portaDt parameters of 
the ice regime - the ice yield defiDed in e quite analogoDS w&f ­
can be d.te~ined e1ther in squ.metres per .accod or cu •••tr.s 
per .scond. Data ra aupplied together with their thematical­
-ststiatical parsmeters. In poesesalon of the a data the process 
ot de.elopment of standing ice Call be toreoaated witb high reli­
ebility. In thla .a,., 1ha charaeter and time table of the iC8­
-breakera' operatlon CaD be dertned. Deta11s of calculating the 
tce yield are contained 10 the paper. It ie not intended to de­
lIIooatrats how the obserYatiana are carried out and ths deta pro­
ceased. Haaely, participants ot tbis symposium will ha.e opport~­
city OD Priday to eee the lea-breaker tleet as .ell ae to be ac­
quainted wltb the metboda of meesuring and processing. The auto­
metic, alectronic instrument calcalatlng the ice cover from alac­
lric data of a taleviaio~ monitor will sleo be shown. This highly 
p~cias instrument .ill ba deyeloped in the ws~ ~hat it should 
alao produc. ~eld dsta without any calculationa by band. Should 
anybody of tbe participants be !ntereated 1D the dateile ot t~i~ 
procese, wa ere glad to aupply this inform&tioD during the atudy­
-tour to Baja on Priday. fhaDk you ye~ much for your attentionl 

Chairmen I Thank you Mr.Ssenti. Does anybody bay. an~ ques­
tiona that fhey liked to ask or any comments they wishad to make? 
Wall, thell thllllk you ve~ DUell! W. looi:: !o~ward on aeeing TOU 
on 'ridey. Wow, we will returu to our echedule and paper B4 - I 
think)i! my information is correcl,Dr.SokoloY 1e to apeak OD this. 
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I •••Sokolov: ~.Cba~t t.dle. and Gentlemen! 
I ant to give eo~e addItional information on paper B4. 
Some additional data on the ice coaaltlona in the Ienlee! 

H1..r d owns trOd from the Xrll8llopl..Mdc Dall are pre IIell ted 
Winter ...ter 'lie.peraturee i.D the XreeJ]oyal'8¥ Reeer'l'o1.r 1'_ 

ecb,1.ng 100 • depth near the dUl are relatinll' high. nilll .ater 
temperature ~ the uppal' l~el' under the lea cover ie near ~ero. 
ill the bottom layera it Nache ).4 to 4 OC. ID W1.nter the .ater 
temperature immediately dawnll~am from the dam 111 about Z °c. 
The temperaturo ot the water discharged through the bottom oat­
let. 1& higher th.oJl that ot tbe ..t.r discharged throllgb. the tur­
biDea, a1lloe the bottom outlet. arll locatad .t aD ele.... tion 50 • 
lower t~ the turbiDe l.otair.lI8. ne h.1gher located turbine ill­
ta~ea select cold water trom the app.r layers ot the reservoir 
_bila th. bottom outlete drew wara water trom the deep water lay­
ers. 

m JaDUArl' through Karoh the te..:peraturll o.f the .a tel' dis­
charged .from the botta. outlet••ae 2 . 32 to 2.50 oo,_hil. tor the 
.ame period the temperature o.f the 'atllr dIscharged through tbe 
turbilles (d1'lltt tubes) 'aJI 2.14 to 1.63 OC . 

ne te~ture ditterenc. ot tha di.charged .a~er througb
the turbillu and til. bottoll outlets ill Janlllll'J' _s 0.18 Dc. and 
by tbe aDd of ihe winter it a~oUDted to 0.87 OC. Wi~h ina~.stle 
diacbarges tlU.a tll1llperatura difference decreastls, becau•• in thia 
case the water is dran uta tbe tu:rbue iIltakes ho. 1:be entire 
.ahr bodl" 

Early 1.n winter dur1ng the :t1.r1lt year of the pla.zJt operation
there 'filS 3D ice-tl'ee arae ovar 200 P long dOWlls1ire4m or the demo 
Late 1.n JIPltlar:J .hen a1.r tll1llperaturas dropped .err 10...the ))01,­
nis reduced to ~7 p and tbBDr as the .sather gre. 'armer , it be­
e... &gail! l&rger. DuriIlg IIp.n.JIg thewtI in llarch the polJ'Dia iD­
creaead rapidl,._ ~ J'onl 

Che~l ~haDk youl Ara there any eo e~t. ou tbla paper? 
Itr.Ta8llg? 

G.'feapg: I. G. 'ha.ng t"rOca the Canada CanUr I'or IDland "a­
ters. 

It is good to reIesse ca.parativell' ~ water from a re­
servoir to 1.JIere.ase the lengtb ot the ica-tree etretcll down­
sneall rro the reaorYoir. Bowever, ihis iIlcreese in disebarge
will 1l:Ierae8e the thiclt:neSB ot thll ioe cover tur'her dOWDBtrellm. 
Pield u".st1getion u ClUJada (report 1.0 B paper by TslUI& and 
Z~es at the IHD Sympoalua ill Ban:tf. Canads, in Sept.1972) sbow­
&(! that &II winter alit ill and ths rate of dil50hargs IlUbaides, an 
ice cover .111 form and elowly sllg with the water level . During
this period, the gro.th ot the ioe Dover is slow nd it 'hic~aDS 
only 5-6 c. in t.o wesks or ao. Thls i. because ice is a bad 
hsat conda~tor. With B BDOW cover ~her OD tbe .op, the lose of 
heat froa tbe ice cO'l'er clUJ b greatly reduclld. How.ver, it thera 
i8 an increase in discharge, especially when the rate of ~~e 
iDcresse Is auttlciently rapid so tile ice cover insteeD of float­
ing with tile .ater surface and deforming plastically. it will 
crack and watar will cGlle ap trom undBrDesth and floods the then 
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conc.". 10. surlaoe. Once exposed t o t he cold air the water and 
the ••lted IIDOW will qui ckly freeze and increase t he thickness of 
the lce co"er. Por the same amblent t emperature, we £ound from 
our experiment that the ice cover cen lncrease 10-15 om in a bout 
two days. In f ac t , flooding and f r eezlng ls a ma j or factor 1.n the 
growth of e r l "er lc e cover and i t is greatly affected by the 
s t age hyd r ograph. he strength of t he ice cover formed by floo dlng
and f reezing l s al s o h i gher than t he lce cover grown by t he freez­
ing of the mal ted snow only because of t he reduction of gaps in 
t he 1ce. Ther efore 1t pr esent s more problem f or ice broaking,etc.
Baaed on the above, i t ls of my opinion that we GUst take the 
downstr eam 1ce thi ckening into account and pl an very carefully 1n 
any Bcheme of extending the ice-free str etch by increasi ng the 
dischar ge from a reser"olr. !haDk f OU. 

Chai rman: Thank youi Mr.Sokolov, would you l ike to comment? 
O.K. bh,my colleague would 11ke to put a ques t 10n. 

K.Szala:: In this paper aDd a lso I think in other papers a l ­
lusion bis been made t o the f ac t t ha t i t 1s deslrable t o withdraw 
water f rom the deeper layer. where the temperature is rather high
than it is near the Burface. I myself do not seo what measurea 
cen be taken to fulfil such a requirement i f one has to conduct 
•• ter t hrough t he t urb ines . In t he.case of weira of course there 
i. a posslbilit y t o open i t a t t he bottom or on th~ t op. But in 
case of tur bines I would like to know how this goal can be aohi­
eved? Thank foul 

Chairman: Is there anybody to answor Mr.Szalay·s question?
Dr.Kennedy? 

J .l.Kennedfl Thank you J Concerning the question railled by
Dr.S.aiay i wou a find out that at a new, rather large dam in the 
Uni ted Stat es, the Or egol (1) Dam, which is part of the Ca l lfor­
nia wa t er projec~ they have installed a "ery ext eDBive and expeD­
sive release davice which mskes it possi ble f or them t o take wa­
t er f r om diffe r ent l evels in ord er to get t he desired temperature 
downstream required for t he fi sh. ID this caae, I think,it is not 
a quea tion of rel easing water through the turbines but just to 
withdrew f rom downs t ream relesso. In general. one does Dot have 
too much l atitude in speCi fying the depth of intake except t hat 
f ortunately t he dam is at t he deepes t part of t he reaervoir usu­
all y 80 you can I suppose to make SOllie s ort of .t ower-i nt ake with­
draw.l " ery cl oae to t he bottom. I would like to r atse another 
questi oD though rel ated t o Dr.Sokolov's presentation and t o ad-' 
dress 110 to our SOTi et col l eagues in general. ID your paper you 
present an eQuatioD for cal culation of the length L of t he 10e­
-free reach. And t his in"ol"ea the introduction of S, the heat 
t ranaf er. I would like to ask if there are available any publica­
tiODS describing the So"iet practice for calcula t i on of this heat 
exchange r ate. This is e problem of very great intereat to many 
of us and .e would like to learn more about the details involved 
in the Sovie t practice for the calculatioD of heat transfsr f rom 
water bOdies to the atmosphere. 

I sm int erested in general and I would like to ask if any
monograph has been prepared in the Soviet Union on this question. 
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Many Soviet writers prepare yery nice monographs on perticul ar 
queetions. So my question 1s, whether 8 monograph of this type 
or extended work describing Soviet practice hos been prepared? 

Chairman: I presume that thie question will be taken und er 
the advisement of Dr.Kennedy. Are there any other commen ts? Wi th 
respect t o this paper? I f not, CeD we move t o paper Bo.5. Pr of es ­
sor Dole~al ? Is he here? I s somebody here to discuss naper B5 ~ 
"Transverse ~l ow in t he Upper Approach of a Sluice Chamber Close­
ly J oined t o a Weir"? Well, i n the abaenc e of any t o discuss t his 
maybe we Can pass on to paper B6. Dr.Kontur, ara you wil l ing to 
comment? 

G~.Kontur: COllcerning the ioe condi tion over the Hungsrian 
strstc of tlia Danube t he gage-records of t he Budapes t Gsging­
-station sre available f or the last almost 150 years . According 
t o this, 22 % of the highe s t flood s wer e csus ed by 1ce. I t is 
however more illustrative to investi gate the causea of the 2J 
highest peak stages within the period . According to the da ta, in 
15 cases, thst is in more thsll 60 %, the reaoon wss f ound to be 
ice. 

The lost great ice-fl ood ~ing down the Danube in 1956 
caused many breaches ovar the s tre tch downatream Budapest. Owing 
t o i ce jema the river-stage surpassed the hitherto observed high­
est i cefr ee s t ege by J OO c ent i metre s . On t he other hand, dcwn­
str eam the j am the hi therto observed lowee t water Btage has been 
attained at the r1ver gage Vukov4r (l))J km), it was by 98 cm 
lower as compared wi th the rec orded l oweet ice-f ree water stage.
This phenomenon Can ba highly disadvantageous from the point of 
intake works. 

Hungary haa for tunately a strong and effic ient wa t er ~8ge­
ment organization. It io due t o this tha t foll owing the d1 s~us 
f lood in 1956 a f orceful ice-breaker fleet could be oreat ed 
within 8 few years, whioh could oope not only with the i ce j ams 
over the Hungarian but 0100 over the Yugoslavian Danube s t ret ch . 
It shou ld be added , hcwever, f or the sake of historica l fid elity
that cold wintsrs l ike these of 1956 or 1940 have not occurred 

.ever aince. 
The objec tive of ~ contribution is to inves tigate whst fa­

vourable aspects could be c ons i dered in t he fu tur e in ice forma­
ti on over the Danube. Owing to ind ua t r is l izs tian of the country 
cooling water demand is ste.dily increas ing . The higher tempera t­
ure of t he return f l ow may be r esponsible for the f act t hs t t he 
temperature of the Danube water between Budapest and Mohac a i s by
1 to 1.5 oC higher . This value will markedly increase at put ting
into operation of t he thsrmal power stations . 

The c ooling water demand of • 4000 MW power stati on is 200 
to 210 mJ/sec which is a quarter at the Denube low water dis­
charge. The temperature of t he r eturn flow is hi gher b¥ 10 cent i­
gr8des ~ Only 8 single such power st.ti on requires round 18 mil­
lion m) water a day. This the~l quantity is theore t i cally su!­
fic ient for t he melting of 2 milli on ~ona of ice but even with an 
efficiency of 25 to J O % it i o abl e tc melt 500 t o 600 ~houBaDd 
t ons of ice. The effic i ency can be increased by l eading t he cool­
ing water through the turbillea of a hydroelec t riC power plant. 
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!hi. i. also good tor tha oX7gen increa.e at tha weter. !here­
tore, I .uggest th!. method be est.blished alao on the Danube 
Ri'l'er. 

According ~o my recommendation, the Danube Barrage pro~ected 
at 'ajs. Ihould be placed aad constructed at the thermal power
atation at Pake which would improve the cooling water di,.eroion. 
Allo the bec~.tar dammed up over about 100 km would make naviga­
tioD wore ta,.ourable, improve he ice conditions ot the river and 
at .e,.erel intake worka. ao among others, the realization of tha 
ahorteat Danube-Tiaza Canal. 

Tha complex utilization of a Danube Barrage will ba ed,.anta­
gaoua from the economic &Spect but o~g to tha multitude at our 
water management tasks could only be realized, in ~ opinion, it 
tha in,.eatmenC coat. can be charged ag.inet tuture generation. 

On. at the poeaible maana could be the eelling of the annual 
anergy of about 600-700 JDillion at leW hours to be produced end 
otharwiae loot 8t about 1 Pt!kW hour consumer price end to spend
tha aama 80 incurad to cOlDlllodity IIxpart to the reimbursecumt of 
capital and intereet rates to the creditors. Thank you and excuae 
m. that I dieturbad youl 

Chairman: ~ you Dr.Konturl Doea anybody eh to make any
cOlDlllllnta On this particular paper? In that case paper B7 aD the 
in'l'estigationa on the Interrelation betweeD Riverbed Configura­
tion and Ioe-DriJUng by Kr.MaDtwmo - I do not th.1nk he is here­
doee atl;7body wish to comment on that paper? I understandfthis wae 
wr1thn in hench. ADybod;y who wieh to _alte oommants OD l.t? 

!be next paper I alBo undarltand the author 1s not here. BB 
- Regularities ot the River Bed by Meane ot CaDalieatioD. He w111 
not be hera. Doee anybody Wieh to co~ent on this paper? PiDe. 
The authore of the next two papar. ara not here either aDd unleee 
somebody hae aome oommento on the. we get passed to Bll.Does any­
body Wish to oomment on ••• Yes. 

J .A.~::a Aharez: I want to aalce two comments to tha tol'llltlla 
presanud y Pro!' .chee in U. paper B10. ThAt formu.la haa Bo.7 on 
page 76 of the proceedinga. Pirst if we cODsider a oonstant depth
witb I14XimUIII acour around an abutment at low 't'I!Ilocities it is a 
funotioD of that velocity. But after certain l1m1t this scour re­
maiDs more or less fixed and i8 independent, of velOCity. So it 
18 not poeeible to extrapolate thie tormula beyond ths limits 
deecribed in the peper. Second, the maxiMUm depth around an aout­
=ent aepende on the shape ot the wall of the abutment,e.g. it the 
lIlope i., 311 the .,cour ~ more or lese 50 % leSIl then the soour 
used tor an abutment with Yeriioel walle. So the formula is use­
ful only for the llhape that Protes.Or Chell has proveD. And tor 
tha same ree.,on it ie not useful for praoticlIl uses. Thank youl 

ChairDWIl Paper Bll, AIr.Matousek? 

V.lat0u8elc: Iir.Chairmanl Ladies and GenUemeDI OUr rivera 
With !'reaii production cause otteD difficultie., around structures. 
In the impounding reservoir trom whioh the water is taken the 
tra:il accumulates clogging the tntlow to the intak1ng equipment.
Due 1:0 our ineufficient-knowledge on tha w1.nhr regime in thll riv­
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ers the intake equipment is often insuitable and the necessary 
measures for ensuring winter operation have to be taken only ad­
ditionally. This was necessary in the case of the pumping station 
in the river Ohre. The pumping station is situated in a river 
stretch with intensive frszil formation. The impounding reservoir 
is -completely filled with frazil. The proposed protective measure 
oonsists in catching the frazil in front of the pumping station 
of the reservoir. The impoundment of the water was achieved by
constructing the reservoir dams having fixed weirs. 

(Slides projected.) 
The first dam is locsted }.5 km upstrl'-am of the pumping-sta­

tion. The new coffer-dam waB built by placing stones on the bot­
tom of the river. At the place of the fish-weirs the coffer dam 
is extended into the shape of the old river. 

The coffer-dam was built in one layer using boulder-material. 
The dam surfsce was finished with amall stones to permit the 
transport of lorries. 

So iB the dam after its co~pletion. 
From this picture it is evident that the dam does not inter­

fere with the landscape but rather improves it. The second cof­
fer-dam is placed 40 km upstream of the pumping station.lts shape
is shown on this slide. It was built in the same way as the first 
Olle. 

This slide shows the dam after its completion. The picture
illustrates the situation before the freezing of the water sur­
face. At the bank one can see surface ice, in the middle floes, 
and the surface became frozen the following day when the bank ice 
has split and the frazil could not pass through and behind it the 
frazil started to accumulate. The frazil accumulation is shown on 
the next slide. The purpose of protective measures was an opera­
tion of four winter seasons and to fill in its function. The con­
structed dams hold back the frazil and the pumping station opera­
tion proceeded without any difficulty. The experiences gained up 
to the present show that the first weir is usually sui-tably plac­
ed. The channel hers is wide with moderate bottom slope.Even with 
a significant height of the dam a large capaCity of the reservoir 
was achieved. The low velOCity of the water in the reservoir leads 
to the formation of an ice cover in the first days of the period
of ice appearance on the river. The placing of the second dam is 
far less favourable. The river bed here is narrow and to obtain a 
low water velocity in the reservoir the dam must be high. With 
high dams it is difficult to ensure their stability. The slope
does not allow a greater extension of frazil accumulation up­
stream. The first dam with approximately the same construction 
costs exhibited a much greater effect. For the performance of this 
reservoir the placing of the dam is of paramount importance. The 
advantages of this solution are low investment costs and the pos­
sibility of an easy and rapid construction. However, it is only a 
temporary solution. The ~xperiences gained and the measurements 
are to be used in the design of the definite solution as well as 
in the design of other structures. Thank you for your kind atten­
tionl 

Chairman I Thank youl Are there any comments or questions on 
this? Dr.Tsang would you take the microphone please? 
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G .~e~, Prasil 18 ~ormed in watare o~ high turb~lenoe, 
whether '£. turbulence ie fl:'QIII t he surface • • "ea in caae o~ a 
lake or from t he f ae t fl ow iD oaee of a ri"er. Once ~razil i . 
formed, it tends to fl oa t to the surface. Howevar , the t urbulenoe 
iD the waier brIngs the frazil b ck t o lower l ayers unt il a staw 
of equilibrium is reached. It has been observed iD C8l1ad a in Lake 
Erie that with high rlnde, f rasll cap be f ound at a depth of more 
than 10 m. The water drawn iD by a CIty water t r eatment p18l1t at 
• depth of 10 m has been c l ogged by frez11 several times . A way
t o r educe frazil concentration at a lower layer 1e to reduc e the 
turbulence level, by which the frez i l oap fl oat t o the surface . 
The level of turbulence can be r educed by reducing the f low velo­
city. This, iD fact, i s the method of f razil cont rol by the pre­
sent paper. Understanding the abo"e, I would say t hat t he welr 
r eported by the paper will work if there is no wlDd and if the 
veloci ty of flow prior to the buUding of t he weir is not too 
high . However, iD wiDdy days or on days with high di s charge rete , 
I wonder whether the weir stll1 works . Therefore I would l ike to 
know the operational 8%peri ences f rom the authors. Thank youl 

Chai rman: Would you 11ke to answer, Mr.Matoujek? 

v .lIatouliek: As an apswer, s ome data are given ill IQY paper
and we di d not finish all work ill thi a problem, .e did not finish 
our report. 

Chairman: It seams to me that we are pr oceeding iD a rather 
rapid rate and I hoped that we wil l have more discuss ion in this 
morning. Pepe r B12. La the author here of t hat paper to discuss 
it? Is Dr.Dole~al here? No? There are some, I believe Mr.Lawrie 
from Canada has some slid es which would be very tnter es ting. I 
do not know how long it would teke for you to pro j ec t them?Could 
they be put on now? I think thes e are very iDteres t ing slldes 
end I thought we could do those before l unch. 

Ch.J.Lawrie: Yes, Mr .Chairman , you have got me a little blt 
unprepared here, taking me by ~pr18e . 

Ledies and Gentlemen I A have a number of slides of the con­
ditions on the St.Lawrence Ri ver shOwing s ome of the problems we 
are encountered at us. And some of t he methods we usea to control 
the ice problema. Incidently , I have wi t h me a copy of a report
that I did prepare some time ago o~ these oontrol measures and I 
am pleased to send a copy anybody who wish to have them. Just 
leave your address and n8me with me and I will send you 8 copy of 
that report. Today I would like to t a l k abou t but only one sec­
tion of the St.Lawrenoe which you know atraches between Lake On­
tario and the Atlanti c Ooean . A dis t ance of about a lmost 2000 
miles. I want to concent rate only on one small seotion. A 60 mile 
long section between Montresl and Quebec City. This ia a section 
where we encounrer 1II0st of the pr oblems. The section below Quebec 
City ie open to naVi ga tion all year round. Shipa do get escort 
from our ice-breakers and we have no problem really in reaching
the port Quebec. We have quite a number of problems between 
Quebec City and Montreal which require extensive use of ice­
-breakers and ice booms and other measures to control the lce. 
Upatream of Montreal in the section known as the st.LeWrBnce Sea­

108 Subject B 



I 

, 

way t his 18 c l osed tor t he wint er leason. Bormally it closes aboat 
the ~1d ot Dec ember and is opened again in April following year.
There are a DUmber ot people here trom the St .Lawrence Sea-way 
Corporation who wish t o c01lllllent on that part icular see tion leter 
on. I em going t o approaoh this in three dUrerent aspects . The 
tirst set of e l id ee will depict s ome or the ice conditions we ex­
perience on the St . Lawrence River , on the second set of slides we 
wil l eee some ot the ice breaking activities and thirdly we will 
look a t 80me of the otb,er measures we use for controlling ice, 
specifically t he use of i ce f lumes and ice control etruct=ee. 

This is a general 10catioD map! And the area, the sec tor 
am going to talk about is red between Montr"al and Quebec C1ty. 

This is a picture of the el tuat10n in Montreal Harbour eome 
years agO, you can see the considerable amount of packing and 
shelling or i ce. very diff icult ice breaking conditione. ThiB ie 
what Montreal looke l ike in an open season. This is the br1dge
where t he river narrows at Quebec. Here the r1ver is deep eppr.
50 lIIetres as opposed to an ave,rage depth of 10 me 'tres in th na'l'­
19at10n channe l , but i t is very narrow. only about 800 metres 
wide. It is a Udal sec tion and the Udal r ange 18 of the order 
of 6 .etr es. The problem here is that we can only break ice in 
higb t1d e , when we can get rid of the ice more easily. These are 
representat i ve pic tures showing the navigation channel IIIsintained 
by ice breaker s in the reach from Mont real to Quebec which is 
about 50-60 mile downstream or Montreal. This is the situation 
which developed in t he winter of 1968. When we had e very serious 
jam in the narrows'at Quebec. At the bridge. This is the aame 
bridge you have seeD where the river is 'l'Bry narrow. We had a very 
serious j am there and t he j am reached very quickly Montreal. And 
it took until the end of J anuary to free the way for naviga tion. 
1'hat i s the chamlel thrOUgh one ot t he lake sections of tha riv­
er; Very narrow, and you CaD s ee t here in the r ight- hand corner 
wl1ere the ioe keeps b~ ot t and jus 10 bel ow t here ie a nar­
row sec t ion where the.e big pieces of i ce break off from the j am 
in the r iver. I shal l apeak about this a little bit la~er. 

That i8 .uch the s ame pic ~ure . Here you can see OD the right­
-hand side the ice booms we have instal l ed there. This is Quebec 
Cit 7 nth tair17 hea"7 ice cover in the harbour, you can see the 
OPeJl IItretches in t he river downstream in the background. ' 

This ill the tera1Dal of the Golden Eagle Oil Co . in Quebec, 
this is j ust across the river from Quebec City. We do get tankers 
br1Dgillg oU up t o Quebec dur1zlg the winter tillle. 

The same picture. The Oil Terminal. Here is one of the Cana­
dian Pacific Coatainerehip8 n th the ferry croseing in the fore­
ground . 

Here is one or our ice-breakers, this 1s the Mcloud Rogers
(1) attacking the ice j am j ust above Quebec. 

This ill the ice-breaker working at Montreal. These are one 
of our helicopterll and we have again the Mcloud Rogers in the­
background. You see it is a quite of considerable alllount of ice 
packing there.And in very seyere conditious t he ice is pack::!.Dg down 
t~ almost the complete depth of the river 10 lIIetres in places and 
ons of the problems has been iD the paet to mainta~~ a channel in 
thie particular reaoh of the river to preyent :flooding of the low 
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lying areas. And up to some years ago this was 8 regular opera­
tion of the ice-breaking fleet. More recently. we have recognized
the need for ships to move into Montreal during the winter season 
and wa do assist all shipe. Whan they get tied up in the ice. 

Here is a very distinct situation whera we had a very severe 
push or shelf on the ice cover. And also it coincided with s very
heavy snow-storm. This makes ice-breaking particularly difficult 
because of the frictional effects of the snow. 

That is an ice-breaker which develops about 1) 000 SHP.There 
is a system of ice-breaking where we use the haavier ice-breaking 
to these ships and following we use the smaller ones on both sides 
of the channel. 

You see here sgain the Mcloud Rogars followed by two smaller 
ones. 

Now I have to talk about the ice control structures that we 
used control ice-conditions. This is just above Montreal. You may
be familiar with EXPO 67 site and at that time thers was quite a 
lot of apprehension about the construction of this site. And the 
nsrrowing of the river channels - the flood situation would be 
worse when that was completed. And to pravant this wa built an 
ice control structure above the site. The flow is from this di­
rection. And the problem here is that there is a 7 mile stretch 
of river which is virtually an ice manufacturing machine and pro­
duces lot of frazil ice and together with the broken sheet ice 
coming from Lake St.Louis this would tend to jam in the harbour 
as you saw from one of our first slides Bnd flooded this araa.The 
principle of plaCing an ice control structure here is to assist 
and promoting earlier ice cover in the basin and allowing tha 
frazil and broken ice to come down and be stored under that cover 
for moet of the winter. Therefore, preventing this ice from mov­
ing into the harbour and creating an ice jam. 

This is a picture of the C •••••• ) Rapids to which I referred. 
There is a tipical wintar situation with the ice-control struct- · 
ure and the C •••••. ) Basin and the ice-control structure behind. 
You noticed that very iittle ice comes out below the ice control 
structure. On the low part of the picture you see the C ••.••• ) 
Channel. 

That is a general view of the structure, incidentally it is 
but 821 m in the length. These openings, there are I think about 
81 of them and they are closed by steelbox-girder type of booms, 
that is a very sophisticated type of ice boom. These booms are 
about 1.8 m by 1.2 m in section and they are approximately 26 m 
in the length. 

These are dropped during winter across the structure to form 
this ice cover. 

Here is one shown here, this big thing on the left. 
These are dropped in by the two traveling crsnas here, es­

peCially adopted to pick them up, move them out and put them on 
the appropriate site. And then they float up and down on tha wa­
ter. 

These guides are heated so that they do not freeze in any
position. 
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This is just a picture of the ioe ooming down end flowing
against the pier. Ice thickness we get is normally, eay, about )0 
cm or eo. This is what happens when we get a large ice-floe w.hich 
comes down and strikes the structure.These stop-logs are just
knocked out completely away from the structure and the structure 
s eems to be really damaged. So we have to be very careful in 
plaoing these logs that they are not exposed to a severe attack 
from the large floes coming down from the beein. Which can happen
if there is a chang~ in weather condition or perhaps a change in 
the water level situation. 

This is taking some ice thickness measurements in the basin 
just above the structure and you can eee they are also taking 
some velocity measurements. 

Now, we come to the use of ice booms and this is a sort of 
arrangement to show you how these work. Large logs are connected 
by chains or strong steel cable which is ankered in intervals of 
about 500 feet. 

This is so designed that when placed ~ a section where the 
velocity does not exceed about 2 feet per second that will retain 
to form an ice cover. If the velocity exceeds this then the flow 
tend s to exceed the boom until such a condition has been stabj.­
lized again that the velocities are reduced and the booms corne up
and it helps to form the cover. You see that some of these logs 
are damaged; they are just about 10 m in length.­

That is a tipical formation of a boom and most of the ice 
has gone. Thie is a eituation in Merch when the break-up has al­
ready started. You see the fact that the boom has. One of the 

~-main purpoees of the boom in this particular section of the river 
'is to help to retain the ice cover on either side of the navige­
tion channel. Our experience has been that ships navigating
through this section, there is a tendency to generate waves by
the ships for the ice cover to be broken up in large maBses.These 
float down into nerrow sections of the river and very quickly 
create an ice jam. 

Here you have some of the larger pieces that have been bro­
ken up and ere being retained by the boom. 

Here is a picture of a flooded artificial island. This is 
another means that we have used to try .0 stabilize the ice cov­
er. We placed those islands in fairly ~trategic localities to try 
to form an enker for the ice sheet. 

And where poesible and where it is strategically advisable 
we place our navigation aids on there. These are in reletion to 
Lake St.Peter which I mentioned before, widening out the stretch 
of the river below Montreal into a lake section which is about 
20 miles long,S miles wide,relatively shallow) only about ) m in 
depth in average)with a channel depth of 10 metres. 

These are very exposed and we got the same sort of oroblem 
that Dr.Tssng has mentioned in Lake Simcoe when you get the ice 
riding up on these structures. And we have protected those with 
fairly heavy rock rip-rap. 

This is a general picture of the same island. That is all. 
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I hope this gay! you. very rough idea of what we have t riad 
to do 1l:I the 3t • Lawrenc e River and I would be veI7 pleased to hand 
these out i~ 70U wished to get a copy. 

Chei~an: I think it would tske a couple of minutes until 
anybod y wanted to make or put any kind of question on this.But we 
are very close to our clock and I think there is an announc ement 
t ha t has to be made. Do you want it right now? 

O.Starosolszky : Ladies and Gentlemen! The participants who 
are interested to get a prepr1l:lt of the lecture of Prof. Degen 
from yeaterday are requested to get it at the information desk. 
The aecond announcement i8 that the Lad ies and Gentlemen wh o are 
intereetedto attend the evening perfo~ance of the Hunga rian 
Polk8 Ensemble or Dancing Ensemble are requested to collect the 
9~all paper,not the invitatio~ but the paper,concerning thie per­
formance. In the 8sme way at the information desk. Thank you! 

Chairman: Now the meet1l:lg is adjourned until 2 o'clock. 
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SE S SI O B' o B' SUBJE CT B (Oontinued) 

2:00 p.~. JannarJ 16, 197~ 

J .A.Maza Alvarez , Chairman 
K.Stelczer. Co-Chai rman 
K.Ko zaK . Invited Speaker
(substituted bf K. Szala¥) 

J.A.Maza Alvarez, Chairman : Ladies and Gentlemenl We con­
tinue t he aldcu88Ions 01 papers on Subject B. 

Let me introduce m¥sel£. I am Antonio Maza Alvarez,professor 
of the Nati onal Universit¥ of Mexico and Head of the Experime nt al 
Engi neer ing Department of the Klnistrf at Hidraulic Re sources . 

Ki co-chairman is Dr.Stelczer. he is the chairman of the 
local organization committee of this sfmPosium and director of 
the Research Institute for Water Resources Development (VITUKI ) . 
Untortunatelf I do not know ~hing about ice problems.in Mexi ­
co we do not have, the ooli that I know about that is to eat i ce 
creams. But tortunatel~ allot iO U do know a lot about such prob­
lems and I ho pe that most of fOU will explain us ¥our experien­
ces 1n f our praotical work t hat iOU have dofte in mathematical 
mOdele. P1rst I would call again for some papers which have not 
been presented this morning. 

Let us begin with B5 "Transverse Plow in the Upper Approach 
of a Sluice Chamber Clo"..l¥ Joined to a Weir", bV Prof. Dolezal. 
I suppose t hat he 1s in Budape et. Is Prof.Dole!al here? 

Or Skallcka? 
Also I wanted to call for pape r Bl2. I supposp.d that Prof. 

Dolezal was here. It is a piti that he is not. 
Well. then 'll'e start with the presentation of paper B13 


·Studies on the Extension ot Winter Navigation in the St. Law­

rence River". made b~ Ren' Ramseier and David Dickins. 


D.Dickina: llr.Chairman, Ladies and Gentlemenl 
The St. Lawrence Seawai' is closed for Navigation from mid De­

cember to about April 1. However, technical improvements like ice 
flushing sistems, heat ing of the gates and ice diversion Chan­
nel s ma de possible a significant s eason extension from 234 daiS 
in 1960 to 260 da¥s in 1970. The best hope for further extension 
to the seaaon lies in improved methode of combatting ice forma­
tion at the beginning of the season coupled with an improvement 
in breakup 'date forecasting t u enable optimwn use of an.y naviga­
tion da¥o . 

This first slide ia a veri general view of the geograph¥ of 
the Eastern Canadian coast and TOU see the Seawai here from the 
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gul.! of the St.Lawrence River to the lake of Ontario. 
The section, in which our Department is interested in our 

studies implies the Montreal - Lake Ontario section of the river 
and covers a distance of some 293 km. 

The next slide is our detailed View of this section. There 
are here three segments. The first segment starts at Montreal and 
ends here while the upper . segment goes up to laks Ontario in the 
upper left corner. 

With the u1timate goal of constructing a model we wanted to 
predict ice conditions in the Montreal - Lake Ontario Section of 
the Seawaf. The Department of the Environment is collecting data 
in the field over a period of 45 winters. At· present remote sens­
ing is combined with detailed ground measurements to provide the 
necessQX¥ information. However, all thickness and distribution 
measurements will be made b¥ remote sensing b¥ the coming IIilxt t1lD 
fears. 

Initiallf in 1972 and 1973 false colour infra-red aerial 
photographiss were taken about the area. This was combined b .. the 
preparation of a map showing ice tiPe distribution based on in­
terpretation of the photographies with the aid of visual ground 
observations and sampling. 

Thi3 slide is not a false colour infra-red image, it is just 
a usual aerial photograph showing the veri diUBmiC movement of 
the ice at the Lake Ontario entrance with dominant South-westerl¥ 
winds blowing the ice from the edge of the lake into the St.Law­
rence River. You can see floes here passing b¥ the light-house
here at left in the corner. 

To provide a flexible aerial Sfstem, well independent or the 
surface snow-cover we intended to use a combination of side-look­
ing airborne radar and passive microwave radiomet~. In order to 
develop this sfstem we prepared maps of ice tiPe distributions 
throughout the winter. 

In 1974 a unit operating on a frequenc¥ of 9 gigaherz will 
be flown between Montreal and Lake Ontario b .. helicopter record­
ing once a week ice thickness continuousl... This will be supple­
mented later bf ground measurement at 50 points after the flight. 

This shows the installation of the radar unit last winter. 
You can see the antenna on this BIIIall vehicle we used to check 
ice thickness. This was just a prototJPe model of the radar. The 
actual airborne packages are undergoing different trials at the 
moment. 

This slide shows a tiPical radar trace with a large peak at 
the ice surface and a smaller peak at the ice-water interface. 
Relative magnitudes of the peaks depend on the change of the di­
electric coefficient going between the two different media. In 
this case the change is most marked going from ice to water with 
a coefficient v8X7ing from 3 to 16 in water. Knowing the dielec­
tric properties of the ice sheet and radar frequencf the distanre 
between these peaks can be easil.. calibrated in terms of ice 
thickness. Here in this case, thiokness on this plot is 24.5 em. 
The error is going to be z 1 cm for thicknesses variing between 
15 cm and several metres. There is a verf strong effect of the 
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:refiectirtt:r ot "the surtace. So, cOl1aequentli'. this radar equip­
Dlent e&mlOt toarate verT wet eurface conditlolUl. It is uecessIU"V 
to have drT ioe surfaoes. I t is not sensitive to the snow cover. 
U:p to several. inches of snow it oan be ased easil" and in fact 
at a. snow th1akm1lfB ot 6 illOhes ;rou can see e third peak which 
aotuall" is due to the snow th1clmeee end not to the ice.The snow 
in 1i0 w8.i' hiIlders :JOur abillt¥ to lDelUlure the ice thickness. 

Detailed thiclcws8 melL8Ul'ements have been llaUe at a da11:v 
basis at lIevsral. 51 tes in St .LawrellCe to provide all. axample of 
tJllloal growths patterns, evidsnt in tM area o£ static ice for­
mation. And this next elide shows the three distinct growth 
phases that seem to I!.ppear in DI~ areas of the section we are in­
terested in. There 1B a priDle.r7 laJer around the aero point if ¥Oil 
look at the upper plot. The Y axis is in te~ of ioe thickness 
and the I: axis is 1.n time plotted here in d8.i's. The superimposed 
ice in the torm of snow-ice or snow-trazil-slush is plotted posi­
tlve an4 the secondar:v ice in the !0rD! of calender ice and frazU 
is plotted negative. The oalender ice seems to maintain here about 
a coustant thickness throughout the winter stabili~ing in a mat­
ter of two or three weeks. The final phase is characterized b~ a 
ve~ rapid melt b~ [lowing W&rDI water into the river irom the 
lake of OlItuio. The higher latitude combined with low current 
veloc!ties 1.11 the oanal. cause .evere 1ce problems in the area of 
Ifontrea1. Lake Ontario is the heat-so\U'oe for mainteilling water 
temperatures about freezill8 in this section of the Sea'lfa:y and 
consequentl" the first atabil oover will fOrD! three weeks earlier 
at Montreal than at the Lake Ontar10 elItrance. 

!rhis lien elide aho"s the general patteru of deoreesing sec­
ond&1'l' 10e thiolcnsss with dilJtance lIpstrelllll. Lake Ontario is on 
the rlghthand-s1de of the plot and Iontreal taken on the plot as 
zero km 1s on the left side. Again the Y axis is plotted as 
th.1clcn.ess. Wi'th superimposed loe pos1t1ve and lJeoondar~ ice ae 
negatiT&. In this case the dotted line is simpl~ a tota1 ioe 
thiokness SWllll1i.ng both the euper1lllpossd and eecon4ar7 lce. this 
we call a mld winter oondition in lrebrilar:r in 'the rinr• 

.&ll:r IrtUd:r of the 10e regillle in this section of the Seaw~ 
1I1Ist take into acoount dramatio variations in the weather pat­
terns trol!l the :rear to next. In 1973 the ioe cover broke up pre­
maturel¥ oue aonth earlier than in the prertou& :rear. This was 
C&nsed D" the collbinatlon o~ axtremel~ high temperatures and re­
lativeLr low thicknesses developing during the winter. ~nd these 
water temperatures as it can be seen tram the next slide from 
the 1973 curve rises draMatloal1J one ~on'th earlier than it has 
in the previolls :year. ~ vertloal seale goes from zero to 0.6 DC. 
the min1mD.1lI wate r temperature whiah remains &.l.most the whole 
winter is aeen here to be le8e than 0.1. ~e rise previous to 
breakup 1e ahSl.'p and ver71 sudden. The numbers on the top of the 
graph are oombinati.ona of different fears' temperatures and Bnow­
falls. In 1974 a oontinaous and much more detailed profile obser­
vation will be oonducted in various depths on a 2~ hour basis. 
~hia will be extended t o discharge measurements at the entrance 
and the outlet o! the s¥stem. 

fhia project combfned with our field studies in the St.Law­
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renee will also operate an air bubbler located in sha110w water 
in this case about 3 or 4 metres. Ice sheet profilillg with sonar 
will be performed also. 

'fhe ice conditions in 1974 were ertI'8lllel:r low. YOIl can see 
this from this picture. Some of the projects associated with 
field trials have been hindered b:v this fact. And also coming up 
in 1974 was a new air-conditioned vehicle as an icebreaktng po­
tential. 

I havtl mentioned our objectives in 1JIproving our breakup
forecasts in St.Lawrence. And equall:v important to UB is the use 
of the St.Lawrence f1llsh water s:vstem, to test remote sensing
techniques potentiall, enabling us to provide with close to real 
time information about ice. Such a service will have its primar:v 
operation advantage not onl;r in St.Lawrence but in the ever in­
creasing shipping of the Arctic waters. Thank :roul 

Chairman! Thank :rou vei¥ muchl You want to make an:r comments 
or put questions in connection with this paper? We will then con­
tinue with paper B14. But before doing that let us hear the con­
tribution of Mr.James Ha:vs and George L:vkowski who want to pre­
sent their views on the navigation problem of the St. Lawrence 
River. 

J.E.Hays: Mr.Chairmanl Ladies and Gentlemen I We thought to 
be approprIate this time to sllbuit our views to the subject b:v a 
paper we prepared too late to appear in :rour proceedinga. How­
ever, we have some copies with us and wa.n~;; to give some ini"orma­
tien on our findings. It i8 cOJlJlected with th.e St.Iewunce ­
- Great Lakes SeawQ Navigation SeaBOn Extension Program, in the 
United States. The Winter Wavigation Program is comprised of a 
Demonstration Program and a Surve, Studv to determine the pract­
icabilit:v and fea8ibilit:v of means of extending the navigation 
season of the Great Lakes and the st.Lawrence SeawQ. Features 
of this demonstration program include ship vo:vages that extend 
bevond the normal navigation season. Obstlrvation and surveil­
lance of ice conditions and ice forces, enVironmental and ecolog­
ical investigations, ice control facilitiea in each the naviga­
tion and ice breaking and the coordinated collection and dissemi­
nation of ini"ormation to ahippers which include weather and ice 
conditions. The surve:v stud:v is designed to collect environmental 
and engineering impacts of extending the navigation season in the 
entire Great Lakes- St.Lawrence S:vstem. !he paper that .we have 
before the s;vmposium limits itself to the st.Marie's River 
which is the connecting link between the liorthest lake, Lake 
Superior and those below. Ice conditions here are severe. And 
the:v virtuall:v. involve ever:y problem that ic"e can cause on this 
stretch. The paper reports on several selected problems in winter 
naVigation and on the means and methods undertaking to overcome 
these problems. The merits and shortcomings of the field opera­
tions are discussed in a limited technical eValuation presented.
The epecific activities that we have described in this paper are 
island transportation, for those islands that we had in the cen­
ter of the navigation channel of the s:vstem, soil erosion damage, 
soil structure damage, attributable to the extension of winter 
navigation season. Air bubblers in an open river channel and lock: 
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operations are also discusssd. For those of you, ' ;ho are interest­
ed in these I have some papers with me before pr.inting of the ma­
terial will be achieved. 

Please, see me after this session and I will be pleased to 
provide :you with a cop:y of it. I also have a short section of a 
film we made last winter as a part of the demonstration program.
It was made to observe the effects that navigation causes on ice 
cover in the St.Marie's River. Just below the locks. This film 
was shot at a rate of one picture frame every two minutes. It 
shows how the ice cover forms and how it is broken and moves with 
navigation. The area in the lower right corner of the picture as 
:you can note, will stay relativel:y free of ice due to the fact 
that it is the tail-race of a power plant. 

Note on the right the relatively open area that remains 
there as the tail-race of the power plant. The ships pass through
rather rapidly. You note the move that occurs after a vessel has 
passed through. 

This is only a short segme4t of five days out of a film that 
covered the entire navigation season. I only selected this~ show 
:you what the tn>e of data is that we are observing here in con­
nection with the extension of the navigation season. In the rear 
of the hall I will place copies of a brochure that describes our 
demonstration program. And you are invited to take a copy with 
:you. In addition to that my colleague in the presentation of the 
paper, Mr.L:ykowski, would cover ~Other very interesting aspect
of our demonstration program. And he will describe that to :you 
now. 

Chairmt;: Thank :you very much, Kr.Ha.yS, for your picture and 
:your commen~ Someone of JOu wants to comment this paper and the 
description? 

G.S,L!kOWskit Mr.Dickins discussed the problem of naviga­
tions In h s paper on the St.Lawrence Seawar. Then talked about 
side looking radar and ite application to providing information 
for environmental purposes and for shipping purposes, I want to 
enlarge that a little bit. Our concern is with the St.Lawrence 
Seaway in the American section and also with our Great Lakes.The 
at.Marie's River is in the Great Lakee and, as Ha:ys mentioned, 
the problem is there severe; if we can solve them we can possib­
ly open up the Great Lakes. 

The St.Karie' s River incidente.J.l:v is the co~t:1;lO~ I;l~twll,en 
the uppemost lake and the lakes below. That ~Z'" lI&nd ~f W!\!A­
ter contains locks, there 1s a drop o-t 22 :t~flt betw'el1l- t:b.g iWCl 
lakes and the ice jams up in these areas. IJJJl. Gres·t Lal!:ItO (lCft.IJtal, 
areas have bsen desoribed as the FourtA Ooa,tline 01 t~ Unito~ 
States. Each :vear commercial veesels car~ ,ome 200 million tone 
of United States commercial traffio an tht Great Lake, • St.taw­
renoe Seawa.r System. Nearl:v all of this t.l.'fI.!.t10 mov.t1 J,A tM 
period between April and mid-December. S,.tem ope.7.'atiorul ue 
suspended 1:n the remainder portion of 't'lle 'fear. :Thul the !uurth 
coast-line 1s not used about four mont.lyJ ot tlle fear. lIillions 
of tone of iron ore are stockpiled to-'tI.%'d the end ot each ship­
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plDg SSa.OD to provide adaquate supplies toward tha wintar mCDtha. 
51_Uarl)', large 90lume8 of grain are 8tored ill elevatore to awalt 
the 8'priDg openillg of na'l'igation because the 1Dabilj.t,. to 1iI0ve the 
torenar.est due to cloae of navigation. High valued cargo reload­
ed to and rrom the G~e.t Lakes' ports. The me~mum ice oover OD 
the Great Lakes shown in this tigure tor the Leke Superior deters 
from ueing the lake end all ita facilities throughout the yaar.
The other lakas balow it do not treese over completely but in 
ssvere willters they look almost like this. ~d in this kind of 
situation nothing moves. This has been reoognized 8t some time as 
an extremel,. inefficient usa at man power as .811 a ths natural 
resources at the region. The study that Mr.Hays mentioned is a 
eombilled effort involving twelve federal agenCies to sssess ~he 
a1 tuation and to determine the fee8ibility to axtend navigat-ion 
into the unused portion of the year. An important aspact of this 
problem is providing all avsilable information cOlloerning the 
distribution at ice type, the thickness on the lakas CD an almost 
daily basis. In other words in a resl time operatioD whera intoz­
mation is obtsined end is passed out to the shippers. I have a 
couple ot slides taken tram satellites. Unfortunately there is 
no projec t.or that could handle these beoausa on this they are too 
emall to be seen. I hope that eventually .e will be doing this 
rather by stelliies than by aircrafts. In the picturas that I 
have here taken fro~ the satellite tro~ an altitude of 570 miles 
end covering an sres at 40 000 sq. ~ileB CD the ground.The pict­
ure juet here in ~y hands is smaz!Dg because auoh a large area se 
the Great 1a~es is seen on it without cloud cover. ADd particu­
larly in winter. And ihis _a ODS of the gery fe,,- images that came 
rrom the setel lite that ahowed ell t he Great Lakes clesrly. We 
have adapted this system in an aircraft. ADd in thls system we 
would use side looking airborne radar Just to b~iefly desoribe 
it 1 a pulee at adcrowave energy momentarily 1l1uadne tes tIla ground 
end rece1ges the retlection and it Is eleotronioally processed
and displayed OD 8 cethode ray or TV tube. 

The image of this tube expOses a tllm and creates an ell­
-weather i mage on the fi lm . I think you oan se thi s muoh better 
if I ehow you e movie es I am talking, that degelopa such a film 
es we are wat ching it. 

Plying such a syste~ fro~ a satellite s ltitude haa not yet 
been achieved . I t has been in use for a decad e in ad litary air­
craf t s. Our use of euch a Bystem on Lake Erie on a cloud covered 
dey is shown to yOU 8S we develop i t on t he screen. In spite of 
the c l oud cover t his i mage covers a distanoe of about 300 miles. 
wss made j~ a single f l ight over Lake Erie and the extent of the 
i ce cover 1s clear ly shown in the complete view. The t wo colour 
i mages in the upper part of t he screen show how the vsrlous ic e 
types look to the eye. The boundary in Lake Erie is the Canad ian 
ehore. The lower boundary in the lake is the American shore.Open 
water aress appear es blsck in this image and cities around the 
leke are brought out in green. The ice types occur in meny forms. 
Some of the ice is ,pushed to the shore, other ice is smooth and 
dark. Each type represents more or less difficulty in vessel 
traffic and cen be so deSignated. Imagery from such s system
could be instrumental such ea indicated. This can be used by ship­
pers who would now wi t h less difficult'y and greater safety extend 
the shipping ecti9ities lete into the seseon. 
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This was an experimental Ed tllatiOD last year. This year we 
have contracted with an Army unit to fly over the Great Lakes' 
foreste. We are providing t o the ehippers - there are aome 19com­
panies - sailing in the extended season hsre. We sre providing t o 
t hem the type of imagery you saw here. A side looking radsr photo 
i s also enclosed, turther an interpreted chart which defines the 
ice, its location, thickne ss and provided to t hem on a very rapid
turnaround basis. The photos are processed immediately on the 
ground. the charts are prepared simulteneously and the chert s are 
sent then out to the shippers by telephone-wires or on r adio te­
lsphone end recaiving units on the shipe, get them s lmost et the 
time when the film i8 dry. So a8 they procesd into new Bress they 
at least have a chart of the 1ce situat10n. We hope to meke this 
system permanent. we hsve very very high hopes that 1t will be 
quite usef ul and vsluable. The shipping interests are delighted,
they are willing to invest 8 csrtsiD amount of eqUipment they mey
need t o r eceive the data and we hope that this will be 8 atep
forward in providing all weather ice infor=ation . Thank you I 

Chairmanl Thank you very much . Questions to thi s paper? Any 
comments to do? 

( ...... ) 

G.S.L~kOW8ki: Now we do have this informati on frolll satel­
l i tes. Pro lam I s the cloud cover. And I have been able t o ahow 
you tha slidea, I had a yer,y ol ear pioture of a l l of Lake Erie. 
And what was unusu81 about it, that there was a clear pic ture 
wi th no iDterterenoe trom clouds. But the problem i s that c l ouds 
do oover the lakes and while we haye the picture we have t o t ake 
them 88 the~ coma . 

Chairman: Any other c omment? We Will cont inue with paper B14. 
I t i a on "Ic e Cutt iDg Opera t ions iD Rivar Ice Oontro l ~ and will 
be presented b y Prot .Sokolov. 

I . N.Sokolov: Mr.Chairmanl Ladies and Gentlemen ! I want t o 
give some addi tion to paper B14 . Ic e Cut ting Oper ati ons i n RIver 
Ice Cont r ol by Kor enkov, Morosoy and Al eiDikov. 

At iDdivi dual reaches of rivera and reservoir s prevention of 
ioe j amming and trouble-f r ee pas sage of i ce may be effac tively
achieved by ice cuttiDg cOlllbiDed with 80llle other mes sur ea , such 
as blackening of i ce c over surfaoe or rapid drswd own of a reser­
voir. 

Bl ackening can be per f ormed by the type LPM milling machine 
used f or 10e cut ting. For t his purpose s pecial r emovabl e 0.8 or 
1. 6 t hopper conteining coal dust i a t o ba mounted on t he machine . 
Dust is scatter ed With t he prope l l er located in t he hopper . The 
rate and traject or,y of coal dust can be controlled . Theoretically
i t s eems possibl e both t o c ombine ice cu tting with surface black­
ening and to slterate dus ted strips wi th ice-cutting routes. How­
ever , f iel d observations are needed on the subject. 

Experiments were carried out on ice cutting with subsequent 
r apid drawdown of a reservoir aimed et enauring an eerlier break­
up. Und er certain conditions a r apid drswdown on the reservoir 
with ice cover cut by slots waa found to result in the diaplaca­
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~ent ot ice tields. It is essential that ice-cutting operations
be performed as close as possible to the dOWDstrea~ edge of the 
ice cover. AD e~pirical relationship was established betwean the 
tlow valocity at which the ice fields start to ~ova, the rivar 
width within the reach treated by the ice cutting ~achine, the 
thickness ot the ice cover and its bending resistance. 

It is apparent that further field and laboratory investiga­
tions are required. Thank youl 

Chairman: Thank you vary muchl Any questions on this paper?
Or any co~ment? We will continue now with paper B15, "Use of 
Acoustic Emission in Porecasting Ice Breakup end Ice Jams"by Prof. 
Hanagud. I suppose ha is not here. I only want to put a quastion 
to tha General Reporter, whather he ia here or not? I also want 
to know why this papar was not mentioned in the general report?
And also ara there any commants on this paper? 

M.Szalaf: When I took over my duty from Prof.Kozak I had no 
opportunity 0 revise his report. ADd it escaped my attention 
that he has not mentioned this paper. So I have to excuse on his 
behalf. Thank you. 

Chairman: Any co~ment on this paper? 
Wel:, the last paper that we have this afternOOn is B17, 

"Long Range Forecast of Ice-Effects on the Middle Currents of the 
Danube River" by Professor Balint. Is he here? No? 

Well, in this way we have finished all the papers that were 
preeented this day and now the general discussion is opened! 

I want to repeat again some of the questions that the Gene­
ral Reporter preeented in his paper. In that way it will be 
eaaier to discuss theae. 

Pirst one: Are the recognized prinCiples of river regulation
applicable in all respects to winter ice conditions? 

I think the third .one is slso important: what is the in­
fluence of geothermal radiation on the temperature of the water 
stored? 

The fourth one: are the technical advantsges of icebreaking
and blssting fully exploited? How Can these be improved? I think 
a lot of you can tell so~ething about this. 

Five: are the physical processes of ice formation,the phys­
ical processes of pure ice and such containing chemicals comple­
tely explored? 

Which ere the rules of contamination? 
Six: are adequate observation data on ice available?Some ot 

you can tell us about the equipments used to obtain data.Some of 
you are msking this kind of work. 

Seven: is sufficient informatiOn available on the rheologi­
cal durability behaviour of aaturatad reinforced Concrete struct­
ures expoaed to freezing in winter? 
Eight: quite a lot of experiments ere conducted in ice laborato­
ries. Some of you who work in ice laboratories could tell us what 
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experUiellta are carried out there? 
line: are there stl11 ·secrets", fundsmental phenomena re­

lated to ice, what ls the roughness on the underside of the ice 
cover? 

Ten: How could dlscharge records be kept on a river flowing
UDder a solid ice cover? 

Soma of you have something to ask or to enswer to all these? 
Professor K8IIIIedy, please! 

J.P.KennedXi Kelllledy from .the United States. First I have 
two questions tor the authors of this afterlloon. First, a point
that I have missed in Dr.Dickins' presentation concerning the 
thlckness measurements. As I understand these measurements were 
made by a radar mounted on this air-cushion vehicle. That will 
give yOU the two peaks. What is the maximum height the radar can 
be positioned above the water, above the ice surface to give you 
the two distiDct peaks? 

D.F.Dickins: I am not directly iDvolved iD setting of the 
actual electronics but as I know the system is presently designed 
to use it for 100 feet. The tolerance sllowed is + 20 feet. This 
is qUite reasonable for a pilot flying to maintain this altitude. 
The altitude is in relation to the wavelengths. So a stepwise
difference in altitude may allowable, maybe 150 feet or so. What 
I know that they fly at present at an altitude close to 100 feet 
and with 80 knots. Well, I have mentioned that actually from a 
few cms to a thickness of saveral mstres can be measured and we 
checked these in lab tests with the help of an antenna -horn sus­
pended several feet above the tank and we have taken very detail­
ed actual physical measurements with heated wires through the 
surface comparing these with the radar measurements and we did 
that on a aeries of 15 to 20 plota. And the error of + 1 em ie 
quite reasonable. ­

J.F.Kennedv: I also have a question with Dr.Sokolov's pre­
sentation. Concerning this ice cuttiDg device. I did not under­
stand from the paper exactly the type of the cutting device.What 
is the cutting instrument? Is it a milling machine iD the clas­
sical type or a vertical cylinder? My idea with -the milling ma­
chiDe, I do not know how it could be used for cutting? Or do we 
have the wrong translation to be a "milliDg" machine? Is this the 
same type that has been propoaedfor use in the States? George?
It has been a considerable iDterest iD the use of these devices 
iD the States. 

G.S.LfkOWBki: I don't know how to answer that but in the 
United Sta es very much 8IIIIOUllces are iD papers about various 
forms of cuttiDg devices examined, primarily using the results 
from mechanical experiments on what sort of cuttiDg devices 
should be used for ice? There are those with the vertical exes 
that are simply milling goiDg towards their goal snd there are 
what maybe termed wheel devices that cut vary much as a 9aW with 
the axes of rotation transverse to the direction of motion.These 
have various details regarding their teeth end what is efficient. 
Their difficulty is with clearing the slot. The Soviet Union sc­
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cordillg to I1l3 knowledge hall Wled YariOla dnicell to weaJean the 
ice cover previous to breakupo The impresaion I hIId by the paper 
present d by SoJcolov waa that it was a vertical device. To tha 
quelltion, my impreaaiou was that it wa~ one ot the dialc devicee, 
the dialc iD the plein ot the direotion of the movement. So still 
I em very IUlclear and I 11Jced to throw the question out agaill.
Aud elso I wonder whether Larry Schultz CaD addiDg anything to 
thia. Since he is working with ARCTEC and they are presently de­
veloping a prototype ice-eutter for the Coast-Guard. 

L.A.Schultz: With regard to ice cutting, ARCTEC, iDcorporat­
ed hall beeu engaged by the ~D branch of the U.S. Coast Guard to 
develop a Mechanical Ioe Cutter tor application in Bhallow wa­
tere, such as rival'S, whare the Cosat Guard's conventional ice­
breakers CeDDot operete because of draft limitations. The llechs­
nical Ice Cutter (MIC) con&iste of a shallow draft bull !ittec 
wi th three erms extending forward. Each arm IlUpports a circular 
selt which rotatee at high speed as the craft moves forward. The 
8altS then cut two sdjace~t strips out of the ice cover. These are 
eubsequently deflected downward as they pass IUlder the hull and 
rail iD bendillg. The hull i8 fitted with skege designed to direct 
the segaented ice strips under the adjacent andiaturbed ice cover. 
The KlC ~heretore leaves a completely clear open water channel 
through the ice cover. In contrast, conventional ice breakers 
leave the remaining bro~e~ ice pieces floating in the channel,re­
sulting iD the expenditure of large 8IIlounts of power !r01ll follow­
ing sh1pa in order to pueh tha broken ice pieces along ahead of 
the ehip. The circuler aaws were developed through testing con­
ducted at the ARCTEC Ice Model Basin in Savage, Karrland, USA.,
and scaled prototype teating was conducted in riVBr ice by ARCTEC 
personnel lest w1Dter. The results of these tellte • ere very en.­
couraging, 1ndicating that in comparison to con.entional ice 
breakers. The MIC could realize significant power saviDgs in the 
range of i ce thiokness and apeed Of iDterellt for U.S. riYer ap­
plications. We antioipate the initiation or the detailed design
and construction of a !ull-sized prototype KIC vessel in the near 
fu~e, end l ook forward to presenting further developments at 
the next symposium. 

ThanJe :rOIl. 

Chairman: Prof. Kennedy, you WSIlt tooontinua? 

J .F .KsIlJlady: Our chairman invited peopls to speak on the 
eubjact ot current act1ve research in the labs. So with your per­
~iaa10n I would like to give you a brief description ot the over­
view of the ice research ourrently under way at the UniYarsity ot 
I owa . ADd then I would auggest the cha1rman to invita other people
likewise t o deeoriba the ice research t hat curren tly being per8Qed 
in their organi zations. Tbe ice program at the Uni.arsity at Iowa 
1s now in about its !ifth yeer. At the start of this progr8lll we 
bui lt a facility t o study the hydrauli c espects of the ice. A re­
circul a t i on ref rigerated f lulIIe . Since that time we have also in­
sta l led in our temperature controlled ro om aD ice foroe fac i lity.
Por iD veetiget i on or various aspeots of the strength or ice. And 
the Bt~~ctural characteristics of ice. P1nally we now are also 
involved in 8 feir 81IIount of tield work on ice OD the MiBsi88ippi 
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8lld til!lBour1 Rivers. 1!ur.ning over to specific programs at this 
moment I would eDUmerate t he foll owing ; 

~he f irs t 1s concerned With the mechanics of format i on of 
ice ripples . The f irst paper on t his subj ec t f r om the I owa Re­
search Program was given in Reykjavik in 1970 and our interes t in 
the problem arouss l argely f r om t he publ i cat i on of Dr . Larsen some 
years betore. It s eems that water f l owing UDd e~ an i ce cover. 
under certain oond itions crea tes ri pples in the in terfac e between 
the liquid water and t he 1ce. These r ippl es are very similar to 
t he gsometrical chareoteristi~8 and t he killematical behaviour to 
ripples f ormad in sand on the bottom of a s t ream. The f 1rst t he­
s is oonduo ted on this subjac t in I owa wss Dr . Ashton's, who i s 
here. who succeeded in clarif ying the physiOs that ere res pODS­
i bl e f or the instabilit y o~ each of the f ormati on of r i ppl es.Upon 
his gr aduat ion another s tudent. now Dr.Shu, undertook the ana l y­
sis and veryfying axperiments for rand~ ice ripples.Dr.A8hton's 
t hesis was confinsd to simple sinus rippl es but they are only
sinus oidal by some ideal ization so in Shu's thesis the ripples 
are creet ed as a random wave and characterized by the spectrum of 
the d isplacBm~t of the surface trom the mean. Shu waa a bl e to 
develop a theory which predicta surpr;aingly wall tha avol ution 
with t ime of t ha s pectrum of the ripples . He was elso a bl e f r om 
the developing spectra to determine the phase shift between the 
local heat transfer rate and the l ocal boundary displ acements . The 
seoond project is one ebout which you heer t omorrow sponsored by 
the Corps of Engineers end 18 conca;t'IIed about the mechan i ce of 
ice jams. We currently have one doc t oral t hesis nearing c ompl e­
tion whlch is c oncerned with construction of an overall mathemat ­
i cal model of an ic e j am~ I leave fUrther deSCription t o t hi s for 
t omorrow. Howe ver, there arises in t he mathemetioal model i ng of 
i ce j ams a need to know t he strength characteris tics of f lcating
f ragmented i oe. The shear str ength and t he normal s treng t h. So we 
have had ot her t heses c oncerned wi th the t ermination of thess 
str engt hs . I t t urned out to be a very di ff i cult pr oblem. Bec ause 
s t r ength is eo very dependent on t he velocity. 

Yet an other probl em is concerned wi t h he ice supression on 
r ivers by large di achargas. This work was in1t i at ed by the Corps
of Engineers and i 8 anow sponsored by t he Cornwall s-Edison Co. 
This is 8 combinetion theoret i cal, l aboratory and fi el d projec t . 
In the l aboratory Mr . C •.•• ) and his s t udent have deve loped a 
general i zed numerical pr edic tor for t he l engt h of i ce free r e­
aches downstream f rom a power plant . I bel i eve t hi s can be viewed 
as an extension or r efillemen t of the earlier wor k published from 
Krell (7) by Weeks C?) and co-worker s. The undertaking got some 
laboratory verification of this work in a c ontrol temperature
flume with particular interest focussed on the stream edge of the 
ice cover where some very interesting heat transfe r phenomena oc­
curred. Finally they are seeking the verification of the model ­
as I told yesterday - on the Mississ i ppi River downstream from 
t he Quab City's plant, this is a nuclear plant on the Mississip­
pi. 

In the area of ice strength most of t he works are conducted 
by ~.Schwartz. This was also mentioned yesterday. He has one 
student, Mr. C •••• • ). he i s just c omplet ing his doctoral thesis 
on ice forces on vel"1:1cal piles. The wcrk is just now being ini­
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tiated O~ inclined pilas. This work i s being done in our i ce f orce 
facili ty which is a tank which is s ome 3 f eet wid e 30 feet long
and about J f eet deep. We free ze a stationery i ce cover i n t his 
tank and by means of crystal s eeding or nuclear seed ing we are 
able to control the crystal size in the ice. The pile, the model 
pile is then moved through the stationary ice cover. It is mount­
ed on a moduli zed carriage through a dynamometry which is inter­
f eced directly with an elec tronic compute which gives us the 
t i me history of the force variation. Their work has been c oncern­
ed wi th the gener ali zed predic tors for the forces exerted on ver­
tical piles in the Ca s a of freshwa ter ice. Concurrently with this 
Dr.Wu (?) who works wi t h Dr .Schwartz is pursuing an analytical in­
vest igation the goal of which i s deriVation of fracture criteria 
for i ce. It seems that there i s no gsneral agreement on what the 
l ogical fracture criterion is for such materials in genersl ( oon­
crete may also be considered hers) . Dr . Wu ·s spec ielitie s in the 
Ilr ea of elasticity and plast ic ity is to verify the results that 
Schwartz was getting. 

I might mention one aspect of their results which I think is 
particularly noteworthy and that is t he f ollowingl when a verti­
cal pile moves into an i ce sheet the f i rst failure 18 invariably
onl y j ust ahead of the pile. The ice sheet fOTl!ls a horizontal 
c rack t hat extends some distanca ahead of the pile. In the case 
of a thicker ice there will be two crscks. The first failure is a 
separation across the cryatals and then after the ice fails in 
f r ac ture. And Dr.Schwartz working with people pursuing theoreti­
c a l investigations at CRREt has observed that this is slso the 
si tuetion in their large scale test. So the compression loading,
the failure is in tension in this relatively unconstrained verti­

a l direction. Our future activitiea in this direction - I think­
will go on also to higher velocity loadings with the goa,l of con­
f ine or exsmine the dynamic effects. 

One more study I should mention is concerned with not ice 
s pecifically but with heated plunge discharged into cold water. 
Por the Comm onwealth Edison Co. in conjunction with their design­
ed plant on Lake Michigan we are conducting a study on heated 
ploons relsased near the lake bot tom during the winter. The plunge
i s some 20 op warmer than the receiving water, which is at the 
freezing point. The heated plunge starts to rise being eludsd 
along its trajectory until its temperature reaches the 4 °c maxi­
mum density pOint. And ' thereafter it sinks again. And spreads ov­
er the lake bottom forming a blanket of relatively warm water. In 
this shallow shore region of Lake Michigan the lake is relatively 
well mixed and one has been concerned what this warmer water would 
do to the creatures that live on the bottom, during the winter. 

Pinally we have as a general aspect of our studies related 
to engineering always this question of modeling. This is partic­
ularly relevant to the case of modeling of ice forces around 
structures and modeling of ice jams, and we are trying to develop 
guidelines to help people who design the models in the interpre­
tation of model results. Thank you! 

Chairman: Someone wants to comment on this? On facilities in 
ice la60rator~es? 
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G.Ash t an : ~ name is Ashton f rom the Cold Regi ons Research 
and Englileer fiig Laborat ory and generally I say that is CRREL and 
in general I have t o explain what i t i s . 

Essenti ally it i s a l aboratory which deals with nearly every 
area of engineering t hat r elates to the cold regions. If our ad­
ministrators are l ooking for funds a cold region is then def ined 
as a plac e t ha t i s colder t han 32 OF one day of the year. That 
takes care of al mos t the whole United states but we do have a 
wide end di verse pr ogram that deals with everything from wastewa­
ter management through mobility of vehicles in snow and ic e c on­
ditions til l what we would claSSify as civil works, in ve ry loose 
terms "ice hydraulics". This t erm describes fairly well my parti­
cular area. 

I would l ike t o do now to simply run through a l ist which is 
drawn up to show s ome of our ac tivities at CRREL . The various 
levels of actlTi t y I will describe very briefly and those who ere 
i nterested i n any particular subjec t I would request them to see 
me and perhaps I can them put in better communicati on with the 
particular researcher t hat is involved . 

We have had several discussions on bubbler systems or as we 
do refer t o thsse in this par t of the world "pneumeti c instslla­
t ion.s". There are two sub jec t s, t wo part of that problem attacked 
in our laboratory. One is an experimental program by Dr . Chou-Yen 
which i s measuring the heat t ransfer coefficient et the top of a 
axi symmetriC or point- source bubbler sys t em. That i s not as yet 
publ ished but he has a r a t her comprehens i ve set of data on 8 rath­
er small scale, but it s eems to be c onsistent in itself over sev­
eral ranges of the parameters. 

Myself I have been angaged in trying to s implif~ the de­
s igning procedure beginning .tth the pipe-size , discharge rate 
and depth. With the hope t Wrt analyticall y I would be able to 
predict the ex tent of supression of i c e by a given bubbler system 
in a given thermo regime . I might add that there are a number of 
uncertainties t hat have been unc overed; perhaps the moet notable 
one ie the question of the rec i roula t ion imposed by the bubbler 
syst em. As Prof.Kennedy pointed out, we discharge 40 C wster in 
zero degree wa ter the jet pl unges. The question that comes up
then is 1f you are raising water via bubbler action and certainly 
t he point i.e here t he bubble will rai se it, s o the bubblas escape 
to the atmosphere, at that point t he water is - if it is indeed 
warmer than the ice that you hope 1t will be the case to accomp­
lish melting - it is more dense than the eurrounding water and it 
should have the tendency to plunge. On the other hand, the comm on 
tempera tures that we deal wi t h in bubbler eyetems are very close 
to zero degree till we may be at the verge where the inertial 
effects of this jet may be more important then this tendency to 
plunge. This is an area that needs investigation. It has also be­
come clear that in designing a bubbler syssem for a given instal­
lation one !DUst look at the seasonal variation of ice production 
or the changing of the environment. To determine realietically
what you will accomplieh with that, it ie ver'J difficult to pick 
an average condition and then apply a steady-etate analysis to 
that. 

Let me get away from my work and deecribe the work of oth­
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At 
era. There is considerable work goinS on the Arct10 pack-1oe.The 
work i 8 not 80 much h7draulic in i is character in the mome~t 
though cer ta inly the driving f orces are hydraulic or at leasi­
they are dynamic and we are concerned with the movement,dritt and 
behaviour of the Arctic pack-ioe . So f ar we have accomplished the 
ability to provide a rat her clear pie t ure of ridge siatistics.The 
frequency of ocourrence, ihe height disiribution that you would 
expect on a s tatistical basis and other features give us a rather 
clearer pic ture of t he Arctic pack-ice we have had up till previ­
ous few years. This has been done BS part of the ArctiC Icy Dyna­
mics J o1Dt J::xperimeni. Dr.Hibblers (1) and Mr.Mark and Aply (?)
have been most active 1D this t ogether with Dr.Weeks (?) . As you
no t i ced Dr.Weeks' name appears a lot of times here. I may add 
before I go on that Dr.Weeks is 1Dvolved in all of thes e ihings
i n t he role as a chief scientist of the laboratory. We s omet imes 
complain thet he is not involved 1D our individual subj ec ts but 
he is involved nearly in all of these SUbjects. 

As a marginal note, Dr.Weeks and recently myself have been 
inVOlved in the exploring the concept - which is not a new task ­
of towing tabular ice bergs from ihe vicinity of the Antarctic 
i ea shells to places on the Southern Hemisphere. The initial cal­
CUlations show that we can do this on a cost comparable to the 
present cost of supplying water to the deserts 1D Chile or to the 
deaerts of Western Australia. There ia a great deal of work that 
has to be done in this field. Namely if once you deliver an ica 
berg what do you do with it? But clearly the feaaibility of the 
delivery cost is we feel that has been well shown. Presently we 
are extending that particular work to determine the nonsteady 
stress forces that result from the evolution of the shape of 
t he tabular bargs as they are towed. The problem is far from tri­
vial aince you must tow them fast enough to overcome the existing 
currents and winds, you muat overcome the Coriolis force diff"t­
cuIties and finally hopefully you must show up with sODle ice when 
you arrive. 

There has been continuing work in crystallography of ice and 
it has been primarily related to Arctic and Antarctic type of ice 
either from the Greenland sheet or from the Antarctic Cap. I 
quit a lot of sea-ice work. This is now directed increas1Dg1y to­
wards river and lake ice. In this Dr.Tony ( •••• ) is work1Dg pri­
marily. It is interesting that on lake ice we get rather large
single crystals. Thoee people there are interested in using ice 
not for its own sake but for the sake of understanding such 
things aa cryatallography and metallography. Por this single ~ 
tals are desirable because they can avoid then the problems of 
boundaries. 

In the area of snow mechaniCS, but directly related to hy­
_drology, Dr.Samue1 Coa1back (1) is now succeeded in predicting
the evolution of the melt-water wave that passes through a snow­
pack. Such phenomena begin with the energy input at the top sur­
face he can predict-what you may term from hydrologiC sense ­
the time of lag at which the water eppeers at the bottom of the 
snow-pack and its time distribution. He is presently extending
that work to handle the case of ice layering where you have lay­
ers. The interesting result is that most ice layers are not very
impermeable except for a very short time. An ice layer was im­
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permeable onl~ at the beg~ing o~ the melt and very quickly it 
bec omes transparent in a permeabi l i ty a ense and lets the flow di­
rec tly through . The nex t pr oblem when you ge t t o the bottom of 
the snow pack is how will it f low out. This again e permeability 
problem in porous media. And t hat he is also treating. He is also 
working in the field both alone and jOintly with researchers from 
the University of Washington and from Canadian groups. 

We have for some time been engaged in a coopsrative program
wi th the Danish primarily and with some others to do deep core 
dr illing in both Antarctic and Greenland . This is on a very fun­
damental nature, on a year-year basi a, it seems rather unuseful 
but on a long term basis i t gives a great deal of insight into 
thinga that are such ss our climate. The question for inatanc e of 
increasing particular pollut i on in the a ir in changing our cl i ­
mate can be examined i n looking at past casea of many thousands 
of years ago, the r esult of volcanic activity and see what hap­
pened to the climate after auch a volcanic activity when things 
are much more polluted over a period of years, compared to that 
what we have achieved until now by our human efforts, though we 
come slowly very close to that. These core examinations go back 
to look at the formation of ice in the ice age, etc. There are 
many other things which may look to you rather philosophical but 
certainly give you idsas about climate trends and extreme ranges 
and such on a world-wide basis. 

There is a continuing ice force work which is of similar 
nature to that Prof.Kennedy reported, perhaps in a larger scale, 
but larger scale has diaadvantages of accomplishing fewer ex­
periments in the same time. This is a complimentary effort of 
their in which ice piles of various configuration, shapes,point­
ed, inclined have been pushed through the ice or the ice pushed
against the pile, to determine the ice force measurements. This 
work is under the direction of Dr. C ••••• ) end 1~.Frankenstein 
and it i.e continuing. 

IVa shortly will do a very 81Da11 inveatigation which will 
concern on things that are now very popular in the Sta-tes and 
these are the different kinds of arching of broken ice across an 
opening. There has been Russian work particularly on this sub­
ject; we hope to explore it ourselves a bit and hope that we can 
come up with relationships that would enable us to tell not only
whether ice will arch across an opening such as an opening in an 
ice boom that allow navigation but also what are the effects of 
passing a vessel through that arched cover. Temporarily or local­
ly distroying the arch. How it will reform itself and how it will 
develop after reformation. 

Finally there is a work right now that is still going on to 
settle the question - and I am afraid that it will never be set­
tled - of the mechanism in rates of brine drainege in see ice. 
As most of you know the brine in sea ice follows a rather strange
way and behaves unlikely to freshwater iCe. Understanding the 
rate of this brine drainege is a very useful thing in the under­
standing of Arctic pack ice. 

Theory goes ahead nearly f ,or ever, and I find in my own lab­
oratory that I am never up-to-date in nearly everything that is 
going on and it is quite an effort simply to keep up. ,I tried to 
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simply semple t hos e subjects which touch on the thems of this 
sympos i um and t he disciplines involved here. If you have any par­
ticular ques tion feel free to find me, contact me, ask me; often 
all I can do is to beer your name to the man that does the work 
and who would thsn correspond with you. Thank you! 

Chairman I Dr.Lareen, would you like to comment on your work, 
what y ou are doing in Sweden? 

A. P. Larsen : Kr.Chai rman, Ladies and Gentlemen! I am not goiDg 
to report on laboret ory work in Sweden but rather going to make 
commente on poin t Nr .) of Dr .Kozak 's ge.neral lecture: "What is 
the influence ot geotherma l radiation on the temperature of water 
stored?" In a pond e.g . 

It is felt that heat transfer between the pond or river bot­
tom and the water body ie of consider ab l e importance in effecting 
ice formation and development. Date obtained in the framework ot 
the llID program for a s.mall lake in Sweden (laka Vel en) sho" that 
tha haat budge t of the bottom sedime.Dt s amounts to about )0 % of 
the heat budget of the body of wa ter. Thus the amoun t of heat 
stored in the sedimen t s during the summer and releaaed during the 
winter is considerable. 

It is known that the t emperature amplitude of sed imen ts de­
creases with lake dep th which i s a consequence of deeper lakes 
general l y being more s t rongly strat ified. However, since river 
wa ter ia almost homothermal river sediments are exposed to highar 
temperatures than lake sediments in a l eke of similar dapth. The­
refore heet storage under rivers could be of greeter signifi­
canse, relatively speaking, than under lakes. 

A very important aapec t of the hea t transfer proc ess is tha 
phase shift between heat transfer and temperature. SOmB Swedish 
data i ndicate 8 delay time o~ s ome 4 to 6 weeks. 

Since heat available in t he water is s i gn ificant in terms of 
ice cover development - including features af fecting hydraulic
roughness - it seems importsnt that the mschanism of heat trans­
fer be further explored. 

A source of heat supply which under certain conditions may
be of significsnce is the flow of groundwster into the river. It 
seems thst this aspect has received very little sttention. 

Well, these were my comments to point Bo.) and I want to 
meke or show you some slides, sctually those slides to which Dr. 
Kennedy referred to in his talk, showing t hs features of the un~ 
derside of a solid ice cover on two Swedish power canals. So, 
could I have the first slide, please? 

Thie is a power canal at the end of a river reach which is 
ebout 18 km long. At the downstresm end the rivsr is canalized 
and the depth here is about 11 matres, the width is 65-75 metres. 
In the early January of 1960 we cut off with a chain-saw some ics 
floes ebout ) m long and about )0-40 cm wide and turned them up­
side down. And we were very surprised to find that the cover was 
rippened on the other aide. And this was perpendicular to the 
flow. 

Thie is a close-up, you see the bank is put on 88 a rerer­
ence; the amplitude of these roughnesses was max. 5 em . 
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This sli de shows a f loe that was saWD out in t he direction 
perpend i cular t o t he f l ow. And her e we Bee that a l t hough t he floe 
i s not s mooth by any msans t his wav~ pattern does Do t sh ow up in 
t his direction. 

This i s 8 section of abou t 6 km long of the River Dalalven 
in Sweden, a reach which has a power -sts t ion at the ups t ream end 
and another a t the downstream end . And this floe is cut cl ose to 
t he downstreem end . The depth here was about 4 m. Th~ f1 w wa s 
two dimens i onal, maximum veloci tias of 0.65 m/s ana zer" velocity
in the nighttime . Vie see here t ha t t hese rippels ere fo rmed and 
the wavelengt h was c onsiderably shorter also the amplitude was 
somewhat less . 

Next alide! Yes , it likss very MUch l ike dunes. The common 
fea t ure in the mechani sm of deve lopment can be discovered in 
thes e things. Also I hed but I think it is not in cluded here e 
slid e showing drifting snow where we see exactly the seme type of 
pattern . And we have ssen that in some of t he photographs ShOWD 
here t oday . ' 

Ws l l, in order to find out something s bout the development 
of the ripples, one floe t het was compl e tely smooth on the ex­
posed side was turned aroUDd and we s exposed to the flow of t he 
canal - I think it weB 18 day s - and then it was turned aroUDd 
again. And this i a What you see here. This floe 'Ra s J weeks ago
completel y flat and after about J wceks this pattern has devel­
oped. Now t his I woul d not say more about, becaus e Prof.Kennedy
and Dr.Ashton ha ve explored this aspects and came along on a long 
wey to UDderstand this phenomenon. 

Thank you very much~ 

Chai r m!D: Yes, please! 

L.A.Schultz: I do not think any researcher can turn down the 
opportunity to tslk about his lsboratory. So I may mention aga in, 
my name is Larry Schultz, associated with ARC'l'EC which is a pri­
vate company in ths US, for those of you who are not familiar 
with our company: it is a coDsulting engineering firm, specializ­
ed in cold region engineering snd even architecture and we ere 
engaged in thaoretical work, modeling, simulations, model tests 
and full scale work. Ws have a model te8t basin which hss been in 
operation now for three years end we conduct resistance tests of 
shifts in ice and measuring of i c e forces on of fsh ore struc tures. 
And we have a little brochurs which describes our laboratory anc 
some of the work we have done. If anyone of you is interested to 
have one of these I would be delighted to give you one, after 
this session. In the srea of theoretical and math models and sim­
Ulations ws have had in the past engaged in very practical a p­
plications of math modele to power plants. In particular powar 
plants for ice-preaking vessels. We have done s mathematicsl sim­
ulation of the dynamic effect on the entire power trend. Cur­
rently we sre engsged with the St.Lawrence Seaway Corp. and ?Ie 
sre modeling the Seaway and looking for c onstrains in winter nav­
igstion. And we are well slang on this projsct and perhaps , ~'dr. 
Wilson - if you are interested - will brief you e little f urther 
on that. Ultimately we hope to end up with a benefit-cost analy­
sis for all of the constrains that would apply to the Sesway so 
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t nat we caQ make SD outstaDding qualit7 evslustiou o~ the various 
cODs t rains in this system. In the area o~ shi p model tes t ing the 
i ce ~orc ss on s t ruc tures aDd powering on suc h ships is fairly
wall establi shed becausa the laborato~ proc edures go on aDd t his 
i s what we have nere in tnia small brochure. In ad di tion t o t his 
we are j us t r ecently c ODsidering a program to deve lop design ori­
teria OQ s tructures mounted on ice Dear opeD water . In other 
words, .e have an i ce sheet with open " a ter alld wa "alit t o build 
a structure- t hs queation i s how determine t he level s in order t o 
avoid damages. This 1s • str ictly appl i ed project and .e got same 
good result s on it. We have aDO ther t est pl'1Jgrsm which we are 
about to begin: one involving an ARCTEC sur f ace s f f ect vehicle 
which .e are working 0lI for the US Navy. We are studying ~ speed
end power requirements o~ t hi a vehicle es it transverse. 1oe.Some 
of you may be familiar with the surfac e vehi cle. When we l ook at 
t he speed curves, the power characteristic curves of the vehic le, 
there 18 much problem how the power as the speed increaa8s, the 
power required incresses up to a point and this is described as 
being the point et which the vessel cl tmbes up t o the top of its 
OWD be llway 1f you WaDt to th1nlc a bout it in t his way. As the 
vessel moves a l oug it gellerates a bel lway in t he weter aDd at 
some critical speed yOU call get aver that and ~ou get a red uc ed 
power requirement tor en inc resse in speed. The question is 
whether t hia elsa happeD when the vehicle moves on ice . We will 
be starting t hat progrsm within the next two mont hs ill our model 
ba Bin in Col umbia, Ma~land . Filial l y, we heve ful l scale t ests 
on the Tanker at Manhattan and on the COast Guard proj ec ts. Con­
curren t l y we have several peopl e on t he Gres t Lakes wh o are wai t ­
ing f or a fUll scal e tsst ~ or an air-bubbl er aystem. A aystem 
mounted on s ehip. They heve been up an t he Lakes ~or about twa 
weeks now and t he t est will be runnillg through Fsbruary . Initial 
res ponse just be~ore I la~t "aa ve~ promi sing. They were s eem­
ilIgl y Bomawhere i n the nelgnbourhood of 5 to 15 % power reduc­
t i ons when thi s ai r bubbler systam waa in opera t ion . As fer ae the 
fu ture i s cODc erne~ t he company 1s c oncurrantly constructing new 
l aboratory faci lit i es; our present model besin 1s 50 f eet long by 
8 fee t wide and 5 f eet deep. We nave construc t ed a naw model be­
ein which ia 100 ~t long , 12 f t wide, an d 6 f t deep. The basill 
itself ie completed but is not in opera tion as of nail'. 

We hope t o nave i t op era t ional neer the end of t ne gummer. 
Some time in Augus t. Als o i n this laborato~ we provi ded for a 
100 i t lang , 12 ft wide refrigerated circUlat ing water flume and 
wa a leo hope ga t i nt o soma hydraulic mod el ing , we ha ve aD area in 
the labDrato~ tor t het , which we will use nat for sal ille i c a but 
f or ~raeh"ater ice in the hydraulic ares. The synthetic mat aria l 
t hat hae been developed by Professor Michel at the Laval Uni­
ver s ity in Quebec, Ontario, Canada. So if you would like some in­
formation on thst I would be eager to supply to you thst. Are 
there any question? 

Thank you! 

Chairmsn: Are there any other comments? Well , before to fill­
is~Mr . Hurst Is going -to meke some comments on the papers discus­
sed . 
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a.K.Hure~; kr.Cha1rman. Lad ies and Ge ntlemen' I mus t apolo­
gi ze f or not being fairly prepared for this c omment becau e I did 
not read the papers before I arrived and had rea l l y no chanc e to 
read them in the detail that they would ha~e deser~ed . 

The summa~ of the papers presented in sec t ion B, given by
Profes s or Mikl os Szalay provided a comprehensive anal ys is of the 
vsri oue i t ems covered under the l eading "Interrelati ons Among 
River ~r~, River CanaliZation, Low Read Wa t ar PClfer De velop­
ment and l'laviga tion with Special Regerd t o Ice Control ". 

Discussion of this sub j &C t by t he members of t he symposium 
covered ~y i tems but f or t ha main part referred t o three poin t s. 

1 . The expsrience of the Sov1e t Union in use of Pneumatic 
Ins tallation had been success ful parti cul ar l y where t he diffe r­
enc e in tamperature between t he lower and up per lavels was i n t~e 
order of 1 degree centigrade. E&perience in Germany sugges ts that 
bubbler s ystems can be effecti ve even when t here is no temperat­
ure different i al. The poseibil ity of us ing a pump t o circul ate 
water instead of by bubbl es was suggested. Most of the experi­
ence hae been f or the protection of hydraulic structures however 
there are several iIlstsl.J.atio1JS in exist eme and proposed in Cana ­
da for the maintenance of Davigation channele by us e of bubbl er 
sys tems, exist ing installation is 2500 f eet and 1t s proposed i n­
stal l a t ion i s 3 miles in le~th. FUrther study appears t o be re­
quired t o determine whether bubbler syetems can be effec t i ve 
wher e t here is no hes t tcansfer. 

2 . The poss i bil1t]' of transferring 8dveme e f f ec t s of ice 
forma tion from 011 place t o another by con t rol activi ty was point­
ed out by Yugoslavia wher e the 1ce control ac tivit i es re lated to 
the canyon a t the I ron Gate on the Danube in Rumanie may ad ver­
s e l y effect l ow plai n areas in Yugoslavia. It was e lso ment i oDed 
t ha t t he i ce bo om plaoed across t he out l et of t he Lake Er ie in 
North America to r educe damage to shore pr operty end power de­
velopmen t s on the Niagara River waB blB.llled f or c limatic changes 

· i n the area. This possibility of 1ce contro l activi t ies muat re­
ce ive careful consideration. 

3. Discuss ion brought out new survey techni ques . The Hunga­
rian method of da t ermini ng size and veloc ity of ice formation b y 
photographic meens utilizing one observqtion post at a high l ev­
el. Cana.dian us e of rad ar for determining ic e 'thickness " a a con­
sidered promissing . The United States uae of sid e acanning radar 

. from high flying aircraft and possible use of satellite observa­
tiona and photography provi des up-to-dat e ice situstion reports 
to assis t navigation in the Great Lakes of North America. 

Other pOints considered were t he conflicts that may arise 
in rivera used for mul.tipnrposea, power, navigation end flood con­
trol, and the possibility of ice control for one pur~ose having 
an adverse effect on others. 

Use of water taken f rom various levels of a reserv9ir where 
the heat content is higher to control or eliminate ice downs t reem 
was an int~resting problem. In aome large reservoirs in the United 
States water can be taken from various levels. to provide p:coper 
temperatnre for fish development downstream. It was suggested
that this technology conld also apply for ice control. Swediah 
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experience i nd1cat ell that liP to 30 " of the heat budget of lIDIal.l 
lakes 1s provided blT teothermal ra4iat lon f rom lake bottom. ~hiB 
phenomenon 1s wo rthlT of turt her inveBtigat10n. D1l1cullB10n alBO 
covered i ce cutti ng techniqueB devel oped in the ~SSR and IIBe of 
t hi s t 7P8 of operation in flood prevent i on on t he Lideau River 
in Ottawa, Canada. Mention was also made of earlf work done b7 Dr. 
Barnes on the lower St .Lawrence using t he spreading of lampblack 
on ice surfaces to speed i ce mel t ing and also thermite bombs for 
ice elimination. 

A recent studf of the feaaibilitf of const ructing a marine 
t erminal at Herschel I sland i n t he Canadian Arctic provides in­
t eresting mathematical model s t udf of ice management techniques 
require d for Arcti c conditions it a navigation ahannel is t o be 
available all fear aro und fo r supertankers. Thi ll IItudf can be 
obtained from t he Department of Publ i c Works of Canada i n Ot tawa. 
I nteres ting films were shown b:r Xr C.Lawrie of Canada on ice 
br eaking activities in the St. Lawrenoe, bf Kr G.LJkowski ,Col.H8fs 
of t he United Sta tes on 1ce fo rmat1 0n in the Saint Marie's River. 
Dr .Larsen of Sweden showed interes ting pictures of the effect of 
f l ow on the under s ide of an ice surface and the ripple pattern. 

These were m;r comments, Mr.Chai:z:manl Thank ;rou veq much. 

Ohai rman: Thank fOU verf much for four co-operationl I have 
an announcement t or :rou l About t he Theatre performanc e t his even­
i ng. Departure of ooaches f rom Hotel Budapest ..ill take place 
at 7130 p.m. About the studv tour to Baja on JanuarT 18, the de­
parture of coacheo from Hotel Budapest ..ill t ake place at 7:00 
a.m. The departure of the special train from rail No.1 in the 
main hall of the Eastern Railwa¥ Station will take place at 7:30 
a . m. Approximatel;r, at 8:00 p.m. we will arrive to Budapest.
Breakfast and dinner will be eerved on the train, snacks and be­
verages inatead of lunch will be served at the Citv Hall. Before 
endi ng I want to thank the work of Professor Szalav, our general 
reporter this morning and also of Professor Hurst for his com­
ments that he made . 

And for all ot fO u , thank fOU ver;r mach for four attention. 

132 Subject :s 



S E S S ION o B' SUB J E C T C 

Effects of Runoff Regulation 

2:00 p.m. J anuary 15, 1974 

J.P.Kennedy, Chairman 
Z.G.Hank6, Co-Chairman 
I . MAt rai, Invited Speaker 

J.P .Kenned~ Chairman: Good afternoon, Gentlemen ! And wel­
come to t he rrret t ecbDica l session of the Symposium on River and 
Ice! This session is entitled aEffects of Runoff Regulation". 

My name is John Kennedy, and I am a Professor a t the Univer­
s ity of Iowa in the United states. My co-chairman this afternoon 
f or this technical session is Mr. Rank6 , seated on my right, who 
is chief of the Depertment of Hydromechanics at the VITUKI Hy­
draulic Laboratory here in Budapes t , and also a member of the 
Organiztng Commit t ee. 

Before we turn to the technical subject of this afternoon's 
session I would like to call your attention to c e r tain a dminis­
trative matters which will help the smooth flow of the sessions 
and of the discussions. In the briefcases which were given to you 
at registration you wil l find among other things two types of 
forms. One of these is entitled "Registration f or Discussion" and 
if you went to discuss a paper you are asked t o fill out this 
form and give it to 80me member of the staff or member of the Or­
ganizing Committee before the beginning of the session. Then later 
after the discussion you are askad to fill out the other type of 
forui giving your name, the paper which you d iscuased a.nd a short 
abstract of your disoussion. This is your opportunity to write 
down what yOU wish you had said inetead of what you have really
said. I hope, however, that the us e of these forms, which are 
very important for the Organizing Committee for the purposes for 
getting a written report of the discussions later, will not in­
hibit or reduce the amount of open discussion from the floor. 
The reason for we have s ymposia is for people to come together
and to axchange ideas. So if you have something you want t o say,
please do not refrain from saying it simply because you have not 
filled out the form. That always can be done later. So, do not 
let the paperwork inhibit the free flow of ideas. 

Our first general lecturer is Professor I.Matrai, who is 
Deputy-Director of the Investment Agency for Hydraulic Struct­
ures of the State Water Authority and also Professor in hydrau­
lic engineering of the Technical University of Budapest. Profes­
sor Matrai will introduce theme C of this Symposium "E ~fec ts of 
Runoff Regulation " by a general lecture of the same title.I take 
a great deal of pleasure in presenting to you Professor Matrai! 
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I.JUtrp,1 Itr.Cha:1.rlllaD1 Ladies and Gmlue.nr-....... 

I aJ!I at the end at IIJ' leoture. ~k ,.ou very IIIIlOh :for your 

k1.Dd attention I 

Chti%'IIIBD1 1'hank you very II!tIch, Protessor IlAtrai, for ,.our con­
ciae ye very cOMprehensive overview of the effects of man's in­
tervention on the regimen of rivers. I wss particularly impres­
sed by the skllJ..tul way in which you illterrelated and 'il'Z'8pped to­
gether the presentations included in the papers which we will 
hear later in thia athrnoOll in :rour surveying lecture. 

'Ie an now ready to hke up the presentation of the indivi­
dual papers by the authors. ADd I propose to take them Dot in 
just the order they have been liated on page 13 of the Bulletin 
to accommodate the schedule of some of our Soviet colleaguee. I 
Ill! goi~ to call fl.rst for the presentatioD of paper Xo.CJ "Rlver 
Channel Transformation DOWDstream from Hydro-Electric Plants" b:r 
Wekslar, Donsnberg and Skladnev, from the B.B.Vedeneev All-Union 
Research Instltute. The paper will be presented by Professor 
Zvorykin also tram the V.deneev All-Union Research Institute on 
behalf of hb colleagues. Bow I would call on Prof .Zvorykin. 

I.A. Zvogldn: Vr.Cha.1=an, Gentlemenl I haTe a short addi­
tion to the paper 03. 

A Dumber of additional aspects of the river chaDnel trans­
formaUolI, apart trom those descr:l.bed in our paper 1s discussed 
in publicetion. by Soviet eciellt1sts. One of them Is the decrease 
in the etebility of channel bers due to dluraal release ••ves ran­
ning aoroes the river deposit zone. According to H.I.Kakkaveev, 
1.R.RozovlQ- and V • .l.1lezUevich, who comprehe:asi...b studied this 
phenomenOD downatream fiolD several dems tb.1s 18 induced by aD ill ­
tenl1t1ed movement of sand bare under unsteady flow conditions • 
..l8 a rule, to provlde navigable wate:tw1lY ill such river chem!elJl 
it 11 neceeB81'J' to 1Dcreal!le th.e volume of dredging. 

Some Soviet 1nvel!lti~aiors (P.A.L1sovskT•••I.Kakkavl!lev, .l.K. 
Pyazoka, A.V.Sarebryekovj IJIlggeet thai rapid aocretion of bars 
formed at the node or confiueD1:8 of a regulated river and an an­
r.gulated trtbuta.r:v i8 caused by delayed al:Id lowered peak flood 
in the pr1Dcipal river. 

Steepml1Dg of the open surface slope observed within the 
.outh r.ach at the tribut81'J' 18 accompal:l1ed by increase in no.. 
nloc1t1es and solid diecharges in the tributlU'1. with solide de­
posit~ on the bars within the node of conflu~ce of the priDci­
pal rtver with the tr1butar,r. 

Of great interest are 1Dveetlgat1ons by .l.V.Serebr,rakov ot 
the effect of ohaDges in the thsrmal regime of a river due to 
creat10n of a large reservoir not only on its ice regime but also 
on aediment traDBportat101l. In particular, A..V.Se.revryakov estab­
lil!lhed that at lower ..ter temperatures the scouring ca pacity at 
the flow decreaseB while its c~ capacit;y increases. Th.Ils 

• Prof .JU.tral'l lecture has appeared as a separate volume ot 
General Lecture on Subject c. 
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lower temperatures ot ....ter reg1.atered dOWDJltream f rom large re­
servo1re (,88 compared to \lm'egul.ated rivera) during the spring
alId f1UlIIIIHIr periods, 1.e. dur1.Dg the periode ot moat illtensiv 
chanDel Mod1ticationa, oontribute considerably t o the total et8­
b~1ty ot bed tarms. The phenomenon 1& more pronounced on rivere 
fiow1ng ill chaIlIlels composed ot sand nth largs amaa.nt of part­
icles lesll than 0.6 Mm. While predicting river channel tI'allstor­
matione downstream 1':rom ~ropower plants undur deeigtl the above 
considerations should be kept ill Illi.Dd together with the data pre­
s8llted in the paper. Thank yout 

Chairman! Are there any questiODII on this paper? This whole 
questron OD the etfecta of temperature on bedforms is one of the 
really intriguing aspeots of sediment tI'allsport. The fact that 
over certain ranges ot tllmperature a change of only a few degrees 
can CeUse the whole charaoter ot the riverbed to change from a 
dune-covered ons to 8 flat one and hence al t er the entire Bedi­
Ment transporting characteristic of the river 1& really one of 
the Most d1tficult aspects ot sedi.lIIBt1t tI'allBportation engineers.
It is interesting to Bee that tCis has been studied out of e 
case of temperature regulation by reservoirs. Are there any ques­
tions? 

' Well, you will have further opportunity during the general
discuesion session. I proposa DOW that we adjourc for our break 
and resu.e again on scheduls after )0 minutes that would be at 
15:15 p.m. So that won't be e%aotly the sohedule given on page
15 but let us have a )0 m1uute break and then reoonvene for the 
consideration of the rest ot the papere. Bow may I ssk: you t!ur­
1Dg the break, please, to till out these forms which r mentioned 
to you at the beginning of the seesion. I also propose for the 
balance of tha afternoon sellsion, that we rill proceed in the 
following way: After the presentation of each paper we will call 
for questions and disoussion of t~at partioular paper and t hen 
at the olose ot the afternoOD sessioD we rill have a period tor 
renewed discussion tor al~ of the papers end of the entire sub­
jeot. It appears from the information now available to me that 
not allot the authors are present this afternoon, two sre miss­
ing, that will give ua some added time for discussion of the in­
dividual papers as we proceed. So, if you would adjourn for our 
break we oould oenvene at say. 20 Minutes atter three. Thank: youl 

Chairman: .Again nth a small admnistrative matter. 
I have two announcements. Piret of all concerning the folk:­

-danee performance to-morrow evening "\redd ing Peast of Eceer" 
whioh is OD your program. May I ask you to pick up your invita­
tions at the information desk. This was not inoluded in your ma­
terial .hich you reoeived 810 registrat10n. But please. pi ok them 
up at the information desk. Similarly, the written versi on of 
Pro~essor Degen's lecture what you heared this Morning i8 avai l­
able at the information desk. And you are invited to pick them 
tip, also. 

Now. I truet that during thB break you had t he opportunity 
to fill out the often men t ioned f orms s o if y ou will aee t hat 
they are given to ODe of the young Men standing around to bring 
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them up to the podium. 
Let ue turn now to the continuat10n of the pre.en tation of 

the technical papers. It ie ~ undere tandtag that Mr.Kray , author 
of paper Cl ie not here. Is that correc t ? Or is he preeent? Or is 
there someone who will preee.nt the papar for him? 'Iell, Mr . Kray 
ge ts anothar item in hie publication liet but we do not get to 
hear him. Likewiee, I understand Mr.Liby, author of paper C2, is 
not here. Ie that correct? Or is there someone to pres,nt the 
paper for him? We heared paper CJ just before the break. ADd we 
are now to go to paper C4. REffect of Runoff Control on Ice Re­
gime of Rivers and Terms of Navigation". By K.J.Rossinsky and 
A.A.Kondratskaya. Now it is my understanding that neither of these 
authors is present but that the paper will be presented by Dr. 
Onipchenko. Dr.Onipchenko, would you come foreward pleae.? 

G.On1pchenkol Mr. Chairman I Ladies and Gentlemenl 
Author~.Rossinsky X. I . and Kondra tskaya A.A. sugges ted 

the paper on the influence of run-off control on river ice regime. 
Prom the analyeia of ice r egimes at dammed and natural riv­

ere the authors made the follOwing conclusions: 
Water storage reservoirs entails considerable changes in the 

terms ( time) of complete freezing and ice break-up. The reservoir 
freezing comes leter than on rivers freezing under natural condi­
tions, especially subjected to the action of winds. 

In lerge storages the ice usually melts on the epot. 
The terms o~ melting can be ~orecested by the ice regime o~ 

large lakes located nearby. 
If the river flows from the South to the North the lag of 

reservoir bresk-up can en ta1l 1ce-jams 1n its headwa ters where 
ice drifting has already begun . 

The river run-off by the Cascades of hydroelectric projects
permits to eliminate the formation of ice-jams in the reservoir 
headwaters. 

On rivers flowing from the North to the South the reservoirs 
break up before ice drifting under the effect of the sun radia­
tion, wind and temperatures above zero. 

Transit nav1gation is determined by the term of reservoir 
break-up, therefore the authors suggest to use icebreakers as the 
most e~fective means of prolongation of navigation. 

In dOWDetream pools of hydrau11c power stations a r1ver 
stretch free from 1ce (polynia) is formed, the length of which 
can be controlled by means of smooth change of water releases 
from the upper reservoir. 

The investigation of thermal balance of water mass in down­
stream pools of hydroelectric projects makes it possible for au­
thors to suggest formulas of determinstion of polynia length
and the velOCity of movement of its ice edge due to meteorologi­
cal conditions and water discharge regimes. This method was used 
during the construction of Ust Ilim hydroelectric project on the 
river Angare for fighting against ice gorges in the area of con­
struction. The polynia was maintained 350 km in length up to the 
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spring ~ wa~er releases from the Bratsk reservoir. This accele­
rated and fac i litated t he conditions of i ce breeking in spring. 

I t is necessary t o avoid sharp change of the disoharge whioh 
leads to ice breaking and winter ice drifting. Thank you. 

Chai rman: Are there any questions which you wan t to add ress 
t o IIr. OD1 pchenko? Conoerning t his paper ? Ii' not, l et us con tinue 
then t o papsr C5, which i s authored by two c olleagues f rom a 
ne ighbouring COUIltry, IIr . J . Szolgay and lime A.Stant!ikova, f r om t he 
Wat er Ins t itute cf Bratis lava . I believe the peper wil l be pre­
sented in Hungarian ao those of you who do not under stand Hungar ­
i an should put on your trsnslation head-phones. 

Mrs .A.Bttn~1kov'l Dear Coll eagues , I try to te l l you what we 
have done conc erniDg a new barrage just being designed on t he 
Czechoslovak sect ion of the Danube. The de s igners as ked t he re­
seezchers lriuo.t the ice cond t t i ons wil l be und er the new circum­
s tance s . We have t ried loma ca l oulat ton me thods. Pi rs t we oalcu­
lated the appearanoe of t he first ice on t he bas ia of statie tica l 
analysis. Then the thermi c ba l ance wes applied , f i nally t he syn­
optic situation forecast . The s t at istioa l me thod gives only a 
f i rat information. It has not ~t been poesibl e t o put every­
t hing , cli mat ologica l , hydrological and mor phologicel date, i n­
fluenoing t he ice conditions into the calculat ions. The synoptic 
me t hod has not yet .been elaborated to such e degree thet the cel­
culations could be c onsidered eccurate. We liked mos t the t hermi­
cal be la~ce met hod overtaken from a Soviet researcher , Shulyekove­
kiy. P1rst of a l l we calculated the first appearance of i ce on 
t he Auetrian Danube stretoh, begun from 1927 when the Kacbl et 
Barrage was alreed y in operation. Th.e calculation embraced the 
period to 1964 , when the Danube had ice in 29 winters. These 29 
wintere are taken as 100 per oent and in 84 per cent the ice ap­
peared at t he barrage 1 to 40 days earlier. In 14 per cent the 
first i ce on the Danube eppears just on the ss me day when at the 
barrage the first real ice was observed. The essence is, the 62 
per cent of the calculations is good. On the basis of this we 
calculated the appearance dstes of the first ice for the Czecho­
slovak Danube eeotion at the barrage and informed the deeigners
about the expectable ice conditione. Thank you. 

Chairman I Questions? Commente? Now we will continue with the 
papers and ieave the general discuseion until all papere have 
been presented. Our next presentation comes from Canada. Dr.Gee 
Tsang is in the Hydraulic Divis ion of t ho Cenadian Center for In­
l and Waters. His paper is entitledl "Ice Piling on Lakeshores; 
with SpeCial References to the Occurrences on Lake Simcoe in the 
Spring of 1973". 

G.Tsang: Thank you, Kr.Presidentl Ladies and Gentlemen! 
The paper deals with ice piling. In fact, only the ice pil­

ing of lake Simcoe was used as an example, but what has been 
found should be general. The story of this study is this: early
this year we had ice piling in lake Simcoe and so peo~le mede a 
lot of noise. Because people around the lake have built many cot­
tages. In Canada when people are eo rich that they can build cot­
tages they usually make a quite big noiae. And eo my boee said, 
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O.K. go ou.t IIIId make 80me IItu.dy. So I want out lIIIiI made. 111:11i1y
about it, and t hat is what I have tound so tar a8 it is reporied
in the paper. I tound that ice p1ling can Cause quite bit of 
damage. Especially tor houses c l ose to the l akeshoZ'Os, and the 
main reaeon of ice pil ing i8 not by strong winds as meny people 
believe - by the same reason a8 in icy regions in the arctic area 
- but by the ohange ot directio~ of the wind f rOID the onshore di­
rection to the offshore direction, aDd the speed of the wind can 
be quite law tor one inst8llce, and we t ound that ice pil i ng m8)' 
ocour under a wind of l ess than 6 .75 m/s. This decimal nU1llber 
comes from cODverting the units becausa as you know we use Brit­
ish units so 1I 0 W we are supposed to convert to the metric Ull1ts, 
and so this is roughly about 12 or 16 miles/hour . 

And I had an ica piling about 30 feet or 9 metres. And that 
~s the highest. And we also tound that won't occur it temperat­
ure is about 0 °c because st that time the ice st icks t ogether
IIIId the friotion becolDes h~h and so tb.e::\, WODet pi l e. Based an 
this observetion, I have made s OlDe numerical analysis on i t and 
cOlDe out with a couple of formulae t o predict t he height s of an 
ice pUe, the size at the lce f l oe and t he base angle end al.s o 
predict tha time required tor an ice pi l e to ooour and slso the 
width of the w.ter gsp that has to be eva11able for ice to pi le. 
The findings were cont'irmed by a few observations, at l east by
the date. we have. On continuing thill pr oject th:1e :rear in t he 
ooming spring continued observation will be done o~ a weather 
stat ion that has bee~ lIewly es tablished at the lake-sh ore at one 
location whsre last year we had a big ice pile, and we also plan 
to pu~ aome current mete~ cloae t o the shore ae eoan ea I go 
beek trolD this meeting in C.nada and we a180 try to take the 
. oandings and so this probsbly will answer the quest i on of Prof . 
Rank6 on the slope etfecte of the bott olD on i ce pil ing. And a l so 
t o ha~e a surTey of the shape of the ice that i s what affects t he 
shape and the size of t he ics floes . We are going to put , t o draw 
big signs with a dye on the tloes and on the ice cover and then 
we t eke up wit h an aeropl ane and take pic tures betor e and after 
the iDe pile and so t ake e measurement t o see how piling occurs 
and hopefull y we will have SOIDS more data t o come out whi .ch lDay
lead t o further i mprovement of t he analytiosl trea tment of the 
problem. In fact, I s t ter reed ing my paper on t he plane with 
whi ch I came over , I havs read another paper by a HUllgsrian sci­
entiat , Mr.Gy6rke . and i t seems we have had the same probl em. And 
s o I am quite happy to s ee that the scientist s al l over the worl d 
see water probleme in the salDe way . Thank you ! 

Chai rmsn: Thank you Dr.Tsang ! Are t here any question to the 
addressed concerning this paper? Yes, Dr.Ashton of the United 
Stetes . I think to be translated you have t o come to the micro­
phone . 

G.Ashton: The observation of the author that overriding oc. 
cured e b~gb percentage of the occurrences and that undersliding
occurred in but a slDall per cent of the cases· observed is most 
intriguing, particularly since piling was Dot observed to prog­
ress in the latter cese. This gives rise to two questions. Firat, 
what behavior resulted after initial undersllding, and second, 
would it be reasonable to utilize some form of protectlve struct­
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ure to enc ourage underelid tng ae a meane of local protec tion 
against ice piling? 

G.Te~t The question mar be answered in this way: Now when 
you have ~ pieces of ice the upwind piece will ride und er and 
when t his hits the firat piece of ice it can only go doWD and 
cannot come up. And if it is going down - becauae in that araa 
usually ie a quite low temperature - so likely it will stop t here 
and therefore the next one to oome , it hae to slide for a much 
longer dis tance. So i t h.ae not sufficient momentum then go up.
This i e h ow I have seen it . There i 8 an ot her phenomenon "rafting"
which really is a buckl ing . And to the problem tha t you have more 
overxunning t han underrwming it i s due to t he wave fo rm.The wave 
usual ly grad Ually increasea and you have an abrupt c oming down 
and so I think you wi l l have a better chance of coming on the top
of it . And I think r eally i f you can come up with s ome method how 
under sliding occurs it would be a good idsa. You can it t ry out . 
And in f s c t f or the method, for one ot the met hods I proposed, i t 
would be n10e t o try out . 

Chairman: Any questions? Dr .Ste.rosolsr:ky? 

~.Starosols z~ Thank you Mr . Ohai rmanl Kay I rise t he ques­
tion concernIng t hs forc es ersc ted by t he piling of t he ice . Are 
you intending t o measure ths f orcsa and it yea what type of in­
strumentation do you want to use? ADd simul taneously may I ha ve 
a slight comment concerning t ha pil ing of the i oe OD Lake Bala­
t on? As you know Lake Balaton i s t he l argeat l ake in Cent r al­
- Europe located in the middle of ! ransdanubia in Hungary. Its 
length is about 77 kIn and the width about 8-10 lc1II. On this l ake 
Prof.Cholnoky at the end of t he last century baa measured ice 
pilings · on the shores. The results of hj.s lIIeaaur ements have been 
published in a book about the beg inning of t his centurY.And these 
results are supporting tha resulta which have been discussed by 
you. And on Lake Balaton we have quite a big problem with the di­
latation of the ice cover. This dilatation is caused by the tem­
perature variations of the ice c over especial ly in the days when 
we have quite heavy changes of temperature. E.g. in the 1II0rning 
or in the night. And the mai n t roubles - according to our opinion 
- are caused by this dilatation and not only because of the wind. 
Thank you very much! 

G.Tsan~: To answer the first question concerning the measu­
relllent of t e forces my enswer is, I em afraid, no. The reason is 
beceuse eimply we in Canad a do not have lIIany people and support 
to do the job. In fact, many times I have found I alii doing things
Singlehanded and this is quite difficult. And I em glad to know 
that I have sOllie support frolll observations frolll this lake in Hun­
gary. Which seems to lIIe a little slllaller than lake Silllcoe but of 
comparable size. Talking about the temperature effect, I think 
there has been quite a few papers published about the temperature
effect on ice cover, I think one is by a Canadian by the nallle of 
Milne end he has found that when the ice cover is subject to a 
temperature change it affects only the top 5 cm, which will be 
affected by the temperature. Because of this if yOU have a crack 
in there it tends to increase. And you have a high thermal stress 
in there. And if you have a stress concentration now you need a 
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l1ttl. wiDd to make 80me wa•• underueath and that would probably
the main cauee I ttllDk t'or breaking the i.ee. P1rat you have a 
wind energy and that goes into the wave and water and then you
have a wave ohange aDd this energy goes in the i08 cover and from 
the t'luotuatlon, t'rom the vibration, the kinetic ellergy of wave 
chauges has to go some.here and it goes into breaking the ice cov­
er. Tbis 18 the way I eee it. 

cnairmRn: Other questions? I may raise a question in CanDeo­
tion With t e analysis, with the introduction of a friction coef­
ficient. A constant friction coefficient. Do you know that =uch 
work has been done to measure the friction coefficient in stuck 
ice under dynamic conditions? 

G.Tsang: I tried to find 80me material and I oould not, be­
cause nobody so fer haa gone out to measure the friction of ice 
under natural oonditions. And by tha way, something has oome up 
to my mind. In ~ paper I uaed a numerioal method to integrate
this distance and then I found out this which oan be done alao 
SDslytical1y. 

Chairm811: I think that in due time it 1ikely win be fO\Uld 
t hat £61B frIction coefficient is very velocity dependent. And 
thie is what we ere findillg more commonly in sheer strengths and 
compressive strengths ( ••••• ) fragmenting ioe. It is really very
velocity dependent that makes the problem even more diffioult. 
Onll other comment. I hsve concerns to temperature distribution 
in ice floes. The top cent1metres being affected I think tbis is 
e vary looee generelization that one cannot benk on too muoh, be­
ceuse it certainly will depend first of a~l on tha rete of tem­
perature change and of course also on the msgnitude of 1t. There 
wes soma mora published in the Un1ted States in the psst yesr by 
two investigatore in which they iDtegrete DOD-steady heat fl ow 
equation for ice-floes taking into eccount the temperature ds~­
eDce of the thermal d1!fasivity that 18 the oonductivity of the 
i cs and aleo the affects of salinity. So it 1s now time to make 
a generalized graph to take predictions about the temperature 
variations withiD the ice. Other quest~ons? Comments? Thank you 
very much/Dr.Tseng. The seventh paper and the last one l isted or 
scheduled for todey is a contribution fro VITUXI by Mr.O.Gy5rke 
under the title: "Ice Problems in Lekes and in Large Headwater 
Reservoirs on Canalized Rivers". And this paper follows properly
after the last one. Kr.Gy6rke, please I 

O.Gy§rkel Yr.Chairman! Ladies and Gentlemen I 
I am dealing in ~ paper with ice problems in lakes and in 

large impoundment reservoirs iD canslized rivers. In periods with 
strong winds and at locations where the width of the exposed wa­
ter surface ettains or exceeds a certain axtent wind generated 
waves and currenta will occur in the water body. If t here are, in 
addition, floating ice floes OD the water surface these ere set 
into movement and carried downwind. III such caSBS the movement of 
ice floee is controlled by the resultant of currants due to grav­
ity and wind action further by the movement imparted to the ice 
fl oes by wiDd. Where the ice tree retoh is long, the wind-gener­
ated currente and wind imparted mo.ement of the ice fl oas govern
fundamentally the direction of movement and the velocity of 
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floatiDg ice floas. It the flow strikes an obstael" solid ice or 
structures they acoumulate and the resulting jam re~ains station­
ary or continue to move. This jam tormation is always accompa­
nied by enargy transformation. Thia phenomenon occurs regularly
in Hungary on Lake Balaton and to a much lesser extent on the 
Danube also, at locations where the flood bed in the direction 
of the wind is wide snoUgh. In the wide backwater impoundmec~e
of canalized rivers and in storage reservoirs wind ge~eratad ice 
movement and jamming must always be antioipated. The oonditions 
for the ocourrenoe ot this phenomenon and the possibilities for 
averting the damage can be iDvestigated by a dynamio analysis of 
the ice movement. 

I tried here to put into equation the foroes aoting in this 
phenomenon, see Eq.l. iD my paper, and to evaluate the kinetic 
energy oarried by the moving ice. See Eq.2. 

But for using thesa two equations, in computstions some 
quantities,which are also enumerated in ~ papa~must be detur­
mined. At the time, when we did not have valuable data for these 
terms I estimate that for praoticel purposes the critioal extreme 
values are probably of intsrest. Reasonable estimates may play an 
important role here. To assist in these aatimates sttsntion is 
called to oertain trends. 

a) The size and the destruotive power of the forming Jam are 
controlled eventually by the mass and velooity of th striking
ice. 

b) The dimensions and deatructive power ot the ioe jam are 
greater if large coherent floea strike the obstacle. The large
floes tend to become pushed over each other at the obstaole, but 
break up ~ostly near the top. 

c) The destruotive effect of iemming can be reduoed by pro­
~oting the possibility at detormat on work taking place during
breaking !Dto piecee.

In order to prevent and avert damages due to jamming, furth­
er to promote winter operation of reservoirs the following con­
siderations should be remembered: 

1. Before designing the bank proteotions and structures,
further before seleoting th~ locetions for harboure and ice 
sluices the following information is to be collected f or a part­
icular area: 

- Periods with running 'ice. 
- The direction of strong winds likely to oocur during this 

period. 
- On the basis of the foregOing, the shore sections exposed 

to ice jamming should be seleoted. 
2. Harbours should be situeted wherever possible along the 

~!Ddward shore. 
J. Ice release sluices are effective along the lee shores 

where the broken floes are acoumulated. 
4. Damages to the shorss due to ioe jamming can ba averted 

by having the jam be tormed farther away from the shore or by 
preventing its formation at all. The tollowing alternatives 
should be considered herel 

- if it ia compatible with reservoir opsration, ~he level 
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should be lowered, causing the ice to stop and jam before 
the bank slope, ae in Hungary, 

-	 at constant water level interception and jamming should be 
promoted by structures situated before the banks and de­
flecting the ice upward, 

- causing the ice in the vioinity of the shore to settle on 
the bottom. 

5. The levees enclosing impoundment reservoirs should be 
constructed with a wide crest. 

6. Methods for ice breaking which would lead to the develop­
ment of wide ice-free water surfaces and thus long fetches should 
be avoided. 

Thank you for your attention! 

Cheirman: Thank you Mr.Gyorke! There is at least one' pre­
pared discussion of this psper that of Mr. Brachtl of Czechoslo­
vo~ia. Please Mr.Brachtl would you please come to the floor? 

I.Brachtl: Mr.Chairman! Ladies and Gentlemen! 
Mr.Gyorke spoke about the damagss due to ica jamming in Hun­

gary. I would like to inform you about the possibility to jrevent
euch damages uaed at some smaller rivers in Czechoslovakia •••••• 

Thank you! 

C~irman: Thank you very much to Dr.Brachtl this very in­
tereat g presentation and deecription of an intruiging means of 
ice control. It is always a good idea to keep the ice where it 
makes the least damage. Now, are there any further questions on 
or of the discussion on paper C7? Are there questions? 

Would anybody like to address any questions to Dr.Brachtl 
concerning the ice control structures he just described? Tsang? 

G.Tsang; In Canada and in the United States ice control is 
often achieved by uaing ice booms. And as I noticed from Dr. 
Brechtl's paper the results obtained by these structures are very
good. And I wonder, I would like to know more from the comparison
between the structure which was developed in Czechoslovakia and 
the ice boom which has been widely used in Horth-America. 

Chairman: Mr.Brachtl, would you like to reply this? 

I.Brachtl; It is quite difficult to reply because my English
io not on the level that I could speak fluently but we have no 
experience with ice booms which are used in Canada, I know some 
experiences obtained from St.Lawrence River snd around Niegara
Fells but in this case you saw on one of these pictures two pro­
files we have proposed for an ice control structure. And for the 
first time we msde only one of them, that made of steel piles. 
In other csses we wanted to check the influence of swimming booms 
in some cases in combination with driven piles but one problem 

• 	 The text of Dr.Brachtl's discussion as a lately arrived paper
is put at the end of this session report! 
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was for the spring flood. We are Dot quite sure that we will have 
time enough to put the sw1mmiDg booms away. And iD the lower re­
gion there is a bridge.The piles of the bridge are not far enough 
aDd there was a danger that the ~mmiDg booms will clog the 
bridge profile and will cause a great damage iD this case. And 
therefore, we constructed at the first site and the first site is 
very good for the moment. If the conditions will not change and 
the amotUlt of ice willnot be too much for this structure everything 
is good. Otherwise, we will check the possibility to construct 
another one in one of the profiles which you have seen on the 
pictures. 

Chairman: Further observations on ice control structures, 
Kr.Hurst? 

Ch.K.Hurst: ConcerniDg the difference between the ice boom 
which we have in the North-American practice and the ice struct­
ure which was here discussed - the ice boom which is used close 
to the Niagara Palls is to encourage the formation of ice iD the 
begiDning of the year. So, you maintaiD the ice there and the ice 
cover to prevent it from flowing down the river. Whereas, the 
other structure - I presume - is used to break up the ice and 
hold it in the flood periods. 

Chairm;p: Dr.Starosolszky? 

o.st,roB01~ky : Thank you Mr.Chairman! Let me address a 
questIon 0 Dr. ae fitl. I would be iDterested about the design 
method of this piling. Did you take into consideration some spe­
cial loadings erected from the ica. That means, I would be in­
terested about designing of the opening between the front piles 
and simaltaneously the loads but you have to take into considera­
tion when designiDg the stability of the special form of the 
piles. Thank youl 

I.Brachtl:'In dimensioniDg of the structure we took the ba­
sic hydrologic data about the water level in winter period, it 
means lowest and the highest. In the last case iD a section where 
peakiDg occured twice a day. Or three times a day. And therefore, 
the top of the ice control structure is a little beneath of the 
water level of the peaking. The opening between the structure is 
chosen after the dimensions of the flows we expected to come from 
the upper reach of the river. They are a little greater than the 
flows coming. It is supposed that the steel pilea will form a 
crystallization of ice formiDg and that also ice will grow from 
these piles on the sides. And the coming floes will clog. We do 
not like to clog all the structure and iD the period of peaking 
the ice cover moves upwards. And iD this time it is necessary to 
have enough place between the ice cover and the bed in tha pro­
file for the discharge of the wster to flow. And duriDg peaking 
so the ice cover forms and forms upwards, straight upwards, so 
the river is protected from heat loss. And during winter, the 
whole quantity of ica is much smaller than without such a struct­
ure. You asked me about the loads. It is quite a difficult ques­
tion. In preparing such a structure we do not know the height of 
the ice jam. So we only suppose that it will be the same as the 
height of the ice control structure and we chose such an incli­
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nation of the piles ~hat other lee th.t will come wlll flow over 
the atruc~8. It will be pushed over the structure. 

Chsirman: Key I aec how th.t inclination waa determined? 

I.Brachtl: to tell you the truth, it wae determined oDly by 
8 feell~g or suess. We observed several bridges, several ballle 
formationa aDd at'terwards we have chosel! the inclination elld it 
seems to be all right in this case. It ia working. 

Chai~an: Are tbere other questions or contributioDs 011 this 
aubj ed? 

Cb.K.Hurat (?): It aeems to me that this klDd of structure 
aDd the ice boom both have been in many respects a common funo­
tion. Now tbe quastion is wbich could be usad on a sactlon which 
is nevigable aDd mus t b~ moved 1D soma ways . 

Chairmen: Thera is ODe more contribution which ia not lieted 
jD your program. the paper wee included aa a separate 1D the ma­
terial which you received at registration. 

That ia the paper from Dr . Simmler on some espects of ice 
formation in river reservoirs. Is Dr.Simmler here? Or i s s re­
presentative of him here? To read the paper? 

· It not, I would open tbe floor to the ganeral diecussion of 
all of the pspere alld of the subject aa a whole. Dr.Staroaolszky? 

~.Staroeolazky: TbaDk you Wr.Chairmanl It you do not find 
too funny that! want to discuss with my distinguishsd Qolleage
Prof.Watrai on thie tloor, I may r ise the questio~ concerning the 
proble~ of the model teste of the ice rune. Prof.Hatrsi haa a 
etatement in his ganerel leoture OD p.7 in Section 3 in the 
second setltence : "The mOdel tests commonly adopted for estima ting
flow conditiona yield little information on i ce- run conditions ." 
This is tha question very frequently discussed among engineera
who sre devoted t o the practical problems while working in prac­
tice end smong researchers working in laboratories. According to 
our opinion it would be very difficult to meke model teats, real 
model tests concerning the ica f ormatioD OD the rivera. Because 
in this case we need epecial thermal labs which ere very rare al l 
around in t he world . But when wa are deeling with ice run cond i­
tions, according to our opinion, there sre phenomane which may be 
modelled, wbich may be tested quite wal l. Let me emphasize that 
when we have a r eel sheet- tlow sDd in the csse of ice-run we have 
e real twodimensiona l problam on the surfeca of the river and 
when wa ere not too much interested in thrae- dimensional f l ow in 
the r iver itse lf we can prepare e model - teat where the simi l ari­
ty msy be ensured. Taking into oonsiderstion only the Burfece­
- pa ttern . And in this casa when we are i ntereated only in the 
ice- run conditione end not interested in the atoppage of ice-jam­
ming the model tes t s may be used. Of oourse, if Prof.M8trei will 
not egr ee wlth me mey I aak him to discuss with me. Thank you 
very muchl 

I.Matrai: I like to give my idea about this model-test. It 
would be better in Hungerian becauss my English i8 not perfect
but I wil l try. My idea wee that the perfect model testing i8 
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always a problem. But my idea was first of all that .he~ the ice 
is moving, this two-dimen8io~al motion can fiDd a good materiel 
to make the ice floes - you C~ oalculate the weight of the floet­
ing possibilities - and I think this is correct. But if the ice 
is moving in real life thia has a strength of 22-20 kg/cm2 and 
when ice is braek~g this is even greatar and this is the reel 
problem. Whan the ice ia moving and breaking we cannot do it in 
model teats and first of all when ice is jammed we cannot do it 
in model tests. That wea my idaa for the perfection a 11ttle of 
this problem but I do not know how to do it . Thank you. 

Chairman: Xes, plesse. Mr.Gyorkel 

O.G~rke: A8 for the model tests. To model anything with 
perfeci ~ml1srity is impossibls. We sre modelling in our prob­
leme phenomena in which thera are ditferent procesaes, some of 
them interesting for ue. The ice problem ia one of them . There 
ere differe~t processee: 
- the prooesa of ica formation ia a thermal process. It can be 

modelled but the modeling is very complicated it i s not easf to 
tollow the floati~g ice piece as 8 aolid on the water. 

- When the ice ie treated sa a solid matter, floating on water 
and is not necesse~ to take into acco~t the inner fo rc e, the 
rigidity of the ice, it can be modelled in a fluvial model only 
es a matter which is floeting and the similarity depend s only 
on current velocitiea and the mess of floating piecea. 

- But if the phenomena depend on the rigidity ot the ice also, 
- the ice jam i8 en example - where kinetic energy converaion 
takes place then the modelling pr ocess i8 o t~er, one must ta~e 
into consideration the inner properties ot the i ce materiel. 
Any modeling method haa its rulea and it must be decided alw~s 
what process is deciaive in this phenomenon, ~d model this 
proceas. Thank youl 

Chairman: Than~ you,Dr.Gy6r~e! I would ask if thars 1s 
reply to ihis problem concerning modeling? 

I.Katrai: Thank you for the possibility ot r.plyinglI think 
yOU have ~aerlined my opinion a.nd there are Iota of problellls to 
eo l ve in this field. Thank yo~ very much I 

Chairman I Thank yO~ Prof .Mitrail I would tend to support
this view a l ao. At the laboratory where I work we are directing
continuous attention to the queation ot modeling ic e phenomene.
Pirst ot all the question of modeling ice forces on structures. 
This work has been conducted by my c ol leegua Dr. Schwertz. who ia 
a visi t or trom Hannover. He has found that he can give quite good
model-prototype correspondence in the case of ice forces on ver­
tical atructuree. If he uses fresh water ice, provided suffioient 
at t ention is given making the ice crystals emell enough and pro­
vided further that one uses an appropriate reference strength.
That i s asy, the oompressi ve trangth under closed condi tions.Or 
under s imple compression tests. However, i n the csse of ~orcee 
on i nclined struct ures where bending becomes importa:nt, then it 
is neces sary a l so t o use reduoed strength ice, ssy sal t water 
1es. How in the questions concerning the kinematioa and dynemi cs 
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of ice, euch ea the formation of ice-jams I think i~ you are in­
iereeted in juat the kinematic eapecta of the ice moyement then 
one can get pretty good or at least useful information using some 
form of arti~icial ice - we are all aware of the yeri oua typea
thet haTe bean tried. However, if one wa a going to t ry t o model 
the dynamical aspects alao that 1s to say ihe thickne s a and rate 
of accumulation in an ice-Jam then - I belie,e - one is likely 
going to haTe to uee some ao tual ice or at le• • t some reasonable 
reproduction of ice becauae the limited da t a available iDdics ting 
the s t rength, tha c ompresa1ng s trength of the fragmented ice en­
semble and t he sheer a t r ength, are a o dependent on tha rate of 
deforma tion, it aeema t o me that it i8 going to be very dift icult 
to find an artific ial material t hat would model thia. Of c ourse, 
we ha,e theae model ing 11mitatioue and thera are many other prob­
lema too 1n t he caae at all but t he .implest problems snd I sus­
pac t that in t he c a.e t or model1ng aed i ment transport probleu, 
lII odel1ng' ic a problema coat inue to be a t least partiall y an art 
for aome year. t o coma. Are t here othar quea tions or oomments 
f rom the perticipant s? It not, you allow ma to at t a pt t o sum­
marize shortly snd parhaps in an oYaraimplit isd way my view ot 
the efternoon's proceedings and attar I am t inished I will ask 
once agein if peopla would like t o disagree ot what I would say 
or amplity what I eay or aake aome other queations. 

I t aeems to De t hat t he problems that haya bes~ discussed 
th1a afternoon can be r educed a t l eaat to t our genaral oatego­
riaa. P1rst ot all i s the continuing question of ic a production, 
or t he the~al balance of atreams. It is interesting to speculate 
about wha t t he future might bri ng on thia subject. And I a m re­
. inded by a joke I hesrd a t the firat ioe symposium in Reyk j a vik 
sOllie in 1910 - I am aorry I cannot recall wh o told the j oke ­
but 1t had t o do with ioe cont rol in general and it said t ha t ,the 
bea t ways to hendle i oe problema was to Just avoid ice and in 
t hie r egard we should learn the l ss.on from the Volkswagan, with 
its air-cooled 1I0tor . By simply el1minating _ter from t he cool­
ing sys tem and using air t hay hava avoided the freezing problem.
So, i n e Volka.agen t he . ot or does not freeze only the people
freeze. And certain ly thia is a good thing to avoid a certain 
proble•• I think t ha t if t he environmental standards are more re­
asonably i Dterpreted we might be in the position on major rivers 
of the world to ayoid many ioe problems and preTenting ice forma­
tion. In the United states - if I may allowed to recount one ex­
perience - we now have s second year operstion of a large thermal 
diffuSQr-pipe on the Missiasippi Rivar. Just west of Chicago. At 
the point wae the aTerage discharge of the river about )0 000 cfs. 
A 1600 MW powerplent discharges 2210 cfs of water into the river, 
practically in ideal fashion it is disturbed across the river 
and roughly mixed with the river flow through diffusor-pipes. 
During the last winter, which was a rather mild winter end so far 
this winter the ice for some distanca downstream from the diffu­
sor-pipe has been in effect eliminated. There is still the prob­
lem of ice coming from upstream eapecially when there is a wind 
from Borth to South. But the problem of large scale ica accumu­
lation from this reach have been eliminated. And what is perhaps 
more important end intereeting is the fact that the biologists
who are conducting intenaive studies on this reach of the Missis­
sippi RiTer report no measurable effects at allan tha fish popu­
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lAtiOIl, all fish Bizell, not olll" the fish but the .ho1e structure 
of 1ile 1n the riYer lIe8llS to be Wl&!fected. So, one can look 
fore.ard perhaPII to the de.J' on large riYe~1I .here .e .011l.d do 
a seriell of nuclear plants .hich .ould use the river water for 
coo1il1& duril1& .inter and thereb" eupress the ice and dQri~ tbe 
_er .e would like4 uee other coo1il1& methodll such as coo1iD8­
-towerll. So, perhaplI one of our ice problems will go a.1V{ but 
there .ill oontinuoue4 be here the problem of ioe production and 
thill ill the first catego~ of prob1811s that I discuss todaf, that 
ill the thI!~ regimeII of river, the preble.& of estimatil1& the 
heat tranater froll! the fioell to the atllosphere. The tech.niques
that .e prellent4 use in the Unlted States in general take ac­
oount at least in an approx1lllate '&:f o! the various cOIIIPonents of 
the heat tra.nafer: radiation, oonduction, eto. And then put these 
together in a generall" linearized and some.hat s~thesized for­
.ulall, e.g. there is the ( •••••• ) equation that expresses that 
heat transfer in terms of the differenoe of the .ater temperature
and the eqllillbriWII temperature. And recenU" Jlacagno put forth 
another linearized method. ~hese tend to be quite good provided
that the .eteorologio data are good, so we are more and more de­
pendent on .eather foreoastiD8' 

~be second general problem ooncernll stres., strain,strength 
relations. 

In &IlJ' problem, .hen .e have to lIIanage ice once it is for­
med, .e found IItrength relatione. And in &IlJ' problem OOMected 
with ioe once it has been formed,.e need knowledge about the 
streD8th of ioe and I refer not olll" to ice sheets or uninrupted 
or I should 11&" integral ioe covers but perhaps equa1l.-1mportant
fragmented ice.I think thill ill going to be a ve~ diffioult prob­
lem, during 8&1lJ' "earll to oome.Beoause the solid mechanios people
.ho are .ork1~ on ~uestionll of strengths of the simplest case 
TOU can :l..magine - that ie to Sa:( on eimpl.e ice under one d.lmen­
sional oom~esllion - are find1~ ve~ difficult problellls arisiD8 
in attellpti~ to formulate oritera. It is diffiol1l.t (.~ ••••• ) 

This oompany .as authorized to put his plant into operation only
after agreed to operate the diftuBor-pipes for 40 months. During
these 40 monthll the,. are oonlltruoting a s~ana1 s,.stelll, which 
.ould be a oanal 2 1/2 miles long 700 feet .ide and equipped with 
1200 nozzles to spray the .ater in the air for oooling. This is 
what .e oall a baok-feeding job. The oooling system is put in 
after the plant is built. And, of oourse, it is hsrd to get the 
best matoh or agreement bet.een the cooling .,.stem and the rest 
of the plant. Onl,. the life of the projeot, the oost of the cool­
ing .,..tem plus ths cost of the po.er it takes to operate this 
alternate cooling system, .hioh makes 5 l of the power genereted 
b,. the plant plus the reduoed po.er output beceuse of lower effi­
c1enc,. - that i& higher back-pressure - will cost to the power
oompan,. betwean 80-100 mil110n dollars on a power plent that only 
cost 200 mil110n dollars to build. That waa the last case that 
they would ob11ged to build it. Bow, we have the power crisis, 
and there is some question .hether we would operate it at ell. 
Because the roughl,. 60 JIW that tskes to run the oooling system is 
in. very great demsnd no. elsewhere in the syatem. So yoa oan see 
the swinga of preference and how explicit they have been in the 
United Statea. The swings oaused b,. the environmentaliats even it 
,.ou present data t,o show that you are not hurting the environment. 
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Is this an answer to your question? Are there other ques­
tions? 

Observationa, Discusaions? 
If there are no further questions, I will conClude as I be­

gan on some administrative details. 
Firat of all, I would call your attention to the reception 

this evening at 8 p.m. in the Hotel Budapest. I believe all of 
the visitors know where is the Hotel Budapest, so it will be very 
convenient for you. I also would like to direct your attention to 
pp.16-17 to the alternate morning programs that sre available 
tomorrow on Wednesday and on Thnrsday, if you wish to visit these 
laboratories would you please sign up at the information desk. 
You noticed that there are accommodations for only a limited num­
ber of visitors on each of these tours, so wonld you please sign 
st the information desk. 

Weli, I would like to thank you very much, Ladies and Gent­
lemen, for your attention this afternoon, thanks to the authors 
thet presented papers and to our genaral lecturer, Professor MAt­
rai, for his excellent presentation. Finally I like to thank my 
co-chairman Dr.Z.Hanko for participating on the podinm and I 
declere this sesaion to be ended. Thank youl 

As addition to the material of Subject C, on the following 
pegee Dr.Brachtl's paper is printed. 
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ABSTRACT 


Ice and fra zil accumulation during ice run or due to pea~ing 
operations in the hydropower plants can result in ice jamming and 
jeopardizing of the adjacent areas. 

One of the methods -how to protect the'respective re3io~ is 
to construct ice control structures. The ice control structl~es 
~~ke possible to retain the moving ice and frazil on the chose n 
site, where no greater economic damage can arise. 
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Durir~ the frost period ice and frazil fonuation occur on 
Slovak rivers. In the course of thawing or te:;;porary flow increase 
the ice ~ss sets oat to ~ove and freezes up 66ain in sOwe of the 
lower river reaches. Thus the ice j~S may be formed jeopardizing 
the adjacent areas with floods. 

After the cOwpletion of a water scheme or a whole cascade of 
water scheLes a basic alteration .of winter river regime is induced .. 
This chSl1cie can be seen most expressively within the area of the 
bac~",ater end and in the section downstream of the water scheme. 
Especially duril'-t; the peaking operation the discharge wave entrains 
the drift iCd, ~order ice and frazil, deposited in the empty river 
cha1U1el. After the teru.ination of the peaking this ice mass will 
denosit either in favourable sites of the river charillel or at the 
backwater end of the next water schelLe. There it freezes-up for­
dr~ a solid barrier and causiIg a considerable water stage increase, 
often with resulting ice-flood. 

'lie have been fncil16 siL1ilar problem already in the course of the 
cOllstruction of the water sche;.•e, when for the diverting of water 
tnere is oruy available a reduced channel or the structure dimen­
sioned for the diverSion of the norrcal discharge in the respective 
period of construction. The jamming of this structure or of the 
reduced charmel would cause the flooding of the construction site, 
dawa~es on the structures under construction and delay in completion 
of the water sche~e. 

One of the way how to prevent the above~ntioned difficulties 
is to trap the advancing ice and frazil in a location where the 
prospective occurence of en ice jam and inundation will have no 
econo;..ic effects or - in an extreme case - sr:;aller effects than 
wi thou t any external intervention. 

The ad,ancir~ ice and frazil can be held back by the so ·called 
ice control structure. For this purpose we use in our country simple 
,"Iooden or steel protection piles. The ice control structure should 
be installed in the river cross-section where the inundation is of 
such a capacity as to be sufficient for retaining ice and frazil as 
well as for the diversion of the flood flow in the case of clogging
of the ice control structure with timber during su=er floods. Ice 
control structure operates more efficiently when installed in a 
section havil16 a s'''-Bller river chalUlel slope, or at the downstream 
end of this section. 

Within the period of the construction of the Dornasa water sche­
'..e on the Ondava River the water was discharged through two twmels. 
If one of them would be clogged with ice floes during ice r~ or 
with timber duril16 spring floods the construction site would be 
flooded and the earth d~ under construction would be damaged. There­
fore, the protection of the construction site by means of ice control 
structures was reco~ended. These were made as Simple driven wooden 
piles, placea close to the bridge profile, about two kilometres up­
stream of the construction site. This profile has been chosen for a 
wide leftside inundation confined in the lower part by a high road 
embankDent leading to the bridge. The deSigned system of ice control 
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structures has been adopted since 1964 and proved to be succesil ­
ful in the course of the water scheme construction during the 
ice run as well as during the summer floods. 

The construction of the water scheme Ruzin on the Hornad 
River has changed substantially also the winter re6i~e of the 
Hnilec River, flowing into the reservoir. As to protect the 
village Jaklovce - situated at the entrance of the P~ilec River 
into the reservoir - frorJ anJlually occuriJ.g ice jams, we have 
designed its protection using the ice control structure. The 
height of the respective elements of the structure and their 
spacing within the cross-section were aesi6ned so as to allow 
the water to run off through the central part over the ice con­
trol structure on one hand, and round the ice ja~ on the other 
hand, if this would be too hig h /Fig. 1/. 

It was recommended to construct the ice control structure 

in this case as a system of metal tripodes anchored in concrete 

blocks. The ice control structure has proved to oe efficient 

during the 7-year operation. 


A part of the town ~ilina is situated at the backwater end 
of the reservoir Hricov. The winter regime of the Vah River in 
the reach between the hydraulic power plant Lipovec and the Hri­
cov reservoir is influenced by the peaking operation of the hy­
dropower plant Lipovec. During the breaks betwee n peaking so lee 
reaches of the stream freeze-up and in the reaches with a greater 
slope frazil occurs. In the course of peaking this ice and frazil 
are transported towards the backwater end of the Hricov reservoir 
where they deposit and clog the channel. Thus the adjacent part 
of ~ilina is endangered by ice jamming. 

As to nrotect the town from flood the ice control structure 
was proposed to be constructed in the reach of the Vah River up­
s1leam of the town. The ice control structure consis·ts of 61 steel 
piles sunk in holes ~ 200 mm, filled with concrete /Fig.2/. The 
height of the ice control structure was chosen so, tha t in case 
of the clogging of the whole profile with ice and frazil in the 
winter period or with timber in the sumcer the inundation profile
would be adequate for conveying the flood wave /Fig. J/. The ice 
control structure has been in operation since 1970 and has proved 
to be adequate and efficient. 

With respect to the good experience obtained with the opera­
tion of the ice control structures we inte)ld to recou.rnenJi a ha 
design them also for the protection of other jeopardizea sections 
of Slovak rivers. 
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CLOSING SESSION 

16:)0 p.m. January 11, 1914 

H.Vandervelden, Chairman 
I.Degen, G.Pekete, T.Hayaahi, Members 
J .L.Bogtirdi and 
H.J.Schoemaker, Invited Speakers 

H.Vandervelden. Chairman: His Excellency Prof.Degen, Ladies 
and Gentlemen , 

After three days of intensive work we come to the conclusion 
of our symposium. 

Several eminent experts and experienced engineers took part
in the lively discussions and it is my pleasure to give the floor 
to Prof.Dr.Jolm Bogardi, chairman of the Scientific Committee of 
the symposium who will summarize for you the gained results and 
conclusions and formulate some proposals which arose out of the 
discussions. 

J.L. Bogardi: Mr.Chairman, Ladies and Gentlemen!H • • •••• 

Chairman: Thank you very much, Prof.Bogardi, for this re­
markable summary of the whole work of our symposium. I WOUld, on 
behalf of all the participants, express our sincere thanks for 
the work you have done. This aummary givas us not only an actual 
situation of the research work as indiCated in the preprints of 
the papers but contains at. the sams tim" a program of the 'Nork 
to be ' done in the next future to improve our knowledge on "River 
and Ice". The proceedings of this symposium together with the 
preprints will be svailable in tha next future. In the "Journal 
of HydraUlic Research" and in the PlANe Bulletin our aS90C::'a­
tiona will inform you and thair members where they can obtain 
these volumes. 

Now, I would like to introduce to you Mr.Ashton who repre­
sents the Organizing Committee of the next symposium on ice end 
I give him the floor. 

• The text of Professor Bogtll-di'a lecture follOWS on pp.159-104. 
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a .Ashton: Thank you, Mr .ChairmaD. On behslr at t he Organiz­
ing c ommitt ee of the Internat ional ASSOc iati on t or Hydraul ic Re­
s earc h , In ternat i onal Symposium on Ice Problema I wish to invi te 
the a t ten~ ee s of t his symposium t o attend a sywpoeium on ice 
problems at Hannover, New Hampshire, in the USA t rom 18 to 21 Au­
gust 1975. The s ymp osium will be sponsorad by ths Cold Regi ons 
Engineering Re search Lab or a tory and the mee tings will ba held on 
the campus of Dartmund Col legs. The theme of thi s symposium wil l 
include extended aeason navigeti on of inland wate~ ys, ice-jem 
control, effec t a of sBa-ice on marine s truc t ures . Shortly, there 
~ill be s second circuls r distri buted . Many of you should have 
rec e ived t he c i rculsr much like thi a ons which I have a tew co­
pi es lef t. Thera is not sny here I have it down at t he ds s k, you 
may write t here if you ha ve no t racei ved one. Als o , I have 
the membership s t t end ance of thi s aywposium and will be abl e t o 
aend ou t the c ircul ara to thos e addr esses. There als o Will be a 
s tudy- tour af t er the symposium . It defin itely wil l i nclude t he 
St. Lawrence Seaway , of which we have haard qui te a l ot har e t o­
day. And, of course, t here will be a Ladies' Program tor the ac­
compenying wives. Thank you. 

Chairman: Thank you very much, Kr. Ashton . Ladiea end Gentle­
men, in my opening address t o t he sympos i um I pai d tribute to 
Prof. Schoemaker, the devoted secre t ary of the IAHR as a fe r vent 
promoter of t he collaboration be tween wa ter-ori ented inte rnation­
al non-governmental organizations , who would strengthen their co­
-operation in problems deriving from the use of water. As this 
problem becomes more and more urgen t Prof . Schoemaker has been 
eaked to speak ua about hie opiDion c oncerniDg thi s SUbject and 
it wa s ti tIed: "Paet Experiences with F'uture Hori £oIle 'for Co­
- opera tion betwBen Int ernationsl Organizations Dealing with Wa­
ter." Prof.Schoemaker! 

H.J . Schoemaker l Kr .Chairman, Your EXcellency, Ladies and 

Gelltlemen~ •• • ••••• 


Chairman: Ladies and Gen t l emen! Let me ello" to congra tulate 
Prof .Schoemaker for his most remarkable views concerning c o-oper a­
ti on between international associations. Thi s aim is certa inly not 
eaal to reech but I am convinced together wi th Prof.Schoemaker 
that within a few years this collaboration will be a necessity if 
the associations want to keep their functions safe. Contacts be­
tween the different governing bodies of international associa­
tions certainly make this co-operation possible. Maybe this sym­
posium "as a first step in the good direction. 

Hie EXcellency Prof.Degen, Prof.Bogardi, Ladies and Gentle­
men! 

On the behalf of the Internetional Association of HydrauliC
Research and of PlANC and on behalf of all participants of this 
symposium I would like to congratulate His EXcellency Prof.Degen, 

• The text of Prof.Schoemaker's lecture is printed on pp.165-l69 

156 Closing Session 



--- -

chairman of the symposium and Prof.Dr.Bogardi representative of 
the Hungarian Academy of Sc iences, to the Sponsoring Commi ttee. 
to the Sc ientific Committ ee and the Organizing Committee fo r the 
complete success of this international event. This certainly de­
monstrates how valuable was to grant sponsorship for this gather­
ing of experts on ice and rivers. The discussions in which msny 
experts and engineers took part in the spirit of mutual under­
standing have brought to light much valuable information. This is 
yet anothsr proof of the great value and fruitful results of an 

-exchange of ideas on international level. Lastly, I would like to 
pay tribute to the traditional hospitality of our Hungarian hoste, 
expressed by the most heartly reception Thursdey night given by
His Excellency Minister Csanadi and the most enjoyable theatre 
show of yesterday night and would ask you to join me in giving a 
warm applause to our h os ts. 

And this must close our Symposium on River snd I ce. 
Thank you very much! 
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International Aesociatton tor Hydraulic Reaearch 

5£CTIOI'l3 FOll [o'LUVIAL HYDRAULIC!! AND FOn ICE PROBL~ 

Pe~anant International As.ootatton of Navigation Congresses 
!ECTION OF INLAND NAVIGATION 

INTEltNATIONAL !YHl'OSIUM ON RIVErt AND ICE 

Burlapeltt 1974 Hungary 

CONCLUSIONS GAINED ON THE GENERAL LJ!X:TURES I PAPERS A.I'lD 

DISCUSSIONS; CURRENT A.~ FUTURE TRENDS OF HYLRAULIC RESEARCH 


ON RIVERS AND ICE WITH SPECIAL REGARD TO nAVIGATION 


J.L. Bogli.rdi 
Kember of the Hungarian Academy of Sciencee 


Prof., Chair of Hydraulic Struc tures, 

Budapest University of Technology,


Budapest, Hungary 

At the end of ths WRiver and Ice w Symposium, which - and it 
is my firm conviction - has been a very successful one and COD­

tributed much to our knowledge on fluvial ice problems, - let me 
add a few remarks about the present status snd future trends of 
ice research. 

At first, concluding from the presentation of the general
lactures, papers and the discussions, it can be etated that the 
41 papers presented on the Symposium cover a wide field of flu­
vial ice research and reflects very well the modern trends of it. 
Grouping the papers rather arbitrarily, wa can see that 8 of them 
are dealing with the hydraulics of ice jams and ica covers, 5 pa­
pars analyze the interrelations between river-bed morphology and 
ice jam formaiion, 12 authors prasent experierices regarding ice 
effects on various hydraulic structures and reservoirs, J papers 
are dealing with the natural, respectively with the artificially
influenced thermal balance of water courses, 7 papers with the 
forecas.ting of 1c·e phenomena, 2 papere wi to. d efensive measures 
against ice, 1 paper wi to. the problem of bridge openings and piers
built on rivers w1th ice floee, 2 papers with ice protection of 
lake shores, finally, 1 paper is surveying the general trends in 
river ice research. 

Undoubtedly, this grouping of papers is not without short­
coming., a.pacially because several of them are connected and, 
wbat i ••ore, oy.rlapping each other to some extent. In spite of 
thi8, it CaD ~ .e.n, that the hydraulics of ice jams and ice cov­
er. .. well .. the ice effects on hydraulic structures and reser­
yoirs 1.1" '8paci.n,. teliPting for the researchers. 

Both re.aarch· !1e14. are r ••l1y very important frolZl practi ­
cal point of vi" and tb,e rolat.4 ie. phenomena caD be observed 
relaH vely 88811,.. or 121 ~bJI ab.s"lI-ce of !1C1ld data, laborEtory 
ezperilZlellts can M carn..d out. 

Unfortunately, only the appearance of 10., the formation of 
border ice, ice COTere and JalZl., the 8~~u~~18t1oll of ice sheets, 
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the break-up of the covers and the disappearence of ice are t he 
mos t easily and reliably obssrvable ics phenomena and onl y the 
water and air temperatures, as well as the ice thickness ar e more 
or less conveniently and regularly measurable. Even such seeming­
ly simple task as the assessment of percentage of water surface 
covered by flowing ice constitutes a rather subjectively solvable 
problem. PhotographiC methods from the top of high structures are 
promising, however, such structures cannot be found or built on 
every site where observstions are required. 

Measurement of temperature, flow velocity and suspend ed sed­
iment concentration, especially their distribution in a cross­
-section of the river is hindered or even made impossible by in­
cressing intensity of ics floe. Such measuremants can be safely 
csrried out but through a standing ice cover, i.e.daring a speci­
fied part of the ice regime only. However, intensive ice trans­
port UDder the ice cover can prevent us from measuring regularly
through leaks made in the ice cover, though systematic observa-' 
tions often would be necessary e.g. for the evaluation of changes
of vertical flow velOCity profile due to changing roughness con­
ditions. 

The observation of the bottom roughness of an ice cover or 
hanging dam and that of its variation in time can be made also on 
suitable standing ice covers. Detailed field investigations on 
heat tranafer phenomena at the water-ice interface and through
the ice cover, as well as on the circumstances of break-Up could 
also be carried out in such places. 

Regarding the fact that in many papers presented on the Sym­
posium and in the General Lectures repeatedly appearee the demand 
for collecting more detailed and raliable field observation data 
concerning various ice parameters, I would suggest to all partic­
ipants to promote the start or improvement of the systematic ice 
data collection in their home cOUDtries. In a similarly complex
and to the ice regime related field, namely in river-bed morpho­
logy successful data collecting and measuring programs have been 
atarted in HUDgary on various selected experimental river re­
aches, mainly for improving river training methods end techni~s. 
I think in cOUDtries UDder climates with regular fluvial ice re­
gimes, it would be suitsble to select river reaches known of their 
permanent ice problems, jam development, etc. and establish there 
special experimental stations with staff and equipment capable 
to observe and measure the above mentioned parameters. 

During ths ice-free seasons, detailed bed surveys should be 
carried out, thus supplementing the ice observations. It is high­
ly desirable that a staff . or recording gauge should be operated 
on or neer the experimental river reach with a longer observation 
period in order to obtain a reliable rating curve corresponding 
to the ice-free regime. 

Provided the necessary instrumente will be developed, the 
permanent staff on such experimental stations could carry out ob­
servations on slush ice formation and movement, on bottom ice 
formation, on the correlation batween suspended sediment concent­
ration of the flow and frezil ice formation, determination of 
winter rating-curves by flow maasuraments UDder ics covar mede by 
traditional or tracsr injaction methods, etc. Regular observa­
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tiona with a l imited soope had already begun in Hungary five 
ye&.r8 ago et the River Training EltperimeDtal St tion OD t he Raba 
river . Here daily water and air temperat ure measurements are car­
riad out and the thickness of i ce oover is de termiIled repeatedly.
However, t hi s river is Dot navigable and DO i ce-jam is formed on 
t he experimental river r each.There is DO Winter observation prog­
r am at all on our other experimental river reaches , mainly be­
cause they ar e sit uated in remote unpopul ated areas. 

Pertly to overc ome this difficulty, partly to deepeD our 
kDowledge about i ce effects connec t ed with river oanalizat ion , the 
headquarters of ic e ex periment al stations suitably can be chosen 
in t he vicinity of river barrages . In t his case, observations not 
only on t he river, but al so on the res ervoir and on steel and re­
i nforced concrete structures exposed t o ic e ection can be made. 
The main problems tor this kind of investiga tion ar e iIlcluded in 
the General Lecture on subjeot B, thus, it is not necessary to 
repeat t helll here. 

We have to admit, however. that even a wel l staffed and 
equipped ice experimentsl s tation cannot acoomplish al l research 
task demanded by the s olution of theoretical and pract ical pr ob­
lems . A broaa field of r esearch i s open to speculative work, to 
the analysi s of f i eld data and t o laboratory experiment s . 

There are not t oo many ic e laborat ories in the world. I want 
t o mention here on ly the Soviet and the Borwegian labora tories 
and the open-air exper iments of Canad ian researchers. li'r om the 
contributions to our present Sympos ium we have learned about the 
Ameri oan f i eld observations , flume tests made wi th i oe and about 
Canadian flUme experimants where the ice c over has been s i mulated 
by pl astic shee t s. Laboratory flume testa ere, therefore, no~ r e­
stricted t o speCial cooled environments and this might incr ease 
the uumber of such experimsnts in the future. 

Here I would l ike t o ment ion that during the recent decade , 
i ce t loe experiment s had successtully been carried out on tl'Io riv­
er bar rage mod el e and on the model of a cooling wa ter ou t let chan­
nel of a thermal power plant in Hungary. In ona oase the artific­
i al ic e shee ta have been made of plasti C foam sheets loaded by a 
cement l ayer , in t he other of gauze pi eces soaked in melted par­
af f in , thaD hardened . The f ormation of ice jams by pil i ng up of 
t he f loating sheets could be very well simulated by the latter 
mater ial. 

As for t he laboratory flume tests, I would suggest to con­
tinue t he riverbed erosion studies around bridge piers and spur
dykes under simulated ice cover. Another desirable investigation 
woul d be to clear up t he effect of ice c over on the threshold of 
bed-load movement. Such Hperiments would help solving some prob­
lems of river training, s ince a solid ice cover can result in un­
expected bed deformations even in cr oss-sections correctly dimen­
s ioned for flow and sediment conveyance, but disregarding ice. 

Regular river -bed surveys and bed~m orphology studies before 
and after erecting training works on s tretches with frequent ice­
- j am format10n are necessary for evaluat ion of effectivenes s of 
engineering measures. Therefore, it 1s advisable to use the se­
l ec ted ice experimental river reaches a8 river training experi­
msntal reaches, too. Here has to be amphas ized the significance 
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of the sometimes neglected flood-plain regulation. The main ob­
jective of this is the clearing the vegetation in strips of vari­
ous widtha on each or one bank of the river and keep them vegeta­
tion-free. This clear strips make also the runoff of ice-free 
floods easier, but their main role is to prevent the dangerously 
large-scale constriction of the composite cross-section available 
for passing ice floods. 

Equelly important is the comparison of river training and/or
flood-plain regulation measures with active ice protection meth­
ode, e.g. ice-cutting or breaking. This comparison should be made 
from both economicsl and technical viewpoints, worked out as de­
tailed a6 possible. It seems advisable to carry out such calcula­
tions elso for the combined epplication of bed-morphological im­
provements and active protection measures. 

Since both the very interesting ice-cutting and the tradi­
tionsl ice-breaking methods can really effectively applied only
if the blocks of the artificially broken ice cover can be trans­
ported away by the streamflow, these operations have to be co-or­
dinated with the release of water from the reservoira.In the case 
of non-canalized rivers, the role of hydrometeorological forecast­
ing is very importsnt, becsuse the stsrt of ice cutting/breaking 
manoeuvres often can be correctly set only bssed on reliable 
flood forecasting. 

I think we should continue research in order to improve our 
knowledge and experience in both mentioned fields, i.e. influenc­
ing the Daturel break-up of ice covers by artificial flOOd-wave 
generation in canalized rivers aDd imroving the present forecast­
ing methods by simultaneously involving thermal and flow regime
date in the mathematiCal atatistical calculations. We have seen 
during the Symposium intereating results of speculative and field 
research on freezing-in and break-up of rivers. These papers are 
encoureging because they show that this problem has been and will 
be dealt with by several researchers in different countries. 

Special problems arise in the case of rivers fed by grest 
lakes, especially when the river is an internationel navigation 
route, as the St.Lawrence River. Here the thermal budget studies 
combined with Up-to-date airborne remote sensing of ice thickness 
aeem very promiSing to predict break-up time. 

The effect of waste heat from power stations and industrial 
plants is getting increasing significance especially in highly
industrialized countries. With the careful selection of sites for 
new plants, aurprisingly long river resches can be kept ice-free 
for the nBvigation, or at least the navigation period can be re­
markebly extended. The presented Canadiap and Soviet examples 
demonstrate thst the research has already advanced beyond the 
first ateps in this field. With the progress of industrialization 
and with the increasing number of nuclear power planta, even the 
smaller countries might soon use these experiences and add their 
own contributions to it. 

No papers have been presented on the Symposium about the 
measurement of ice pressures on bridge piers or on hydraulic 
structures. A couple of publications on the initial results,col­
lected for example by Gameyunov in the Soviet Union and by Sanden 
and Neill in Canada, show that the first efforts have already 
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been made 1n thiB 1mllortlDlt but rather di ff icul~ field ot pracU ­
cal research. At the Soviet experiments, a steel shield was 
strapped to the outside of a railway bridge pier Dose. The f orces 
exerted on the shiel d by f l owing ioe bl ocks were taken up by hy­
draul ic celle oo.nnec ted to a manomet er. During lUi i ce-run "nen 
ice ot JO-40 em thickness passed t hrough the bri dge at a velocity
of 1 mlssc, the maximum torce indicated WeB found 9. 500 kp per 
I m w1dth ot t he pier, corresponding to a pressure of 2.7 kplcm2• 
In Canad a , the authors have measured the ice preseure right atter 
break-up by a m~re c ompl i cated method and observed a peak pree­
sure ot 7 kp/cm. The f orces were f ound osc1llating by 5-6 c~lee/ 
/aee. 

The oscillat1llg nature ot i ce f orces is Dot signif1cant 111 
ths case ot a stitf bridge pier , however, can be important a t hy­
drau11c s t eel s tructures, therefore s imilar measurements 1.n t he 
future woul d be desirable. Bes i des , t he above mentioned f 1e l d ex­
periments can be regarded as f1r s t s teps only and much mor e da ta 
would be required to draw such conclus10ns which coul d be used 
tor t he possible al t erations of present design code r equ1rements 
cOllC ern1llg ice pressure on structures . 

Another practical ice problem on which some r esearch have al­
ready been made and some experience gained is the acceleration of 
ice melting by sprlQ'1ng t he surface wi t h dark gra:U!s. About 15 
years ago, laboratory and f ield me t hodological stUd ies have been 
c onducted also in Hungary , t esting different mat er ials for this 
purpose. The main conclusion ot the experiment was that the mu­
tare of soot and sand gave the best results, because the soot 
r emarkably decreased the albedo of the 1ce surtace end the sand 
accelerated the breaking-up process by submerging more and more 
deeper into the freshly mol t en tiny holes of t he 1ce body. I have 
to mention that no large-scale a~oat1on of artificial ice 
mel ting has been carried out in ary. The fao t that no paper
has been present ed here d1ac losing more recent results gained by
th1s method or cr1t1ci~iD.g i t , seems to indicate that no research 
or app11cat1on is under way nowaday. in th1s field. 

HoplDg that also th1s ..pac t ot shortsning ice cover periods
will not be neglected in the future, I want to mention that new 
materials and technologies in river training also might require 
new research methods. Par example, application of wire net boxes 
and mattresses f1lled with crushed rocks for bank protection is 
getting increaslDgly popular because they are economical and make 
mechan1zation of work possible. It will be the task of the near 
future, to investigate the counteractions between ice and this 
form of bank protect1on w1th special regard to its resistance 
against frost and mechanical act10ns of ice blocks drifting along 
the bank. 

Papers dealing with p1ling-up of 1ce on lake shores are re­
markable, mainly because they arise the interest of researchers 
inclined to d1aregard th1~ phenomenon while tackling r1ver ice 
problems. Stab1l1ty of flood protecting dykes, bordering wide 
flood pla1ns as well as man-mads reserv01rs, however, show very
s1m1lar 1ce jam situat10ns 8S lakes. Therefore, there 1s an un­
d1sputable necessity for increasing our reseerch activity in the 
future in th1s f1eld, too. Along the shore of the K1skBre reser­
v01r on the T1sza River for example, a8 soon as the planned we­

163 Bogardi 



-----

ter level will be attained, we will face bank and levee protec­
tion problems. At first, the experiences gained on Lake Balaton 
and on other Hungarian lakes can be used,e.g. milder levee slopes 
and the application of protective reed strips,however,systematic 
field observations and studies will be needed to the optimum sol­
ution of local ice jamming problems. 

Investigations on control of ice drift and on the piling~ 
process can also suitsbly be included into the program of an ex­
perimental rivar resch provided it is properly selected f or ob­
eerving various ice phenomena. The organized work st such experi­
mental stations is, without doubt, a team task.The tendency , that 
even before establishing such h ighly specified ice-experimental 
stations, research on ice problems i s calling more and more for 
the combined effort of special ists of d iffersDt fie ld s, is re­
flec ted by the fact that 17 of the tota l 41 papers presented on 
thie Sym posium hsve two or more authors . Furthermore. the profes­
sions of the authors show that experts f r om me teorology to acous­
tict! and from fluvial hydrology to photogra.mmetry take part in 
i ce research. This wide co-operation is not only necessary and 
f ortunate, but also inevitable in order to solve the various very 
'~ o ll!plex problems connec ted with ice. 

Ladies and Gentlemen! 
In the foregoing I tried to review briefly the fields of ice 

research which were mostly represented in our Symposium and to 
point to the problems which have not been dealt with at all or 
not in a nucber commensurste with their importance.Obviously, not 
a l l the ice problems are equally important in the home countries 
of t he participants of the Symposium. The main emphasia, however 
has been laid on improving navigation conditions in rivers by 
shor tening the periods with standing ice cover and by svoiding
the possible demages due to ice floes, jams and generally to 
freezing. Nevertheless, it does Dot mean that ice-flood p.ro tsc­
tion csn not be equally or even more important in given csses. 

Organized research, based on teams working at experimental 
st ations and laboratories unquestionably promises quicker solu­
tions of most urgent ice problems which have been clearly shown 
in the papers, general lectures and discussions. Besides, the 
cloae co-operation of scientists from different special fields 
and the applicetion of up-to-date technical achievements in the 
investigationa is encouraging in respect of getting better under­
standing of the basic physical processes involved. This scienti­
~ic co-operstion must not remsin within the borders of any 
country, it must be international. not only in the presentation
of results on international congresses but also in the practical 
research work. The IAHR through its Section for and Committee 
on Ice Problems could help in various forms to fulfil this re­
quirement. 

Finally, I would like to acknowledge the excellent work of 
all the authors who presen ted here the results of their investi­
gations, of the participants of the discussions, as well as of 
the memoers of the local sponsoring , scientific and organizing
committees of this Symposium. I am especially thankful to the 
General Lecturers and to the secretsry of the Organizing Com­
mittee for their efforts to make this Symposium a really success­
ful one. 

Now I should like to wish y ou a very good tima for the rest 
of your stay in Hungary and a us aful and interesting study tour 
on the Danube River to-morrow. 
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I. The eubject of the final talk of this interesting sympo­
sium has been announced to you as the title above. 

Thiseubject has not been chosen to Bey simply good-bye to 
you, to wish you a happy return to your home and your work.I will 
try to Bey more, to invite you to think with ma about the role we 
play and about the philosophy underlaying our work. 

Let me be more specific. The title of my talk is somewhat 
too general; I like to confine myself to the water-oriented as­
sociations; that is more than enough for tha time being. 

My attempt to be philosophical is not due to a relatively
advanced age, but it is baaed on real past experiences end it is 
perhaps the best way to give an impressionistic view of what can 
be or should be the development in the future. 

We in the lAHR are most happy that we have found our parents
in PlANC willing to undertake this symposium with ue as a joint 
venture made possible thanke to the efforts of our respective 
Hungarian members. 

The subject is one of advanced specislizations; there sre 
not many acientists interested in ice, as it appears in our water 
environment; giving many engineering problems, this time focusaed 
on river naVigation, and flood protection. It is simply logical
that the engineers and resaarchers in navigation, river dynamics
and physics of ice come togethar. In our two associations 'file did 
find the components for this interesting syntheSis appesring in 
this symposium. 

I must confess that this systhesis was en experiment and 
showed a by myself unforeseen incompleteness: our friends of the 
hydrological sciences, in particular those occv~ying themselves 
with ice could have perhaps participsted. On the other hand, the 
symposium wes perhaps too much engineering to be of greet ~utual 
interest. This symposium is the second experiment; B year ago we 
had one in Bengkok, that time together with tae hydrologists on 
morphology of rivers. 
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r confees that the two experimento mode me optimIot1c tor 
t he tuture in co-operation between special Ists in water . 

What I like to submit you Stsrting out tram the results at 
our aecond e~per1ment, we are c losing today, is an out look on the 
f uture, beginning in the .past, based on the needs ot tha human 
co=mun ity and the dut1es of our profession. 

II . The past I shall not review beginning in the remote his­
tory at our predecessors who lett their traoes in remarkable 
works: nor sball I OCCUpy mysalf with the science ot wster in our 
par t of t he world tor example Heron of Alexandria or Archimed es 
of Syracuee. 

rhe reason, why I neverthaless lIIent10n history that we ca.n 
l earn tram it the human behaviour of scientiste and engineers. We 
aee, that science and tech.uique (we have at our disposal t odsy)
haB been ·created by men of gres t divers1ty in background and ap­
proach of probleme. We see mathemat1cians fasoinated by the me­
chanica of conti nue and engineers at t rac ted by the art ot msthe­
mat i cal a bstraction on one side and praotioa l people with creat­
!ve imaginetion some t imes with hardly any theoretical bac~round , 
on the other aide. 

Nowadaya it is not otherwise; what is new and in tull devel­
vpment i s thet we have n ow a c ommunication between the resear­
chers of greet divereity in charscter and attitude. 

Prom the hia tory of the n ineteenth century we eee t ha t t wo 
~xtreme8 d1d l i ttl e know of each other, or at leaet did not un­
derstand eac h othar. Mathematioians crea t ing nica descript ions of 
flow of idea l ized f l uids which did not exist and engineers fscing 
problems for which no ma t hema t ics was designed. 

At the end of the ninet eenth century hesitatingly s bridge 
wes erected between the two. Aerodynam1c8, s timulated by the be­
ginning of aeronau tics, i mmediately started f rom the shore of 
t heory; hyd r aulic engineer ing started bulldiDg the bridge from 
t he shore of prac tice with l ong tradition, a tradition which was 
hssed on experience and with hsmpering , sclerotio elements in it. 

The need for more intensive communi cation, tha t between the 
very top scientis ts by correa pondence lead to the creation of i n­
ternational organizations. 

A nice exampl e i8 PIABC f rom tha engineer s' Si de, f ac ing ws­
ter trans port probl ems, which was establ i shed in 1885 . In thos e 
days, t ransport W8S the main problem in the s trongly ex panding
industrial wor ld. 

On t he aide of applied ~athematic a and mechanics we kn ow 
IUT AW, eats bl i ehed in 1924 . 

In t heae t wo organizations yOU ~e s till in two c ompletely 
di f feren t worlds 1n api t e of t he tact t ha t both were es t ablished 
aa forume of applied sc i ences. 

The cons t ruct ion of the bridge con tinued and i t is interest­
ing t o notice t hat the t r adi t ionally bounded hyd r auliC engineers 
mad e verious et tempts . 

In 1925 PLA NC ha d i t s firs t well shaped water ch i l d, the 
ICOLD at first i n the parental hou s e and now in i t s own exist­
ence and making it s own career. 
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fen years l .ter the secacd wster child w.e born. As happens 
more in families, thi s child was adventurous and sOUght i t s OWD 

ways, ebandoning the trad i~ions of its parental house. l t has l eft 
the house imeed i at ely after ite bir th, 1t was the lAHR i n 1935. 
Quite independently and more or l ess provoked by c ircumstances 
far outside of the Western world a fourth engineering water-ori­
ented organizetion was established; the youngest in the femily,
the laID. 

The historical review is not complete for hydraulic engi­
neering. We are working in an environment which was tredit i onally 
an object of research of geologists and the object of faacinat­
ing descriptions by geographers and geodeticiens or geometriats
(in the true sense of the name). Also those scien tists wanted 
their owu society and the IUGG WS8 estsblished. I do not know 
whan this was , I know only that this aasociation has a remarkable 
psst and a long tradition. 

Whether it is in the character of pure science or not, I do 
not know, but this family haa a great number of childr en, all 
still closely c onnected to their paranta l house, al l kea ping t he 
respectable f amily traditions and the regul ar f amily reuni ons, ­
in our language "congresses" - which usually ar a c ol ourfUl events . 
VolcanolOgists, deep-sea oceanographers, arctiC expl orers, mete­
orologista t hen tell you about their edventures, faSC i na ting aDd 
exciting for us engineers. 

Thia family open8 for us the world in which we, 8S engineers, 
weDt t o f ind places where we csn live in safety; but e8 engineers, 
who hev. the t ask t o crests l iveabls circumstances, the observa­
t ions of these discoverers ere only introduct ions; we mMst always 
complete t hese with aur own methods. 

I I I. Up til l now I gave only en impressionietic rev i ew of 
some of the distinguished and ol dest f ami l ies of in ter es t f or t he 
hydrauliC engineer. Ther e ere, however, many more, younger then 
we ere, aDd the present c1rcumetancee are very f ertile fo r the 
establishmen t of new families - in our language "assoc i at ions ". 
Our growing interest for Our environment lsads scientists end 
engineers t o f orm centres of research and assoc1a t 10ns devoted 
t o special aepec t s in the scieno es r elated t o the det ails of 
this environment. Moreover, the 8%is ting old groups create space
in their t raditional approaoh f or the en.tr onment -oriented pre­
eent at10n of their work. 

In add1tion, the international governmentel organize t10ns ere 
cr eating branches f or tackling t he environmental probl ems t oo . 
Here I c ome t o the present s i tuation and I c onfine myself to the 
weter environment - we are interested i n - f or l iving, worki ng , 
recreation , for activities of transport , miSSing ss resource f or 
our e~er gro-ug demand and a8 an orig in for danger aga1nst which 
we must protect aursel ves . 

We see two extr emes in our c onsideration of the problems.
One i s traditionally the deepening of our kn owledge of dynamics 
end processes we observe, the other has its root s in t he ps st but 
i8 only recently rec ogni~ed as sc ientifice l tool i n its own meri t . 
I t is pressn ted under many different name s not very lucid in the 
signific ance. The copsideration of water circulation in neture es 
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a totality; an intagratad viaw of it by maans of all sorts of mo­
dels of systems, models which should reproduca what is actually
happening, with ell seemingly random variations. 

This scientific tool is mainly a mathematical discipline and 
none of the mally families I mentioned can claim it as a special 
piece of inheritenca. This tool cama into davelopment in manage­
mant, in which jobs and positions are many times occupied by en­
gineers too. In general, I dara to say, that engineers have a 
good background as managers, or planners, just becausa they are, 
by educstion, familiar with ths tools and with the components, 
which ara to be integrated in coherent UDita. 

Let ~s to complete tha picture. One of the great advantages 
in being able to think in systems or environments is that we are 
awara whera we stand and that we aee the function, goala and tha 
effects of our resaarch. 

In our association we see many members devoted to their work 
and fascinated by the problems they have to solve. The new look 
on systems and management, On concerted action is felt as intru­
sion in privacy, as a disagreeabla and objectionable constrsint 
and 8 limitation in freedom of science. 

However, there is a generation of leaders who sense clearly
the function and goals of science and its application to the 
problems causee by the spoiled environment in many places of the 
world, problems with numerous facets which have to be put togeth­
er in concerted action. There is also a younger generation which 
aaks about reasons why the efforts are required gaining skill in 
scientific research; they want motivation. 

Let us go in less detail, let ua consider the grOUpings of 
scientists and engineers - ths associations. 

,Ve notice everywhere the consciousness of our rssponsibili ty
for the environment. The responsibility we have in our position 
es scientists, experts, practical engineers. We see more and more 
our role in the context of a totality, we want to manage proper­
ly. 

With evolution in knowledge, in our consciousness as back­
ground we see an evolution in the policy of the international as­
sociations in the choice of the themes of discussions and in the 
recommended scientific considerations. This happens, of course, 
with the respective specialities as a starting point and always 
eims this speciality in a wider context. 

And here begins the concern for co-operation between many 
scientific disciplines. In water management a great diversity of 
phyaical, mathematical, mechanical diaciplines come together. It 
is UDavoidable that in this evolution everybody has the look at 
disciplines at the bordera of his own, has a general knowledge 
about the role his apeciality plays; a role as component of a 
system. 

It is unavoidabls that systems of theae components are an 
object of research. It is unsvoidable that we, as engineers, ex­
perts, scientists, playing with theae syatems, deal with the fi­
nancial and social components, components not of physical nature. 
Here we are in the present situation. In the different associa­
tions there is a growing concern sbout their function end the 
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human community, in the governmental authorities an attention for 
management in increasing size of units of water resources,in many 
cases beyond the nat i onal frontiers. 

'Ne confine ourselves today to the profeSSional associations, 
to the activities for the near future. We see a remarkable pa­
rallel in the views of the respective COULcils on the necessity
of i ntegration in science. We are aware that the many specialities 
cannot exist for their own sake. 

Wha t is needed now is communication between the associations. 
We should promo te that in the different groupings real speciali­
zation on items developed elsewhere is available when needed ,that 
achievements of research is accessible for practical engineering
and i n the r evers e way, tha t problems arising could be directed 
to t he plac es where they can be solved. 

Now I come to the f u ture, I am not a fortune teller so that 
I can express only my hope that we expand the co-operation of 
which this symposium is an example. There are a few fscts which 
must be taken into account for developing our policy. These facts 
are the following: 

Each associat i on has its tradition and its own style of com­
munica tion. Each assoc i ation has definitely a well established 
reason of existence. 

Both facts we have to respect mutually. 
The third fact is that every discipline has two aspects, the 

basic sc ientific background, theory, methods and means on one 
side and i t s function and goals on the other side. 

Prom this starting point an agreement for co-operation has 
been recen"tly ac hi eved as first be"tween IAHS, ICID and IAHR. 'l'hen 
ICOLD joined and de facto PrANC joined too during this symposium.
Formal acceptance of this agreement will undoubtedly come s oon. 

Now the futura and here ends my written note for this telk I 
wanted to give to you, I do no"t dare to write it do~~. but whet 
can we expect from the future? 

Let me give some speculation, we hope that the agreement
which has baen achieved in Istanbul will help us "to establish The 
International Council for Water-Oriented Associstions (ICWA).That 
we csn have directly from this CounCil e system of communication 
between the individual esociations snd perhaps in the somewhat 
remote future also to harmonize "the items, the subjects for the 
different congresses and to devalop what we have started now as 
an experiment, the holding of symposia on limited number of sci­
entists coming together, becauee congress in general has s great 
attendance, msny members coming "together but i"t is more or less 
a forum for exchange. When you want to heve a real deepening of 
s high specialized subjec"t, smaller groups should be formed;that 
we should promote in "ths future. POSSibly e Presidentisl Council 
can slso be formed by this agreement which we have is mind. Let 
me thank for our Hungarian hosts for this highly interesting ex­
periment, a successful experiment, which ends "today. 
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PROF, 1. DEGEN 

Secretary of State, 
President, Hungarian National Water Authority 

Mt· Chairman, 


Distinguished participants of the Symposium, 


Dear Guests, 


Ladies and Gentlemen! 


I am greatly honoured by the opportunity of presenting to you in 
this formal address a comprehensive picture about waLer management in 
Hungary, emphasizing especially the problems related most intimately to 
river ice, namely f.lood control, river regulation and fighting ice-jam 
floods . 

It is my privilege to extend at the outset, on behalf of the Govern­
ment of the Hungarian People's Republic and the government agency 
of Hungarian water administration, the National Water Authority, the 
hearty welcome thereof to you, our esteemed guests from abroad, as 
well as to all participants of the symposium. It is especially pleasing to 
welcome the jOint conference of two renowned international scientific 
societies, whe have selected for the first time Hungary for such an event. 
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I have the honour of welcoming the President of the International 
Association for Hydraulic Research, Professor Hayashi, its General 
Secretary, Professor Shoemaker, as well as the General Secretary of the 
Permanent International Association of Navigation Congressus, Profe~sor 
Vandervelden. 

Its should be emphasized by way of introduction already that the 
incessant struggle for and against water has played a decisive role in 
the economic and social development of this country. As a consequence 
of the geographical situation and of the prevailing meteorological con­
ditions, ice phenomena in the winter season have frequently caused 
grave difficulties along the rivers and canals, affecting life in the towns 
and villages situated in the flood plains, as well as industrial and ag­
ricultural production there. 

During your brief stay in Hungary we aim to make you acquainted 
with the development of water management in Hungary, with the 
measures taken in the interest thereof, with the results attained, as well 
as with the major water management objectives. 

The subjects of the symposium, namely the perfection of measures 
for preventing ice-jam floods and for extending the navigation period 
in winter, are of considerable interest in this country and this is one 
of the reasons for welcoming warmly the scientists from 16 countries. 

In the present lecture I intend to present a brief general review of 
water management in Hungary and subsequently to deal more in detail 
with flood control and river regulation, in their relations to the ice 
regime. The methods of controlling the adverse effects of ice will be 
discussed together with the experiences gained with them. Of course, 
it is not my purpose to go into the details of these problems and all I 
intend is to direct attention to the aspects thereof particular to Hungary 
and to some novel advances made here in this field. I expect the 
symposium will greatly contribute to the solution of such problems. 



1. GENERAL DESCRIPTION OF WATER 
MANAGEMENT IN HUNGARY 

Hungary is situated in the catchment area of the Danube and occupies 
the deepest part of the Carpathian Basin. The territory of the country is 
93 thousand square kilometres of predominantly plain-land character. 
No more than 0,8% of the territory reaches higher than 500 m and only 
32% is above 200 m altitude. The plains occupy two-thirds of the territory. 
The climate is dominated by three influences, namely Atlantic, Mediter­
ranean and Continental of which the latter tends to predominate. The 
winters are cold (temperatures of -30 Centigrades are on record) and 
the summers hot, with temperatures often above +30 Centigrades and 
with frequent draughts. The three major rivers of the water system, 
namely the Danube, the Tisza and the Drava rivers originate abroad, 
the latter two being tributaries of the Danube to which they discharge 
beyond the territory of the country. The major tributaries of the three 
major streams originate also without exception in the surrounding 
countries. 

In the first half of the 19th Century one-quarter of the country, 
namely 2.3 million hectares, was covered by swamps, which were 
inundated regularly by the floods originating in the upstream parts of 
the Carpathian Basin. Agricultural and industrial production, the de­
velopment of towns and villages in these areas were made possible by 
the reclamation and regulation works started in the second half of the 
last century. 

The western and northern parts of the country are hilly in character 
and here the surface runoff is collected and conveyed to the major 
recipients by a network of minor water courses. Plains cover the over­
whelming part of the country, where the excess runoff is collected by an 
extensive network of artificia.J drainage canals and lifted into the re­
Cipients by pumping stations. 

The perspective plan of water management has recently been 
approved by the government, defining thus for long years to come the 
development of water management in Hungary. 

The most important problems awaiting to be solved by water 
management in this country are as follows: 

1. Meeting effectively the rapidly growing water demands of the 
population, of industry and of agriculture. 
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2. Minimizing, and where economically feasible preventing com­
pletely, the damages due to inundation by floods and excess runoff, to 
which round 50% of the territory is exposed. Efforts are made to apply 
the combination of appropriate engineering measures to develop the 
control structures for maximum safety against summer floods and ice­
jam floods alil{e. 

3. Protection of the human environment by controlling one of the 
most servious drawbacks of advancement, namely water pollution. 

The second group of these problems will be emphasized in the pres­
ent lecture, remembering always that under the complex approach to 
water management the utilization of water and controlling the potential 
damages thereby are considered as closely interrelated obj~tives . In 
this manner complex runoff control in major regions may provide radi­
cal solutions to each of the three groups of problems mentioned. In con­
nection with the subjects of the symposium it may be of interest to 
mention that ice presents serious problems in virtually all branches 
of water management in Hungary. Controlling ice-jam floods and ex­
tending the navigation season in winter are the most important ones 
in this respect and are thus closely related to the main subjects of the 
symposium. 

In solving the problems due to ice in water management, the re­
sults of several branches of science must be utilized, including besides 
hydrology and hydraulics meteorology, thermo-dynamics, soil mechanics, 
but naturally economic and sociological studies are also essential. Hydro­
logy and water management in Hungary are based on traditions and 
have controlled the development of society over the history. The evolu­
tion of the national economy, together with the growing intensity of 
engineering, scientific and economic international relations in recent 
decades has greatly promoted the development of water' management by 
refreshing the flow of knowledge and information. 

The development of water management in Hungary has been 
promoted also by the favourable pattern of administration. Water being 
of fundamental influence on socio-economic evolution and as a natural 
asset, forming the common property of society it was warranted to create 
a unified organization for channeling most appropriately material and 
intellectual resources for the guidance of wa ter management. 

The Hungarian National Water Authority as a central government 
agency is responsible for comprehensive, planned guidance, coordination 
and implementation in solving the fundamental water problems. Centrali­
zation is nevertheless not an absolute one, since all industria,l and agri­



cultural sectors must be concerned with water management, with water 
production and with controlling water damages, but the responsibility 
for guidance and coordination is vested with the National 'Water Author-: 
ity. 

2. FLOOD CONTROL 

Owing to the plain-land character of the country, one-quarter of 
its territory is exposed to inundations by flood waters ' in the rivers. In 

this territory 50% of the population is accomodated and a significant 
proportion of the national property is concentrated. The flood control 
development which has taken place in the last century was of funda­
mental significance, in that it created the backbone of the flood control 
system in the country, namely the system of main flood levees the length 
of which has surpassed 4200 km by now (Fig. 1). 

Over long decades these levees have been ra ised, strenghtened suc­
cessively, using a variety of soil materials and construction technologies . 
Consequently, they are far from uniform, the properties of the subsoil 
vary from section to section making it impossible to accurately predict 
their behaviour. Efforts are being made at developing the levee system 
to safely withstand 1% probability floods, but over some sections protect­
ing valuable property in major towns and industrial settlements the 
levees are required to afford protection against the 200 year or even 
1000 year flood as well. 

Up to recent decades flood control efforts were confined mainly to 
the strengthening of existing levees, to the elimination of uncertainties 
resulting from the variety of contruction methods and to the improve­
ment of the weakest links. Besides the constructional methods, other 
engineering solutions are studied and flood control systems are improved 
by the most appropriate combination thereof. For example, in some areas 
plain-land storage reservoirs and floodways have been provided. The 
possibility of constructing jointly with the surrounding countries moun­
tain reservoirs to reduce flood peaks is contemplated. Efforts are being 
made to reduce flood damages by economic controls, by influencing 
settlement patterns so that the method of flood plain wning is also 
taken into considerati on. 

It i s generally appreciated that the evolution of agriculture and 
industry, as well as urbanization tend to result generally in higher flood 
stages, since the accumUlation of water is accelerated by human inter­
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ference into runoff conditions (Fig. 2). Aside from the irregularities, 
ageing, and deterioration of earth levees and from the growing value of 
property in the flood plains this is an important factor warranting the 
perfection of flood control system. 

The history of floods in Hungary will not be detailed here. It should 
be noted however, that floods occur on the average every second year 
on one of our rivers, requiring practically permanent preparedness and 
considerable expenditures in materials and labour. 

Owing to its topography, morphology and climate ice jam floods 
occur frequently in Hungary. Such floods may be especially disastrous 
on the Danube, where the last ice jam flood in 1956 has exceeded by 
2 to 2.5 metres the highest ice-free flood stage on record. 

In the interest of successful flood control, detailed studies have been 
devoted to the hydrology of conditions causing flood exposure to the 
levees, to the behaviour of the levees under such exposure, further to 
the initial and boundary conditions which govern in their combination 
the extent of flood safety. It was found necessary further to extend the 
concept of the flood levee to include, besides the earth embankment 
proper, also the terrain and subsoil before, behind and under it to 
distances up to which the resistance of the earth embankment is 
influenced by these. The foundation of the levee must not be treated 
simply as that of a building or structure having a solid base and frame, 
nor as an earth structure, whose interior structure is not exposed to the 
dynamically variable effect of water. 

There is ample experience available showing that on great plain-land 
streams, such as the Danube and the Tisza River, as well as the 
tr ibutaries exposed to their backwater, flood stages may last for several 
days, or even several weeks . Consequently height is not the only factor 
controlling the safety of levees, in that besides overtopping other 
da ngerous phenomena, such as boiling, slope slumping, saturation, etc. , 
frequently invoke the danger of breaches. These phenomena are greatly 
influenced by the duration of the flood , i.e., by the time factor. Con­
sequently, when considering flood exposure the peak flood stage, or flood 
discharge must be examined in combination with the parameters related 
to the duration of the flood wa ve . This parameter is referred to as flood 
exposure, defined as the area of the flOOD hydrograph above the toe of 
the levee and expressed in metre, day units. 

Great importance is attributed to the investigations aimed at 
eliminating the effect of uncertainties stemming from short hydrological 
records. The objective random character of Nature is inaccurately 



clesclibeci, especially in the range of great floods, by the flood proba­
biiities estimated on the basis of 30 to 40 years long observation 
records. A method is being developed for minimizing the magnitude of 
the flood loss due to this error by adding a margin of development. 

Besides the studies on flood hydrology, our recent efforts have been 
directed increaSingly towards the hydro- and soil mechanical, as well 
as colloid-chemical processes taking place in the interior of flood levees. 

It has become clear at the same time that these phenomena must not 
be considered alone, but in various combinations and in their complicated 
in terrelations. 

During the construction of levees it is frequently experienced that 
no trace can ,be found where the subsoil would be perfect as far as both 
stability and underseepage are concerned. Over considerable lengths of 
levee in Hungary floods are always accompanied by boiling as a con­
sequence of adverse subsoil stratification in random distribution. Owing 
to the successive development of the levees the distribution of soil­
physical parameters within the levee body is also a random one. Ex­
plorations have revealed the frequent occurrence of extremely loose and 
pervious layers even within levee cross-sections where the bulk of the 
soil is otherwise of average density and permeability. Consequently, the 
statistical analysis which was formerly confined to the flood hydrograph 
had to be extended to cover also the soil-physical parameters affecting 
the resistance of the levees. The degree of protection offered by the levee 
system is trea ted as a probability of failure and for this purpose it was 
found necessary to extend the methods of reliability theory to earth 
structures. 

A further difficulty arose from the fa.ct, that the majority of flood 
levees had been built of cohesive soils in which prolonged saturation 
results in a failure mechanism differring from that commonly assumed 
in soil mechanics. For explaining these phenomena an approach through 
colloid chemistry was necessary. During the extreme flood of 1970 on 
the Tisza River slumping and sliding of the air-side slope was observed 
in a number of cross-sections, which were not experienced previously 
and which endangered the stability of the levees. In several places the 
cohesive soil of otherwise adequate shear strength has become fluid as 
a consequence of saturation. 

These phenomena wel'e traced back to two different processes, 
namely to the ageing of the levee material and to chemical decomposi­
tion. The first of these processes is a rather slow alteration and as a 
consequence thereof the most important properties of the soil such as 
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its shear strength and imperviousness decrease gradually over the years. 
This is due to the aggregation of soil particles and the reduction in den­
sity owing t.o 'repeated cycles of drying and wetting, to the influence of 
humic acids and to the hardness of river water which tend to change 
the electrolyte concentration in the soil. The second process results in 
a loss of the crystalline structure and in the development of an amorph­
ous layer on the particle surfaces. Prompted by these experiences it 
was found necessary to regard soil as a specific building material in 
hydrotechnical construction. The results of these investigations are 
applicable, naturally, not only to flood levees but to all earth structures 
exposed to water. 

The most important engineering properties of soils as construction 
materials can be described in terms of the following four factors: 

1. 'The magnitude of the specific surface of particles present in 
the soil. 

2. The extent of aggregation of soil particles. 

3. The mineral composition of soil particles. 

4. The crystalline or amorphous character of the individual soil 
particles. 

This approach differs radically from that commonly adopted in soil 
mechanics and neither the tests used for determining the above four 
properties, belong to those conventionally applied. The formerly unex­
plained phenomena in flood levees can be interpreted by regarding the 
soil as a colloid-disperse system. The properties of such systems, such as 
shear strength and permeability as well as the variations thereof in 
time depend on the state of the system. 'The advances in this field are 
believed to be of considerable interest, although a number of questions 
remain still unanswered . The studies on the physico-chemial mechanism 
of these processes has thus far failed to produce a method by which the 
extent of ageing could be predicted reliably over the entire service life, 
about 40 to 50 years, of the structure. Nor could an exact relationship 
be developed between the hydrological characteristics, such as peak 
stage and duration of the flood, and the loss of shear strength in the 
soil system. Nevertheless testing methods have been developed and 
introduced by which the aforementioned state parameters of the soil 
can be determined in a relatively simple manner. These advances are 
believed to be of considerable importance. 

In view of the subjects dealt with at this symposium it is deemed 
necesarry to emphasize that ice jam floods may cause in the levees 
dangerous phenomena other than those mentioned before. Temperature' 



conditions dU['ing ice jam floods are frequently such to cause the ex­
ternal crust of the levees to thaw. The combination offload explosure 
and thawing was found to cause levees of granular soils to slump, 
while those of cohesive material to become liquid. These phenomena 
can also be explained in terms of the colloidal soil properties. The wat~T 
present in granular soils is in fact of Newtonian structure in that it 
moves in a gravitational field along the gradient. The increase in volume 
at freezing reduces density especially in the case of two-phase seepage, 
while subsequent thawing tends to restore the original soil density. This 
is accompanied by a movement and rearrangement of the soil particles 
a nd may be accompanied by slumping. Owing to the smaller pore sizes 
and large specific surfaces in cohesive soils the structure of water is 
altered by the electrostatic field surrounding the soil particles. A fact 
of considerable importance during ice jam floods is that such structured 
water has a fl"eezing point well below that of normal water. Thus if the 
cohesive soil of the levee is satured by this water and this has frozen 
over the winter within the levee, the soil may start thawing at temper­
atures below the freezing point and soil liquefaction and loss of shear 
strength may occur within a short time, practically without transition. 
Seepage phenomena are thus further complicated during ice jam floods, 
the resistance of the levee being substantially affected by the season of 
the yeal" and the air temperature conditions under which flood exposure 
occurred. 

Information on levee saturation is most important for those con­
cerned with flood control. Continuous and accurate exploration of the 
levee and of the subsoil is , however, important not only for effective 
flood fighting but also for the improvement of the flood levees. At times 
of low water, .but also during floods the conventional methods of soil 
exploration are too slow to cope with the problem, owing partly to the 
large volume of work involved, on the other to the novel methods of 
testing. For this reason nuclear and geoelectric methods are applied 
extenSively which are capable of yielding wi thout the help of samples 
information on the most important soil physical parameters along and 
within the cross-section of the levees. 

The objective is to. locate the weak sections of the levee during 
summer and ice jam floods alike and to apply methods of reinforcement 
by which the desired resis tance can be attained at lowest cost. A wide 
aHay of methods is now available to the engineer to improve the re­
sistance of levees to the desired extent. Adherence to a s tandard cross­
'section over long ' levee sections is no more acceptable, but the methods 
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and designs must ,be differentiated according to the actual values of 
the factors affecting resistance. Impervious blankets, diaphragm cutoff 
walls, asphaltic lining, interception canals or well s may all prove ef­
f~ctive, but in the majority of cases these must be applied in combina­
tion . Complex solutions appeal thus desirable involving combined levee 
cross-sections the incorporation of drain s, intercepting canals or sealing 
blankets, watertight cores plastic foils or bituminous layers in order to 
minimize the effect of seepage. 

Flood levees along the rivers continue to form the backbone of the 
flood control system in Hungary, nevertheless all potential engineering 
solutions are considered in selecting the most economical solution. Where 
possible, flood stages and discharges are reduced by storage, floodways 
are used to by-pass dangerous locations and especially for preventing 
ice-jam floods its is considered essential to adopt the appropriate river 
regulation measures by which the forrilation of ice jams and the develop­
ment of e xtreme flood stages can be avoided. 

3. RIVER REGULATION 

The total length of rivers in Hungary is 2620 km, of which 600 km 
have been completely regulated, 620 km partly regulated ,by now, while 
no major regulation work is needed over 920 km. As a result of the 
regulation works performed thus far the conditions for the passage of 
flow , ice and sediment have been improved and the danger of ice-jam 
and n ormal floods has been reduced, though not to the desirable ex­
tent. 

The depths over crossings and navigation conditions in general were 
also favourably affected by river regulation. The total length of water­
ways suited for large vessels is 1560 km in Hungary. The channel 
marking service continuously surveys and marks the channel over a 
length of round 1000 km. The length of waterways classified into 
categories III and IV, i .e ., accessible to vessels of 650 to 1500 tons capac­
ity, is 750 k m. 

Regulation of rivers in Hungary and the prinCiples of regula tion 
have evolved by a long process to their present standard. Early, sporadic 
regulation attempts were followed a lready at the beginning of the 18th 
century by comprehensive regulation plans. Nevertheless, more than a 
century had passed untill these comprehensive regulation works were 
started and the classic regulation principles w ere evolved, prompted 



by regularly recurring floods, of which the ice jam flood on the Danube 
in 1838 and the summer flood on the Tisza River in 1845 caused 
especially heavy damages. 

The ice jam flood of 1838 has clearly demonstrated the fact that the 
disastrous consequences of such floods ca nnot be prevented by flood 
levees alone. Pal Vasarhelyi , the eminent Hungarian hydraulic engineer 
was the first to s tudy in 1842 the causes of ice jam floods, concluding 
that the formation of jams must be traced back, besides weather con­
ditions, to the morphology and channel geometry of the rivers. It was 
also Pal Vasarhelyi who prepared in 1846 the general plans for the 
regulation of the Tisza River. Relying on experiences gained during 
previous floods he succeeded is solving the tasks of river regulation by 
adopting a uniform approach. His primary objectives were flood control, 
the accelerated passage of flood waves by an improvement geometry for 
the mean-water channel and for the flood bed related thereto. The 
mean-water channel of improved morphology resulted not only in the 
accelerated passage of flow, but also in improved ice-passage conditions, 
moreover navigation also benefited therefrom. This serves to dem­
onstrate tha t river regulation is indeed a multi-pul'pose activity. Flood 
control, channel regulation and the improvement of navigation condi­
tions are closely interrelated. Concerning the importance, or urgency 
of regulation in particular cases, flood control, bank stabilization, or 
navigation may assume priority and any of these may be the dominant, 
or prompting factor, but it is never advisa ble to separate the works 
performed for different purposes, or to execute these without regard 
to their manifold interrelations. 

This principle has been observed in all other regulation works as 
well. Thus for instance, in regulating 'the Hungarian Upper Danube sec­
tion, the primary objective was the improvement of naVigation , while 
over the central section the promotion of ice passage and the protection 
of the flood plains on the left-hand s ide of the Danube, especially of 
the capi tal , were the main considerations. In both cases the same 
measures proved necessary in the interest of navigation and flood control 

alike. 

Regulation of the 120 km long Iron Gate rapids on the lower Hun­
garian Danube was extremely successful. This outstanding achievement 
has served up to the commissioning of the Iron-Gate Dam, essentially 
up to these days navigation on the Danube and has made the river 
navigable also for seagoing vessels. 
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The classic principles of regulation wel-e very modern at their time 
and the fundamentals thereof have retained their validity to our days. 
Advances in watel- management have presented, however, new require­
ments for river regulation. The idea of river canalization was raised 
at the beginning of this century already. Canali zation to meet at the 
same time the requirements of modern water management and organi­
cally related thereto has been made urgent in modern times by the 
diversity of water uses. It is for this reason that the objectives of river 
regulation reflect today not only the passive functions of water manage­
ment, but are closely coordinated with the general objectives of water 
management and the national economy, as well as with the water 
management schemes of the neighbouring countries. 

The convertional methods of regulation are in many instances no 
more sufficient for attaining these objectives and this has focussed 
attention on the canalization of rivers. Following the construction of 
weirs on minor rivers, the complete canalization of the Tisza River is 
under way with two of the five contemplated barrages completed 
already. In the perspective plans the canalization of the Danube and the 
Drava River, further the construction of the Danube-Tisza canal are 
envisaged. The development of the waterway network is w'arranted also 
by the completion of the Danube-Main-Rhine canal scheduled for 
1980. 

Advanced water management has thus expanded the sphere, the 
scope and methods of river regulation acitivities requiring a control of 
discharges in space and time, in acco·rdance with the needs of water 
management, but even under the new cond,itions the unobstructed pas­
sage of ice and sediment as well as of floods must be guaranteed. 

The expansion of the scope of river regulation, the improved ef­
ficiency of future regulation has made studies on the effects of former 
regulation works and the evaluation of the results attained imperative. 
The tracing in time of the effect of individual regulation measures on 
channel development, on the flow and ice regime amounted practically 
to experiments in the field . From these studies it was positively con­
cluded that each river represents a system tending to establish dynamic 
equilibrium, where a change in any factor of influence, i.e . independent 
variable, entails necessarily a corresponding change in the other factors. 
The objective of river regulation is, to influence this dynamic system to 
meet the objectives of water management by creating new boundary 
conditions with the help of regulation structures. 



All attempts at formulating a deterministic or stochastic model of 
this system, in which all factors are included, have failed thus far. The 
mathematical models describing the complex mechanism of river develop­
ment still involved a number of physical, hydrological, hydraulic and 
morphological relationships. For this reason theoretical assumptions must 
frequently be supported by physical model tests, while their validity 
must be checked and verified by field observations. The importance of 
observations in the field is emphasized by the fact that the resulting 
effect of the trend towards a dynamic equilibrium is reflected in chan­
nel development and this gave added impetus to morphological studies . 

In the studies related to morphology and to the regula tion plans 
associated with flood control it is essential to obtain information on 
curvatures and geometry of the channel including the flood bed as well. 
During the past ten years advanced hydrographic monographs have been 
prepared on all rivers in Hungary which contain besides the maps, 
profiles and geometrical dimensions, historical data on the geology, 
development and regulation of each river, together with the main 
hydrographic and hydrological information. 

Earlier hydrographiC surveys and the new hydrogTaphic monographs 
provide the basic data for the morphological studies. In the course t.here­
of a method has been developed for the parametric description of bend 
development, and relations were determined between bend development 
and the parameter values. These relations have . been used succesfully in 
preparing general l'ivel' regulation plans. 

Information on the morphological parameters has offered the pos­
sibili ty of detennining relations between the ice regime and the 
morphological characteristics. Mathematical relations are now available 
for describing the interrela tions between river slope, the characteristic 
parameters of the bends, the geometric dimensions of the channel and 
the ice regime. The morphological parameters have made forecasts 
possible on the density of ice drifts and on the development of a solid 
cover. These relations permit us to identify the river sections which are 
critical for the passage of ice. 

In both morphological studies and in river hydraulics the application 
of the energy equations represents a new approach. The results of 
regular observations along experimental reaches provided the data for 
estimating the energy needed for overcoming channel reSistance, for 
transporting sediment and for moving the material involved in channel 
rearrangement. The results attained are of considerable interes t, in that 
they afford for the first time numerical values on the capacity of rivers, 
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which can be used to advantage in river regulation provided that the 
boundary conditions are controlled appropriately by corresponding 
structures. 

The domain of river regulation research was highlighted by a few 
morphological studies only, since experiences gained over more than a 
century have demonstrated positively the most effective method for 
improving ice regime to consist in the modification of morphology. To 
be effective, this work must be extended to the entire river section 
which forms a natural entity, to the low- and meanwater, as well as 
flood bed in particular. The ice regime in rivers is however, controlled 
by the combination of two factors, namely weather and channel mor­
phology. Since there is no human interference available at present to 
modify the former, the danger of ice-jam floods continues to exist even 
if regulation works are performed to perfection. Under adverse wheather 
conditions ice jams can always be expected to form . For this reason the 
other methods of ice control must also be perfected. 

4. ICE CONTROL 

Ice conditions on rivers, the formation and melting of ice depend 
essentially on the thermal balance, which in turn is contro[.[ed in accord­
ance with the laws of thermodynamics by the prevailing weather con­
ditions, as well as by the hydraulic and mophological conditions of a 
particular body of water. Whereas the ice phenomena taking place in 
artificial systems can be described in a manner verified by experi­
ments with the help of the relationships of engineering thermodynamics, 
it has proved impossible to apply extensively these exact methods to 
practical problems arising in connection with natural channels, owing 
primarily to the uncertainty of initial and boundary conditions, further 
to the lack of observation data available for such purposes. Nevertheless, 
great importance must be attributed to the efforts and initiatives for 
clearing the problems associated with the formation, movement and 
packing of river ice hydraulics, which have become apparent during the 
recent years and which are reflected in several interesting papers sub­
mitted to the present Symposium. Observations in Nature afford the 
foundations for theoretical investigations, too. Regular observations on 
the ice regime of rivers in Hungary were started at the beginning of 
the past century. The dates of beginning ice drift, of the build-up of a 
solid cover, of breakup and d isappearance of drifting ice have been 
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adopted for describing ice conditions. According to experience gaineD 
over many years, freezing on rivers started on the average around the 
20th December, but a solid ice cover has built up as early as the 
middle of November already. Drifting ice was observed on the average 
to disappear by the end of February, but the solid ice cover prevailed 
in some years up to the beginning of April. Ice tends to appear in gen­
eral on the minor watercourses. In recent years advanced methods and 
techniques of mathematical statistics, which are becoming increasingly 
popular in hydrology, have been applied to the large volume of observa­
tion data in studying ice phenomena. The results permit the magnitudes 
and dates of ice phenomena of different probabilities to be estimated, 
moreover from these results certain regularities in the ice phenomena 
on major streams could be detected. 

These statistical analyses will be illustrated by a few examples 
related to the Danube and the Tisza rivers. The frequency of ice drifts 
and packing, further the duration of ice-days and of the solid ice cover 
are shown in Fig. 3 resolved according to probabilities along the 
successive sections of the Danube. The same characteristics have been 
plotted for the Tisza River in Fig. 4. The occurrence of both drifting and 
solid ice is associated with higher probabilities on the Tisza River than 
on the Danube, nevertheless ice jams and consequent floods are more 
liable to develop on the Danube. 

The frequency of days with a solid ice cover tends to increase 
downstream along the Danube from 20 to 60%, whereas it is virtually 
constant at about 80% along the Tisza River. 

The duration of 1% probability of a solid ice cover over the Hun­
garian section of the Danube is 100 days, whereas it is 120 days on the 
TIsza River. 

The probability distribution curves for the river sections farthest 
to the South in Hungary, namely for lVIohacs on the Danube and for 
Szege{! on the Tisza River are shown in Figs. 5 and 6, respectively. 

As a comparison will reveal, the low discharges in the Tisza River 
respond more readily to variations in weather, so that ice appears at an 
early date and remains for extended periods of time on the river of an 
extremely flat slope. At the same time, the embedding process resulting 
from river regulation has created favourable conditions for the breakup 
and removal of ice. The flow is confined to the reIa ti vely large mean­
water channel, which is thus capable of conveying even major flood 
waves breaking up more readily the ice cover. 
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The radical differences in the ice regimes on the Danube and the 
Tisza River, the two major streams in Hungary, demonstrate positively 
the dominating influence of weather on ice conditions. 

Over the catschment area of the Danube one of the three principal 
air-mass movements predominates. Mild air masses of high moisture 
content are conveyed by the Atlantic air streams from the West, by the 
Mediterranean air streams from the South, whilst cold and dry air 
masses are transported from the interior of the continent by easterly 
winds. Whenever the cold, continental air masses cause drifting ice to 
appeal· on the river and subsequently the building up of a solid cover, 
and melting in the spring is caused by Atlantic air masses so that the 
resulting flood wave arrives from the West, the ice masses drifting 
downstream on the wave stl·ike a solid, hard-frozen ice cover and cold 
air masses along the central section of the Danube. Unter such conditions 
ice jams are very likely to develop. If, however, the warm air masses 
arrive from the Mediterranean and reach first the lower- and central 
sections of the Danube, the subsequent flood wave from the upstream 
section finds no difficulty in breaking up and removing the weakened 
ice cover on the river. According to statistical data in 75% of the years 
the spring thaw arrives from the West and since a solid ice cover is 
formed in 40 out of every 100 years, meteorological conditions favour 
the formation of ice jams at 3 to 4 years intervals. This Situation, 
related to the so-called temperature inversion may be especially 
dangerous, as demonstrated by the ice-jam flood of 1956. 

The Tisza River takes its course through a region under a colder 
climate in winter, primary ice drifts appear at an earlier date and owing 
to the flat slope the ice cover is built up earlier. Mi.ld air masses in 
spring arrive first over the lower sections of the river, regardless 
whether of Mediterranean-, or Atlantic origin. 

As a consequence thereof, by the time the flood wave triggered by 
snowmelt or rainfalls in the Carpathians arrives at the upstream edg.e 
of the solid ice cover, the ice there is usually weak, readily ·lifted arid 
broken up enabling it thus to pass safely downstream. 

It is of interest to note that owing to lack of funds the flood bed 
between the levees provided at the time of regulation is generally nar­
row along the minor rivers, yet even along some sections of the Danube 
and the Tisza River. Consequently any ice jam may cause the stages 
to rise to the cri tical heigh t. 

Ice-jam floods are especially dangerous, since they are impossible 
to predict, there are no known methods for estimating stages, so that 



they are difficult to control and flood fighting efforts are questionable 
in their success. 

On canalized rivers conditions differ radically from those under 
natural conditions. Experience has shown the volume of ice on canalized 
rivers to be essentially the same than before canalization. 

Upstream of isolated barrages ice jams are likely to form around 
the end of the backwater reach, and more intensive ice control at an 
ice cover of extended duration must in general be anticipated in the 
vicinity of the weir. In the tailwater, on the other hand, the beneficial 
effect of the upstream ice cover causes ice to appear for very short 
periods only. On a completely canalized river section this beneficial 
effect is even more pronounced and the ice cover 'building up from a 
downstream barrage extends but seldom to the tailwater of the next 
upstream. 

Natural conditions have thus far prevented us from gaining much 
first-hand experience with large river barrages and we expect to hear 
more on these problems at the Symposium, attended by participants 
from several countries, where long-year experiences have been gathered 
on .the operation of barrage systems in winter. 

Ice phenomena, ice formation and the consequences thereof affect, 
however, not only the fluvial water management problems, but also the 
operation of multi-purpose water projects, the services of which are 
needed in the winter period as well. 

Excess surface waters are drained from over 400/ 0 of the territory 
of Hungary. These waters result in their bulk from precipitation 
accumulated in the form of snow and ice during the winter. The meltage 
waters accumulate and flow towards the open drainage canals, where 
they are conveyed in channels blocked more or less by snow and ice. 
Ice may be deposited on the structures (weirs, sluices) controlling the 
flow in them, the flow cross-section may be restricted and operation 
made difficult thereby, so that the conveying capacity of the drainage 
system is greatly reduced. The pumping stations may on occasion be 
forced to operate intermittently the flow in the approach canals being 
reduced by ice to below the capacity of the pumps. 

The situation is quite similar at intakes and diversions, especially 
in the case of supply systems drawing on open channels and storage 
reservoirs and delivering the water to the population, to industry, or 
to fish-ponds. Ice freezing on the structures and control organs by become 
a source of considerable operational difficulties particularly at drinking­
water reservoirs. 
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Research into the related ice phenomena and the elaboration of 
methods of prevention are tasks to be accomplished in the future. Con­
cerning ice control at structures and in canal reaches the potential 
applications of say aeration and air-bubble curtains must be explored. 

In designing water management projects in Hungary, and in 
countries with climates resembling ours, allowance must be made for ice 
phenomena liable to occur during winter operation. 

The problems to be studied in the near future include the influence 
of relatively large volumes of cooling water discharged into the recipients 
on the ice conditions in them. The volume of cooling waters is likely 
to increase all over the coun try, but especially along the Danube. The 
potential oecological damages of thermal pollution must be compared 
with the probable beneficial effects thereof on ice formation . 

The fundamental measures of controlling ice-jam floods or at least 
of minimizing the dangers thereof must necessarily consist of removing 
the channel-morphological causes thereof by river regulation. During 
the ice-jam f.loods still occurring these may be completed effectively by 
appropiately applied methods of ice breaking. 

During the recent decades considerable damages were caused by the 
ice-jam floods of 1940, 1941 and 1956 on the Danube. Owing primarily 
to the danger of repeated ice-jam floods on the Danube, but also on 
minor rivers, the continuous development and improvement of ice 
control imposes an important responsibility on the Hungarian Water 
Service. 

Highly organized, efficient observations and reporting are essential 
prerequisites of ice control and of a verting the demages of ice-jam 
floods. 

Ice control forms an organic part of the flood control system in 
Hungary. Under bilateral agreements the neighbouring countries supply 
information on ice conditions over the river sections beyond the 
boundaries of the country for use in controlling and fighting ice-jam 
floods. 

Experience has shown terrestrial observations, however carefully 
made, to yield data of limited accuracy only. For this reason aerial inspec­
tion and reconnaissance was found essential in critical peliods. Reliable 
information on ice conditions can be gained from the interpretation and 
evaluation of aerial photographs. Thermal remote sensing and other 
photographic-optical methods should therefore be introduced and adopted 
for general use. 



The aircrafts of the water service are used for regular reconnais­
sance flights in the winter ice period and transmit reports when necessary 
during flight already over the VHF network of the water service. 

The observation results are reported to the competent authorities, 
who decide on the appropriate ice control measures, such as ice breaking, 
or blasting to be taken. On large and medium streams ice breaker 
vessels proved more effective. 

Until not long ago we were virtually uncapable of averting ice-jam 
floods, but the methods developed during the past 20 to 25 years for 
dispersing the ice, such as ice breakers and blasting methods have 
proved effective, yet they still do not afford by far the desired safety 
and reliability of ice control. It may be of interest to present a slightly 
more detailed account of the experiences gained in the application of 
icebreaker vessels and ice blasting. 

The icebreaker fleet on the Danube and the TIsza River comprises 
at present 11 units of 600 to 1440 HP, 9 units of 300 HP and 3 units of 
170 HP engine capacity, i.e., aHogether 23 units. 

Under the Hungarian-Yugoslav water agreement Hungarian ice­
breaker vessels operate (5 this year) also over the Yugoslav part (border 
to Vukovar, R.Sts. 1433 to 1333 km) of the Danube section of common 
interest. 

The usual method adopted for icebreaking abroad consists of 
tackling the downstream end of the ice cover at the beginning of melting 
with a relatively large number of units. Consequently these operate only 
before the beginning of, and during, secondary ice drifting. In the vicin­
ity of estuaries to the sea the possibilities for the application of this 
method are favourable. On severa,l rivers in Hungary, especially on the 
Danube, other methods must be adopted. Different methods may be 
found appropriate even within this country, depending on particular 
weather and morphological conditions, and on the ice regime controlled 
by these. 

On the Danube the icebreakers operate already in the period of 
primary (freezing) ice drifting. Ice is removed first from the buttresses 
causing severe channel contractions and building up from ice floes 
arrested at the edge of sand bars over the familiar overdeveloped sec­
tions which can be reg'ulated but successively. In each period of ice 
drift the passes are repeated three to four times. The aim of destroying 
continuously the buttresses is to reduce the arrested ice masses and to 
pass an as ,large as possible an ice mass below the mouth of the Drava 
River contJibuting to the flow in the Danube, further to delay (and in 
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milder winters to prevent) the formation of a solid ice cover and finally 
to minimize the danger of jamming in the period of secondary ice 
drifting. 

On the Danube the · icebreaking vessels operate also in the solid ice 
cover. In the 150 to 200 m wide low-water channel a 30 to 40 m wide 
corridor is broken and maintained until the ice starts to melt. The 
corridor does not follow accurately the main current line, but is cut 
along the centerline in the transition sections (counterflexure), while 
in the apex of bends it is cut along the sand bar at the convex side. 
In this way the thin part of the ice cover is separated from the large 
ice mass of the buttresses adhering to the sand bar, eliminating the 
ini tial arching resistance o·f the ice to the start of drifting. Moreover, the 
ice fields built up over shorter sections are closed to a coherent cover to 
prevent slush ice from forming in the exposed water surfaces. Once 
melting has started the ice breakers cut up successively along the cor­
ridor the ice masses of buttresses and jams without the hazard of re­
neved congealing. 

When the first signs of secondary drifting are observed the fleets of 
icebreakers start breaking up the cover along the 227 km long Danube 
section of common Hungarian-Yugoslav interest, proceeding upstream 
in sections. 

On the Tisza River the icebreaking vessels operate commonly along 
the backwater reaches upstream of the Tiszalbk and Kiskbre Barrages, 
as weLl as farther upstream over a river section of round 100 km 
aggregate length. At the start of thawing the ice is broken over a 1.5 km 
long section above the barrages and the ice floes are passed downstream 
by lowering the tilting leafs of the weirs. Subsequently a 20 to 30 m 
Wide corridor is cut in the headwater for a distance of 20 km over the 
section where the backwater and meandering has resulted in large ice 
deposits. Hereafter the entire ice cover is removed proceeding upstream. 
The ice cover is broken up and kept moving as long as dense drifting 
continues. 

The cutting and maintenance of a corridor at the start of thawing 
proved effective on the medium-size tributaries as well. In narrow 
bridge openings the ice cover is completely broken up. In the period of 
secondary drifting the jamming ice is broken up mainly at the bridges 
and other critical sections using small vessels in cooperation with ice 
blasting patrols. 

Although the fleet of icebreaking vessels is operated over the entire 
leng1h of the ice period on the Danube, in winters of greater than 



average severity 4 to 8 m thick jams form regularly at primary drifting, 
which the icebreakers are uncapable of penetrating. These were de­
stroyed by blasting and since the fleet of icebreakers was commissioned 
no jam developed in the period of secondary drifting, which the vessels 
could not remove. Over the sections of the Tisza River where the ice­
breakers operate blasting must be resorted to but exceptionally, while 
the blasting patrols operate regularly along the sections higher upstream. 

Conventional charges, such as powdered or pelletized explosives, 
placed, or dropped on the ice surface act within a short time, but their 
introduction under the ice calls for lengthy operations. Blasting ice 
holes by placing several charges repeatedly on the same spot is also a 
lengthy and uncertain procedure. 

For making hole drilling and blasting faster and more effective a 
series of ice perforator and blasting charges was developed. 

'The ice perforators are cumulative in their effect, the conventional 
charges containing from 0.4 to 5 kg of explosive. 

The ice perforators are capable of blasting a hole through covers, 
or jams of 1 to 8 m thickness, the hole blasted being 0.6 to 2.0 m in 
diameter at the top and 0.4 to 1.2 m at the bottom. The holes are filled 
with ice. The number of holes blast is governed by that of charges 
which it is desired to fire in a field simultaneously, or in a delayed order. 

The most effective type of charge used for ice blasting may be 
termed, depending on application, an ice mine. 

The charges contain 45, 35, 20, 10, 5 and 2 kg of explosive (paxite) 
in cylinders with a conical. keel at the bottom. The total weight of the 
charges ranges from 72 to 3 kg, the ,length of the cylinders from 90 
to 22 while their diameter from 31 to 10 cm. 

The ice is broken up in sections, starting from the downstream end. 
In a wide ice cover, or in a jam a corridor is blasted around the main 
current line. The blasting holes are arranged according to a definite 
pattern. 

For several sections liable to ice jam formation on both the Danube 
and the Tisza River ice blasting plans have been elaborated for severa.! 
poten tial situations. 

The experiences gained in ice control have been compiled in the 
Ice Control Manual, which contains general guidelines and methods for 
those participating in the operations. 

In the domain of ice control the Hungarian water organization has 
attained the results reviewed in the foregoing and dealt with in several 
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papers submitted to the Symposium, further in the Ice Control Manual 
mentioned before. Still a number of problems remains to be solved, of 
which the following are deemed to be of special interest: 

It has become increasingly clear that instead of the former isolated 
solutions, coordinated, comprehensive plans must be elaborated for 
realizing the inherently interrelated water management objectives, which 
are important prerequisites of economic-social evolution. Cooperation 
extending to the entire catchment of the Tisza River and the com­
bination of the efforts of all interested C.M.E.A. countries open wide 
possibilities for solving flood control problems in an advanced, economic 
manner, the benefits of which must be exploi ted in ice con trol as well. 
On the Danube all countries along the river must be included in an 
international organization like the C.M.E.A., or ECE - assisted by 
the valuable activities of the Danube Commission - for finding a solu­
tion to the common problems. The united waterway system created by 
the completion of the Danube-Main-Rhine Canal will call with added 
emphasis for the canalization of the river, the extension of the naviga­
tion season and the implementation of more effective ice control 
measures. These important problems cannot be solved, unless observa­
tions are intensified and research is conducted by international coopera­
tion, in order to advance ice control on scientific, engineering and 
economic foundations. 

CONCLUSIONS 

I have endeavoured to present a comprehensive picture about the 
situation and problems of water management in Hungary, with the main 
emphasis on flood control, and river regulation, accentuating the ice 
regime on the rivers in Hungary and the methods of ice control. To 
complete the picture a film will be projected immediately after this 
lecture, the methods and equipment are displayed in the exhibition here, 
reference is made to the papers submitted by the members of the Hun­
garian Water Service and a study tour is organized on the Danube. 

In conclusion it should be pointed out that extended, coordinated 
research considering scientific, engineering and economic aspects alike 
is still needed before the experiences available can be generalized, a 
better understanding of ice phenomena is obtained, the damages can 
be prevented and ice phenomena can be controlled reliably. 
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We expect that the comparison and synthesis of research conducted 
under different climates and on different continents will yield valuable 
results. The unprecendented opportunities of international exchange of ex­
perience may make science indeed accessible to mankind, provided that 
the vast potential of international cooperation is fully exploited. 

With these ideas in mind, successful work in reviewing com­
prehensively the present knowledge on iver ice phenomena, in exploring 
the problems awaiting to be solved and in staking out the main trends 
of future research. 

Mr Chairman, Distinguished General Secretaries, 

On the occasion of the joint venture of the two renowned interna­
tional societies I should be allowed to express my sincere hope that 
you, as well as the societies of which you are officers continue proceed­
ing on this path of international cooperation, contributing thus to the 
realization of the most ambitious objectives of mankind. 
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ABSTRACT 

The fUndamental processes of cooling, ice formation, ice 
movement, ice cover formation and break up are reviewed together
with the relevant theories and recent advances in research. The 
close interrelations between fluvial- and ice hfdraulics are 
emphasised. The problems of which a better understandi~g is con­
sidered desirable are listed and finall~ the papers received are 
grouped accordingl~. 

SOHMAIRE 

Le rapport donne un aper~u des proces fondamentaux du re­
froidissement, de la formatioh et du mouvement de glace, de la 
formation de conche de glace et de la d~bacle, en traitant les 
th~ories importantes et les progr~s r~cents des recherches aussi. 
Les interrelations ~troites entre l'h~draulique fluviale et 
l'hfdraulique glaciale sont mises en ~vidence. Des probl~mes dont 
une raisonnable compr~hension est d~sirable sont enume~s puis 
les ~tudes present~es sont grou~es en cons~quence. 
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River ice is a phenomenon of Nature which must be reckoned 
with over large areas of the Earth,over periods of var¥ing length 
each ~ear. As far as ice formation is concerned, the watercourses 
ma~ be classified as follows: 

- rivers with ice runs, or covered with solid ice for short 
periods, or in some ~ears onl~, 

- rivers with ice runs and covered with solid ice for short 
periods, but regularl~ each winter, 

- rivers covered each wi nter with solid ice for extended 
periods, and 

- rivers permanentl~ covered with ice. 

The importance of the phenomena to be considered varies con­
sequentl~ from river to river, the economic significance of the 
problem and thus the intellectual-material resources devoted to 
the relevant engineering solutions are controlled fundamentall~ 
b~ the number of ice-run da~s, or the length of the period of the 
ice cover. There are, however, certain fundamental problems - re­
lated to Subjects 2 and 3 on the agenda - which receive virtuall~ 
uniform interest b~ the professionals dealing with ice. 

These problems ma~ be listed as follows: 

- the cooling process preceding ice formation, 

- the formation of ice, 

- the movement of ice in the watercourse and on the surface, 


- formation of the ice-cover, 

- the adverse phenomena associatea with icecover formation, 

- the breakup of the ice-cover and the start of ice runs, 

- the interrelations between the flow carr~ing the ice and 


the ice itself tvelocit~ distribution, energ~ losses, etc.). 

In some countries all these phenomena are intimatel~ related 
to diverse human activities so that owing to these interferences 
it is virtuall~ impossible to arrive at conclusions on the natu­
ral conditions. Such interferences are for instance river regula­
tion, river canalisation or cooling water discharges. These human 
interferences may be beneficial or adverse so that it is essen­
tial to make allowances for these, especiall¥ where the problem 
is to predict the effect of a particular activit¥ on future ice 
conditions. 

1. The COOling process 

Ice is likel¥ to form whenever the temperature of water in a 
stream drops to below the freezing point.Under natural conditions 
this is preceded b¥ the cooling of the atmosphere resulting in 
intensive heat losses across the water surface. In the majorit~ 
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of watercourses this process extends to the entire cross section­
al area, that is the entire water mass is affected b¥ the heat 
exchange. The process is influenced, obviousl¥,b~ the flow condi­
tions in the air- and water space, the intensit¥ of heat exchange
being governed b¥ these. 

The micro phenomena involved in the process are not full~ 
understood, owing to technical problems of measurement. Between 
the flowing water and the moving (or stationar¥) air masses d¥­
namic- and temperature boundarv la¥ers exist. 

The intensit~ of heat exchange is controlled b~ the gradi­
ents prevailing in the bound~ la¥ers, in that heat exchange is 
ver¥ intensive at high gradients while quite moderate at low gra­
dient values. In a stationar¥ air laVer a moving boundarv la¥er 
is created at the air-water interface owing to the shear stresses 
transmitted from the water flowing below it. As a consequence of 
evaporation the vapour content in the air la~er in direct contact 
with water is high and thus its heat conducting properties will 
differ from those of the air la~rs overl~ing it. These are the 
boundar¥ la~r problems which make the determination of the heat 
transfer coeffiCient, and consequentl~ the positive description
of the cooling process rather difficult. 

The cooling process occurs usuall¥ under atmospheric condi­
tions that are far from constant so that the temperature- and oc­
casionall¥ kinetic conditions within the air space must be con­
sidered variable during the cooling period. Accordingl¥ the cool­
ing process must be considered variable with time. Since the riv­
er bed itself is variable, its heat dissipation ~roperties are 
simllarl¥ variable, as a consequence of which the -ensuing process
is variable along the watercourse. The problem mQf be rendered 
even more difficult if differences in atmospheric conditions pre­
vail over longer river sections even at the same instant. It will 
be appreciated from the foregoing that the cooling process is an 
unstead¥, variable phenomenon into which a certain periodicit~ is 
introduced bf diurnal periodic fluctuations of the atmosphere.
Higher temperature during the da~ and cold nights cause thus di­
urnal, secondarv, periodiC variations in the cooling trend line. 
The combinations of several factors controls the typical cooling 
record (Fig.l). 

The highl¥ complex phenomenon must be drasticall¥ simplified
in the interest of formulating a computation model. The simplif¥­
ing assumptions introduced are usuall¥ as follows: 

- over a certain period of time and river section a constant 
value is assumed for the rate of change in temperature, 

- the influence of diurnal changes in atmospheric tempera­
ture is eliminated bf introducing the dail~ mean temperature int0 
the computations, 

- the three-dimensional phenomenon is reduced to a two-di­
mensional one at the water surface, or even to a single- dimen­
sional one. 
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An attempt has been made in ~ to illustrate actual con­
ditions while in ~ the more common simplif~ing assumptions. 

It should be realised that the combination of a similar17 
great number of simplifications may under adverse conditions re­
sult in misleading conclusions. For this reason it would be ver¥ 
important to examine both theoreticall~ and b7 practical applica­
tions the accurac~ of the approximating methods, which are still 
rather complicated to appl~ in practice. Such studies should ¥ield 
actual data on the validit~ of diverse simplif7ing assumptions. 

The process of cooling"may be strong17 influenced b~ human 
interferences, primaril~ discharges, and especiall~ those of co­
oling water. These are extreme17 difficult to take into consider­
ation numericall~, particularl¥ over the section where mixing ie 
incomplete, the process ~ear being necessari17 a three-dimension­
al one. Even the length over which complete mixing takes place is 
ver¥ difficult to determine so that certain simplifications must 
be introduced to solve this complex problem.The process of mixing 
in the watercourse is of considerable influence on cooling and 
vice versa, since high temperature differences are conducive to 
more intensive mixing. This interference is often strong enough 
to be of interest, resulting in the necessit~ to formulate a sep­
arate cooling model for the river section affected. 

Heat losses across the surface pla7 invariab17 a fundamental 
role in ~V model of the cooling process. In practical computa­
tions this heat loss is taken proportionate to the difference of 
air and water temperatures, the factor of proportionaJ.it7 being
assumed to equal the heat transfer coefficient which iA turn de­
pends on the h¥drological- meteorological characteristics prevail­
ing at the water surface. In view of the fundamental importanoe
of the heat transfer coefficient in the cooling process it is 
deplorable, that no exact method is available for its determina­
tion. Unfortunatel~, the data and results published thus far ap­
pl¥ most17 to particular locations and are not suited for gener­
alisation. 

2. Ice formation 

The formation of ice is in principle possible once the tem­
perature of water has dropped below the freezing point. This is 
usUal17 the case in standing bodies of water so that surface ice 
begins to form along the banks where the velocit¥ is negligible 
and where, owing to laminar conditions, the water is not exposed 
to turbulent heat exchange. 

The rate at which the thickness of this riparian ice in­
creases is controlled b¥ heat exchange across the ice cover. 

Different conditions prevail in turbulent flow where certain 
overcooling is a prerequisite of iceformation. The phenomenon of 
overcooling is due to the temperature boundaI¥ layer. At air tem­
peratures below the freezing point a boundaI¥ la~er must develop 
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in the to~ water lafer whenever the water temperature has ap­
proached ~or attained) the freezing pOint.The temperature in this 
boundarv layer depends on the ambient air temperature but is in­
variabl~ below the freezing point. Owing to turbulence the water 
particles travel in this overcooled la¥er for periods of varving
length and become thus overcooled. Hereafter the~ are carried 
again b~ turbulence to different points of the cross section, as 
a consequence of which the entire water volume becomes overcool­
ed. It is logidal to assume that within this overcooled water 
volume the temperature of all water molecules is not uniform, 
nevertheless the mean temperature as a resultant temperature of 
all molecules is lower than the freezing point. A t~ical time­
record of overcooling has been demonstrated b~ T.Caratens, who 
derived therefrom the record of iceformation as well. 

Of the factors affecting overcooling, or the formation of 
frazil ice, the sediment concentration of water, the rate of co­
oling and the intensit~ of turbulence are generall~ recognised. 

As a crude approximation a formula has been derived for the 
rate of frazile ice formation in terms of heat loss from the wa­
ter surface. The volume of frazile ice formed is accordingl¥ re­
garded proportionate to the air temperature. This experience is 
SUpported b~ some observations. At the same time, there is other 
evidence to indicate that this relationship is not a linear one, 
but exponential in character. 

In mathematical form 

Q 
=1 - e 

where t:; '1/ ~ t is the rate of cooling, A depends on the t¥pe of 
heat transfer and Q is the rate of frazile ice formation without 
cooling (i.e. pertaining to stead¥ temperature conditions). Al­
though scattered data on frazil ice formation are available for 
some major streams, the importance of the problem would warrant 
more detailed field observations on this fundamental phenomenon. 

The particles of frazile ice coagulate to form needles,flocs 
loose clumps or clouds and floating up to the surface tend to 
form slush ice and eventuall¥ small ice floes. Together with th~ 
ice separating from the banks and rising from the bottom the¥ 
freeze into floating ice floes the magnitude and area of which 
are t¥pical for the ice conditions on a particular watercourse. 

3. The movement of frazile ice in the watercourse 

Frazil ice appears in a variet¥ of forms and shapes in the 
watercourse, but its specific weight is alwa¥s lower than that 
of water. It is thus subject to a buo~ant force so that is rises 
shortl~ after its formation to the surface, or would remain there 
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if formed at the surface. 

As to an.y finel:v dispersed substance in t "urbulent flow, the 
relationships of turbulent diffusion are likel:v to appl:v also to 
frazil ice. It is not clear however, how far the loose masses or 
clouds ma:v be regarded as finel:v dispersed, discrete masses,more­
over rather little is known about the dimensions and shape of 
frazil ice particles. Consequentl:v, although the theor:v of sus­
pended sediment transport appears applicable in principle to 
slush and frazil ice as well, the rate at which this ice rises in 
water is subject to rather crude approximations however important 
its influence on the phenomenon may be. 

In aay effort to obtain a better understanding on the dis­
tribution of frazile ice within the cross section or on its ris­
ing length in the stream the following factors must be clear: 

- the rising velocit:v of frazil ice, 
- the similarit:v of movement of isolated particles and ag­

glomerations. 

In analog:v to the theor:v of suspended sediment transport the 
percentages proportion of floating frazil ice depends basicall:v 
on the parameter 

C 'II' 

z = 
0,4 Vi v 

where C is the velocit:v coefficient of Ch~z:v, 'II' is the rising
velocit:v and v is the velocit:v of flow in the stream. If z ___ QO 

the phenomenon ma.y be regarded laminar, whereas for z -.. 0 the 
phenomenon departs increasingl:v from laminar conditions indicat­
ing a reduced settlingtendenc:v of the frazile ioe. 

No quantitative relationships of general character ar~ avail­
able on other forms of appearence of frazile ioe, e.g. bottom ice 
and no such relations are expected in the near future. It is thus 
felt necessar:v to concentrate efforts on theoretical statements 
of general validit:v. 

4. The movement of 10e on the surface 

The ice floes, or the ice cover composed of floes, move to­
gether with the stream. The velocit:v of movement is influenced b:v 
the proportion of the surface covered b:v ice, which varies as a 
function of channel width. In contractions the ice is concen­
trated and the velocit:v of movement is reduced. As a consequence 
thereof even a standing ice cover may develop. On the other hand, 
isolated ice-floes are carried depending also on the direction 
and velocit:v of wind, mostl:v at a velocit:v more or less identical 
with the surface velocit:v of water. 
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The movement of ice-floes at the surface is described b¥ tne 
simplified continuit¥ equation and is characterised in simple 
cases b¥ the percentage area covered. Be¥ond the condition of 
"free movement" the kinetic energ¥ transmitted to the ice from 
water is dissipated b¥ friction along the banks and between the 
individual floes and then the d¥namic equation of ice movement 
must also be introduced into the relation. 

5. Formation of the ice cover 

The h¥draulics of ice cover formation (Ttble I) have been 
formulated in Canada, where a fundamental dis inction has been 
made, as will be recalled, between wide and narrow streams. 

This approach is characterized b¥ the effort towards exact 
h¥draulic description of the phenomenon. Nevertheless, the un­
avoudable simplif¥ing assumptions ma¥ entail certain inaccuraciee 
and the methods cannot be applied, unless specific parameters of 
the ice cover are known. In maRY instances these characteristics 
are impossible to determine. The assumption of numerical values 
for these ma¥ introduce errors exceeding in magnitude even those 
due to the simplif¥ing assumptions. 

The method has been derived for straight, prizmatic channels 
of uniform slope and roughness in which the rate of streamflow is 
constant. Accordingl~ the expressions derived appear applicable 
to regular wide canals rather then to alluvial channels. Actuall~ 
the running ice is arrested at contractions, in bends and at is­
lands, moreover the forces exerted on the banks are extremel~ 
difficult to estimate. 

There is ample experimental evidence for the assumption that 
.the critical velocit¥ of the front of the ice cover at the sur­
face is described b~ an expression of the form 

J 3 g'v = k 2g ---- h
kr <1 

This would impl~ that the thickness of the ice cover i.e. the 
thickness of the arriving ice floes is the dominant factor. The 
magnitude of the factor k depends on the dimension and shape of 
the floes. The scatter of experimental data is due to secondarr 
factors which are neglected in the formula. 

Considerable importance is attributed b~ Michel also to the 
porosit¥ of the ice cover. 

Pari set and Hausser have defined wide streams as such, where 
maximum pressure in the ice cover occurs at a certain distance 
below the upstream edge, rather than at the upstream edge of the 
cover. The applicabilit¥ of their method is limited b~ the cir­
cumstance that some of the parameters must be derived from the 
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field observations. These paramet ers include the cohesion of ice 
to the banks and the coefficient of ice friction. Whereas the 
friction of ice on ice mal{ be assumed for the coefficient of the 
friction, little empirical data are available on the magnitude
of cohesion. It is for this reason that in practical applications
of the method cohesion is neglected in the interest of safetl{. 

The main advantage of the exact hl{draulic methods is that 
thel{ can be applied even in the absence of observation data, pro­
vided we succeed in estimating fairll{ closell{ the parameters in­
volved in the expressions. It thus follows that for various 
streams in the World it would be desirable to determine the para­
meter values from data collected, or to be collected on the ice 
cover. This appears to offer t he onll{ wall for developing a method 
which is indeed generalll{ applicable. 

Observations on wide streams seem to support the conclusions 
which may be termed qualitative and which can be arrived at from 
the expressions derived. 

One of the fundamental cases of ice cover development,namell{
increase in thickness, is when the ice floes arriving from up­
stream are carried under the ice cover at the upstream end and 
get stuck there, since the ice carrl{ing capacitl{ is inadequate. 

The ice transporting capacitl{ is usuall¥ derived b¥ analogl{ 
to bed-load transportation and the critical ice discharge, which 
is still just capable of being passed, is estimated in this man­
ner. For the computation the formulae of Einstein, Mel{er-Peter 
an~ Ning-Chien are applied. The fundamental difficultl{ in this 
method is that the shape of t he bed load particles is poorll{ 
compar~ble to that of the ice floes and consequentll{ the relation 
p= f lIV) derived theoreticalll{ and verified experimentalll{ for 
bed load is applicable to ice floes with crude approx imat i on onll{. 

The application of the method presumes further the knowledge 
of the velocitl{ coefficient as well, or of the slope of the ener­
gl{ line. Difficulties are encount ered in the assumption of both, 
as will be pointed out in Section 6. 

The ice ripples developing on the underside of the ice cov­
er, for which striking examples have been presented in recent 
times bl{ several investigators, are subject to changes with time, 
so that the velocitl{ coefficient itself is liable to varl{ con­
siderabll{. An increased number of observation data on this phe­
nomenon would improve materialll{ the reliabilitl{ of assumed val­
ues. 

6. Flow under the ice cover 

It has been pointed out repeatedll{ in the foregoing that the 
ice cover acts to reduce the convel{ing capacitl{ of t he river bed. 
Rating curves observed in winter with ice on the surface, were 
found in several countries to differ considerabll{ from their sum­
mer counterparts. 
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The conveying capacity of the channel decreases perceptibly 
as the surface area is covered to any considerable extent by float­
ing ice floes. In other words the stages pertaining to the same 
streamflow become higher. The formation of a solid ice cover, on 
the other hand, brings abour radical changes. Any rough estimate 
should suffice to reveal that even if the loss in the flow crOSB­
-sectioD is ignored, the friction taking place at the interface 
of the water and the ice will cause alone a 20 to 30 % reduction 
in the streamflow rate. This is visualized best by imagining the 
distorted velocity profile in the cross-section, the development
of a double boundary layer. In the closed cross-section under the 
ice cover the magnitude of the maximum velocity is reduced and 
its location is displaced to greater depths in the cross-section 
from the vicinity of the surface. Irregular ice deposits give 
then rise to highly irregular velocity distributions, as a con­
sequence of which the three-dimensional character of flow is usu­
ally enhanced, giving thus rise to additional head losses. 

Velocity observations under the ice cover, the number of 
which is no more negligible, support conclusively this phenomenon. 
Assuming two-dimensional conditions to prevail, several theories 
have been suggested, but no attempt has thus far been made to 
take three-dimensional flow into consideration. 

Unsteady flow under the ice cover is liable to set the cover 
into some kind of motion, e.g. flood waves often break up and 
carry downstream the cover. Downstream of weirs and dams this 
method may be successful in breaking up and removing the ice cov­
er. The discharge required for breaking up the ice cover can be 
estimated by methods outlined in Section 5. However, the ice phe­
nomena caused by unsteady flow can be predicted in broad outlines 
and with local character only. No forecasting method of general
validity can be developed therefrom, unless a new theoretical mo­
del is conceived, for the practical application of which the par­
ameters are determined on the basie or regUlar rield observations. 

7. Problems in fluvial- and ice hydraulics 

The solutions and problems outlined in the foregoing demon­
strate positively the close interrelations between fluvial- and 
ice hydraulics and that in ice hydraulics several solutions have 
been borrowed, espeCially in connection with the movement of ice, 
from fluvial hydrauliCS. 

The future problems likely to arise in ice hydraulics raise 
a number of problems in fluvial hydraulics as wall. An attempt 
will be made here to review those believed to be the most essen­
tial ones. 

- For describing cooling conditions in alluvial channels it 
is necessary to have sufficiently accurate information available 
on the magnitude of the turbulent dispersion coefficient, or the 
turbulent diffusion coefficients. The determination of generally 
recognized diffusion-dispersion coefficients describing positive­
ly the phenomenon of mixing and thus also the temperature condi­
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tions in streams is thus generslly desirable in ice hydraulics as 
well. 

- The phenomenon of ice formation is greatly influenced by
the sediment discharge in the stream as well as by the quality 
(crystal system) of the sediment. More accurate and reliable data 
are, however, required on the magnitude of this influence. 

- Heat exchange across the water surface in streams is af­
fected by the temperature boundary layer, which in turn, is in­
fluenced by the boundary layer of movement. Ice accretion on the 
underside of the cover and the change in velocity distribution 
are also related to the boundary layer. 

- The heat generated by friction is one of the important 
sources of heat in the water mass moving under the ice cover. At 
the same time, no accurate data are available on the influence of 
bottom ice, e~d in general any ice cover on the channel surface, 
on the magnitude of the friction coefficient of the bed perimeter. 
Friction values for the underside of the ice cover are easier to 
obtain. 

- For describing the movement phenomena of frazil ice more 
accurate information would be desirable on the dispersion coef­
ficient mentioned before, for a particular stream with- and with­
out an ice cover. This is believed to materially affect the phe­
nomenon of settling out. 

- The transportation of ice floes, just as that of bed load 
is a process in which energy is normally consumed. The collisions 
between ice floes 1s one of the causes of energy CODsumption.This 
is why it is necessary to explore the energy losses taking place 
in watercourses, in order to obtain a better understanding of the 
processes preceding the formation of a stationary, solid ice cov­
er. 

- For describing the precesses resulting in the arrest and 
jamming of ice flows it is necessary to determine friction- and 
cohesion coefficients. 

- The mov~ment of solid ice under the ice cover cannot be 
described, unless parameters representing the shape of ice floes 
and the possioility for more accurately estimating the ice con­
veying cepacity are determined. In this respect it may be pos­
sible to use the accepted bed load transport analOgy. 

- It seems desirable to develop expressions describing more 
accurately the critical stability conditions of the ice cover and 
the effects of unsteady flow on stability, together with the re­
levant parameters. 

- Methods are needed by which the effects of diverse human 
interferences on the phenomena of ice formation, ice movement, 
cover formation, breakup, etc. can be estimated more exactly. 
(These problems are dealt with more in detail under Subjects 2 
and 3 of the sympoaium.) 

10 Starosolszky 



B. The papers submitted to the symposium 

The papers submitted on Subject 1 have contributed to the 
solution of the aforementioned problems. The authors will find 
opportunity to present their papers individually, so that no more 
than a common f~amework is deemed desirable for them. 

General problems are discussed in two papers (AI, A5), one 
paper is on colling phenomena (AIO) , while artificial thermal ef­
fects are considered in one (A12). Two papers are devoted to flow 
and water conveyance under the ice cover tA1, AIO). In three in­
teresting papers (A2, AG, All) the problems of ice cover- and ice 
jam formation"are approache1. The phenomenon of breakup is dis­
cussed the paper AI). The dimensioning of bridge spans caussing 
no ice jamming is analysed in the paper AB. Thus the number of 
papers dealing with ice problems is 11. 

In two papers the problems of ice hydraulics are not men­
tioned directly, one being devoted to bottom changes along the 
stream (A4), the other to hydraulic problems at the crossing of 
rivers and navigable canals. Both problems are of fundamental im­
portance for navigation. 

The papers on ice hydraulic include thus a rather wide do­
main and reflect well the research work conducted in this field 
allover the world. 
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Economic life in the countries situated under cold and mod­
erate climates is fundamentally influenced, especially in winter, 
by the ice conditions in rivers. It wae this economic necessity
which prompted the inhabitants of these countries to devote scien­
tific and engineering attention to the phenomena related to ice. 
The knowledge afforded on ice by the natural sciences and the en­
gineer~g-technical measures following therefrom, have in general 
resulted in consequences of economic interest. 

In recent decades the volume and efficiency of information 
retrieval has multiplied, and international exchange of experi­
ence has gained in intensity. 

IVhereas simple observationa and the statistical processing
of the data obtained thereby have yielded results of mostly local 
significance, the application of model studies alone does not al­
ways permit the development of generalized conclusions. Relation­
ships of general validity cannot be expected unless 
- fundamental relations of natural science are adopted as a start­

ing baSiS, 
- local observations are extended to the simultaneous measurement 

of all relevant factors involved, 
- model studies are performed on the basis of the fundamental re­

lations and under conditions corresponding to local observa­
tions, 

- the physical- mathematical models formulated can be solved un­
der various initial and boundary counditioDs, and 

- the validity of the relationships assumed, is verified by field 
observations. 

To comply with the above conditions organized-coordinated 
research activity is required in which earlier observation data 
are used in combination with accurate observations performed in 
their majority with the help of new, advanced instruments and 
equipment. 

The main problems in research can be outlined as follows: 
Determination of a relationship of general validity suited 

for describing the formation of ice on the basis of observations 
on factors related to the development of river ice, as well as on 
laboratory experiments. 

Determination of relationships between the morphological and 
hydraUlic chsracteristics of the bed affecting the movement of we 
and the formation of a solid ice cover, in the interest of pre­
dicting the formation of ice jams and of adopting the most appro­
priate preventive measures. 

Studies on the effectiven~ss of measures eimed at preventing 
the formation of ice jams, and improvement of the effectiveness 
of ice jam control. 

Rivers under cold and moderate climates are covered by solid 
or floating ice over a considerable part of the winter period. 
Avereion of the damagea potentially caused by river ice is large­
ly the responsibility of fluvial and hydraulic engineering and 
any improvement in these activities calls for a thorough under­
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standing of the phenomena related to the formation and movement 
of ice. Of the variety of potential preventive measures avail­
able, the most appropriate one can be selected on the basis of 
engineering and economic c onsiderations, relying on the results 
of detailed investigations. 

The process of ice formation is controlled by the heat 
budget which must be studied in relation to the conditione pre­
vailing at the surface of water courses. Studies on temperature 
variations may yield information on the special conditions under 
which an ice cover is formed, and which govern the stability of 
the ice cover. The thermal balance in rivers may evolve in e man­
ner favouring the formation of slush-ice which may contribute ma­
terially to the thickness of the ice cover. On the other hand, 
the ice cover onca formed will necessarily affect the temperature 
conditions in the river. All these fundamental phenomena - influ­
enced by the ice arriving from above, and by the conditions of 
turbulent diffusion in the river - will necessarily affect the 
forecasts on ice c onditions which are of grest interest concern­
ing both the formation and break-up of the ice cover over short 
and long time range s alike. All these phenomena are greatly in­
fluenced by the hydrological (regime) conditions prevailing in 
the river. 

The movement and distribution of ice in the river bed are 
governed by certain spec ific la'Ns of hydraulics. The presence of 
ice is of considerable influenc e on stages, on the distribution 
of veloc i ties and on the discharge in rivers. Thorough Imowledg e 
on this flow retarding effect is important, on the one hane con­
cerning discharge statistics in winter, on the other hand fo r de­
termining the design flood stages. A c lear understanding of the 
physical condition s controlling the s tab ility of the ice cover is 
desirable in ord er to decide on the me thod by which it can be 
controlled most effectively. The formation of ice jams depends on 
specific phyaical conditions, the understanding of which permits 
measures to be taken to reduce the hazard of i oe jam flo ods. The 
break-up of ice jams is also induced by a change in the hydraulic 
parameters and a more detailed exploration of the relevant f ec­
lars is expected to promote the artificial break-up of dangerous 
jams. The banks, as well as the structures situated in the bed or 
on the banks are exposed to pressures of considerable magnitude
due to the ~oving and standing ice cover, the exact determination 
of which is of great interest to the designers. 

The detailed analysis of the work performed by ice breaker 
vessels applied for averting the hazard of ice jam formati on mey 
lead to conclusions resulting in higher efficiency. The potential 
methods of destroying ic e jams include the breaking, the blasting 
and melting of ice, but there is a need on the one hand for im­
proving, on the other for comparing these methods.Over river sec­
tions where ice jams are liable to form, it is advisable to take 
appropriate preventive measures in ice-free periods by influenc­
ing artificially the channel morphology and the hydraulic condi­
tions. Once the hydraulics of ice jam f ormation have been cleared 
Ba mentioned before the corresponding control structures must be 
evolved and the preventive measures determined for various river 
sec tiolla. 
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From t he research obj ect1.ves SlId their justH'1.cat1an the 
complexity of the probl em wi~l be readily appreciated. Sucees8~ul 
research in th is broad fi eld bec omea thus extremely dif~icult es­
pecially i n small cOUDtr1.es , al though t he practical appl ication 
of such results would be of pa ramoUDt significance . For thi s re­
as on organized or spontaneous internst~onal cooperation end the 
BS fa s t as pos sible exchange of experiences lould be essential. 
In view of the intellectual and material (fi nanc i al) capacities 
available a cer t ain int ernational ~llocation of t aeks is alao 
c ons i dered desirable , t he beginnings of whi ch have be en observ­
able during the past years in this fie l d as well. 

The main achieVlllenta arr ived at in Hungary t hus f ar, may be 
summarized ss follows: 

In Hungarian hydraulic engineering pract1.ce. ic e conditions 
primarily on the Danube and t o a l es ser ext ent on the Tiaza-river 
":Iere of ma j or interest. The fUDdamental work: of da ta c ollect ion , 
analys is and descrip t ion has been performed f i rs t of a ll by 
W.Lasz lciffy [lJ and S.Horvath [ 21, whoss publications in the i n ­
ternat i onel professional literature have disseminated the Hungar­
i an resul t s on the hyd ro logy of ice . In the course of this anali­
tic a l ?lOr!> they have arrived s t a number of important conclus ions 
and hav e de t ermined r elat i onshi ps with meteorological conditions 
of grea t prac t ica l interest. More recently J. Csoma [3) and I . 
Zsuff a have con s i dered similar problems by appl ying aQvanced math­
ematical statis t i c s t o them. 

Experi enc s conc erning ic e c over formation during the ~ast 
years have been c ol lec ted primarily for the Danub by L .Knezy [4J . 
The work performed by t he ice breaker vessels has been analYBed 
by Gy.Bo(;n8.r [5]. Ic e phenomena in the vicini ty of struc tures and 
th e necessary preventive measur es have been studied by I .Somody 
[6) and S • Bake OJ. 

The thrust and other effect s exert ed by ice, have been dealt 
wi th in detail by L.ToroK [8]. 

The relevant professional foreign li t erature haa been rev1.ew­
ed i n a c omprehens i ve paper by O.Staroaolazky [9] in which t he 
thermal budget of 'later courses . t he hydraulics of ice movement, 
i ce pressure a wel l as the protection of structures from i ce ef ­
fect s have been discussed. An interesting contribut i on to t he 
knowledge on the behaviour of the ice cover and on the influence 
of s tructures ha s been mady by E.Zsilak [10]. 

Practical info rmation available on ic e control has been sum­
marized by sev eral authors, whose work was c oordina t ed and edited 
by B.Sipos in a comprehensive manual [llJ. 

In order to disseminate up-to-date information t o engineers 
engaged wi th the i ce problems in practi ce, t he text of lec tures 
delivered et a training course in ~ter 1972/73 wse published by 
t he National Wa ter Authority. 

In res ponse to practical requirement s and considering ~irat 
of all the condit ione prevai l ing in Hungary the fol l owing rese~ 
subjeots may be s ugges t ed: 
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1. 	Studies on the formation of river ice 
1 .1 The thermal budget of water courses 1n the range of freez­

i ng and the f ormation of a sol~d 1ce cover 
1.2 	Determinat ion of temperature changes in water courses 
1 . 3 The quant ita tive description of s lush i c e format i on 
1 .4 	Effect of the ic e cover on temperature changes
1 .5 	~orecast1ng pr obl ems rel ated to ice 

2. 	St udies on the movement of river ice snd OD the formation of 
an i c e c ovar 

2.1 	Laws governing the movement of slush ic e 
2 .2 	Laws governing the movement of ice fl oes 
2.3 	The effec t of ic e run and of t he i c e cover on stages, ve­

l oci t y distribut ion and disc harge
2 .4 	Stabilit y crit e~~ of the i ce cover 
2 .5 	Cri t er i a of i c e jam forma t ion 
2 . 6 Cr i t er i a govern ing the break-up of i c e jams 
2 .7 Es t imat i on of t he magnitud e of ice t hrus t on hydro techni­

cal structures 

J . 	Contro l and aversi on of danger sit uat ions due to ice 
3.1 	Evaluation of the performance of ic e bre eker vess e l s in 

pr eventing ice jam forma t ion 
3.2 	Improvement of methods for promoting the break up of i c e 

jams: 	 Ic e breaking

Ic e blsst ing 

Ic e melt ing 


3.3 	Engineering measures for river s ections where ice j ams are 
l i able to f orm (genera l guide l ines) 

3.4 	Program for organizational, equipment de velopment, e:c. 
meas ures for avert~ i cedamagee 

3.5 	Techni co-economic c omparison of ic e breaking IUId preve n ­
t ive river regulat ion measures 

Methods of research 
In aome of the subjec t s it i8 c onsidered advisab l e t o rev ie'" 

the present state of kIlowledge in a prelimillary peper f ounded on 
availabl e experi ence and on the r elevant l iter ature (J. 3) . 

In t he case of some subj ects it is not c onsidered de s irsble 
to go into greeter detail ( 2 .7). 

In some pr oblems f ield obser vations are bele1ved neces sary 
(1.1), ( 1.2). ( 1.4), ( 2 .1) , ( 2 .3) and in the future the c ollec ­
tion of experiences as well as the proc essing of date shoul d be 
made inst itut ional (3.1), (3.2). 

Pinally, a t hird group of subjects a ppear s t o require beyond 
field observation s , investigat i ons either in the f i eld (). : or in 
the laborat ory (2.2,2. 4 ,2.5,2.6), the results of which wou l d 
permit conc l us i on s to be dralVD for part i cu l a r loca tions (J.3). 

The manifol d character of t he subj ect s listed in the fore­
going sugges t s l ogic ally tha idea t o conduct research work on 
thes e OD the basis of organized international cooperation, organ­

s 	 Sta.roaols zky 



ized primarily by the IAHR Committee on Ice Problems.This is con­
sidered necessary in order to perform research work with the re­
quired intensity, with the hope of the desired results of general 
validity. 

This is the idea which I could suggest as a starting basis 
for discussions. 
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ABSTRACT 

An analytical model is formulated for a two-dimellllional jam of 
fragmented ice on a stream flowing in a uniform channel. Predictions of 
thickness of ice accumulation, streamwise normal stress, lateral normal stress, 
and shear stress are made. The governing di fferential equation is derived on 
the basis of the force equilibrium of an elemental control volume taken from a 
fragmented ice cover. Hypotheses are introduced concerning the nature of the 
force interaction betveen ice fragments and the resulting differential equation 
is integrated under tvo different assumptions concerning the nature of shear 
stress applied to the bottom of the cover by the stream flov. Finally, some 
laboratory data on the mechanical strength properties of fragmented floating 
ice covers are summarized. 

~OMHAIRE 

Un cadre analytique a ~t~ formul~ afin de pr~dire les distributions 
d'~pai5seurs d'accumulation, la force Dormale et la tension dans Ie sens du 
courant, la tension normale lat~rale et la tension tranchante, dalll! un bl ocage 
bi-dimentionnel de glace fragment~e sur un courant s' ~coulant dans un canal 
uniforme. L'~quation differentielle qui regit Ie phenomene a ete derivee en 
analysant l'~quilibre des forces agissant sur un volume de contrdle el~entaire 
pris sur la couche de glace fragmentee. Des hypoth~ses ont ete introduites 
concernant la nature de la force d'interaction entre les fragments de glace 
puis l'equation differentielle resultante a ete integr~e SOllS deux suppcsitions 
differentes concernant la nature de la tension tranchante appliqu~e a la partie 
inferieure de la couche par Ie courant. Finalemeot, Ie sommaire de quelques 
donnees de laboratoire sur les propri~tes de la r~sistance mecanique des couches 
de glace flottante fragment~e a ete presente. 
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I. In~ r oduction 

7ni8 pep~r is concerned wi th tbe development of an analytical model 
of a two-dimensiona:!. j am o f fragmented i c e on Ii s t r el!L!ll tl=i llg i n Ii U!11fo rm 
ch nne . ?redictioDS :for the thickness of' i ce accumulati on, s trea.m\l ! se normal 
3 t~ea 5. lateral DO~ stress, and shear stre ss are made . The governi ng dif­
rerent1al equation is bas ed on the s treamwi se f orc e equi l i brium of an el em ~~ al 
con: r o vol'~ taken f r om the :ragmented cover. Aft er I ntrod ction of bypo­
t heseD ~oncerniD8 ~he nature o f t he force interac~ion be~ween i ce fragments, 
the different ial equation is i ntegrated unJer tvo different assumpt ions concern­
ing t he 0 13. . re of the shear stress applied to the bcc tam of th'" cover by t he 
st.relJ..m. r::·I<I . 

II. r :Jrce Eguilibriuc of an Ice Cover 

Co ns ider a rectan~~ar pl an-form control volume as depicted in 
: 10 ' 1 , includi ~~ ~he f ull ~h icknes 9, t, cf a fargme~t ed ice cover. The ex­
te rnai streamwise (x-direction ) forces act ing on t he control vol 1..cue may be 
s l..l.CI!lari zed as t'ollo·.Is: 

a. Tne shear force, F ' applied to the bot t om of the element by theSlflowing water: 

(1 ) 

c 
.. S2' 

the y-di rection) of the shear st ress T 

b. Tbe shear force, due to the gradient across the stream (i n 

xy 

h 

FS2 c ~:ix dy (2)
"y 

!'iot e that t is treated as constant across t~a channel (i.e . , independent of y). 

c. The normal force, Fn' resulting from the gradient of Ox in 
the stre~~ise direct i on: 

F - ~ (0 t) d.x dy (3) 
n dx x 

!~eS~~~~::S:O~~d that Txy and Ox are the average values of the stresses over 

d. Tbe component of the weight of the control volume in the x­
direction is: 

Fw = [t(l-p)(p' /p) + t(p'/p)p ] p'g sinS dx dy (4 ) 

where p is the porosity of the cover, p and p' are the densities of the solid 
and liquid phases, respect i vely , g is gravitational acceleration ", and S is the 
slope of the stream. It has been assumed that the i ce cover is supported at 
the level of hydrostatic eo.uilibrium. For conditions of static equilibrium, 
the s um of the forces given by Eqs. (I), (2), (3), and (4) must be zero, which 
results in: 

III. Effective-stress Relations for F!"a.p;mented Ice Covers 

Tne fragmented ice cover vill be treated as a continuum, and certain 
principles of noncobesive soil mechanics will be assumed to be applicable. In 
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particuJ.ar t he t'a.i.lure values ot ox ' 0y ' nnd Txy vill be assumed to vary 

l inearly vi 'th the average value of the normal 8 tress in the z-direction, az' 

which is produced by the weight o f the f ragments and is given by 

-;'z 2 (1/2)t (l-p'/p) (l-p) p'g cos e ; Y t (6 ) 
e 

\/he:r:e 
Y ~ (1/2) (l-p'/p) (l-p) p'g cose e 

is an equivalent unit weight of the c over. The linear relations between the 
ax' cry a nd Oz can be wri,tten as 

a ; k a (8)
x x z 

and 

a ; k a (9)
y y z 

The s tress ratios kx and ky can vary between two limits known as the Rankine 

active and passive values . On t he basis of Mohr-Coulomb failure law, the shear 
stress , at failure, (Txy )M' may be vritten 

(10) 

where C is the cohesion intercept and ~ is the friction angle and is related
i 

to the passive stress coefficient by 

kp = (l+sin$)/(l-sin~) (ll) 

Finally it shouJ.d be pointed out that in the case of a straight prismatic 
channel, in which To is distributed unifo:r:mly across the stream, txy varies 

linearly in the y direction: 

(12) 

where B is the channel width and (T xy)M is the maximum shear streas, at the 

banks, and is given by Eq. (10). 

Substitution of Eq. ~ 6) intc Eqs . (8) and (9) yields the norma] 
stresses expressed in terms of the ice thickness. Combining Eqa. (10), (12), 
and (9). a similar expression for shear streaa is obtained. Substitution of the 
st:r:esses into the equilibrium equation, Eq . (5), and nor~alizing by setting 
Xo = X/ H and to ; t/H yields dt 

t -2. ; a + bt + ct 2 (13) 
o dX 0 0 

o 
where 

a = T / (2k Y H) (14) 
0 , x e 

b (15) 

and 

(16) 
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IV. Calculation of Ice Thickness Profiles 

The presence of an ice cover on a stream increases the resistance 
to flow by lengthening the wetted perimeter of the flow section. As a result, 
the flow tends to deepen, and part of the discharge may then flow outside the 
main channel in the overbank areas. Determination of the fraction of the 
discharge that continues to flow beneath the ice cover is not a straightforward 
matter, and requires consideration of the hydrodynamic roughness of the ice 
cover, channel geometry, overbank topography, etc. For continuation of the 
present analysis, two limiting cases will be considered: constant discharge, 
and constant energy gradient. 

A. Constant Discharse Model. Here it is assumed that the discharge 
under the ice cover is constant along the channel. In terms of the Darcy­
Weisbach friction factor, the shear stress exerted on the cover is 

2 
T ; (f/8) pvo u 

where Vu is the mean velocity at any station. The velocity Vu may be related 

to the velOCity upstream from the cover, V, by the continuity relation, with 
the result 

Vu ; VH/(H - tp'/p) (18) 

where H is the depth upstream from the leading edge of the cover and t is the 
thickness of the cover. Substituting Eq. (18) into Eq. (17) and Eq. (17) into 
Eq. (14) yields 

a; IF2 fy/(16k y )(1 _ (p'/p)t )2 (19)x e 0 

where :IF; V/!iii is the Froude number of approach free surface flow and 
y ; pg. Equation 13 with the quantity a given by Eq. (19) is a first-order 
non-linear ordinlLry differential equation and c.an be solved by using fourth­
order Runge-Kutta method with the leading edge condition to ; 0 at xo ; O. A 

typical set of profiles for this case is presented in Fig. 2. 

It can happen that the ice cover thickens sufficiently that for each 
segment of the cover contained between any two planes normal to the stream axis, 
the shear forces exerted by the banks on the ice are adequate to balance tne 
streamwise component of the weight of the cover and the shear drag exerted on 

dt 
it by the flow. In this case dx° is zero in Eq. (13), which then reduces to a 

o 
f ourth-order polynomial in to. This equation can be solved numerically, to 

obtain the equilibrium thicknes s, t , for known values of IF, H, B, kx and ky
e 

B. Constant Energy Gradi ent Model. If the hydraulic gradient of 
the flow, rather than the d19charge r emains constant and if it is assumed 
that the channel is vide and the Shear stress is equally divided between the 
channel bed and the underside of the ice cover, th~n the hydraulic radius, R, 
of the flow section is 

R ; h/2 ; [H-(p'/p)t]/2 (20) 

The expression for the shear stress then may be written 

TO; pg R sin B = (1/2) pg[H - (p'/p)t] sin B (21) 
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A procedure suggested by Carey [1] can also be used to calculate the 
hydraulic radius of the portion of the flow section for which the streamwise 
garvity f orce is balanced by the shear stress on the caver, and therefrom T • 
Introducing Eq. (21) into Eq. (14) leads to 

dt 
Zt ax 0 

= a' + b't + cft (22)
0 0 0 

0 

wbere 
y'S 2C.

1 ..:r.. sin 8 1a' b' (T- --t-l. c' = - ifk 
Ii 
H 

tan e (23)= 1jYe ~; = 2k Ye x x 

Integrating Eq. (22) with the boundary conditions t ~ 0 at x o yields
0 0 

a' + b't + c't (2c't + b' - ;:q) (b'1 0 b' 0 + ;:q)0)Xo = 2c' tn ( - --- ~n (24)a' 
2c';:q (2c't + b' + ;:q) (b' - ;:q )o 

where q = 4a'c' - b'Z, which is al~s negative. Profiles calculated from 
Eq. (24) are shown in Fig. 3. The equilibrium value of to' denoted by t , is 

e 
obtained by deleting the derivative term from Eq. (22) and solving the resulting 
quadratic euqation; this yields 

(-b' - 11),2 - 4a'c')/2c' (25) 

V. Experimental Determination of Me.chanical ·Ptopenies of Floating Ice. 

For the quantification of the stress coefficients, kx and k ' defined y 
by Eqs. (8) and (9), two types of experiments were conducted in the Institute's 
Ice Force Facility (see Fig. 4), and one-foot wide glass-walled flume. 

The tests for kx were run in the Ice Force Facility by compressing 

a fragmented ice cover,with a rigid plate mounted on the motor driven carriage 
through a dynamometer equipped with a strain-gage force transducer (Fig. 4). 
The force applied to the plate by the ice cover was recorded by the dynograph 
while the carriage was in motion. In these tests it was observed that the 
force applied to the cover increased gradually until failure was reached. The 
failure point was utilized in the calculations to determine k ' Considerable 

x 
variation in the results was observed between nominally identical experiments, 
presumably due to variations in the ice-fragment contacts which in turn were 
due t o different arrangement of ice particles. Each experiment was repeated 
ten or more times and the average failure force was used in the calculations. 

The force exerted on the plate can be written 

F = cr t W (26)
x c 

where cr is the streamwise stress as defined by Eq. (8), Wis the width of 
x 

the tank, and tc and p are the thickness and porosity, respectively, of the 

fragmented caver. Substituting Eqs. (8) and (6) into Eq. (26) and solving for 
kx yields 

- p'/p)(l - p)tz,. (27)
c 

The results of the experiments are presented in Fig. 5, where de is 
given by 

11 Uzuner-Kennedy 



. ­

d = ~ (28) 
e a 

where d and b are , r espectively, the a.verage of t he ;Longest plan <lim.ension and 
the one perpendicular to it. The symbols in Fig. 4 are SUlIDIIar i zed 10 Table l. 

Block Si ze 
.J..... p symbol ti b d 


t c (in) 


10 0.485 0 0 . 75 4 . 47 6. 28 
20 0. 485 e 0 . 75 4 .47 6. 28 
30 0. 485 0.75 4 .117 6 . 28•20 0.478 \l l. 00 5. 88 8.10 
30 0 .478 ... 1. 00 5.88 8.10 
40 0. 478 W 1.00 5. 88 8 .10 

For det ermination of the lateral stres s coef ticient, kyo shear 

experiment s similar to the direct shear t est s used in 80il mechanics were coo­
ducted i n the one-foot wide glass vall f l ume, xcept that t hey were made wit h 
floating mat eri als (with specif i c gr avit ies close to t hat of i ce ) contained 
betveeo B hori zont ally moving shear apparatuB . The f orce r equired to shear a 
fragmented cover, with t he cohes i on int ercept C = C, c an be written

i 

T =. t L (29 ) 
XII s 

where txy is the s hear stress a" defined by Eq. (10), Ls is the length of cover , 

and tc and p are the t hickness and the poro ity of the mat erial , r espec t i vely . 

Substit uting Eqs. (6) and (9) 1nto Eq. (10) and then int o Eq . (29) and divi dioS 
by W; yie l ds 

!L.. t 2
F = T .Ir. t an¢ [1. (1 P ) (l-p)] ( ..t ) (30)2B p'gL W Y 2 

g 0 
were Ws i s t he width of the flume . Lett ing 

1 I 1.. t
[- (1 _ L )( l_p »)'" ...£ 
2 p Ws 

in Eq. (30) results in 

F n t 
s 

2 (32)
s 

The result s of t he experiment and th£' best fit parabolas to th 
data points are presented in Fig . 6. 

VI. Coocludi!!5 Ilemarlts 

The r£'search program \/hich produced the results r"ported herein stUl 
1s i n progress at the time (1973 ) of thiB writing, and it rema.ins to be seen 
if the principal results, notably the relations for tbe strength or the lee 
cover in compression and in shear, Eqs. (27) ana (32) , and the predictions of 
the streamwise distribution f lee thickness , typi ce.l examples of which are 
given in 'Figs ... a.nd 3. prove to be reliable . If tbese re..ults are verified 
for unifo~ ~hsnnels, the next 10g1 Bl step woUld appear to be app11cation of 

UzuneT-Keuaedy
1 
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thi s type of analysi s t o rueandei'ing channeLs. 

A complete analysi s of an ice j am in a river mus t include con­
sideration of the whole flow-ice-river channel system. Speci fi cally , for a 
fixed quantity of ice coming to rest in a channel to form a J am , one shaul 
calculate the added resistance it will of fer to the flow, the corresponding 
rise in the water surface and the overbank flow this produces , the thicknes s 
distribution of the ice, and the interaction among these. This would involve , 
no doubt, calculation of the eValuation of the ice jam with time US i ng a com­
puter based simulation of the jammi ng process . The analysis developed herein 
would appear to provide One of the key components 'of such a s imulation . 
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Figure 4. 	 Photo of apparatus used in k experiments 
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ABSTllACT 

Presented are experimental and theoretical research findings on the 

kinematics o f flow under the ice c over. Formulae are derived to delennine 

flow velocities, discha~e, the position of the maximum velocity plane, and 

eddy diffusivity of momentum. The kinematic parameters of the flow appear 

to be governed by the absolute values of ice cover and bottom roughness, 

and not by their ratio as it was supposed c.ai-lier. 


~OHMAlfIE 

Le rapport traite les ..esultats des recherches experimentales et theo­
riques sur Ie regime cinematique des ecoulements S DUS la couverture de 
glace. Sont donnees les form ules de calcul des vitesses d I eCoulemenl, du 
debit, de Ia pos ition du plan de la vitesse ma.ximale, ainsi que des coeffici ­
ents d' echange turbulente. On souligne que les caracl<"is tiques cinematiques 
des ecouleme nls s ous glace dependent des valeur.5 absolues de la nJgosite 
de Ia couverlure d e glace el du fond, et non pas de leur relation, comme on 
a suppose auparavanL 

li 



As distinct from open channel flow, the flow under the ice cover 
possesses an additional boundary (i.e. ice) with a roughness differing from 
that of the rest of the ~tted perimeter.. Besides, the presence of the ice 
cO'Ve'r creates closed surface conditions. Simila.r flow conditions occur in 
pipes and flumes "'th roughness varying along the perimeter. 

The vertical velocity profile is asymmetrical (Fig. 1). In case an autumn 
ice l'\..U1 precedes the formation of the ice cov-er, the roughne5J3 of the under­
side of the ice cover exceeds that of the bottom, and the plane of maximum 
velocities ( h, ) is shifted d01M'W.ard from the centre of the vertical. Provided 
no ice n.ffl takes place before the final ireeze-up, the underside of the ice 
cover is relatively smooth, then the velocity rna.xlmum moves into the upper 
portion of the flow. With the ice thickne$ incredsing, the ice cover roughness 
diminishes, hence hI is liable to move upwards during the winter. 

v z B 8 10 12 V, o/secor-:::::------- O~~~~~.~~~~~~-

Vma:z q~'~-+--+--+--+--4~~1~
hi 

~~r-~_+--~4__+~ 

/V 
a081---r~--4-~~+-~_:...-V' .. qO&I ....~I~I" '-it!" Q~ ;.r..J'i!tl~~ 

Fig . 1. Diagram of flow velocities Fig. 2. Experimental profile of flow 

distribution under the tce cover velocities (II- • 7.6 cm; .Y. 1.54; 


n, • 0.0117; rl2 • 0.0181) 


NoN. Paviovsky [1931J W3S one of the first investigators to study the 
kinematics of flow under the ice cover. Proceeding from the principle of the 
maximum discharge capacity of the channel; he derived formulae to evaluale 
the average velocities and the flow rate. P a viovsh.-y suggested Ch€£y's _U­
kno'M'1 equation {or use in routi ne computations in eng ineering prectice after 
incorporating into it the average roughness coefficient ( il ) dependent on 
the rOOo betVleen the ice cover and botiom roughness. 

A similar approa:::h to the problem of flow under the ice cover is to be 
found in the .-.ori< of G.K. Lotter (1938, 1941J, A.A. Sabaneev [1948J 
I.D. Denisenko [19631 , V.B. Dul 'nev (1962] et al. 

In the above studies the Witer body is assumed to be divided verticcily 
into t.-.o zones. There appears to be '" marl<ed difference of opinion as to the 
proper location of the boundary betVleen them. Some authors, viz. Paviovsky, 
Lotter, Dul' nev et al. consider that the cross-section should be divided 
proportionally to the parts of the _tied perimeter, others, namely, P.N. Eelo- . 
kon' [1940 J LM. Konovalov [1952] , U.S. Ros' [1965] assert that it 
should coincide Ywifu the plane of maximum "V'eloc.ities. E-Iydraulic calculations 
of each zone are based on Chezy' s equation Wlich was originally derived 
for the case of B uniform free surface flow obeying the quadratic Ia-<. 

lJ. Levi (1948] and K.V. Grishanin - FA. Spetsov [1968] applied the 
_U-known equations of the semi-empirical theory of the boundary layer to 
compute the flow under the ice cover. The vertical distribution of averaged 

18 V.M.Zhidkikh et al. 



velocities \"'-5 found to confonn to the logarithmic law. 
M.Ya. Gil'denblat evolved a four-layer model for the flow under the ice 

cover by dividing each zone into a '-"Oil regIon a..n.d the main stream. A velo­
city profile may be plotted on the basis of the expression for linear distribution 
across the depth o[ shearing stresses due to friction._ the eddy diUusivity o[ 
momentum being assumed to vary Iinearty in the ""'--1 regions, VIhile that in the 
main 	stream \I\6.S ta..ken to be constant.. 

Without a.nalysing in detail the relationships employed in the calculations 
one should emphasize that in many cases they yield ""'-li<edly di9:repant 
results. Common to all the studies listed above is the division of the flaw­
under the ice cover into bM:> independent zones VIohose kinematic conditions 
are affected only by the surfa:e adjacent to them. In other words, w,en the 
absolute values of ice cover and bottom roughness differ. but the ratio betl"een 
them is the same, the fio,\v vel<x:ities and the other kinematic parameters should 
be equal. I-b"",ver this conclusion is not born out by the dala (rom a speci-<lJ 
laboratory test program outlined belo"," 

The experimental rig consists of a wnd tlume 400 em long, 43.5 em ·Hide, 
and 8 cm high 1II.ith bottom and roo[ Jl'laie o[ glass and wooden V\aI.Is. The 
air supplied to the contraction is ejected by a fan ader paS5ing through the 
flume. The contraction and the first 50 cm o[ the flume are equipped 1II.ith 
deflectors ensuring a uniform velocity distribution across the ",idth oC the flume. 
'D"le effect of the flume V\B..lls \r\aS noticeable up to no more than 5 em from 
each ,\ell. F'low velocities "\ere measured by a Pitot - static airspeed tube; 
piezometers "Aere mounted in the vo.eI.ls of the flume to obtain the piezometric 
slope line. 

Tests ' .... re conducted at 6 dLtferenl roughness values [or the upper and 
lower glass surfaces, as 'VI.eli as for surfaces fonned of s.a.nd and grilvel "..vith 
grain diameters of 0.5, 1.5, 3.5. 5.5, and 14 mm. 30 tests were run with various 
surface linings and 6 "'th identical ones. 

The latter permitted to evaluate the boundary roughness coefficients: lor 
glass 11- is 0.0089, [or grain sizes of 0.5 mm, 1.5 rnm, 3.5 mm, 5.5 mm and 
14 mm n is 0.0117, 0.0137, 0.0153, 0.0118 and 0.0222, respectively. 

Of vital importance in processing experimental findings is the choice of 
the computing origin for the absolute roughneS5 a nd the depth of the Qow. 

Ther-e a.ppears to be a ""ide divergence in the opinions of indi v idual 
investigators concerning the problem. Thus according to M.M. Ovc.hinnikov 
[1965] the average height oC the roughness elements on the bottom, II , is 
0.645ti,\\here d is the mean graln diameter, ader A.N. Rakhmanov 1968 Ll 
is 0.6 72 d; V.N. Goncharov 1962 and S.Ya. Muchnik 19 accepted 

Ll. (0.5 .. 0.7) d . 
In our calculations Ll is equal 0.5 d. In determining the plane of 

re[erence [or depth (the so-called hydraulic bottom) one should bear in mind 
that wU"l a [low passing over a rough botto~ vortex zones a rc formed bet...veen 
the roughness elements where the motion o( 'VIBter becomes ma inly rotational. 
rence the plain o[ reference should be located somewh.:>.t 10\M?r th.::ln the peaks 
of the roughness elements .. Some researchers selected a. plane o( re{en:?nce 
( 0.05 .. 0.1 2) d below the peaks of the roughness elements. The problem stands 
in need oC further elucidation. It should be noted, ho"",ver, thut c.:llculation o[ 
flow in rough channels remains valid irrespective o[ the position of the plane 
of reference, .....hen chosen v.:ithin rea9:>naole limits, relative to the peaks o f 
the roughness elements. Aften'IBrds all the hydraulic flow parameters are to be 
referred to the chosen depth reference plane. Herein in reducing the experi­
mental data the position o[ the re[erence plane w>s assumed to be 0.25 d 
below the peaks of the roughness elements. The tests indicated that the dis­
crepancy betv'.een the roughness coefficients evaluated with the depth reference 
plane either at 0.26 d or at 0.05 d below the peaks of the roughness elements 
amounted only to 4.5'}6 for gravel wth grain size of 14 nun, 'Aottile for grains 
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with d - 5..5 rrun it is, practically, absent. Hence the depth of the Uow W1S 

determined during the tests as: 

IL = H + 0.5 ( '1: ( -;- '('co) (1) 
where H is the spa::ing beb<-.een the roughness elements; 

Z'1 and 'Ii 2 are nodii of the roughness elements at the roof and al 
bottom, respectively. 

a 
~O.-.-.--r~--'-'-~~~~~ 

q65 

/v 
0,00 

i7/ OOI5}... 

q55 fk :­ J(jf37 

(;,0117o~o~ 
~O ,2.0 no/t~O 1,5 2,0 1l2/!Z( 0 

00 

Fig. 3. Position of maximum veJocity point Fig. 4. Relation at ~/(a,lflJ 

Vertical velocity profiles for two lest n.LT\S are shO'M1 in Fig. 2 and the 
point of ma.ximum velocity in Fig. 3. The kinematic parameters of Uow betv.een 
boundaries described by different roughness coefficients are seen to depend 
solely on the absolute values of roughness and not on the ratio between the 
surface and bottom roughness. Though contra:licUng the results obtained by 
other researche~ the conclusion is far (rom being uneXlJected. A s.Lmi1ar 
effect of boundary conditions on the regime within certain systems has been 
recorded in a number of fields of science. E.g. the theory of heat transfer 
recognizes thet the thetTllal regime of a body is governed by the absolute 
valUES of suria:::e heet transfer coe[ficients, but not by their ratio. 

Let us pas s on to the analysis of the ·kinematics of l10ws under the ice 
cover. Let the o rigin of coordinates be placed on the ice cover surface 
and the normal Z -axis is directed dCN.nwlrd. Ass~ the motion to be 
uniform and steady. the eouations for the upper ( 5l ~h,), and low~r (~ ~ h ) 

zones of the [Jaw may be written as 
f 

d
2 
v·

.Jti d:/i +-.7jJJ = 0 ( 2) 

20 V.M.Zhidkikh et at. 

~\\1 \ \ 

I\~~~ '\ '\§, 

2,0 \ ~\\Ll\ ~'fb~CI' 

~ \~\ "\ 
A ~:\\ ./\ ~ ~ 

". 
~ 

-~ \. '\~~ 

~ ~ 
"­ ........ 

~O 

-~ f\ "­ ..... 



Here is ~ and 2 (the values Vlith subscript ~ referring to the upper flow 
zone, and those \t\tith su.bscript 2 to the 10VE'r one); 

V. is mean velocity; 
fi' is the eddy diifusivity ot momentum ( viscosity) ; 

y' is the slope;

9 is grB:vity acceleration; 
.p is density of """ter. 


The solid boundary conditions may be desc:ribed by 


V, \ - L,::' I~.a ' (J) 
~ 'O 

L~I
:2 d 'iI! l-/z 

The L i are given as 

( -\artd. ~, 

lM1ere at is an empirical value defined below from experimenkll ~ 
In the :l! = ~" plane the (ollowing conditions must be s<ilis fi e::i 

ff ~' \1'1<, ~ ~l lOll,- 0 , ( 6) 

( 7) 

turbulent exc fu""VI~ '''' 

/z 

d 2 =rr/AJ.<)dx . ( 8) 
( h, 

soluuon of 

( 9) 

[t should be pointed out that a similar approach can be iound in th'" 
'M)rk of V.M. Makkaveev [1940) •.""-.V. Karaushev [1961J. 

However the results obtained stand in need of further rE.·([neme n t n the 
ground that the.lt coefficient \t\eS as sLmed constant across th e d e pth and 

was computed from the expression Jt = 2J: ~ l 

derived for free surface now lhhere r is the specific ",eig ht of water; q I ':.> 
the WOlter dischilrge; C is the Chezy coefficient (or the bottom; I2 m. 22.3 m O·=>/sec. Besides, the values of a ',..ere est.nblishe d by 8ds<ll n<? r " 
empirical (onnula (or vertical velocity distribution in (ree surface an"". 

By integrating Eq.( 2) including the conditions of Eqs ( J -( -; ) " s ''''u 
as (8) and (9) after some transformations the foll crwirg relallOnsh ips r." n Do· 
obtillne d for flow velocities, the position of maximum velocity and coe ffi cr 'n t5 
of turtlulent exchange: 

fljJ :J 
( 10)V;~~ 

( 

ff.fJY [ J!. h ]~=~ 'l (hf~2)-lzlk; 2) ~[jh -Jz) ; ( 11) 
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./t,=o,~/xh., fjYh:; (13) 

fi!! =O,IljlX (h -Iz) I pJ(Iz -Iz,) : ( 14) 

t<. _ .It, =(_h_) 3f2
Jl Iz-Iz . (15) 

2 f 

( 16) 

then 

( 17) 

( 18) 

t<. =(_7_0-) % . ( 19) 
f - '/0 

, I ' f h., () ()Yrz = . - h and 70 = - n must be substituted in Eqs 17 and 18 

for '17 a nd '10 "hen computing and./t •Vzt F'rom a !>imultaneous solution to Eqs ( 12) 2u.nd (15) the position of the 
maximum v-elocity is 

( 20) 

in lAhich 

( 21) 

( 22) 

The laboratory findings de=ribed above rm.y be used to estimate the a· 
value incorporated into Eqs (17) -( 22). a. values are obtained by Eq (17) /. 
in ....ruch all the terms excefi a I and a <are found experimentally. In thez 
c alculation results presented (Fig. 4) the roughness coefficient of the 
boundary adjacent to the layer is designated by n.o • ....rule !loo stands for the 
roughness coefficient of the opposite boundary. The data plotted in Fig. 4 are 

approximated by 

=1' [ 0 ./,87(3.)'f.S2]
Ul 87 lZo 1l . . (23)aL 

00 
Substituting ,1 L for nL """ he,"", 

( 24) 
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In Fig. 5 the a . values obl.ained are represented as a function of the 
V.. · / V= ratio, in'Vlhich V .. / is the dynamic velocity of the upper am 

100...er flow layers, respectively. The same figure shows the calculated values oC 
a, based on F.A. Spe tsov ' 5 field observations. Experimentci and field daa 

appear to be in very g ood agreement. The relationship represented in ~. 5 
is described by 

11: ' -'J a . -0059(~) . ( 25) t· Vmaz . 
On condition that the values oC l[. . am .1 . are known. Eqs (23) and 

(24) yield the values oC a i • In case ni ani L II i are unknown, a i can be 
evaluated by Eq (25) provided It f and Y are predetennine.d. The ratio max

V / V may be defined as
'ltL ''laX 

V.i 3.15 ii 0.9 ..
VI7Ul.'l • 

based on the outlined experimental findings. Given the 1l, am !lz values, 
n may be calculated, {or instance, lrom Pavlovsky's Connula. 

The (omlulae (17) -( 23) given above together .... til the relationships 
( 23) -( 25) permit to obtain a Cull solution to the problem of calculating the 
kinematics of flow under the ice cover. 

J 

• I 

8 10 

Fig. 5. Relation (1 - experimental d<lIa; 2 - field data) 
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ABSTRACT 

A procedure is presented for evaluating the instability of 
longitudinal river-bed variations. The rate of river-bed vari ­
ation is obt~ined from the equation of continuity for sediment 
transport and a sediment transport formula. A numer ica l 
example is presented to illustrate the computation procedure and 
an evaluation of the instability of longitudinal river-bed vari ­
ations. 

'OMMAlRE 

Une methode est propo see pour 1'evaluation de l' i nstabilite 
des variations du lit de riviere longitudinales , le taux de 
variation du lit de riviere est obtenu par l'equation de cont i ­
nuite pour Ie sediment et par une founule du sediment. In 
~xemplaire numerique est presente pour illustre r la methode de 
computation et l'evaluation de l'instabili te des variat ions du 
lit de riviere longitudinales. 
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INTRODUCTION 

Longitudinal river-bed variations are usually induced by runoff regulations 
of reservoir operations, and by inflows from tributaries and outflows to diver­
sion channels. For inland river navigation, it is important to maintain the 
depth of flow in waterways. Therefore, it is considered that the stability of 
longitudinal river-bed variations is essential to river navigation. From this 
point of view, an approach to evaluating the instability of longitudinal river­
bed variations is presented in this paper. 

BASIC EQUATIONS FOR CALCULATING THE RATE OF RIVER-BED VARIATION 

By taking the x-axis in the downstream direction along the river-bed, and 
letting Z be the river-bed elevation measured from a da~ surface, then for the 
rectangular cross section of width B, the equation of continuity for sediment 
transport is 

2L + _-=-,l,---:-c-	 (1)at B(l - A) ax 

in which t = time, A = the porosity of the bed material, ~ a the rate of sedi­

cent transport including suspended sediment in volume of material per unit time 
and unit width, and qio ~ the sediment inflow or sediment outflow per unit time 

and unit width (the sign + indicates the sediment inflow, and the sign - refers 
to the sediment outflow). From the above equation, the rate of river-bed vari ­
ation, aZldt, can be expressed as 

(2) 

in which Qio = the total sediment inflow per unit time or total sediment outflow 

per unit time, and dQiolox - qio. 

As to the equation of sediment transport, the Sato-Kikkava-Ashida formula l ) 
is used: 

4>(n) F(T IT ) u•2o c 	 (Ja)
[(alp) -1] g d 

in which qB a the rate of sediment transport(bed load) in volume of bed material 

per unit time and unit width; U•• the friction velocity; d· the mean diameter 
of the bed material; g a the acceleration of gravity; a and p • the densities of 
sediment particles and water, respectively; TO and Tc the shear stress and 

critical shear stress, respectively; F(TO/Tc) - a function of TO/Tc as shown in 

Fig. 1; and ~(n) = a function of Manning's roughness coefficient n. The value 
of ~(n) can be obtained from the following equations: 

~(n) • 0.623 for n 2 0.025 	 (4a) 

~(n) = 0.623(40n)-3.5 for n < 0.025 (4b) 

From Eq. )a, the rate of 	sediment transport is 

¢(n) F(TO/Tc) U! 
(3b)

qB· [(alp) - l]g 
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In 	this paper, the rate of s ediment transport, qB ' i s us ed instead of qT 

(i . e . the suspended s ediment i s not included in the analysis o f river-bed var i ­
ations) . 

APPLICATION TO AN EXISTING RIVER 

Description of River.-- As a numerical example, the lower Tenryu River is used. 
the 	Tenryu River flows through Hamamatsu City, Shizuoka Prefecture, Japan. and 
flows into the Pac ific Ocean. This river has a drainage area of 5095 square 

kilometers, and the length of the river is 213.7 kilometers . ~ean river-bed 

slope in the lower Tenryu River is about 0 . 001 . fig. 2 shows the plan view of 

a study reach in the lower Tenryu River. Longitudinal river-bed profiles a~d 


the longitudinal variation of water surface width are shown i n Figs . 3 anc " , 

respectively. fig. 5 indicates the longitudinal distribution of mean gra i r. 

size of the bed material. 

Comput ed Results and Evaluat ion.-- Taking 6x a 200 meters, and using Eq s . 2. 

3b, 4a and 4b, the values o f uZ/6 t at each sec tion were computed f or Q 4500 

m'/sec, 7000 m' /sec, and 11130 m' /sec. figs. 6,7, and 8 show the l ong i tudinal 

variations of uqB/ uX for Q a 4500 m'/sec, 7000 m'/ s ec, and 11130 m'/sec. respec­

tively . The longitudinal variation of 68/Ux is also shown in fig. 9 . Final 

results on the longitudina l variations of uZ/u t for Q a 4500 m' /sec , 7000 m' /sec 

and 11130 m' /sec are shown in Figs . 10, 11, and 12, respectiv~ly. for compari ­
son purpose, the longitudinal variations of the observed minimum river-bed e le­
vation are shown in Fig. 13 . Observations f o r the minimum river-bed eleva tion 
were conducted in 1960, 1962, 1964, 1966, and 1968 by the Hamamatsu Office of 
Construction Works, the Ministry of Construction, Japan. In f ig. 13, the ref­
erence year was taken in 1958. This figure was reproduced from the refe rence 
2. From Figs. 10, 11, and 12, it can be seen that the l ongitudinal variation 
of UZ/ut in a reach of 19 througb 24 kilometers is very high . Accordingly , 
the river-bed in this reach ( 19 ~ 24 kilometers from the river mouth) is cons i ­
dered to be unstable. 8y comparing figs. 10 through 12 with Fig. 1), l t ...as 
found that tendencies of aggradation-degradation are very similar. The r efor~ , 
the 	instability of longitudinal river-bed variations can be i nferred from t he 
figure of 6Z/ut. 

CONCLUSIONS 

The conclusions obtained from this investigation are as foll ows: 

(1) 	 The instability of longitudinal river-bed variations, and aggradat ion-de bra­
dation tendencies can be inferred from tbe figures on the longitud i na l va r , ­
at ions of 6Z/6t. 

(2) 	 For a reach which has a very high fluctuation of uZ/6t,the fluc t uation ra n5e 
of uZ/ u t should be narrowed by river-course rectHica tion works . Fa llc·..J­

ing this direction, a stable river-bed for river navigation would be cb t ~ in­

ed. 
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ABSTllACT 

tlon , co- exis ten ce a! i ce ~f i th ~ater , ice fl oat~ ~l c~ , L · e-~QVD ~ 
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!!,OHHAl!lE 

On presente des observations au sujet de la ~ormation de la gl ace 
et des glaciers, de la co-existence de la glace avec Ieau, de 

remission de la glace, de la developpement de l'abri de glace et 
ses effects, du flux vis queux de la glace et des glaciers sous la 
pression, de la portee cinetique des blocs de la glace et des 

icebergs, de leur stabilite et compressant, de tenir la glace 

libre aux obstructions, et de rompre la glace pour la navigation. 
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INTRODUCTION 

Since the present age might be an interglacial age with a new 
ice age coming, as climate experts so auticipate, the timely impor­
tance of this Symposium can never be overemphasized. Even though 
another ice age may never come, an International Symposium on River 
and Ice has its s ignificance particularly for hydraulic engineers 
perennially working in the cold climate, in the higher altitudes, 
and in the higher latitudes. 

Hi8tO~ has revealed that man first migrated from temperate 
zones to the tropics. As mineral resources become deplet~d in the 
lower latitudes, man is reversing its migration toward the poles 
for exploitation, encountering new problems different in degree and 
axten" from those existing in the more-inhabited regions only cold 
in the winter. This adds to the justification of this SynposiUffi. 

As a hydraulician born, raised, educated, and practised in the 
cold climate, the 'Nriter has seen so much of river ice froc his 
youth during the past seven decades that he would like to share his 
observations with this International Assembly. 

In the domain of fluvial and ice hydraulics, there are many 
scientific and technological facets and noteworthy relationships.
Because of space limitation, this paper C~ only deal with a few 
observations of the effects of flow conditions on ice format ion, 
drift, cover developments, jamminG, acd breeJ:-up. These effects 
are, in turn, a.ffected by man r 8 effo:cts in i Jllprovement I'lorks for 
multipurpose river training and navigation. 

OBSERVATIONS ON ICE 1l.:.'iD GLACIER FORHA':rION 

Ice Formation from Liquid ~vater 

This section refers only to ice formed by the fre ezing of na­
tural bodies of liquid water at temperatures below 00 Celsius (320 

Fahrenheit) as in the lakes, rivers, canals, estuaries, and seas. 
The formation of ice in the form of snOWflakes in the clouds by the 
freezing of water vapour will be referred to in the next section. 
Excluded herein are the formation of ice in the f orm of frost at 
ground level by the freezing of water vapour, and t~e forma tion of 
ice by the freezing of li~uid water as hail, or as ice mad e through 
refrigeration, though the lat ter two cons i st of a compact aggregate 
of many crystals as ice in rivers in the cold climate. 

The fact that ice formed in the natural bodies of water con­
sists of a compact aggregate of many crystals is not ordinarily 
apparent, because ice crystals grown from l iquid ,va t er do not de­
velop crystal f ac es. The individual crystals C2n, ~owever , be re­
vealed by allowing the ice to begin to me l t in bright sunshine. 
As the individual crystal grains are much more s table than their 
boundaries, the latter melt first, leaving the many crystals as 
separate pieces of ice. 
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I t is also expedient to reveal the crystalline structure o~ 
ice y fo cussing the sun's rays inside a crystal. This causes the 
ice to oe l t int ernal l y, a.'ld a snowflake-shaped. figure kno'Hn as 
:!:-ynda ll (18 20-1893 ) fl ower , filled with liquid wa ter, is formed in­
side the crys tal. Th e fi6UI'e reveals the sane hexagon s~etry as 
frost fo rmed at ground level and snowflakes formed in the claude. 

Typical ice specimens have crystals about only 1 to 20 WID in 
size. rThen the crystals have grmm larger by long-continued re­
crystall iza tion, they ~ay reach hali a meter in diameter as in old 
glacier iCe. 

Sn ow Forma tion from 'lIater Va~)Qur as the Pre-State of Glacie!' 

Snow is the pre-state of glaCier, in the solid form of '.ater. 
It is formed at t emperatures below 0° Celsius (32° Fa!L':"enhei t) by 
the f r ee7.ing of wat e r vapour. It show's clearly the crystalline 
nature. E_cn snowf l ake i s a sin gle c~Jstal of ice, and its h e xa g­
onal hape revea ls the s ymme try of the crystal. The Ehapes of 
SnO'NIL ake s and also frost crystals, while confor-~g to hexagonal 
sYlJIJetry , show great variety such as needles, pris~e , hollow col­
umns, plates, s imp le stars, intricately branchin.:; stars, and c om­
bination s of all these. Tne crystal shape is de~endent on tem­
perat1ll'e, and a ch ange of only a few degrees can greatly alter the 
shape of 2.!l ice crystal gTo\l.ing from the v apour. 

Glaci e::- Ice orm.:. t ion by Consol; dation of Snm'; 

Glacier ice forms by the con sol idation of sno., U!1der tile 
weight of successive l ayers, accumulating year after year. The 
snO'N' cryata :!..s ~ir .3t transform into s;nall rOlmu e d grains of ice oy 
breakage of t h e .i r delicate arms and evaporation of taeir sharp 
tips, forming a porous granular agg-regate calle5 fir-no 

By subsequent cOIDpaction and recrystallization, tim becomes 
,,-lacier ice. The tra.'ls i tion occurs '....hen the pores, containing air 
trapped lol i th the origin;>. l snow, becolDe sealed off frolL one another. 
Because t r.le pores stron~ly reflect and scatter li:;ht, snow and 
glacier ice a ppear whit ~ , in contrast to pUYe, pore-free ice, 
which is transparent and colourless. 

CO-EXISTENCE OF ICE .A11D FREEZmG ',i.'ITiR 

The latent heat of fusion for water is high COL'lpo.red t c t hos e 
of most sucstances. It requires 79.8 ca lories of heat to melt on.e 
gram of ice. r']elting ice rema ins at a constant temr erature 0:: OOC. 
In fact, the 0" on the Celsius scale is defined as the te;:"erature 
of an "icE>·..ra ter mixture" under air at at!:!oapneric pre ssure. It 
is this phenomenon of co-existence that m~kes ice drift possible 
in rivers. It is the consUIDution of heat for ice to melt that 
makes ice a natvxal refrise~~ting 2gent or heat si~ in the atmos­
pheric environment in the spring. On the other hand, it is the 
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liberation of large latent heat and the ~tenance of 0° C in the 
early winter that makes the freezing watar an effective buffer 
against severe cold. 

FLOATA~ION OF ICE 

For equal mass at OoC, while water has a density of 0.9988 g 
cm-3, ice has a density of only 0.917 g cm-3• Therefore a mass of 
ice occupies 9% more volume than an equal mass of water. Not only 
is this responsible for the bursting of ~~ter pipes on freezing,
but also for the fact that ice floats and drifts in water, with 
about one-ninth of its volume above the surface. 

The decrease in density on freezing, though unusual among sub­
stances, is very important for life. Because of it, the seas, 
lakes, and rivers do not freeze solidly from top to bottom, Jut in­
stead become protected from further freezing by the ice floating on 
top as an insulating layer. 

As a result of the increase in volume on freeZing, the melting 
point of ice decreases under pressure, by 0.0075° C per atmosphere 
of applied pressure. The. low sliding friction of ice surfaces, as 
seen in ice skating and sledding can be attributed to t he melting 
and consequent lubrication that occurs where the sliding object 
presses against the ice. The same is true for ice blocks sliding 
over icy surfaces as well as a glaCier layer sliding over another 
layer. More of these phenomena are presented in the section on 
"Ice and Glacier Plow." 

OBS 2R'TATIONS ON ICE COVER DEVELOPMEN'T AND ITS EFFECTS 

The condition of low-water flow t hrough rivers in t he winter 
season with s lack current caus ing streams sluggish, coupled with 
l ow inflow due to snow precipitation and accumulation of snow in 
shaded areas , and fro zen tributari es , contribute to t he favorable 
fac tors for i ce format ion even in the main s t r eams in t he nor t hern 
climate . In natural regimens with occasional shallow expanses of 
water , the almost non- flowing shallower portions will free ze f irst. 

In the previous sect ion, i t '.;as s t ated t hat natural bodies of 
flowing water do not freeze s olidly from top t o bottom, but become 
protected f r om turther f ree zing by the ice floating on top a s an 
insulating layer. This insulating top layer 1 commonly known a s 
an ice cover. On ce ice beginning to form, unle ss p erturbed , con­
tinued cold temperatures bel ow 0° C will first develop a thin 
cover, and this t hin cover wi l l grow thicker and thicker until a 
thermal equilibrium i s r eached and maintained a t the underside of 
the covex. 

Under the s evere cold climate of northern Manchuria of China 
where t h e liberation of hea t upon additional freezing is quickly 
lost through conduct ion , there are abundan" cases in which the i ce 
cover haa continually grown t o such great thickness and strength 
that railroad trains can be diverted to run on tracks laid over 
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ice caver cros sings while the bridges are subjected to repair. 

The formation of ice cover over fl owing water will be followed 
by t he growth of ripples on the underside . and an increase in hy­
draulic roughness caused by the ripples and the thicker ice near 
the interface of the river with its banks where the current is mnch 
slo~ler. For want of space, however, the biochemical oxygen demand 
(BOD) and oxygen depletion in ice-covered rivers will not be treat­
ed herein. 

Ripple Formation on UnderSide of River Ice Covers 

By cutting out large-size ice flats over flowing waters of 
rivers, canals, and other channels, and turning them upside down, 
one can examine the occurrence and properties of ice ripples that 
form on the underSide of such ice covers. These ripples are 
affected by flow patterns, free~e-and-thaw cycles, heat transfer 
and thermal conductivity. 

The local rate of freezing or melting at the ice-flow inter­
face is related to the difference be~Heen the local heat transfer 
r ates by conduction through the ice and turbulent transfer from 
the flow to the ice. The local heat flux to the interface from 
t he flow may be expressed as a small perturbation expansion in 
terms of the steepness of the monochromatic interfacial wave, as­
suming t he local heat flux t o be shifted rel a tive to the interface 
wav e . Further analysi s can yield a stability criterion and ex­
pressions for the amplifi cation rate and celerity of the ripples. 

Hydraulic Roughness of Ice Covers 

In cold regions where rivers and canals'are covered with ice, 
not only the ripple-like r el i efs are developed on the under side 
but als o the i ce depth near the banks are several times thicker 
than that over t h e much swif t er main stream part of the water-Nay.
Their combined effects cau s e an incr ease in surface roughness co­
effici ent and hydraulic r oughness and consequently an increase in 
head losses consider ably higher than those of smooth boundaries. 

These fe a tures are caus ed by heat transferred from the bot.om 
of t he stream and h eat loss by thermal conduct ivi ty t hrough the 
i ce cover . Observed r atios of wave height to wave lengt h of the 
ripples do no t ez ceed apprOximatel y 1 /8 which is the apprOximate 
upper limit of wave ind ex number of separation fr ee flow over sin­
uso idal waviness. The overall hydraulic roughness will consist of 
a composite roughness coefficient as a fUnction of i ce-underside 
and channel-bed coefficients. 

VERY VISOOUS FLOW OF ICE AND GLACIER 1JID)ER STRESS 

Despite being bri ttl e and shattering l ike glass when struck 
with a hammer or pick, i ce flows plastically under low stresses o~ 
long duration, or under high stresses when fracture is inbibi t ed by 
pressure as at depth in v ery thi ck i ce or glaciers. 
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The hexagonal layers of the ice crystal can glide pest one 
another, much like pieces of paper sliding over one anoth'er. Such 
gliding occurs with the movement of crystal dislocations. It is in 
this IDanner that the flow of glacier ice takes place by the defor­
mation of the individual crystals, whether be it at high latitudes 
or at high altitudes. 

Since the different crystals, gliding in different directio-rls, 
tend. to interfere with one another, they irilpede the flol., and force 
the crystals to bend. HO~lever, the bending does not become severe, 
because a process of recrystallization causes ne'", fresh crystals 
to grow continuously at the expense of old, deformed ones. 

The flow of ice in bulk resecbles somewhat like the fto',,, of a 
very viscous liquid. l'fi th a viscosity for ice of about 10 '+poise, 
the viscosity coefficient is not as constant as in liquids, but 
decreases rapidly with the increase of stress. This explains ·"hy 
the fl01-l rate increases r:JUch core rapidly than in s imple pr opor­
tionality to the stress. This further explains why most of the de­
formation in glaciers is concentrated close to the bottom where the 
stresses are highest. 

KL~TIC DRIFTING OF ICE BLOCKS AND ICEBERGS 

Ice pieces, blocks, and flats drift dOlffistrea,'ll in rivers. 
Icebergs drift in seas. Their difference only lies in the magni­
tude of the floating mass. At the upstream reach of laxge streams 
in hi&~er latitudes or at higher altitudes, t he flow of ice resem­
bles that of a glacier. 

In the spring, temperature rise coupled with warm rains and 
accent'uated by torrential ice-and-snow-cel t flO"/S, the ice cover 
will partially melt, break up, and drift do~~strean . A floating 
mass of ice broken froc the lower end of a frozen upstream drifts 
with the downward current until all melted. 

An iceberg is a floating mass of ice broken from the end of a 
glacier or a polar ice sheet. Icebergs drift according to the 
direction of the sea cuxrents, frequently from the polar regions 
to navigable waters. They are, therefore, occaSionally encountered 
far beyond the polar regions. 

It is when a glacier descends to the sea and is pushed ou'b"Jard 
into water of greater depth than the thickness of the ice that the 
ends are broken off and the detached masses float away as icebergs. 
Only one-ninth of the mass of ice is seen above water. Hany ice­
bergs are over~~ed, or tilted, as they set sail, as the result of 
the wave cut'ting and melting '/hich disturb their equilibrllun. 

The disinte -ration of a polar ice sheet is even a Simpler 
matter, as the . ~ e is already floating. The ice sheet cracks at 
the end and the masses break off, accompanied by conSiderable vio­
lence, owing to the upward pressure of the water upon the lighter 
ice. 
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Icebergs, especially those of glacier origin, usually carry a 
load of debris which they gradually strew upon the sea floor. Gla­
cial material found in dredgings shows that icebergs occasionally 
transport their load for a considerable distance. 

STABllITY OF FLOATING ICE BLOCKS ANJ) THEIR JlJ>1MDIG 

There are two obvious circumstances that may affect the stab­
ility of floating ice blocks: (a) when the buoyant blocks on a 
flowing stream are swept under a downstream floating cover; and {b) 
'nhen flcating blocks hit a natural bend or ledge, or a spur dike or 
groin, or bridge piers. 

The critical condition of stability at ~hich buoyant blocks 
are s~!e:?t under a downstream floating cover can be inferred f rom a 
one-dimensional hydrodynamic analysis of the flow passing beneath 
the upstr eam end of a floating cover, and the force and monen. 
e<J.l.lilibriU!!l of the block. The condition of incipient submergence 
is reached '!Ihen the block sinks and rotates until the stagnation 
water surface elevation equals that of the top upstream edge of the 
block. 

l!hen blo cks of ice drift downstream, they will hit natural 
b:nd or ledge, or artificial spur dike or groin, or bridge piers. 
Upon ililpir.3ing iIJpac t, they are rotated or broken illto smaller 
pieces. SometilJes , large blocks of ice cannot flow throu. - " nar­
rovly spaced bridge openings. Even the elonga t ed ic e blocks, 
though may be much narrower than a bridge opening, upon impact o~ 
a bridge pier, are rotated and hence cannot drift through. 

Thus, ice jamming 'Way occur at much narro~!eI' sections a: a 
river or at the upstream side of narro\vly s paced bridge openings. 
The jamming will start with big floating ice blocks, and then f~"­
ther aggravated by the accumulation of smaller ice blocts, pilinG 
up on the upstream side. 

KEEPING ICE JAN.'> FREE AT BRIDGE OPErrn:GS 

In cases of jamming on the upstre~ side of bridge piers, .n~ 
piling up of ice can exert tremendous pressure on the suostr c­
ture . Narrovly space d. high pile trestles carrying narrO~1 !'oa d­
ways are especially prone to such jamming and its c onseq enc e of 
over turnins. There were cases in which pile trestle bridge: ~ - ~~~ 
given ~y years of satisfactory services were complet e ~y d~age1 
to destruction. 

In s~ch instances, it is imperative to keep the upstre~ sid e 
a l ...-ays f ree of ice accur:;ulation by having attendants t o break t he 
i ce, wor k ing from a boat. The same precaution can be advaat ageo~ 
1) applied to t he upstream side of darns to relieve t he add ed lat­
eral pressure due to ice erpansion upon freezing. 
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ICE BREAKING ANJ) ICEBREAKERS 

To keep navigation open durillg the ~lillter in seas . l akes, and 
l arge r ivers in the cold regions , i ce breaking operations hav e been 
r es or t ed t o f or nearly a century by t h e us e of i cebreakers. They 
are eap eci al1y designed vessels equipped to c l ear a path t hrough 
ice i n navigable waters . Generally , they have been designed to 
adapt their use to part i cular i ce enviro~ent . su ch as the Arct i C, 
the Balti c Sea, the Gr eat Lakes, and the Nor t h China Seapor ts. 

In or der t o per f orm t heir functions effiCiently , the des ign of 
i cebr eakers usually r equire t o i ncorporate s ever al f eatures : 

1. 	 A high beam- to- l ength ratio t o permit the icebreaker t o 
cut a channel vride enough for a conventionally built .ship 
to f ollow ill t h e waters under cons ideration; 

2. 	 A high h orsepO\,.er-di splacem.en t rat i o to permit the ice­
breaker to make sust ained pr ogress in i ce of varyillg 
thicknesses; 

3. 	 Usillg flare-shap ed transverse sections to permi t the ice­
breaker to lift when under ice pressure during operation, 
and to take advantage of the heavy r olling action (up to 
40G to 50° , r esulting from the use of flared s ections) for 
ice breakillg and for h elping the vessel to free itself 
should it become stuck; 

4. 	 Heavy plating of the llllder....ater body, combined with rug­
ged framing to resist the crushing effects of ice breakiag; 

5. 	 Providing a rugged rudder and propellers, and bow propel­
lers in addition to those in the stern, to create turbu­
lence in the water to assist the breaking action of the 
bow and to move broken ice out of the way;

6. 	 Providing electric drive for propulSion to develop maxi­
mum power from a standing start; and 

7. 	 Providillg large fuel capacities for icebreakers operating
in polar or other regions where refuelillg facilities are 
lacking, or usillg nuclear-powered icebreakers. 

CONCLUDING REMARKS 

The above have been observed in the cold climate on sea lane~ 
on approaches to and in the harbours, on unregulated or untrained 
rivers, and on regulated navigable rivers and canals for flood 
discharges, navigation, and water conveyance. 

In general, it is easier to keep deeper seaways (whether nat­
ural or dredged), with stronger currents and larger diurnal tides, 
open to navigation. In inland waterways, more pools exist with 
unregulated, untrained rivers, where the conditions are more favor­
able to the forma tion and development of ice cover. As a result 
of river training, straightening, and elimination of meanders, the 
slope becomes steeper, which adds to the velocity of ice drift and 
increases the chances of jamming at narrower sections even there 
be no bridge pier obstructions. 
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AB5TltACT 

Part of the ~robler;Js concerning winter-time operation of 10','. head 

barrli0es are related to ice motiona - coveri!l,§; a large ',vater sur'face 

and are te~med saturated motions. In this paper permanent, linear, 

ur::.iforIIi ty;;es of ice motions are being discussed in thE: :" '.rst 

place. i'he results ottained ;:oint out a few features of ice !:lo t ion 

and permit the examination of ice-run producec tt.rO,"£:l backwater 

effect, as ·.vell as determining the presscre inside the flo wil15 

bocy of ice. 
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var1in~ i~e 30~ion 

3:;turatec ic? :lotio:: is a ps.s3age of ::"ce \'lith hardly any free 

:;ur!'ace of ':,"3ter ~eb/een the individual ice blocks, so thet the 

'.. ""~er is !llovi:1g :::lons with. the ice. Bet'.veen blocks, r:L'1.1ring ice 

3X the b9.nksides 9. powerful interaction is beine; developed• 

.'i'ri tiiJ.,3 do ',m Newton's IaN for the ice runnine across a pris:::t of 

',~ we::':J;:= width of 3, :hickness d and length dx, the follo-"i.n.g 

1. 

Jesig!l3ti.:l:1S: 

~icknes3 of ice 

Acceleration ~f ~~8vity 

i 'Jrade 

; j:,;p 7l".rusten-2/ 

t / 	 s / Ti.1le 

ill s 
-1 

/ 1iean section velocity of water"1/ 

v
2

,I ;n s -1 / ~ean section velocity of ice 

-1v,/ m s / 'Teloc i ty of wind 

a/m/ A.verage width of river 

Resisting force for a unit length 

P f;,lp s2m-4/ Velocity coefficient for friction :'etween water 

and ice 

2!3,I'.Ji! 3 w-4/ 	 Velocity coefficient for friction between ice and 

wind 

t ,1M !II -" '/ 	 'Jravinetric density of ice 
.1. P 
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5 /r2.diar:/ Ar.gle included between the c.irec t:"G~_ 

The direction of ice-run is the positive direction ane for fo~ces 


acting between the ice blocks thrust is to be considered positive. 


Entrai=ent between the blocks may be neglected. 


From t he aspect of dynamics consolidated ice motions CBn be civided 

i3p

into two groups. In the case"""(f,( = 0, the ice motion is referred to 

as a motion free from congestion, if this is not the case, ao 

jaomed ice ~tion. 

The law of the conservation of ,energy comes here to the fore,;r:llmd 

as a precondition of continuity -Nhich can be ex~ressed, vi. th de:-.si ty 

and thickness of ice beiD6 constant, by the followiD6 differentia l 

equation: 

y (d n +...!L a/3 ) + n a Vz + an _0 
2 dx /3 d x ax d t 2. 

Designation: ' n surface cover. 

2. Permanent. unifor~ and line~r ice ~otion 


In thL, case :; = 0, and;;Z = O. Upon tne ~reconcitior: <I ccn301i ­


dati Jo , however ,11 = O. Thus Equ. Z ...-ill be reduced to the simple 


!'orm of Yz '!!'" ~ = 0, fiom which follows that B = canst.

B Jx 

2.1 Ice motions free from cor#estion 


A resisting force will result fro'll ;:ercussions ar.d fr ictio:1 occL;;'ri~~ 


30th i~side the bocy of the ice and alcD~side t~e riverbanks. 30t~ 


types of resistance may be brought into con:lection with the velocity 


of ice. Consequently, the resisting force for s unit length is 


described b.7 a function P = a + f/v / to which 9 suitable a;~rox: ­
r o z
matioo exists through the quadratic pol~~~m3 for ice veloc:"ty : 

2P a + a + ar o 1v2 2v2 
From dii'ferentia1 equation 1 the following relation '2sy be cEcL.ced, 
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·....ith consideration of the polynoce :nentiol".ed above: 

,2 #- ~4/(,2t- -, ) 2_ ~ (1-«.)(1,.. .!:!..!. ) irz_.-.t'L _ V, Vt y,Z 

. V, .l ( I - 0< ) 3. 

.Inere 0( B~ j - B';; j -P.L_ do,. t~v2COJf 
- 0(, 

C( 

.z 
• 

Bf.3 /.J !3.... J . 
:'urt:-~er on I 

V, 4. 
V,-aoQ 

:~ can be proved that the function 2= f/vl / has no extreme value 

"Ii tr.in the range of pas:;' tive ice velocities, which means, that "the 

relative retardation of ice diminishes with the increase of water 

velocity. 

'E"le value of 0( can reasor.a!>ly be appr0ximated through relation 4. 

-Z • .;., in the case of 'l = 0,95 0( = 0,0025, and in the cese of 

~ = 0,80 0( = 0,0625. The a pproach forO<l is a similar one, in that 

C39 <; it i3 suib.ble to proc<;ed fro:Il the condition0(2 = 0, resulting 

i~ o.(,'Jj(liZJ..2)r, .For eX8!!lple, for Vi = 2,0 and 7= 0,8 theO(l = 0,10. 

5Gme functions '6 = ;: /vl/ are shown in Fig 1. 

1 
0( • O,o.s 
«•• 0, 00 
0<, • 0./0 
ott ·0.15 
0(,·0,50 
otz ·0,04f 

o.J 	 "'/9' f Tlte l{Jn~;'on ~ (y,) lor ollm/orm 

ond lJnjommc'd 110 w 


0.2+---...,....-~--,----r--::-----:--
0.0 /,0 1.0 2.0 y,m/s 
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• • • 

2.2 Jammed ice m~tion 

For this motion resistance may be brought into ~onnection ~~tb 

thrust appearing bet'Neen ice blocks, through the relation 

a + f/a v2/p which can, in first approximation, be treatec. o op, 

as a linear function of thrust. In that case differential e~ua,ion 


1 may be brought to the following form: 
~t-F[ aoPAd), YgJP(x) .lto(lC}t YZ Itl(x)+ 'If Itz ( x) 

5. 
where Aolxl ••. etc, are fUIlctions wh~ch can be written or: the basis 

of ~~ter velocity and river bed characteristics. Sutstitutin6 
ffOOD(x). 'f:] ,

w Ix\v21 for • Bd am: for the cases x " 0, p = 0, ::.t ',''..11 

be ~ • I I
-jwd,'/2.)dl[!- l f W ( .Vz)dI f J- Jw(J.vz)dJ

P• c 0 A0 (J ) e • d tVl A1 (j ) C • (j§ t 
t~ /w(J,'It)dJ ' 


Hz!A1(J)e. dfl 


At the end of the jammed stretch Ix " LI the thrust is zero. Ir. 

ease relation 6 will lead to the followine e~uat~on: ) 
L -UJ(L- I( ) L -(J.) (L - l() Z JL -UJ ( L- x 

O=J Ao(x)C dX+'ft jA'(x)c dll.fYz Az(X)C dx 7. 
As the forces which are being transferred froI;'. the water or: to 

ice or from th,e ice to the water are not inc.ej:eLCent of the siG:' 0:" 

t!le di:'ference existing between the velocities, the coe::::'cie;'.t;:; tc 

v2 can.?J.Ot be calculated lll'~ess v2 is known. Ir: any pert';'c;",::'3r case 

ar: additionsl equation can be %Titten between VI ane v'Z' The I:c;u. 7 

can be transfor:::!ed in a way that v 2 can be defined. Such a j:,roble::: 

usually leaes to a transcer~ental equation to be s~lved. 
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~. 3 	 :ce :!l:Jtion d-evelop: r-.. ; ·i/~thiQ the reach in "tr..E: case of a liuear 

vari;atiQn of' w3ter velocity 

model -:"3 s~o ·.vn in Fig 2. 

I, ',r.L 


r,x- I",'" if r, (L-r) 


~ ----------~~------~f_ 

rig..? A model /O/' ~,fqmlnlnJ t/u Ict mot/on 
dNtlOplflJ wit/un tnc reoch 

the 	solu-;: io:1. c:: Equ. 7 t~e following transcenden.tal equation 
. t' z . -tt. -tb

o"t" ino c, ·__b_·rtb(1+-C h2c - tJ ~ a - - -- . l 

)22 ':' .;=--.. g t i ): :-..3 : 

~ I ::; ~ .-' :: 3-1/ 	 rhe Chezy velocity factor 

3asi3 of natural logarythm 

Ratio ::J f er-.t rance to exist water velocity wit~in 
the r each 

L / m l Length :If the river stretch u;J3t.rea;;J. of the reach 
~ 

Stretches typical for the reac~ 

.n, I :n I Avera;;e water depth.
L 

t - k 
3 " -t-b- Al1Xiliary value for calculations 

. ,., =w : . AuxUiary value for calculations 
~ 

tj "().J l~ A'lliliary value for calculations 

~ '/I Z. 
()J - -¥"'=- I Jl 

-1 
/ A characteristic co~stant for jamzed ice motionsB 

z - Pro;:Jortionality factor bet'.'iee:: taI16e:1tial 
stress and thrust; 

}l 	- Quotient of longitudinal and lateral thrust 
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T!1e qUEJltities of :Sq\.:. 8 are non--Cim.ensio~J3.1. '::::e e:;.t..;.~tior! ./...:1 


valid on the follo"::irl6 CO:lc.:. tioos: 


_ e-wL=e-W/1ewlz.«il.l.>/tand obviOl.;.sly c-wL « C- wl; 


- 1'0;- detera;.i:1ing t~e i:ead only tr:e friction betw€er. water end 

river ced ahculd be involvec, 

- the relation snoulc ~ot include t~e "hire member of the resisting 

force, an examination of the role of thrust being the objective. 

Otherwise, the expression for D will be s,-,~~l e!llel"'t€ d , v.hen the 

constant :IlEmber of t!1e resisting force is bei:--€ co ~::;iGere~, b:; 

a. 
a member 8[3 v, L 

Equ::tion d was solved applying the :.rel'/tor.. method and usir,'; ~~ 


Iffil 1130 co:tputer.The results are ahowr.., in gre;:;h icol ;Jer·'::c:·-<:\:lce, 


in fig J : I-l l 

~ (7 
1.t1, 

aD \."" "tt~-·-.4< ~~ ·_._._,-o.OJ_ ·-I-o.J . :"-._ - .- .=:=..=:-=~:o.'!!o 
D.. ----- - - ---A·~O.f --/-O.J

=--------. - - __A - J: 01 
at --------__~~&BI-'-O'Io 

o 10 to JO -+0 
rig. J. Jnt crr&/otlon Dctw&&n '1 ond f.A)/, 

3. ~ary. Conclusions 

:he relations described e~ove draw the attention, regarCless ttst 

they cor-cern a relatively narrow range of ice u::otion, t o a fe e. 

considerations of practical ~portanceJ namely: 

- it is conspicuous from what was said in chapter 2.3 that the 

conditions of low head barrages a permanent operation ~oulG be 

47 Encre ZsilSlc 



inadequate to prodt.:ce an ice-ru..'1 under backwater effect. Over 

stretcr.23 -.'rith a hi,;her ':Jate::' '.'elocity the propellent :force to 

88 t ra naf2rred to the ice '.':ill in greater ~art be used up by the 

:'rict ion ori.5i:13~ ~ from tb.e pressure wi t:1in the body of the 

ice. In o::'<1er to proc!uce an ei'ficient ice-run a non-permanent 

operation shoulc! be carried out ill which the ice is made to pass 

tX:'o:.J,;h with the water level bGi:l6 chanti0': and the c!ischarge 

oe i :;s increased; 

- for the c a sewi2. <10 the effect of the cilnen3ions of the reach are 

strong!y felt. The effect of the se dimensions greatly decreases 

over the ran6e of lO~LD~~20 and, ifUJ~)20, this effect will be 

a ::u.""1ction of k; 

- with an ice flo',v free from co n,gestion the relative retardation 

of ice ;'lill decrease -,vith the increase of 'Nater flow velocity, 

the rate of cecrease not being gene::'ally directly proportional 

to the increase of water velocity. 
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ABSTllACT 

The discharge in a profile of a natural or a man-made channel 
is reduced if the cross-section is covered by ice. The rough­
ness of the cross-section may vary and differ from the rough­
ness of the ice-cover, which can also change across the section. 

Relations between nondimensional roughness and the reductions 
of discharges are found with known formulae for the composite 
roughness considering the ~UWNING formula. Simple relationships 
between the cross-section characteristiCS and the reduction 
of discharge are the result evaluated i n a FORTRAN IV program 
running on a CD 6400, subroutines have been checked on a 
WANG 720 C. 

Si Ie profil d'un cours d'eau est forme par une couche de glace, 
Ie debit diminue. Dans ce cas la rugosite a la base est variable 
et differente de la rugosite de la couche de glace. qui elle-meme 
peut varier Ie lo?g du profil. 

A l'aide de formules comme pour les rugosites composees et 
l'application de la formule de MANNING, on trouve des relations 
entre les valeurs de rugosite rendues sans dimensions et la 
diminution du debit. On obtient de cette maniere une relation 
simple entre les donnees du profil et la diminution du debit. 
La relation est evaluee a l'aide d'un programme en FORTRAN IV 
sur ordinateur CD 6400 • Des parties du programme ont ete 
verifiees sur ordinateur WANG 720 C • 

49 A7 

http:nunge.ry


Introduction 

Not much inf ormation has been given s o far a bout the hydraul ic 
loss es and t he reduced discharge capaci t y of a 50-called open 
channel flow wi th ice- cover . Some efforts have b e en mad e i n 
Sweden (3) to find a relation be tween the hydraulic losses and 
the ice-c over. The computat ion s seem to have bee n based on the 
assumption that bo th. t h e roughness coeff ic ients f or the channel 
bottom as we ll as for th.e i c e - cover. a re equal. 

Thi s prob l em leads to a more g ene ral prOblem of r elationship 
between f luvial and i ce-hydr a u lics, namely to calculate t he me an 
r oughnes s or c omposite r oughness for a cross-sect ion in which 
t he par t ial roughness varies from sec tion to section around the 
wetted perimeter. 

~lany e quations are known, but those c ited in (1) as well as (2) 
are con nect ed with differ ent constraints. 

Discussion of formulae 

The discha rge is calculated by the MANNING-formula. Th e influence 
of the variation of var ious members l i k e slope , sha pe of cross ­
section, change of r ou g hness along the we tted per imeter on t he 
discharge is checked. 

The composite roughness is determi n ed according to (1) wi th the 
simpli fica tions mentioned therein: 

Horton, II (P n 1,5)] 2/3 
Einste i n: n =1.'~1 ii , Lotter : n 

L P 

Pavlovskii, Mlihlhofer, [1 (P n2)] 1/ 2 _ .,1 i ~ 
Ei~3tein, Banks: n - ~_P~-=-

For particular 
cross-sections 

flat 
(2) finds: In n 

The same author recommends for 
wide shallow cross-sections: In n 

Aim of this Paper 

The main aim of this paper is to develop a computer program for a 
solution with a general validity without the constraints and 
overcoming some of the basic assumptions previously necessary. 
The program is written under the same assumption as in developing 
the above formulae that the cross-section is divided into N-parts. 
The members of each part are the hydraulic radius R , the wetted 
perimeter P . , the mean velocity v and the roughnesSi n . Any 
shape of crOss-section is describ~d by the Xi' Yi coor~inates. 
The program can not only be used for regular man-made channels 
but also for irregular, natural cross-sections. Data varying 
across the section are: roughness n of the channel, roughness1in2' of the ice-cover. waterdepth d i • thickness of the ice-cover 
ti~' ­
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namely 
and 

The compos i te roughness is calculated with the help of the men­
t ioned formulae using t he r oughness o f t he channe l and the ice­
cover. The t otal d ischarge 01 of a cross-section without cover 
and the total d ischa r ge 0 under the ice-cover are computed intro­
d ucing t he composite roughness-coefficients calculated from those 
di fferen t formu lae . Apar t fr om t hese computations the partial 
discharge of the N-par ts of a cross-section is calculated and 
s ummed u p resu l t ing i n Q • Depending on the formula used a larger 
o r smal l e r d ifference be~ween 0 and 0NI and Q and QN is found.1 
The dl£ference depends on t he assumed partial roughness of bottom 
and cover. The diff e rence between the mean calculation of the 
discharge 0 and t he s um of the part ial discharges Q is a result 
o f the ass umpt i on s nece s sary dur i n g the derivation ~f the formula 
fo r the compos ite r oughness. Only the expression of LOTTER deli­
vers equal results . 

But the re is another difficult y if the LOTTER expression and 
fo r mula ( 2) are used. The corresponding water depth in a cross­
sect i on with ice - cover is different from the real depth. The 
depth d under the cover has to be divided into two parts (after 4) 

(a < 1) 

the first part belonging to the ice-cover, the second to the 
bottom. The partition of the two areas is done through the maxi­
mum velocity following a logarithmic velocity distribution (Fig.l) 

.Ix 

1 1 d./0 r ..oIaol 
1-------1 'If" . aiSIr: 

1 1 do ~(7-.L)·do1 1 '11 1 IU 
I r
;>?;'<§Y.-m%.W..{ 
1 .1 

P 
I 

Fig. 1 

This computation will also give different results for the total 
discharge and the sum of the partial discharges. A separate paper 
will be published soon where a method will be explained to cal­
culate exact a-values. 

In the following only the total discharge Q and Q
1 

respectively 
is considered. In a nondirnensional form the reduced discharge 
capacity is a function of cross-section characteristics and 
roughness-values. 
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Method of Computation 

In the calculation used here some of the simplified assumptions 
are no longer necessary. The limitation can be abandoned that the 
hydraulic radiUS and the wetted perimeters of ice-cover and 
channel are the same in all particular parts. The further condi­
tion that R = Rl/2 is not longer necessary to calculate 0 from 0 1 , 

In parts of the cross-section with small water depth covering the 
embankment and forelands a higher roughness can be used in the 
computation. By variations of the water depth the influence of a 
downwards growing ice-cover on the discharge can be simulated ' 
also in the case, that the roughness changes with the time. 
If the underside of the ice-cover is not horizontal in the profi~ 
a thickness growing from the deeper portion of the channel to the 
banks can be introduced into the computation. 

The variation of the profile can also be examined in its effect 
on the discharge in an ice-covered Channel. 

INPUT 

cross-section 
water depth 
roughness bottom 
roughness ice-cover 
slope of energy line 
thickness of ice-cover

• 

Computation of 
composite roughness 

variation 
of 

shape of 
cross-section 

variation 
of 

water depth 

variation 
of 

roughness 
of bottom 

variation 
of 

roughness 
of ice-cover 

variation 
of 

slope of 
energy line 

I 


J 

OUTPUT 

reduction of discharge 
by ice-cover 
as function of 
variables 
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Results 

The calculation shows that the nondirnensional discharge can be 
represented by a function of the variables. 

The relation of the composite roughness n calculated by the 
different formulae of the channel with ice-cover to the composite 
roughness n 1 without ice-cover is shown above the relation of the 
corresponding discharges 0 and 0 .1 
The result is a functional connection of the form 

The equation is valid independent of the formula used, the curv e 
depends only on the shape of the cross-section given by the 
characteristic value PllP 

For one cross-section the curve is shown in Fig. 2 • 
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Fi g. 2 shows that s ome v alues 0/01>1 have been rece ved . That 
would mean that t he discharge wi tn ice-cover i s larger than 
wi t hout, wha t is phy sically not pos sible. The r ange of applica­
t ion of (2) has t o be l imi t ed in ca se of i ce-covered cross ­
sections. The value s resu lting from LOTTER above 0/01 = 1 .0 are 
on l y received for extreme r oughness cond i t ion s ve ry r arely 
possible in na ture. In bi log ar i t hmi c coor dina tes t he curves of 
F l. g . 2 prove to be straight l ine s . The values of a l l formulae are 
repre sen ted by paralle l s traigh t l i nes depending on l y on 
P1 / P - values (Fig .) ). 
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The parallel straight lines of the mathematical f o rm 

2
In (n/n1 , ~ 3 . In(P /p ) - In(O/ 01)1

cut the hor i zont a l n/n = 1.0 in points whose positions depend
1 on P1/P • 

If o n e e n ters the lower part of Fig.3 with the known cross­
sect ion value P l / P and transfers via the reflect ion line into 
upp e r part up t o the horizontal n/n ~ 1.0, the p o i nt i s to be 
found through which t h e straight liAe corresponding to the given 

. Pl/P runs, so t hat the line can be drawn parallel to the others. 

Starting from the calcula ted ratio n/n in the upper par t of 
Fig.3 with help of the now known line ! ,e pending o n P 1 / P the wan­
t ed v a l ue 0/01 giving the nondimensional reduced dis eharge is t o 
be found. 

In dependence of the roug hness ratio n / n and the r oughness of 
t he c over the discharge may find a reduc~ion up to 20 % and more. 

It ,.,as observed t hat in the me an O/Q reduces as the width in­

c r eas es and the composition of sec tiOn becomes more Mu l t iple . 

The r eduction % is small in a wide range of channe l wi dth . 

Vary i ng the assum~d roughness-va l ues for one cross-se ction, the 

resul t s of 0 /0

1 
computed after the several formulae di f fer. 


PAVLOVSKII deliver s t he largest, LOTTER the smallest, HORTON a 
mean value of t~~ reduct ion . The standard deviation of t he resu l ~ 

in connection with an equa l v ariation of roughness can be a 
measure for t h e sensitiveness of the methods of c alculation. 
Regar d ing the changes of input-data of roughness it is to be 
shown that the standard deviation of the results af ter PAVLOVSY.: : 
is low, after LOTTER high and after HORTON a mean v alue. 

In calculating after (2) the problem seems to lie in the lay ing 
down of the ~later depth at the ice-covered channel, t h i s problem 
does not arise in the calculation of the composite rougr.ness i n 
an ice less channel. 

The results show clearly the necessity of measurements ir. nat ure 
to o btain comparable data for the calculation method s used. 

The slope is set up to be constant in one process of calculation 
but it can be varied for the research of cross-sections succeed­
ing in the direction of flow. The results give a gener a l view 
of the discharge decrease along the channel. 

EXall'.ple 

The computation is made for a cross-section giver. i n Fig. 4 . 

The input-data for this example are: 


Xi' Y coordinates of the cross-sectioni 
water depth d 

thickness of ice-cover t 

roughness-values for the bottom n


1roughness-values for the ~ce-cover n 2
slope of energy-line Ie = 0.001 
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Fig. 4 

The 	output-data are: 

1) cross-section characteristics 


P /P = 252,18 / 499,03 = 0,505
1

2) 	 friction factors for the composit.e roughnesses and dis­

charges according to the several formulae 


n/n 1 Q/Q
1 

HORTON / EINSTEIN 0,771 0,822 
PAVLOVSKII 0,792 0,801 
LOTTER 0,755 0,840 
KRISHNAMURTHY (with d ) 0,704 0,901 
KRISHNAMURTHY (without d ) 0,871 0,728i 

The method of using the diagramm Fig.3 is shown with the values 
of HORTON/EINSTEIN as an example. 
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CONDITIONS OF THE ICE PASSAGE 

THROUGH BRIDGE OPENINGS P'REE OF 

KWZHAVIN K.N. I The Institute of Railroad Novosibirsk 
Head o£ Chair D.Se. Transportation Engineers. U.S.S.R. 

(Eng. ) 

Summary 

The spring ice run on most great Siberian rivers proceeds 

impetiously and with ice blocking. For the most rapid opening of 

navigation it is necessary to ensure the ice movement free of 

obstructions through bridge openings, thus eliminating every possi­

bility for ice fields to stop long at piers. 

A method for estimating minimum dimensions valid for bridge 

SPElIlS is developed in this paper which takes into account the 

principal factors of phenomena, in particular central surface velo­

city of the streamflow, the ice floe dimensions and their strength, 

as well as the size aLld form of bridge piers. A llIethod developed 

by the author is used in the USSR for projecting of railway and 

high-way bridges. 

Certain particularities of the ice passage through 
the bridge openings. 

In projection of river crossings used for navigation and 

floating the relatively small blocking of streamflow is fixed and 

there/ by the dimension of the backwater level at the bridge is 

comparatively small. Therefore the ice passing proceeds always 

Without brea.k:ing up of ice floes on the falling surface curve. It 

is attributed to the greater strength of ice fields e.g comparee. 
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with the ice diac.h.arged frOlll. the res6rvoir af-cer lOIl8 retaini.ng in 

the upper reaches. 

At i;he beg1..c..niD.g of spriJ:Ig ice run the great ice rields 

approached at the bridge piers and baing partiaLly destroyed in the 

~one of contact, they are often stopped.. '/lith the rise of water 

lev e l t he streHm/flow velocity is increased, the linkage of stopped 

ice floes with the banks i s wealmed and the groups of ice fields 

begin to move affec"ting the bridge piers. 

It is assumed that even in conatruction of the bridge at the 

rectlliuear part of the riverbed there is an active length of that 

filled with crushed ice which have to be taken into con.eideration. 

Located up stream the ice fields already do not affect the bridge 

piers. There is a plc"&ure sillliJ.ar to that which is taken into 

account to estimate t he ground pressure on t h e i;unnel casing. 

If kinetic anergy of group of ice fields filling the active 

length o~ the river part has been enough to dest roy t he ice floes 

at the bridge piers, so is provided for ice passage through bridge 

openings free of jams. 

At one of the great est bridge in Siberia we have ob6~ed (1) 

t h e s~c:m:ul war\( of "&he great bridge spans / 100 m/ during ice 

pasa1..ag and f ormat ion of locaJ. ice jam at the abu\;lIlsnt span with 

dim.e.nsiOIlS 15 - 20 JIl. 

'!hIlS, the ice passing t hrough bridge openings is connected 

essentially with t he dimensions of span, the form and "&he pier di­

mensions( 1.nclined cutti.tlg e~es and piers with sharp verticaJ. e~es 

faciliate t o de soroy the ice cover), the strengkh of ice movement 

velocity of ice fields. 

Character of interaction of ice cover 

and. bridge piers. 

When the ice field impact the pier having v ertical cut ting 

edge, thln'e is to be observed a partial entry of t;he pier in t he 

ice accompallied by a conaiderable deformation, sheaxing and forma­
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tion of crack of ice. The resistance ot ice cover against impact of 

the pier involves influence of l ocal crumpling increasing t he ice 

51:.reugth a10 the breakiDg up 2 , 5 times. In c01Ulecci oll. wi t h t he 

brea.ki.ng up of the ice edge t he perim.eter of cutting edge of the 

~ier touches the ice usually only at portion (0,5-0 ,8) of i t s l ength. 

The influe.tlce of the form of t;he pier in plane is to involve 

'the factor dilIIiaishing for /lI.ore edged fClIUati on of tne cutt ing edge 

of the bridge:;>· er. The variation of the ice st;reDgt;h duri Dg spring 

ice run rE:ported from different c l imatic zones of the ussa may be 

de-cermined by the calculat1Llg formule of c illllatic factor which 

changes from 0,75 to 2.25 (2). 

It s~ould be noted that the process of cuting of ice cover 

ohanges ill t~e therefore 'the bridge pier is afiee ed by alt er nati g 

pressure end is Vibrating, ~·hat also Canadian and Germ.an scientists 

wrote about. 

~e detail ed inve tigations of this problem , carrie out; in t he 

ussa are sho\JlIl in the standards II.hich are v id f or our count;ry (2 ). 

Using the normative recoQlllendati on- m~ be determined bot;h the im­

p act i ce pressure against t he pier I P ton!, and specific dynBJR..ic 

pressure of ice per 1 sq.m. of the contact area of the pier / widt;h D./ 

with the ice iloe hav1Llg thickness / ,';' /. It is evident that the 

specific dynamic pressure of i ce is given by 

/1/ 

·ilhen the ice f ield imp acts the pi er having inclined cuttillb 

edge , it is dest r oyed by its bending . The vertical pre s sure compo­

Dent c an lead to t he bre aking up of t he ice cover at some distanc e 

f r om contact zone, usually equal to 3-~ thicknes s of ice cover. A" 

first advancing cracks form and then a cllcular cr ack is formed 

yielding a peculIar i ee cantilever. 

It stands to reason that t;he pressure farce of ice on the 

bridge pier increases at f llst, then when the ice is broken up , 
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it decreases almost to zero. Then the process is repeated 

cyclically. 

The analysis of the literature. data as well as personal ob­

servations permit to determine, that the insufficient dimensions 

of the bridge span can lead to thB formation of ice jam, rise o:f 

water level and ice floe impact on the bridge span struct1ll'es. It 

may be the undercut of the bridge piers and their deformation. 

Conditions of the ice-passage through 

bridge openings free of jams. 

Consider a possible method for estimating minimum dimensoins 

valid for bridge span from conditions of the ice passage through 

bridge openings free of jams. 

The river in width / lJ" / is spanned with a bridge whose open­

ing / ./;4,/ is devided into /rz/ equal spans, with dimensi~ns/!! /. 
'rhe observations that had been conducted on the Siberian rivers 

permit to conclude that d1ll'ing the full ice run the dimensions 

the most often occ1ll'ing larger ice floes were from 1/20 to 1/8 

river width, with the ice floes having approximately the same 

w.1.dth and length. 

Assuming that the ice floes of such dimensions at the period 

of the full ice run move with velocity / Z( /, contacting each 

other and representing a compact field with active length / Lo /, 
mass / M /. Its storage of k:lnetic energy may be estimated by 

- MtJ;2
T- 2 /2/ 

The investigations of the work of ice protection reservoir, 

carried out in the USSR by Latyshenkov (4) permitted to estimate 

of the f1ll'ther increase of the ice press1ll'e on 

the reservoir is not to be observed, for the part of preSS1ll'e is 

transwi~ed on the banks of water passage. Recently V.K.Troinin( ) 

analysed this problem and faund that the relation / La / dependsllo 
essentially on ph;ysical and mechanical properties of the crushed 
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ice (angle of internal friction, adhesion), soreaw/r low veloci"J 

regir;;en, and for usual conditions in Siberia, it can r each t he val;,z; 

equal to 3,9. 

Taking into account the active length 10 in accordance with 

recommendations /1, 2 / equal Co threefold of width of water 

passage and movement velocity of ice floes equal to 0,9 of surfaCe 

current velocity / tJ;J and with / jJ / designating the part of river 

wat er plane covered with ice J we find (f1g.1) 

0) 


The storage of kinetic energy of the crushed ice masses 

transmitted on one bridge pier, may De found equal to 

T=~= g/he 1/.
2 

(4)
'/l 46n 

It is evident that "he ice j am will not t aka 'place, wilen / z: / 
has been enough to destroy the ice floeo at the bridge piers 

with length /0/. 

Designating with / If / the horisontal. ice pressure component 

at the breakiD$ up of ice field by the bridge pier , we obtain 

unconditional inequality 

(5) 

Whose using may be found fr~ (4) the relationships for 

limiting case 

(6) 

It is easy seen that the value /.A / is alwa;ys a little more 

than the bridge span / t' /, with the relationship valid for 

?=.A_IZ_ (7)
IZ +1 

Estimating the different values of "he number of t~e bri~e 

pierii /!Z /from 4 to 10 can be obt ai.ned, that the relationship /, '\ / 
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changes from 0,80 to 0.91 and. a1; en average may be talcen e ual 

-;;0 0,85. 

A IIl:Ln.1mUIIL size valld for the bridge span may be found [ .. om 

the e%presaio~s (6,7) 

! UK!:/" 
... p ;;;~lJ. (8) 

where Ie is the specif ic ~c pressure of the ice /toD/sq.lllt/ 

arising with the crushing or breaki.:llg ice cover by the brid(;e pier. 

The relationship (8) takes mto account the velocity stiream­

f low / tr. /, coucentranon. of f l oatUlg ice / j> / I the ice floe 

dimensions / t, /. as v.>ell as the iCe streZJgth. ;;he size and the 

f orm pi er in plane and in profile / IC / and thus it shows the affect 

of most es sen:eial factors. Tile formula (8) is shown m the norma­

eive documents (5) . 

It should be noted t hat frQIII f ield. observations for ice run on 

the Siberian r i ver s may be talc.en into acco1.l.tlt 

COllcelltration of floating ice p = 0,66 - 0,85 

size of i ce f l oes t; =(0,05 - 0,12).80 

As is seen in figure 1 ehe r elationship (8) i s obtained for 

particular case, wb.ell the rldtll of stream. flow is equal to the 

bri dge opening. Wit h the con.sG:t'ucti on of bridges t he openiQg 1s 

designed often le ss than the width of streamflow /f1g.2I. Using the 

method at the fir st approximation similar to considered abovc,may be 

obtained a more common relationship to be determined a minimwa size 

valid for the bridge sp an f r om condit i on of tho ice movement f r ee 

of obs (;ructions 

Here the parameter /J / may be determined by t he f ormula de­

pen~ upon t he relationships of t he width of streamfl ow (at sit e 

of river crossing during spring ice r un) to t he dimensions of the 

I)ridge sp an. 
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fi. 
z ' Y ( 10) 

The dimen.sioIlS / J / f or di~ferent / .l / 1Ila;y be determi.I:teQ. 

by tile t ab~e : 

z 2,00 1.75 1,50 1,25 1,00 

0,80 0,89 1,00 
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L. 

Fig. I · 

View of ice at bridge. 
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ADST llACT 

The subs t a nce of the hydraulic and navigational pr obl em of 
a level crossing of a river wi t h 8 navigation canal lias in the 

diametrically oppoBite requirements concerning the magnitude 
of river flow veloci~ at the crossing. In thi~ connecti on se­

veral hydraulic phenomena, occuring at the crossing, which 
affact ita navigation properties, are pointed out. Equations 

have been darived for the approximate calculation of the water 
volume exchange between the river and the mouth of the canal 
a t the crossing. 

smU-IAIRE 

Le principe du probleme hydraulique et de navigation du 
croisement 8 niveau de la riviere avec le canal de navigation 
consiste dans les exigeances diam~tralement contra ires presen­

t~e5 sur la v~locit~ de l'ecoulement fluvial dans le croisement. 

Dens ce contexte on 8 souligne quelques-una des phenomenes 

hydrauliques existant sur un croiaement qui influencent les 

qualites de navigation. 

Les equations sont derivees pour le cal cuI approxima~if 
de 1 '~change du volume de l'eau entre I 'ecoule~ent sur -Ie 

croisement et la t~te du canal. 
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The substance of the hydraul ic and navigati on problem of 
crossing a river with a navigation canal lies in the diametrical~­
ly opposite requirements for the magnitude of the river flow ve­
locity at the crossing. From the point of view of bedload trans­
port in the river, this velocity must be as high as possible in 
order to prevent the widening of the river flow and in turn the 
settling of the bedload. On the other hand, to permit vessels 

including tow and large pusher trains to meet safely at the cross­
ing and to turn from the canal into the river and vice versa, it 
is desirable for the rivsrilow velocity to be as low as possible. 

Due to these contradictional requirements, hydraulic pheno­
mena may be encountered at the crossing which affect negatively 
its navigation properties. Some of them are to be mentioned here. 

Since there is no left and right river bank at the crossing, 
a regular oscillation of the river flow occurs from onecanal 

mouth to the other due to the geometrical assymetry of the river­
bed and due to the obstacles to the watermass movement (narrowing 

of the navigation canal behind ita mouth, sluice chamber) on both 
canal branches (Fig. 1). 
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This oscillation res ul ts in the sxchange of water between 
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the river and the canal aout h which supports the silbtion of the 
entrance to the two canal branches by suspended s ediaenta carried 
by the r iver, ca uses unBtationarity of the discharge below the 
cr rossing and affects adversely the trajectories of ships cross­
ing the river. 
Water Exchange between the River and NaviBBtion Cansl Mguth. The 

siltation rate in the canal mouth depends on the magnituae of the 
wa ter volume exchanged between the river and the canal mou th. If 

this exchange is small, only a small discharge water quantity 
carrying bedload enters the mouths of the two canal branches from 
the river and hence only little bedload settles in the mouth. 
When the discharge exchange is greater, the quantity of bedload 
settled in the mouths will be naturally also greater so thst it 
can even create a navigation hindrance. For this reason ...e are 
interested in the calculation of at least the approximate dis­
charge quantity which enters each mouth .. in one oscillation period 

of the river flow. Let us derive equations for this calculation. 
For the derivation of these equations we start from simpli­

fying assumptions: 
1. The water leaves the oscillating watercourse (Fig. 1) only 

through its outflow profile 2j actually it will flow out also 
through the lateral surfaces Land Rj through these surfa ces the 
water will also reenter the river from the mouth. 
2. The water velocity in profile 2 ia constant in all points of 
this profile and equal s the profile velocity U2" 
3. The deviation velocity of the water flow into the canal basin 
and its return velocity to its initial position is equal when the 
deviation angles of the flow is the same. 
Fir st, let us deri VB the equation whiCh is sui.table for the cal­
culation of the dis charge quantity which enters the mouth, when 

from direc t measurements the t ime dependance of the deviation 
IIl8sni tude a of the fl ow is kn01ftl: 

% = f (t) (1 ) 

In time tl = At, the flow devi ates from its initial posltl on I n 
the di rection into t he basi n by segment A Xl (Fig. 1). In the ssme 
time i nterval the water quantity 

~ :: ~ = ~%1 H U .4 t ( 2 ) Q1 
poss es through the surface l!.Fl :: ,,"Xl H. In time t 2 = tl + At:: 

2 A t, the flow deviates f rom the initial poait i on by 
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1 

A~ +1I.x 2 , whereby thro ugh s egmen t ,o xl the di s charge quantity 
2 Q = 2 AQI pass es in time t2 and through segment 4:1:2 passes 
AQ = AX 2 H U At i n t i llle At.2 

The total di schar ge quantity pa s s i ng thro ugh the deviated flow in 
time t 2 = 2 A t amounts t hen to 

Q = H U At (2 4x + £.x 2 ) . (J )2 l 
Adding all partial discharge quanti t i es entering the basin in ti­

me ts = nAt = + thro ugh the partial s egments AXl to A x ' wen 
receive for t he corresponding di s cha rge quantity Ql/4 

~1/4 = H U4t[nilxl + (n -1) A x 2 + ••• + 4X +AXnJ. ( 4) n_l 

I n Eqs (1) and (4) n = the number of intervals into which time ts 
is divided, ts = time afte r which the fl ow deviates from the ini­

tial position to the position of mex i mum deviation s,T = oscilla­
tion period. 

Let us now derive an equation for Ql / 4 assuming that function 
f in Eq. (1) is given by the law of simple harmonic movement 

according to which 

tJ( 'if_ 
x = 8 8in --- (5)

ta 2 
where tx is the time necessary for the flow devia t ion to reach 
value x. Through the element of the area dF of the outflow pro­x 
file, the water passes into the basin during the time 

,Atx = ts - tx ( 6) 

after which the river flow deviation is greater than that given 

by length x. For tx we get from Eq. (5) 

2ts . J(

Atx = -:It-- srCSl.n -s- (7) 
Introducing Eq. (7) into Eq. (6) 

A tx = ts (1 -]. arcsin +). (8) 
The discharge quantity passing through dFI = dx H in time AtI is 

dQ = H U Atx dx and expressing AtI in the last expression by Eq. 
( 8) , 

d~ = HUts (1 -; arcsin -;-) dx. (9) 

The total discharge quantity ~/4 discharged in time ts with a ri­
ver flow deviation from its original position fro~ I = 0 to its 
maximum deviation I = s, is 

s
In -L arcsin -L ) dx (10)

1T" so 
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and by integrating we obtain 

~/4 = ~ a U8 ta (11 ) 
From the t hird a ssumption it foll ows that fo r s discharge quanti­

ty Ql/2' which en t ers one basin in half an oscillation period 
(a nd thus even i n a whole oscillation period), the following r e­

lation Ql / 2 = 2 QI/ 4 holds true. 
If t h e nwnber of the wa t er flow oscillation is n in 1 hour, 

t he quantity of wa ter flowing into the basin of one canal branch 

is Ql hr = n QII2. 
The discha rge quantity entering the basin in time T/2 cannot 

be stored in th e basin permanently. This quantity flows from the 
bas in i nto the riverbed during the second half of the oscillation, 
i. e. during the t ime, when the water of the deviated flow enters 
the oposi te bas i n. It is evident that the now of water from the 

bas in into the ri ver channel is not uniform so that the discharge 

per second in t he river bed below the crossing during the oscilla­
t ion pe r io d fluc tua t es Bnd is not equally distributed over the 

riverbed wi dth. 
Effect of fl ow Condition::! at the Crossing on the Trajectories of 

Shi pa. The safe ty of the crossing of the river by ships sailing 
in the cana l and the safety of their mutual encounter at the 
crossing depends in the first place on the now conditions at the 
crossing, since t hese conditions determine the trajectory width B 
of the ships croBs ing the river (Fig. 2). Let us consider some of 

the factors affecting thi s wi dth. 
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a) At the given s hip velocity and way of manoeuring 6th the cr06S~ 
ing, the width B ot the ship t r ajec tory is grea tly a ffected ~ 
the pr ofile veloci ty Ul of the river in profile 1. The hydrody na­
mical reaistance R of the submerged part of t he ship-hul l sur­
rounded by turbulent flow having a velocity Ul , is 

~ = __1__ coO 2 S . 12) 
-.. 2 1 ~ 1 

where '" coefficient of the to tal ship-hull resistance, 9 = wa ­c l 
ter densi ty, S = section through the ship-hull perpendicullarly 
to the direction of the water flowing round it. If the flow velo­
city in profile 1 is changed from to U2 , the resistance of theUl 
sub~erge d psrt of the ship is, under otherwise i den tical condi­
tions : 

R = 1 oU 2 S (1])2 --2-- c 2 I 2 • 
Iii th the turbulent flow surrounding the ship-hull, c1:v c 2 so that 
the relation between fo r ce R2 and Rl is given by 

U 2 
2

R2~~ (-U- l • (14 ) 
1 

Since the trajectory wi dth B is proportiona l to the res is t a nce Rt 

ETom thi~ e4ua t ion it can be seen t hat for 'Ita obtain atU2 < Ul 
tbe croBsi ng 8 a igni fi cant decrea s e of t rajectory width B an in 
turn an increase in the safety for the crossing of the boat in 
thOl river. 
bJ The trajectories of the ships crossing the river are affected 
by the angle, which is enclosed by the deviated water flow and 
the ideal ship trajectory. If this angle is a sharp one and the 
movement of the crossing ship takes place in the direction to 
that aide of the canal to which the flow is deviated, the ship 'a 
velocity increases considerably. This greater velocity of the 
s hi p is the cause of the greater wi dth B and thus also of the in­
cr es sed danger of collision of boats which meet at the crossing. 

c) The crossing is the cause of singular energy losses in the ri­
ver. For this reason, the river at the crossing has a greater sur­

face gradient than would be the case, if it were not disturbed by 

the crossing. The increased lo ngitudinal water surface slope, 

nowever, affects to a greater extent the trajectories of ships 
moving i n the crossing. A ship sailing in the canal and crossing 
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the river axis perpendicular to i~s lonsitudinal axis, is driTen , 
by the component G sin« o~ its weigh~, in the direc~ion to the 
lower banks (G = ship weight, 1( = angle of water surface slope 
with the hori~ontal at the crossing). For this reaeon the eailing 
ot ships through the crossing ia aa:ter when the ship crosses the 
river obliquely against the dir8~tion of ita !low. 

From the above and 80118 other analysee it appears that the 
optimal shape of a navigation crosaing is the one shown in Fig.3. 
Its cberecteriatic featur•• are: 

1. 	IRIltua1 perpendiculari ty or the river axis and the t wo canal 
branches; 

2. 	symmetrical and parallel position of profile I to profile 2, 
i. e. the longitudinal axis of profile land 2 a r e not shifted 
agsinat each other in the ground plan ; 

). 	circular widened mouths of the two canal branches (such mouths 
has the cr ossing of the river Lek with the Amster odam-Rbine 
Canal /1/); 

4. 	 the bank. of the inflow channel reach above profile I have a 
hydraulically sui t able ahape , uaed e. g. in ~ectifYing struc­
tures of bridge profi l e s ; tha objec~i ve of this .aasure is to 
equal ize the veloci ty profile of the water flow entering the 

crossing; 
5. 	 the approach edges of profile 2 arrd the adjoining banks of the 

riverbed have also a hydraulically suitable shape; 
6. 	 the naviga~ion chambers on the canal are to be r emoved a much 
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lUI poui.bl.e b'am tbe crO..!PIl.ng (at ~eaet about 1 kaJ • 
.u tbol1&h these characteristics CBD impron the total h;y4r8u­

liclI and navigational. tunCtiDD of the C'l'ossing, tb.ey ClllIDOt 1I01Te 
the basic dilemma between the b;y<tre.ulic requirementa with regard 
to lIetiaf'actory becUoad tranaport iLl the riTer and the ll8Tige­

tiOD requiraments demandiDS the ~owest posaib1e ve~ocity of the 

river a t the erosei08. Thill di.lemma may be alleviated by provi­
ding rectifying structures with movable W ting diki.ns iLl the 

ri ve.r iD1'l.ow to the crossiD8, whieh parmi t to cl1an8e the size ot 
the discharge area of the innow profile end thus BJ.80 the fiow 

velocity of the river in the croeaing. This may be used with 
advantase for the passege of lo08 towing and for flushing the 

rivebed in the crossing section to remove settled bedload (for 
increasing the velocity). 

Reference 
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ABSTRACT 

The purpose of this study was to develop a method for the 
calculation ot temperatures in the St. Lawrence RIver for natu­
ral oonditions before freeze-up and the farcast ot the possibi ­
lity to keep river channel ice-free in winter-time. 

The paper presents the analysis of hydrological, thermal 
and meteorological conditions tor the investigated river se ction, 
oalculation of beat transfer coeffioient, and the development 
of the method f or the calculation of river temperatures. Veri­
fication of the method was based on data from fiel d measurement s . 
Three ways of improVing thermal conditions in tbe river were 
considered: inorease of discharge, decrease of water surtace b)
r i ver traiDing Un the form of a r egimentod channel , and the uti ­
lization of waate heat trom thermal or nuclear power plants. 

Les 6tudes presant~es dans ce rapport avaient pour bu t 
IJalaboration de 18 metbode du cal oul de 1& temperatur e d' eau 
dans les conditions naturelles avant l a peri ode du gel du 
flanve, aiDsi que de la progose de l a possibilite d'entret1en 
en I' biver du lit du tleuve sans glace. 

Dans Ie rapport on presente une analise des cond1ti ons 
hydrolo~1ques , tberm1ques et meteorologiques du tronCOD e tudie 
du tleuve, les calculs du coetficient d'eohan~e de cnaleur et 
une methode de calcul de 18 temperatur e d'ean. Sur l a base des 
donnees de mesures en nature on a ve r ifie les oal oul s . On a r e­
801u 'trOis moyens d' am&11oration des conditions therroiques eD 
tleuve, o'est a dire par: l'augmentation du debit, la diminu­
ation de Ie surface d eBU par la r egulation du lit du f l euve, 
et par la chaleur rejetee des oentreles tbermiques ou nucleares. 
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1. INTRODUCTION. 
The St.Lawrenoe River as a trad~tlonal naVigation route was 

always of great importanoe to Canada. Cons iderable thought was 
g1ven to the improvements of navigation and in part10ular to the 
pos sibl11ty of ma1ntalning it a year-round ioe- free channel.~y 
proposals were advanoed in t he past to achieve this end. Barnes[~ 
studied the e ffectiveness of icebreakers and pointed out tbe po­
ssibility o f uti li zing the large heat content of Lake Ontario. 
Kerry [q] s t rongly advocated the use of heat reserve of Lake Ontario 
by ohannelling t he r iver fIOr so that heat losses would be reduced. 
During 1951-3 Pruden et al~6 conduoted thermodynamio studies to 
evaluate heat lo sses by theoret1cal and empi r ical formulae. In 
1961 Hydraulics Seotion of tbe NRC initiated temper ture measure­
ments in the St.Lawrenoe River from Kin~ton to Port St. Francois. 
As a re s ult of field observations InoeL~found that because of 
thorough turbulent mixing, stratifioation and temperature gradients 
are destroyed. Close agreement between r eoorded and calculated 
water temperatures was obtained with the heat loss coeffiCient re­
commended tor open water conditions by Joint Board of Engineers. 
2. RIVER DIS CHAflGE. 

Discbarge in the St.Lawrenoe River from Kingston to Port st. 
Franc ols is very stead~ due to the Influence ot Lake Ontario and 
hydraulic structures which control the tlow. The minimum and maxi­
mum discharge as s umed for this study are 170 000 and 300 000 c~s 
respectlvely. These values were Increased by 40 000 cfs for Ottawa 
River. The average discharge in the fall and earlywtnter 1s 
210 000 cta increas ing to 250 000 c~s a~tor the intlow ot Ottawa R. 

3 . THER~~ AND ICE CONDITIONS. 
Hydraulics Section iniciated in 1961 water temperature measure­

ments and ice surveys which were indispensable tor the evaluation 
ot tber~ conditions. Permanent recording stations were establish­
ed along the rlver section 256 miles long. For the present study, 
average dally water temperatures were used. During monthS of De­
cember and January io~ surveys were made and maps ot solid 10e 
cover were outlined. 
4. METEOROLOGICAL CONDIT IONS. 

The present study 1S based on average daily and monthly values 
of varIous meteorologIcal variables. T~s was considered as suffi­
cient ly adequate for the comparison ot alternative ways of keeping 
the river ice-free. The normal monthly alr temperatures for Novem­
be r and December Table 1 do not differ very much for 6 stations 
along investigated river section. Therefore it was decided to use 
meteorologlcal data tor one s tation Montreal a s .representative 
of t he whole river seot ion, to cal culate heat transfer coeffioient. 
T~ s da ta is 11s te d in Table 2. 

Tabl e i. No rmal monthly a ir temperatures. 
Loca t10n ~istance from Air temneratures (OF) 

Kingston Novembe r Decembe r 
Kingston o miles 37,3 2J,5 
Brockville 48 37,2 22,6 
Cornwall 104 33,6 20,i 
Mont r eal 166 35 ,7 20,1 
Sorel :33,4 i6,9 
Port St .Francloi s 

226 
25 6 33 6 17 :3 

Average 3 5 ,3 20,1 
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Table 2. Average meteorologica l data for Montreal . 
-VMonth b m t- t. - t '' a Q1R 1I III 

79414 0,02 58October 49 10,7 5,9 9 
78November 3 6 11,7 7,3 0,29 384 46 10 

11,8 'December 20 79 7,3 39 10,73 34 H 
16 78January 12,4 6,4 0,76 59 3 32 16 

\:; 277 79 0February 17 12,6 6,6 a 9 1 l5 

t -air temperaturt; ( O~J 
Va_wind veloc!ty t mpb) 
h -humidity ( ro) 
m -cloudlness (tenths) 

5. BEAT TRL~SFER COEFfICIENT. 
In order to calculate heat losses from the river it _35 nece ­

ssary to formulate beat los s rate in a sufficiently simple form 
that can be integrated along the river reacb durin~ tbe tlme, 3 

part1cle of water moves along the reach. The calculation of heat 
transfer coeff i oient was based on the amount ot heat f l o," lhrouc h 
river surface IOhicb is composed of the following contributing ele­
ments: evaporation, convection, incoming r adiation, back radiat i on, 
and preoipitation . Tbe following formulas were used for calculation. 
Evaporation, based on Mayer formula 

2 
= 1 ,92...\ (i - 0,1 v) {ow - e~} (STU/tt day) (1)QE 

l - beat ot evaporation (BTU/lb) 
e - saturated vapour pressure at wat r temperature (in a;) 
e~ - vapour pressure of watrr at given air temperature and rela­

a tive bumidity b (in Hg
I ncomiD'! radiation !Jas obtained from direct measllrement-s. 
Convection based on tRe Bowen ratio 

(1." - tal 2
QEoQc = 0,0108 0 (811' _ e~) (BTU/t t !lay) (2) 

H(BTU !Ft'dny oF) 

ISO~__------------------T-----~-------r--------------------~ 

~O r-~~~--------------------r-------------------~----~ 

no r-----~~~~~~--------------------------------------~ 

12D r-------.......,~--.:;;;>'.......,:-----~--------/ 

liD r-------""'.....:----------...,...---=l.bo.......;::-----=_-=:----------------1 

~Or__--,----~~~~~-----------~~------~ 

9D j-----------+----:::---~~~~ 
oo~~---;=~~~~~~~~ 
ro~____~____~______L- ~____~______L_ ~____ 

6 8 III 12 

____ 

* fti 

____ 

ZO 

_ 

12 
Fig . 1. Heat transter coef!ic1en1.. t .. - t . (oF) 
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Back radia.t1on 

= 6 T! (1 - 0,09 m)(1 - ~- bb re';;)Qs6 _ Stefan Bolzman cons~ant ~ 0,43 

T - water temperature (a) -b 0,082


II' 
Precipitation snow 

= 0,52 S [i.U+ (t,.- n)JQs 
The heat absorbed by preolpita.tion falling into r1ver is mainly 
due to snow because or the heat of fus10n. Rainfall was excluded 
tram tne consideration beoause ot its infrequenoy in this period 
and 1ts small heat exohAnge with the river. Calculation of heat 
transfer ooelf1cient was based on the average meteorological oon­
ditions g1ven 1n Table 2. For each month 5 dilferent air tempera­
tures were assumed. The highest values of the ooef f ioient were 
obtained tor October and the lowest for Fe~ru~ F1g.t. Average
values for December and January 95 BTU ft day F were very olose 
to those suggested by the Joint Board of Eng1neers. It Wa3 deoided 
to use the average value of the coeffic1ent in further oalcuJ.at101l. 
6 . DERIVATION OF THE FORllULA FOR CALCULATION OF WATER TEMPERATURES. 

For t he derivation of the formula the following simplifying 
as sump tions were made . 1 Tbe flo,. over the section ot the river is 
s t eady and W1i form , with uniform velooity over the 1fhole cross­
se ction. 2 Wa ter temperature is uniform over the whole oross-sec­
tion . :3 Heat fl Olf throagh river bed, heat gain due to fluid frio­
t i on, and he at flow due to ground water flow into or out of river 
are 	negl e ct ed . 

Us 1n~ t he notat10n presented in F1; .2. the follo wing heat 
balance eqat10n lIIay (e written: [ 1 ) ] 

Q S' 0 t '" Q if 0 t + dt ) "'W H dx (t -+ 2 dt - ta (5) 
" '111'11' 11'''S' - wate r dens ity 0 - specific heat ot water 

___--:::>...:::.--.:9.~ t .. - dt.. 

/ Q - rl<er dl.charqe 
~ - .,. ..ara.ge .. idlh of thl 

n ...,. _r the Length d. 

t .. - a verage "aler temperature 
t a - average ~r temperature 

dt .. - tJ1crement ,n .. ~te,. temptrtliurt 
o,er the lenqlh ci s 

A - cross-.II!ct ional a~ 

Fig. 2. Scheme for the calculation o~ water temperatures . 


This equation may be s implified to: J 

Q S' o dt ", = -'II' H dx(tw - ta (6 


Atter inte~ration we obtain K H s 

t,,1 == ( two - t a ) e - t- ta (7) K == ~ ( 8) 


s- wat e r surtace be t ween c ross-gect 1~ns 0 and t 

7 . PROGRA&~m FOn THE COMPUTOR . 

To calculate wate r temperatures alon~ the St. Lawrence R1ver, 
the section under study was devided into 2 miles sections for whl 
sur~ace areas Si and cros s - seotional areas Ai were calculated. 
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Fig. 3 . Scheme for tbe numerical prooedure.
Tbe scheme presented in Fig.3 was used tor numerical prooedure. 

For these notation the formula for temperature calculation obtains 
the following torm: 

t = e-Xi ( t - t l + t 9 
w1+i Wi &t,t ai,j 

j -	 is the tlme index 
In order to evaluate air temperature for a part1cular cross­

section it was necessary to interpolate it acoording to dlstance 
bet een two meteorological statlons, and time of travel of water 
partiole. The programme prepared for 505-920 computor allowed tor 
disoharge and water temperature ohanges at each of the 2 miles 
Bections. Average daily air temperatures were prorided in a tabu­
lar torm tor each of the six meteorological etations. Desoription 
of riYer included cross-sectionel areas and water surfaoe areas 
between two cross-sections. Each calculation started with a deti ­
nite initial water temperature tw at cross-sect10n 0 Kln~ston. 
Results of the calculations are presented as graphs made on a 
plotter connected to the oomputor. They include temperature curve, 
cumulative time curve, air temperature curve obtained trom inter­
polation, and discharge curve . 
a. 	 COMPARISON OF CALCULATED AND OBSERVED WATER TEloU'ERATtmE". 

In order to c~eok the method developed for calculation or wa­
ter temperatures, several comparisons between measured and cslcu­
lat~d water te~peratareB Were made. Three of them tor a detlnl~e 
perIods or time are prsented 1n Fig.4. They were carried o~t tor 
discharge 210 000 ore, heat transter coerficient 95 BTU/tt day OF 
definite initial water temperatures, and air temperatures taken 
from the records. The first t~ periods 11-27 Dec. 1964 and 1-17 
~ov. 1965 gave very good agreement. This agreement tor the period 
i-17 Dec. 1963 was not good. During that time temperatures ot the 
air were well below normal which resulted in rapid ice formatIon. 
This rednces _ter surface exposed to ~eat transfer and also re­
leasee heat of fusion thus reducing cooling process . These factors 
were not taken into aocount during the calCUlation of heat trans­
fer ooeffioient. Reduotion of tbe coefficient to the value of 75 
gave already more olose results with observed water temperatures. 

From tbese oomparisons it as} be concluded that the value of 
the coeffioient 95 will give correct water temperatures before 
freeze-up. However When ice heg1ns to torm, discrepancies between 
caloulated and measured values may be expected. 

9. SOm: Mm'BODS FOR IllPROVING THERYA.L CONDITIONS IN THE RIVER. 
Three methods tor improv1ng thermal oonditions in the rlver 

were taken into aoccunt in t.his study.
i.Partly regimented channel. ConfiDing r1ver channel to a smaller 

oross-section has two reaults:(a)decrease of water surface area 
reduces heat losses: (b) increase ot flow velocities reduces the 
time during which.s water partiole travelling along the river is 
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exposed to heat losses. The cb&qnel will be restricted only in 
reaches where it is feasible from engineering poit of view. 

(oF) 

t. 	~~'-------':':;~~ I.----ru-'--~:~:':"':'=-: ~----'-.,----ri---'r"~:~I~"~H 
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Fig.4 	Comparison between calculated and "measured water 


temperatures. 


60 	 W. loIAJEWSKI 



------

2. lnc rease o f r i v e r d i soharge. It results in higher flow veloci­
tie s , t hus ( as s umi n g that s urface areas and cross-sections re­
main uncharige~ reduclng the t ime o f tra ve l and hence heat loss. 
At t he same t i me , initial heat input becomes larger. 

3.Heat addition f rom thermal or nuclear power plants. At present 
in fossil fuel thermal power plant about 601. of the generated 
heat is rejected wi t h cooling water!2J. For nuclear power plant 
this efficiency is even lower. For discharge of 210 000 cfs the 
increase of temperature of iOF assuming thorough mixin~ is an 
equiwalent to a po~er station of the capacity of 7250 MW. Thus 
6 tncreaments of i F give thg total installed capacity of 43 500 
~~I while 5 increaments of i F will result in capacity of 36 JeO. 

Results of some investigated cases are presented in Fig. 5,6,7. 
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Fig. 5. Effect of increased discharge on water temperatures. 
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Fig. 6. Effect of heat addition on water temperatures of 

natural river. 


10. CONCLUSIONS. 
i.Using 	the outlined above method it was possible to calculate 

water temperatures along the St. Lawrence River for different 
boundary conditions. 
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Fig. 7. 	 Effect of heat addition on water temperatures of partly 
reg imented channel 

2.The heat trans fer coefficient cal culated on the basis of ave­
rage meteorologic a l conditions represents the cooling process 
quite accurately for the period before freeze-up. This was con_ 
firmeC by comparisons of meas ured and calculated water tempera­
tures. In cas e of ice forma tion the value of beat transfer 
coefficien t should be r educed. 

3.Three methods for improving thermal condit.ions were considered. 
Increas e of natural river discharge. and partly regimented cba­

~~~~s~~~ ~ea~i~i ~da!~~tt~~o~e:!~da~~e~e:;!~~t~~:~e~:t~!~ Sd!~P 
s i gnifioantly be low 32 F. Wi tb lower a ir and water te mper atures 
thi s method wi l l not be s uff i c i ently e ff ec tive . 

Was t e heat addi tion from power stat i ons can provide an 1ce ­
tree navigati on channe l over the whol e wint er . Total po wer ca­
pac i ty r equirement is about 45 000 MW whi c h may be ins talled in 
i2, 10 or 6 sta t l ons a l ong the river. Regimented channel comblned 
wi t h waste heat addit i on glves very go od results. 
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ADSTltACT 

The conditions under which a flo c ting fragment of ice is either entrai n ed 
under the upstream edge of a downstream ice cover or accumul a ted upstrearr. nre 
examined in detail. The e ffec[s of the geometry of the leading edge and of t he 
arriv10g fragments on the critical Froude number for entrainment are deter­
mined Bnd provide criteria for mode lling studies, and for the design of stable 
channels in river ice covers. The mathematical model considers both flow 
depth and thickness Froude effects as well as th e thiCkne ss-length ratio of 
the blocks and the specific gravity, Combination of an equilibrium moment 
ao &!ysis with hyc.rod~;" :1 .3.r.'. ic relations enables explicit determination of che 
effects of t I L and t / B « = thickness, H = flow depth, L = block l ength) on 
the critical Froude number (Ft = V/[gt(l-p' I p) } 112) for entrainment. Analy­
tical results are compared to experimental results. 
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INTRODUCTION 

The processes of accumulaticn of floating ice under the action of river 
and lake currents are of considerable interest to those who must design 
structures to control ice movement. Understanding of the interactions 
between floating ice and the flowing water are also useful in the design 
and operation of vessels moving through ice fields, in the prediction of 
effects resulting from changes in the ice regime of rivers and lakes, and 
i n the avoidance of ice problems. Herein the processes of entrainment and 
accumulation of floating ice fragments at an obstruction near the surface of 
t he flow are examined and interpreted . The basic problem considered is the 
process of initial entrainment of a single ice fragment arriving from 
:.J.pstream. 

Behavior of Individual Blocks 

'.,/e examine firs t the behavior of an individual block which strikes an 
obstruction near the s urface (see Figure 1) . Two modes of entrainment, or 
submergence, have been identified in the laboratory and a tbird in field 
observations. The block may submerge without rotating or underturning and 
be swept under the cover while remaining in a more or less horizontal orien­
tation; this mode is termed vertical submergence. The block may rotate about 
its downstream end, either about the lower edge or the upper edge depending 
upon the detailed geometry of the obstruction or the block, subsequently 
under turning and either passing downstream or stacking in an inclined 
pOSition to form a thicker cover. Finally, the block may ride up over the 
obstruction. 

--'r 
I t

ja 
II .I' 

H 

Vu Vc- -­
/ / / / / / / / / / / / / I 

Figure 1 - Definition sketch 

The condition for vertical submergence has been analyzed (Michel, 1971) 
by equating the pressure reduction due to the increased velocity beneath the 
floe to the force required to overcome the buoyancy of the floe. The analysis 
implies adoption of the so-called no-spill condition, i.e., that e ntrainment 
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occurs when the stagnation water level exceeds the top edge of the floe. 
The resulting criterion for vertical submergence is 

v 
c '{z (1) 

[gt(1_p' / p}11 / 2 

Michel (1971) also introduces a lift coefficient applied to the pressure 
reduction term ~hich is dependent upon the form of the floe, and separately 
considers the porosity of the floe although the basis for the =ormer is not 
clear and the latter may easily be included ~hen calculating the floe 
density Q'. 

Most floes submerge by underturning, as pointed out by Pariset and 
Hausser (1959, 1961), Cartier (1959), and more recently by Uzuner and 
Kennedy (1972). The underturning usually oCcurs at a lower velocity than 
given by equation (1) and has been treated analytically by introducing a 
multiplier K on the right-hand-side of equation (I). Pariset and Hausser 
presented the stability criterion in terms of the average velocity under 
the block (Vu) in the form (see Figure I), 

v 
u 

(2 ) 
[gt(l_p' l pl l12 

and evaluated K in laboratory and field tests as a function of L.'t and L 'b 
(~here b is the transverse plan dimension of the block). K was found to 
vary from 0.66 for cubic blocks to 1.3 for thin floes. An effect of t / H is 
implied in equation (2) since approximately 

v 
c (3 ) 

1- .E. 
H 

Uzuner and Kennedy (1972), using a moment equilibrium method, inter­
preted the results of single block experiments for a wide range of t / H, 
c l L, and pr/~ ratios and empirically determined a IDoment coefficient pre­
sented as a function of p'/p and tIL. They found both short. thick ( t i L 
>D.8) and long, thin (t IL <0.1) blocks to undergo vertical submergence while 
blocks ~ith intermediate t I L underturned. When their moment coefficient is 
zero their analytical result is essentially the same as the criterion given 
by equation (2). 

Recently Ashton (1973) presented a simplified moment equilibrium ana lYSis 
and also invoked the no-spill condition as the criterion for incipient insta­
bility. Under turning ~as found to occur when 

v 
c 

( 4 ) 

t 2 1/2
[5- 3(1- Ii) ) 

The envelope of experimental results of Uzuner and Kennedy (19 72) are 
preser,ted in Figure 2 together with equation (4) and, for reference purposes. 
equation (2) with K - 1. Equation (4) provides good fit to the data in the 
range of greatest practical importance 0 < t / H <O.5 J and adequately accounts 
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Figure 2 - Froude cricerion based on block chickness 

for che variacion in Q'IQ over che experimenCal range 0.5 Co 0.87. The daca 
exhibic some effecc of c/L (see AshCon, 1973), parCicularly aC higher values 
of c/H. ~ichin che limiCs of che scaCcer and che range of che daca, equaCion 
(4) appears Co provide a sound basis for design of models using macerials of 

.differenC densiCies Co simulace che ice . 

The same results may be presenced in tenms of a Froude number based on 
flow depch, again wich a densimeCric sca}ing parameCer, by mulCiplying che 
lefc hand side of equaCion (4) by (C/H)l 2. The corresponding ploC of 
resulcs is presenced in Figure 3. For comparison che analyCical resulc of 
Parisec and Hausser (1961) wich K = 1 is also presenced. PariseC and Hausser 
recognized che facc Chac K may be differenc chan 1. 0 buC implied ChaC K is 
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more a f Llnction of t i l than t/R. The extensive data of Uzuner and Kennedy 
s uggest ~h 3 t K is not significantly affected by t IL, and in fact an empirical 
K may be replaced by the analytical prediction embodied in equation (4). In 
particu lar, comparison of equation (4) with equation (2) provides a means of 
evaluat i ng the dependence of K on t/H, i.e., 

K 	 r- 2~1/ 2 (5) 

L5-3 (1- -ID' J 
and K varies from 1.0 for t / H ~ 0 to 0.63 at t /B --. 1.0. 

Equation (4) does not explain the observations of Pariset and Hausser 
(1961) of K values as high as 1.3 and similar values have been reported a~d 
observed by others (D. Foulds, personal comnrunication), particularly for 
blocks with small tiL. It i s also noted that there has been little experi­
mental evid ence presented for blocks with tiL -+ O. 

In an effort to fill this gap in the existing data sets a series of 
rectangular blocks of small t i L ratio « 0.1) were tested in a flume to 
determine if the existing relations for predicting underturning were valid 
for very small t i L and very small t /R. The blocks were of two thicknesses , 
with p' / ~ approximately 0.6. Two variations in the experimental procedure 
were used; in the first the block was released well upstream of a barrier 
shallowly submerged approximately one block thickness; in the second the 
block was initially against the barrier and the velocity was increased until 
underturning occurred. Little difference in behavior resulted becween the 
cwo procedures. The results of these preliminary tests are presented in 
Figure 2 and Figure~. Detailed examination of the data (see Table 1) shows 
a tendency for increasing K with decreasi ng tiL for the blocks which were 
1. 9 em thick. Three series of tests with 0.67 Cm thick blocks yielded K 
values considerably above the prediction (see Table 1) and suggest that there 
is a lower limit to the thickness at which the similitude relations developed 
earlier are applicable. Clearly more tests are needed if models are to 
utilize very thin blocks. 

Acknowledgement is made to Darryl Calkins who aided considerably in 
performing the experiments. This work was supported by DA Project No. 
4A062103A894, Engineering in Cold Environments. 
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TABLE 

t t t V 
c 

(cm) H L [gt(IL )]l/2 
P 

K* 

1.9 0.57 0.052 0.122 1. 19 0.89 0.93 
0.083 1. 25 0.93 

0.060 0.106 1.17 0.88 0.85 
0.053 1.14 0 . 86 
0.040 l.17 0.88 
0.032 1.15 0.86 
0.026 1. 17 0.88 
0.021 1.17 0.88 

0 . 031 0.106 0.95 0.69 0.92 
0.053 0 . 99 0.72 
0 . 040 1.08 0 . 79 
0.032 1.11 0.81 
0.026 1.13 0.82 
0.021 1. 29 0.94 

0.67 0.56 0.027 0.045 1.69 1. 23 0 . 93 
0.060 0.029 1. 65 1. 20 
0 . 64 0.022 1. 70 1. 23 

* Defined by equation (2) 

**Predicted by equation (5) 
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ABSTltACT 

The paper deals with the conditions of rational use of 
spent water from industrial enterprises for prololJ5ing no\'i ­
gatlon on inland waterways, as well as with the methods of 
thermal calculations, necessitated when designin~ these 
measures. 

'O~!.'lAI fIE 

Dans Ie rapport on examine les conditions ~e l'usage ra­
tionnel d'eau detendue des entreprises industrielles pour 

la navi~ation prolongee sur les voies d'eau interieures, 
auesi qu'une methode des caleuls thermiques qui sont neces­

saires aU projet de ees mesures. 
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Nowadays the problem of prolongin~ navigation draws at­
tention of experts in many countries of the world. It should 
be noted, however, that while the problems connected with pro­
viding the operation of navigable structures under negative 
temperatures may be considered mainly solved, navigation in 

mentioned conditions on both not canalized and canalized river 
sections, especially on navigable channels with limited crosa­
section still offers considerable difficulties. The use of ice­
breakers and ship caravan convoying sharply increases the 
prime cost of shipping. Besides, the possibilities of such na­
vigation on not canalized rivers and canals are rather limited 
aa the ship route ia strictly fixed and repeated ship passage 
causes such a c~nsiderable increase of ice cover thickness 
that even an ice breaker is unable to overcome it. The sugges­
tion to draw away ice beyond the verges of navigable route, 
when water course section is restricted, also proved non-per­
spective due to limited capacities for loose ice. In addition, 
under rather low temperatures, it may cause intensive frazili­
zation on the open surface of water body, that complicates 
navigatien conditions atill more. The experiments carried out 
showed that even in reserToira, where there are great oppor­
tunities to change routes, prolonging navigation by ice-brea­
kers,that is maintaining regular navigation under rather se­
vere climatic conditions, becomes not effective. 

Along that, intensive construction of thermal power plants, 

condensation ones in particular, as well as atomic power 

atations requiring coolin~ ponds (which sQccessfully might be 

navigable rivers, reaerToira and canals) are being carried 
out. But there arise complications caused by the fact that 

with unrestricted discharge of warm waters being cooled into 
a water body there comea danger of so called heat pollution 

affecting negatively the flora and fauna of a water body, 
Besides, effect for naVigation, especially on water storage 
basina appears to be rather negli~ible owing t. restricted vo­
lume or the lane, maintained de-iced. 
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The problem may be solved provided the cooled ~ater is fed 
into a water line of limited dimensions. Tnen only this re­
stricted section of water body will be liable to heat polluti­
on, while length of the lane will sharply increase due to 
slow heat transfer from res~ricted open surface. In war~ sea­
sons, "nen mu-h greater water area is required to cool water 
at the same extent, there may be no restrictions and warm "fl­
ter will spread allover the water body. As, at that period 

the temperature of water in a water body doesn't ~reatelJ dif­

fer from that of ~ater discharged by power plants, the heat 
pollution effects will be considerably less. 

The task, thus, is to find such constructive solution, 

which would meet the requirements, stated above. 
'fie think rather prospective to protect the ship couree OJ 

a synthetic film which may be either lowered throu~~out t he 
whole water body depth as for instance in a channel (fig. 1a) 

or this film will comprise only a part of its ~ater section 

17hich is expedient in rivers and especially in '.~ater storabe 

basins (fig. 1b). 

7L- ---.==-:: .~-;-;:;~;~ ' 
.;;~~ . 
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1. warm water 
2. ice 
3. film of s~thetic materials 
4. deiced navigable Channel 
5. a.ncho:!" 

?ig. 1a 



1. warm water 
2; ice 
3. film of synthetic materials 5. 	anchor 
~. 	 deiced navigable channel 6. rope ot synthetic 

materials.Fif!j. 1b 
The b ~oyancy or the device will be provided by air pipelines 
formed of the sam~ film .3d placed at the surface. To protect the 
air pipe lines from the damage caused by ships and ice t they lD:ay 
be provided with additional protective cover. \Vater supply trom 
termal or atomic stations is carried out alonf!j the arm connected 
from below to the tilm protecting the ship course. Another arm 
that is connected up-stream provides the intake of cooled water. 
Power stations should be placed at distances providing necessary 
~ater coolinf!j under winter temperatures. In sum~er successively 
discharf!jing air trom pipe sections bef!jinninf!j "ith those placed 
downstream, it is possible to increase the cooled water area and, 
thus, to provide all the necessary conditions tor the coolinf!j ot 
discharged water. 

The same means may be used tor concentrating water discharged 
by hydro-power stations within the section ot water course limi­
ted in width and tor creating thus below hydro-power station, not 
wide but long lane necessary tor navigation. 

For steady motion with variable value ot heat transfer from 
surface, stipulated by tlow temperature change, eonsiderlnf!j 
meteorolof!jical conditions, tlow depth and width as well as the 

incominf!j discharf!je being constant, we can obtain the tollowing 
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approx1laate dependency lrJ te define distance x. ,at which 
temperature will chan5e from ita initial Talue L o t. final one 

L ,i.e. the distance which should be betwee the staticos: 

M'L..o + IV 
(1) 

M'C+.w 
where 	 Q - fl.w diaoharge 

f apecific wei~t .f water 
C - heat capacity 

The Talues of. coef.ficient. M md N a.,. be written as 
fell 0,"" 

M K B-2 h. K1 + BK2 

N K t@, B - E B + 2h K1 9 + BK2. 8I 

where K - coeff.icient dependin~ on temperature in the 
heat transfer formula, 

E coefficient not dependin~ en temperature in 
the heat transfer formular, 

t& air temperature, 
B - width of warm water, 
~ - the depth of stream, 
K1 coefficient of the total heat transfer from 

the water of f.low to the water of a water 
body through the f.Um, 

KL - coefficient of the tgtal heat transfer from 
the water of flow to the water body bott om , 

9 - temperature of water body considered uncban­

p;able.
CI'_o 	 temperature for wat er bedy consider ed unchan­

gable. 

l or condensation power station of 1 Aln. kwt oapac i ty, 

aasUll ing 1:0=30°C, T=20 D C., Q=60m3//jECk, t g = -15°C) 

B= 30 m IL =5 0 m I) ::: 0 2 0 
= f/

, " , 1 
we obtain that distance x between t he stat ions ia equal to 100­
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-120 km that m~kes the supposed solution of the problem quite 
prac ticable. 

When to maintain the channel de-iced, water flowin~ into 
the lower pool of • hydro-power station (the temperature of 
which may vary with the time) is used to calculate average in 
section temperature ot plane flow, the follow1n~ heat balance 

equation [2] i. used: 

..here t - time, 

Ao and 80 - coeffiCients, 
li - flow velocity. 

General solution or equation (2) is as followa: 
Ao :c. 

T=['LoY'(t- J:)+8o] e ~ Bo, 

where 'L0 - water teIllperatlll'e in initial range when 
time eqU41. 0, 

~(t)- arbitrary function of time, 
X - distance from initial range to the sec­

tion considered. 

Coefficient K • B = E- CVry,Ao=c:r1L ' Ko 

where 'It.,. - heat transfer of the ~ound. 
The analysis or dependenCies given shows that when heating 

water in the initial range, ;yater temperature in the channel 

downstream alwaY8 decreases. lhen cooling water in the initial 

range, the character of te[llperature distribution allover the 
channel length is defined by the intensity of this cooling and 
by the value of heat transfer from unlim.i ted surface. Depen­

din~ on the correlation of the factors stated, water tempera­
ture along the flow can either increase or decrease. 
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ABSTlLAC T 

'This paper describes a hydraulic model of the river 
debacle process including a decrease in the ice cover s"t!'engt;h 
and an increment in water rates during spring melting. 

The model permits to compute (and predict) che debacle 
time from the relationship of melting ice cover thickness and 
strength to the drawing force of a stream which is characte­
rized by the hydraulic-morphometric parame1;e-rs of a river reacn. 

La rapport dllcrit le mod~le hydraulique du d.~b!tcle des 
fleuves qui tient compte la diminution de la solidite de la 
couverture de glace et l'accroissement des dllbits pendant la 
periode de la fonte printani~re. 

Le modele permet de calculer (et prbvoir) le temps du 
deb!tcle d'apres la relation de l'epaisseur et de la solidite 
de la couverture de glace en fusion avec la force entrainant 
du cours d'eau qui est caracterisee par les param~tres bydrau­
liques et morphometriques du tr~son d'une fleuve. 
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'rhe calculation of river debacle time (so as to issue 
short-range forecasts of this phenomenon) is based on the 
model of the debacle process elaborated in the USSR Hydromet­
centre. In this model the debacle moment is determined by 
the condition, in which 

(1) 

In this condition ~ - relative destructive stress 
equal to (3/uo where t5 - destructive stress for melting ice 
cover, 6 0 - the same for ice cover at 00 not subjected to 
melcing; ~ - ice cover depth, N - water friction force at 
the ice cover lower surface. 

'l'he product Cfh. characterizes the strength of ice cover 
as an engineering structure. In a simplest case, ice cover 
can be treated as a strip with thickness h. and width 8 
which is stretched (or contracted) by force N then, accor­
ding to the known relationship 

Considering that g - the ice cover width for a given 
river prior to debacle remains prac~ically constant, while 

c5 =<fG o , the following may be written 

where a - some coefficient, only slightly variable for a 
particular river reach. 

By the debacle moment this expression is converted 
into,condition (1). This expression can also be reached by 
considerin~ the work of ice cover for bendi b in the horizon­
tal plane under the influence of friction forces at the reaches 
between the riverbed bends /3/. 

During the melting period the value Cfh is computed 
from the meteorological data. The computation technique is 
described in /1, 2/. 

At present the direct de~ermination of the friction 
r'orce N at the ice cover lower surface is difficult because 
the necessary information is insufficient. For example, it 
is not easy to determine the roughness coefficient at the ice 
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cover lower surface, the current velocity at the ~ebacle DO­
ment and other parameters determining the force N • 7:;erefore, 
in practical co~putations t~e friction force is assume d ~o De 
an approximated func~ion of the waGer level hei~~t ( H ) or 
its elevation (I). f-\ ) over a certain horizon (for exa:np:;.e. over 
the maximum winter level or minimum pre-flood level). 

Then condition (1) will be written in the following 

(2) 

Having at hand a series of observed water level vciues 
for many years at the time of debacle and having com?uted ~~e 
values of tj'h for the same aeries at the time of melting, 
it is of no difficulty to obtain an empirical relat ionship 
(2). And as an argument it will suffice to assume one of the 
values, i.e. H or AH 

Fig.l shows relationship (2) for the North OVina river 
near the village of ilbramkovo. 'Yoe water level rise A HM 

over the maximum winter level was assumed as an ar8uwent.

,h. 

Figure 1 
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In the di agram dots were plotted which correspond to the day
of debac le (black dots) and to the day on the eve of debacl e 
(11 - t do t s). rhe curve was drawn with an intention that the 
li~lt do t s should fall to the left of it and the black ones ­
to t he right. 'fue relationship is approximated by the condition. 

At-I .. )2
~h ~ ( (3)1,2+0,6"""jOo" • 

When this condition is being fulfilled the black dots are 
either on the curve or to the right of it, i.e. debacle is 
taking place. 

Similar relationships are in£erred for many rivers of 
the USSR in different physiographic and climatic conditions. 
All those relationships are of high accuracy: in 96 percent of 
the cases the error i~ determining the debacle day does not 
exceed the limits of - 2 days, and in 85 percent it is well 
m.thln - 1 day. 

All the empirical relationships obtained are approxima­
ted with a quadratic parabola and have a sc~ucture similar to 
(). A drawback of these relationships is that data are needed 
for many years to obtain them. BeSides, to forecast water 
levels in the melting period is less convenient than, say, 
water discharges. 

Therefore an attempt was made to express the friction 
r orce N tnrough the rate of discharge (<2) and other para­
meters which could be determined. 

Shezy is known to have taken the bed resistance as pro­
po~tioQal to the average stream velocity squared, i.e. 

(4-) 

In this equation 1:"0 - resistance per unit area of 
moistened bed surface, r- - water density, Ii; - resistance 
coefficient depending on the bed roughness, on the size and 
shape of an effective cross-section equal to 1/C2 , where C -
Shezy coefficient; IT - mean flow speed. 

If the bed resistance and ice cover coefficients are 
ass umed to be equal, then the resistance of ice cover with 
width ~I\ over length e will be 

IJz 
N =Log..e:=( CL BAe (5) 

Length e over which force /II is generated, depends on 
the morphometric features of a bed and on its contour outlines; 
for a particular river reach it may be assumed as nearly con­
stant. As was mentioned above, the ice cover width was also 
assumed as constant. 
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In expression (5) it is convenient to replace the fl ow 
speed with a ratio of water discharge to the cross-section area, 
i.e. to the product of the bed width ( 8p ) by the mean depth 
( h <p). lntegrat:Lng all .. tba constants into one value "A." we 
will obtain. 

(6) 

From equation (6) it is possible to omit values g ,he? 
and C for a particular river reach, if their relation to Q 
is determined. 

Thus, for a reach of the Oka river near the town of 
Kashira the relationships h. cp =HQ) and f, 0: feCi!) turned 
out to be linear, within the limits of the water discharge 

coefficient C 

during debacle over many years. 

Let us consider the relationship C =j. (G) 

To determine this relationship a series of values of 
was computed according t o. the She~ f ODnula on 

the basis of the measured values of IF" I L and n<p It was 
assumed meanwhile that roughness coeff icients of the l ower ice 
surface are close to those of the bed surface and hydraulic 
inclinat i ons ~der the ice cover with equal filling of the bed 
are pr oportional to i acliuat ions in an open bed. 

'Ehe computed values of coefficients C also turned 
out to be linearly related to water rates <it • 

Thus, the debacle condition assumes t he form 

(7) 

However, this condition holds good only when g.= gp
But the ice cover width is seldom equal to the bad width 
because debacle as a rule takes place when the level is riSing,
i.a. under the conditions when the ice cover is separa t ed fr om 
the banks ~ ever expanding flanges. Therefore it is worth­
while to introduce the ratio S... /8p i nto (7). 

For the Oka r i ver Dear t he town of Kashira the debacle 
condition is approximated in the following way : 

g rf G-cph !So 2 + 50 ( 1 e;) (8)- It' 10 

Tills relationship ia of high acc uracy: among 30 cest computa­
tions (i.e . for a 30-year series ) i n i6 cases (53%) the compu­
tational er~r is equal to 0, in 26 cases (87% ) t he error does 
not exceed - 1 day, and in all ]0 cases (100%) it does not 
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~o beyond t~e limits of ! 2 days. ~e ~ error is about 1 day, 
~.e. it cor:::esponds 1;0 the conventional accuracy in debacle 
d.ate de certi nation at the gauging stations. 

~elationship (8) has been tested within the following 
; - 'l.5~ of factor variations: 3<-'f h <38;2oo<Q.<22oo;o, ..o<8./8 p .(.,,90 

Let us pay attention to the structure of expression 

In the right-hand side of this inequality one cannot 
fail to notice a free term equal to 2. It inOicates that even 
at ex ~o • uebacle will take :;>lace when the ice cover strength 
is characterized by the product fh and not equal to zero. 

It was assumed. above that the only force causing ice 
c ove r destruction, is the water friction force (N). But there 
is aiso a force of -/ii:.ld friction against the ice cove::: upper 
s c;r f ace ( N I ). i11is force is small. on an a'F':; r age it is 10 
~ iL1es less than the water frict ion force / 3/ . but if the flow 
s peed during debacle is small, the value ~n also reaches mini­
.::c'c1lll quan'Gi t ies (ice is melting on 'Gce s :;>ot), the:;:'efore the wind 
e f fect, i.e. the N' force, becoLles app...'eciable, and that effect 
is (roughly) described by t he free term. 

Condition (8) is not universal, i.e. it is inapplicable 
00 every river, but it fairly well describes the physical aspect 
of the debacle process. For this condition to become universal 
it is necessary to study the relations hip betwe en the numerical 
coefficients involved in it and the morphometric parameters of 
the river. 
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Introduction 

The appearance of ice in rivers creates extraordinary and 
complicated flow conditions. Experience hae shown ice carrying 
floods to be often the cause of disastrous inundations. 

In the interest of using the available water resources in a 
more rational manner, attempts ara made at the complex develop­
ment of surface waters. Reservoirs are built in growing numbers, 
rivers are canalized, power generation and navigation are pro­
moted. Inland navigation on the continental waterways is being
developed at an increased rate, since this fits well into complex 
water projects. 

Human interference into the natural life of rivers ia likely 
to result in new conditions in a number of respects,but eapecial­
ly in the ice regime. It is generally recognized that hydrologi­
cal conditions in ice covered rivers are insuffici&ntly under­
stood even in their natural state. The ice phenom~na over canal­
ized river sections may be especially complicated and dangerous.
At the same time the need for protecting human life and property
calls for adequate safety and careful eonsiderations in designing
hydrotechnical structures. Nevertheless, considering numerous 
branches of technological development it must be admitted that 
our knowledge on the effects of ice is inadequate, or at least 
less than could be. 

With these in mind the following subjects will be conaider­
ad in the present brief paperl 

- natural watercouraes and ice, 
- ice conditions over canalized river sections and in the 

vicinity of hydrotechnical structures on them, finally 
- the means of ice breaking, operating experiencea. 

It is intended to mention only the major engineering prob­
lems in each sphere of subjects. The most important research top­
ics will be summarized at the end of the lecture. 

1. 	Relations between the morphology. meteorology. hvdxology and 
ice conditions in xiyexs 

Ice conditions in rivers are influenced by four major fac­
tors, namely meteorology, hydrology, morphology and the geograph­
ical location. The ori~ine and melting of ice are a process of 
thermal household, controlled by weather, the hydraulic-thermal
conditions and morphology of the fluid apace. 

The important of the four is meteorology, i.e., the varia­
tion of temperature. Experience has shown~dangerous ice condi­
tions to be created by adverse temperature variations along the 
length of the river, rather than by the mean sub-freezing temper­
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ature. 
Thus e.g. on the Denube the spring flood coincides with cold 

air masses and high-strength ice. These factors favour the forma­
tion of ice jams. On the Tisza River, on the other hand, meteoro­
logical conditions are less adverse, so that the ice cover has 
become loose and weak by the time of the spring flood, so that it 
is readily removed. 

The influence of hydrology and river regime is also of para­
mount importance for the development of ice conditions.The great­
er the fullness of the bed, the greater the purity of water and 
the more uniform the spacing of tributaries along the reCipient,
the more favourable conditions prevail for the safe breakup ~d 
travel of ice. Freezing starta usually on rivers which are situ­
ated under colder climates, and which carry a greater sediment 
load, yet as far as ice travel is concerned conditions are less 
favourable on rivers wfth no tributaries over long distances,dis­
charging flood waves to breakup the ice cover. High sediment con­
centrations favour ice formation. This is supported by the fact 
that secondary ice formation is less ready to start, since the 
majority of sediment particles has settled under an earlier ice 
cover and thus the nuclei of crystallization are reduced in num­
ber. 

Bed morphology plays an important role in the development of 
ice conditions. Owing to secondary currents in river bends the 
water is mixed over the entire depth, which plays a decisive role 
in ice formation. 

Turbulence and secondary currents result in accelerated mix­
ing, as a consequence of which the entire water masS is overco­
oled at a high rate. The factors promoting ice formation and re­
tarding ice travel are as follows: shallow, deteriorated fords, 
sand bars, low depths, great surface widths, sharp and overdevel­
oped bends. Ic~ floes tend to become arrested and jammed at such 
locations, accelerating the development of a solid ice cover.Rap­
id cooling of the entire water mass is favoured by extended low 
stages in winter and the frozen regulation structures (groynes,
training dikes, etc.) protruding above the water surface. 

The geographical location, the direction of flow in rivers 
may fundamentally affect the ice conditions in them.In the north­
ern hemisphere, the rivers flowing northward are more liable to 
form ice jams, since thawing occurs at a later date along the 
lower river reaches. Poor ice conditions may be detrimental to 
navigation, to the channel and may 
floods. 

often cause disastrous ice 

Winter ice conditions on rivers can be improved and ice 
floods can be prevented by eliminating the adverse channel 
morphology by means of river regulation. 

The principles of normal river regulation for ice-free con­
ditions are familiar, with little research remaining to be done 
in this respect. 

Differences in meteorological conditions may, however,cause 
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wide differencee in ice conditions on rivers. Identical curva­
ture- and depth conditions may prove adequate under tropical cli­
matea but may be wholly inadequate e.g. in the northern hemi­
sphere under cold climates. 

The principlea of river regulation are thus in need of fur­
ther development with allowance for meteorological conditions.Ad­
ditional observation data on ice phenomena are believed desirable 
for this purpose. Conflicting river regulation principles apply 
to ice-free and ice run conditions, in that for dynamic equilib­
rium sinuous river courses, whereas for unobstructed ice travel 
straight river sections would be desirable. 

There is, however, empirical evidence indicating that on 
rivers with suitable morphological conditions winter ice causes 
in general no damages. Thia is emphasised also in the paper B8, 
reporting on river regulation experiences performed in the inter­
est of averting ice damages. The river regulation meaaures proved
successful and even the period of development of the new channel 
could be predicted. 

'It has been observed with interest that on a number of natu­
ral rivers in their original condition ice jams have never caused 
floods. True, these rivers are in dynamic equilibrium (The Drava 
and Reba Rivers). The safe, rapid passage of ice carrying floods 
can be promoted effectively by clearing the flood bed. For the 
unobstructed passage of ice runs it is essential that the bottom 
of the flood bed should be uniform, free of ridges and other ob­
stacles. Increased attention should be devoted to studies on the 
role of road embanKments and bridge spans, further of the sha pe 
of the f .lood bed in the development of ice jams. 

It is generally concluded that in the case of uncanalized 
rivers the passage of ice can be improved first of all by im­
proving the morphological conditions, i.e., by river regulation. 
At cuts, the upstream end of abandoned beds must be closed since 
theae favour the formation of ice jams. The origin and existence 
of ice is, however, closely related to the three-dimensional cir­
cUlation and thermodynamic conditions in the interior of the flow 
field. Therefore, a more thorough exploration of the problem
calls for the development of methods permitting the three-dimen­
sional velocity- and temperature distribution to be computed in 
flow spaces subject to dynamic- and thermodynamic effects. 

This subject is dealt with in the papers Bl, B7, B8, B9, B13 
and B16. 

2. Ice conditiona and navigation on Canalized rivers 

The canalization of rivers, i.e. the construction of a aequ­
ence of barrages causes fundamental Changes in the morphology,re­
gime and thermal household of rivers and thus in winter naviga­
tion conditions. The relevant operating experiences will be re­
viewed subsequently. 

In the headwater: 
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- ice appears earlier, the solid ice cover is more readily formed 
and - depending on weir operation - broken up later than under 
natural conditions, resulting in poorer navigation conditions; 

- the thermal household in the stored water volume is improved,
therefore less ice per unit volume of water is formed (bottom-, 
frazil- and surface ice) but the ice cover is built up at a 
higher rate upstream; 

- ice control in the reservoir is affected by navigation, power
production, flood control and water resources management, ice 
from the reservoir is released preferably at times of floods 
only; 

- in spring the solid ice cover recedes at the rate of round 5 
km/day, but by increasing the peak discharge this may attain as 
much as 15 km/day. 

AppreCiable amounts of heat are accumulated in the water 
mass stored. The temperature of water increases together with the 
number of peak releases, i.e., with turbulence. E.g. the water 
temperature behind the Bratsk dam increased during the three win­
ter months by ~ t = 1.7 Centigrades (Paper B4). 

Ice conditions in the tailwater depend also to a great ex­
tent on barrage operation. E.g. power stations producing peak 
power divert in winter water from the warmer layers of the reser­
voir and affect thus beneficially ice conditions in the tailwa­
ter. 

In the tailwater of barrages: 
- under the influence of variable hydraulic conditions the break­

up and travel of the ice cover is accelerated; 
- the number of ice-free days increases and thus the length of the 

navigation period is extended; 
- the beneficial effects to winter navigation are proportionate 

to water temperature and to changes in discharge, in that the 
higher the intensity of the change, the more favourable the ef­
fect. (E.g. in the tailwater of the Novosibirsk hydroelectric
station the upstream edge of the solid ice cover is removed even 
under winter conditions 26 km downstream of the power plant.); 

- the length of the ice-free water surface in the tailwater de­
pends greatly also on the water temperature in the reservoir. 
In spite of winter conditions the free reach may attain a length 
of 30 to 50 !em; 

- the influence of water temperature on the length of the ice 
free reach in the tailwater ia much more favourable than that 
of colder, or warmer temperature conditions. (E.g. at a water 
temperature of + 1 Centigrade the length of the ice-free navig­
able reach in a "warmer" x winter was .d x = 30, whereas in a 
"colder" winter A x = 15 to 20 km.); 

- according to Soviet experience the length of the navigable,ice­
-free reach can be increased most effectively by increasing the 
peak discharge and by withdrawing water from the deeper (warm­
er) layers. 
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The boundary of the running ice and winter navigation condi­
tions differ from river to river and from power plent to power
plant under variable meteorological conditions. 

Numerous efforts have already been made to study the changes
in flow- and operating conditions caused by ice. Several investi­
gators have concluded that similarity is impossible to ensure in 
numerous respects. The main reeeon for this is that river models 
are usually distorted and consequently it is especially the sur­
face flow pattern and the centrifugal forces which are dietorted 
in the model. Nevertheless, the efforts for studying ice phenom­
ena in modela are expected to bring interesting results. The pa­
pers on related topics are B2, B4, BB, B9, BIO and B12. 

3. 1C9_ end flow copditigpe :In the vicinity of strllctpreS 

Running and solid ice, further temperatures below the freez­
ing point and adverse meteorological conditions may create speci­
al conditions in the operation of structures as well. Winter tem­
perature conditions must always be taken into consideration in 
designing structures end their appurtenant eqUipment and instal­
lations. The estimation of the effects of low winter temperatures
is often very difficult, which makes field observations on the 
winter operation of structures all the more valuable. 

Owing to their mass, shape and character of movement the ice 
floes have an extremely high erosion potential and the parts of 
structures exposed to the overfelling ice floes, namely the tail­
water apron and downstream channel are exposed to this erosion. 
The structure of the weir and the tailwater apron must be ·dimen­
sionedfor these strong impacts. Depending on morphological condi­
tions the downstream channel must be protected against these dy­
namic effects over a 5 to 20 km long section. The hydraulically 
correct design of the downstream part of the weir, of the down­
stream guidewalls is extremely important for ensuring winternav­
igation. 

It ia essential to understand the behaviour and rheological
properties of saturated reinforced concrete units of hydrotechni­
cal structures under winter conditions at, at freezing temperat­
ures. The problem is of importance for the service life of the 
particular structural element, rather than for the momentary op­
eration of the structure. 

At fixed steel- and r.c. structures the common and success­
ful methods of ice control include de-icing (ice removal), heat­
ing, air-bubble generation, circulation of warm air-water mixture 
and ice melting by flame throwers. Some papers contain reports on 
the successfUl application of the conventional methods of ice 
control. Recent experiments (Bl) have also demonstrated the freez­
ing-retarding effect of aeration in the fluid space. Pield obser­
vations are claimed to support essentially the theoretical con­
clusions (c.f. table 1 in Bl). It would be interesting to know 
how the author succeeded in ensuring similarity for the rising 
air bubbles. 
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The topic B3 is likely to command general interest , since it 
deals with freezing of water on steel structures having a large 
surface and exposed alternatingly to cold air and water.The study 
is based on reliable theoretical and experimental foundation. 
Hoists and movable structures are often exposed to the effect of 
ice freezing on them. It is essential to take such circumstances 
into consideration and to make adequate provisions for such con­
tingencies. 

As a consequence of surface ice, and especially of a solid 
ice cover, open channel flow is transformed into closed conduit 
fl ow. The underside of the ice floes at the surface may display 
ridges, by which friction head losses and turbulence are rapidly 
increased and velocit~ distribution is changed. Where such flow 
is still more constricted by piers, the possibility of scouring 
around the structure (bottom erosion) is increased. This problem 
is of particular interest under cold climates where the ice cover 
persists for long periods. 

The author of paper BIO made an apparently successful attempt 
on the basis of laborator¥ experiments at estimating scouring 
around structures, under the ice cover. Fig.2, presented by the 
author, showing long-term structure changes in stationary ice, is 
of great interest. 

Slush- and frazil ice may often cause inconveniences at di­
versions and intake structures. As remedial measures the methods 
which have alread¥ proved successful can be suggested, including 
the reduction of the number of crystallization nuclei (sedimen~) 
and promotion of the development of the surface ice cover (Bll). 

There is empirical evidencs (B4) showing that the water 
issuing under gate leafs was warmer b¥ ~ t =1.2 Centigrades than 
the water discharged b¥ the turbines. In the interest of naviga­
~ion, water should be withdrawn from the deepest possible layer. 

UnfortunateJ.¥ little experience is available on the winter 
operation conditions of ship locks, ship lifts and navigable ca­
nals. It would be ver¥ interesting to hear such reports from the 
contributors. The relevant papers are B2, B3, B4, B5, B9, BIO and 
Bll. 

4. Ice breaking and its strategy on rivers 

Adverse meteorological and hydrological conditions may occur 
on rivers with poor morpholog¥ but even in regulated channels, 
which may cause the development of dangerous ice conditions, such 
as jams, pile-ups, etc. Disastrous ice conditions may result from 
sudden and periodic changes in weather and in the hydrological 
situation which may coincide in a manner adverse to ice travel 
along the river course. 

In such cases artificial interferences into the process of 
ice running are necessar¥ to prevent, or minimize the distaster 
situation. The objective thereof is t~ promote and accelerate ice 
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travel a.t the critical locations. Ice conditions are, however, 
controlled for other purposes as well. The measures and means of 
control depend on the goal to be attained and include ice brea~­
ing, blasting, hydrauliC and thermal methods, etc. 

Ice brea~ing by means of apecial vessels is widespread prac­
tice and is applied successfully. Ice breaker vessels are built 
in a number of types and designs (B6, B13, B14). The purposes are 
manifold, such as delaying or preventing the formation of a solid 
ice cover, ensuring the development of a uniform ice cover, main­
taining a free corridor for naVigation, destroying jams, ~eeping 
ice free surfaces in the vicinity of structures, accelerating 
breakup and travel at times of melting. The experiences gained 
with ice brea~er vessels in both Hungary snd abroad are favour­
able (B6, BD). 

The new type of self-propelled ice cutting machine which op­
erates on the ice surface as described in paper B14 seems to com­
mand speCial interest. In contrast to vessels, this propeller
driven ice cutter can operate regardless of water depth under the 
ice cover and of weather conditions. It appeers to be especially 
useful under climatea with exptended cold spells. The machine is 
capable of cutting a round 200 m long, 5 cm wide cut per hour in 
a round 1.5 m thic~ ice cover. Applications and the main features 
of the technology are described in B14. 

Ice blasting can be practiced at a aafe diatance from atruc­
tures only. The primary application of explosives in the removal 
of jams, where ice brea~ers prove ineffective. The fundamental 
prerequisites for successful blasting are progress upstream, ade­
quate depth (current line) for removing the acattered ice masses, 
sufficient explosives and the rapid mounting thereof, etc. 

Local ice formation can be delayed, or minimized and ice can 
be removed effectively by hydrsulic-, hydro- and aerodynamic-, 
further by thermal methods. An interesting example for the appli­
cation of the hydraulic method is the plan for the reducing the 
ice thic~ness on the St.Lawrence river by pumping s greater dis­
charge from the relatively warmer La~e Ontario. 

According to one solution of the thermal method, the effect 
of aolar rsdiation is enhsnced by lending the ice a darker colour 
(using soot, or pulverized coa.l) and wea~ening thus the cover.The 
use of the method is limited to the vicinity of structures. 

Electric heating of the critical parts' of structures exposed 
to freezing is still an effective and automatic method of con­
trolling ice. The ice frozen to steel structures has been removed 
successfully by flame throwers. 

Ice control over large areas involving several countries can 
be solved, depending on geographical and boundary conditions, by 
international cooperation only. 
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5. 	C onc lusions 

It is intended to mention briefly the following topics in 
the conclusions: the approach based on sound theoretical and 
practical foundationa proved successful thus far, problems and 
future research trends, further the prognostic approach. 

The ext ern a 1 factors controlling winter navigation 
conditions on natural watercourses are clearly understood. These 
are meteorology, hydrology, morphology and the geographical situ­
a tion. 

On canalized rivers navigation conditions become poorer in 
the headwater, but in the tailwater they can be improved consid­
erably by a proper release schedule and by selecting suitable di­
version sites. The possibility and relisbility of winter naviga­
tion depend further to a great extent on the design of structures 
and the component parts thereof. 

The period of winter navigation can be extended and ice 
floods prevented by the recognized methods of ice control (ice 
breaker- and cutter vessels, blasting). In the vicinity of struc­
tures hydraulic and thermal methods of control are also applica­
ble, but in this respect many opportunities are believed to be 
still unused. 

Problems 

1. 	Are the recognized general principles of river regulation ap­
plicable in all respects to winter ice conditions as well?E.g. 
how should flood beds be regulated to promote the safe passage 
of ice runs? 

2. 	The winter heat budget of river impoundments is known to have 
a favourable effect as regards ice formation.But, is the fluid 
exchange between water layers of different temperature,the di­
rection thereof and the factors affecting it sufficiently un­
derstood? What is the potential role of these factors in ice 
formation? 

J. 	What is the influence of geothermal radiation on the tempera­
ture of the water stored? 

4. 	Are all the technical advantages of ice breaking and blasting
fully exploited? How can these be improved? Is international 
cooperation adequate in this field? 

5. 	Are the physical processes of ice formation, the physical pro­
cesses of pure ice and such containing chemical substances 
completely explored? 

6. 	Are adequate observation data on ice svsilable? In what direc­
tion is it considered desirable to extend observation snd in­
troduce automatic methods? 
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.7. 	Is sUfficient information available on the rheological, dura­
bility behaviour of saturated reinforcad concrete structures 
exposed to freezing in winter? 

8. 	The number of ice laboratories, where ice phenomena can be 
studied thoroughly at temperatures well below the freezing 
point is small. What experiments are being conducted at these 
laboratories? 

9. 	Are there still unexplored "secrets", fundamental phenomena
related to ice, the better underatanding and spplication of 
which would effectively contribute to ice control efforts? 
How "rough" is the underside of the ice cover on a river? How 
does it look? Has anybody a slide showing it? 

10. 	How could discharge records be kept on a river flowing under a 
solid ice cover? 
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..A..nti-icing pneumatic 3~~3_@ms p ro ....ide one of tho? _ Uective means ensur­
ing a trouble-free of~~ ration of h y dra ulic .=.trucrures in ·...inte r w The o p e rating 
principle of th se instal..latio ns c nsists in 5upplyir.g compre9 sed ai r through 
perforated pipes and ind..b.ri dual nozzles into the lOVl.er "\to te r layers of the 

s"?rvoir. 
As ai r bubbles ascend to the reservoir sl.ll13ce , they entrain warm 

bottom ;,·..a.ter wuch s p reads over a nd pre.....'l2nt.3 ice {o rmation. Continuous 
currents of v.ann water provide a closed circul;J.tion ~OOPa 

In case of 3..I1 insufficient amoun.t of heat accwnulated in the r e s e rvoir 
an artificial heding is effected through releaSing preheated or waste waler. 
B: r " ogo..in a.ir is '....LSed to lnt n3ify- L"'"te a.sc.ension of ',,\O.nTl. ·/\l'li.e r to the surf...ace. 

The ·"lA3.t~r ::::;. un-ents aroL. .ct a pneumatic insta.l..1ation ca.n be- consiaered 
1?llhcr as a..xlS . rrrunetrical or two -dimensional, dependin:5 on the instollation 
design. 'TO ctetennine the -required air rate and the .3 i z e at an ice-free ~ter 
surface it is nec e=~ to study the kinematic and thermal regimes in the 
vic.i. n.i ~ :, o f an (")perating ins t.al.lation. 

T he e G' ·,le:<it y .:J ~ the kinematic s o f wa ter flow calls (or its 5cherTliltic 
p r ese ntat..J Qn . ":he :- ...:s ul ts o f L~e laboratory a nd thE:- prot o type i.nvesti '$~tions 

c 3 rried out ~~ the !:.. a!\rungrad In.stilu.l02 v i W..:lter '"n-ans port a s 'M?ll ."\._ 'Jthe-r 
ckta a .......-a..ilnble :::> riO", that the entire ~ulation zone rrn y be schematicoily 
divide d i n to t.f\r.-:--~ r::~ ;..: ons: I - the rc~on oC an a sce nd.:tnt fiov.r; .II - the region 
oC sprl •I .1 (.:! ' ·I.j ; 11"l d ill - the region o f ,~ return Dow ( Fig . 1). 

:x 

Fig.1. Scheme of currents in the =tive zone 

of a pneumatic anti-icing insl-ailation 

For each of the three regions analytical relctionships are obtained, per­
mitting to evaluate the velocity field for both a two-dimensional and an axi­
symmetrical flows. 

The flow velocities in the regions are given as functions of the air rate 
and the Wller depth. "These relations are ;siven in author's paper presented 
at the First Ice Symposium·. 

* 	 M.L Zhidkikh "Ga.lculation of now velocity in the operative zone of 
pneumatic insta.1.1ations l.l.9I?d for lce-fighting" - LA.HR lee Symposium. 

Reykjavik. 1970. 
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The thennal and hyd....""aulic reg..imes i.n the operatiV'E' Zone of a pneuntdtic 
installd.tion are closely c01'11lected and affect each other, t..,e klr.ema..tic~ o f thE> 
DOh' oein g the g overning fa..ctor.. Th re(ore, the ~roblem may be simpliIieo b~/ 

considering tho:: thetm..a.l reg.ime ir. ~ach ind.!vidual region (or e given hyd!"'aulic 
regime. 

Since the contribu.tion of te'ach of theS? regions in the formation and 
maintenance o~ ..:vl ice-[r-ee y\O.ter su.rfa.ce is different,. the !"el?".;ant calculation 
procedures are different too. 

Let \...L.S first consider R egion rna Region 10 is n certain accumulator of 
heat the amou.nt of ·.·"h.i.c. h de~e- rmines the po:::;sibiJi.ty of keeping water surface 
free Cram (ce. This reg;o?i serv-es as d Source of heat tor other circulation 

r eg ions. 
Pneu.matic i nstallc.b ons VJ.ilJ be most eUective with a la.rge amounl of heat 

a ';ailable in t..'"1e r e 5 ervo.i:- and the average tem; ,n r: t '-.A.re of Wf1-E:r in Region m 
p rae ticali·y- indepe nde nt of time dna cl ose to that o f the bottom \.\Iller l..B.yer 
under narural c o n ctitlo ns, I§ .""" ~ . The calculation procedure given herein is 
;;tpplic le: just to the above-s pecified conditions. 

1 Reql o n i h r:d.t Uow ., [rv.:>m the bottom to the surfacE" o( the reservoir. 

In othe r ·......ord.s., Re~ on 1 m..:IY be c or...? ... jered dS d 'hC.4:1t c onductor" """ho.s e 
perio rma.nc e is th~ ;""Tlore c tic-c ti -....te th 2 lesE- lS its heat ;-es.i.stallce. This reg ion 
is charac teri zed by 3. n ad)- c ::- 'T!p.i~i.e bsence of tempera.ture ~ rOOief"'\ts dCr'OSS 
the d epth. T h e c. l iq o f ~h €: -::.. c ulQ.tion. is the e ..;all..i.Otion of the wu;.er- tem;:reraturE" 
aV"eraged ever volu.m~ ~e '3. p p r o ximule value bei ng found from :''-1€ heat ba..lunc~ 

·?quation: 

T " T:- - ;[SWr 
! !J Cw Tw fl t 

Here QI a nd Wr 	 dre the ci.5charge of 'ABler and the cross-section :Ire-a, 
r c s pecbv121y, us ot.ta.Lnl=?d from hydraulic ca!cUL ..I. ·j ( l r.6 ; 

'I. S 	 1';= th ~ t.o tal heal tre.ns(er to the atmosphere, as e~ted 
oy the 'AI!?l.!-kr to'....,n fo:-mu1a~ 01 A.P. Brasl.avski, r\1.I • .B.J.dyko 
,;O~ .~,: 

nrc-	 the ~pe<:l.fic hec.t capacity o.nd the volume \M~ight of 

wat..er~ l"e"9p ti \/ely; 

Wm 	 is Lhe -v-eJocity along the axis ( the plane ol symmetry) 
0; the u!J"8Td UO'N; 

it IS the depth of the reservoir, 

'I'he values of Q, dIld WI v.ill be: 
fo r a h.vo-dimenslorv:U (low 

01 - 0.25 W", h ; wI - 0.42 h, ; 
{or an axisvmme trical i1~' 

fJI m 0.04 WIll //; luI· 0.54 It ~ 
R e ....)on 11 is mainly resp onsible for the prcx:.esses of ice melting and 

hec:t eXC: ~""'..!!!'1~e \.vith th o? a l m o p h .e- re. l---hre it is e ssential to know Lh e- l.....a:er 
tem~erature "';:U:~ti0( ......io ng the Omv. 

The h~..;'\t b ala n c e eqLlati o n fa!" steady-stale theTTT1r:9..l conctitions in Region !~ 

vl.ill 	be 'A :-itte:: rJ <J. 5 

Cwfo d ({IfI T!1) - CwTw d OIl ~ LSdw! cO, ( 2) 

~re fl!! and uJ !! 	 J;'~:? the dis::::harge of ....\Ci.er and the area. of the open wa.eC' 

suri: tc~ tn Region r. a s obtained LT'Om h y draulic caJculations; 

h'm :: ;:he ::' 0 '..\ · velocity at the o 9ffi vuate r surface. 

'. '; J .2hidkik.h 
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The values of III . and U)!i will be: 
for a tv.o -djmenSiOI'"'Vi Q.a~N 

t)i- 0.22 W"" (It (0.64 +x); 
duJrdx; 

for an axisymmetrical !low aj - 0.18 W". h '<'! ; 
duJK -2.Jt'de, 

Upon appropriate transfonnations of Eq.( 2) we obtain: 
for a tv.o-dimensional !low 

~ 7'r 213 7'fi 0 
d.x + 2 (aO-th+,x) + Vo.6'~1i +X' - 2(o.O-tk+.xr ; ( 3) 

(or an axisynunetrical !low 

0, 

For obtaining caculation formulae il is necessary to inlegrate the above 
equations consdering thEt at the initial section we have Tjl -= T, ,Solving 
of Eq; (3) and (4) yields the following expressions: 

for a h\o-dirnensionul !low 

T.- ~ T.- -8 2.x - 0. (/l 
q!!! r0, Hit + x' 

( 5) 

(or an a.:cisvmmetric ,-d 001;V , , 2 

Y;{=Tijf-!J (r:-lJ,3~Il+o.22 ~ ); (6) 

2£ZS 
!J 0, 18 C r h w ' 

rV(J W m 
These equations express spacial 'Variations in water temperature and 

include the following b<lsic factors: the ambient temperature, the heat transfer 
to the atmosphere, the velocity of the u!>,,,,,rd tlow (and consequently, air 
rate) and the reselVOir depth. The calculwons based on the investigation 
re9.llts obtained in the Me2hdurechie harbour show a sutisfactory agreement 
behl.een the calculated and experimental data. 

The V\8ter tempercture along the ice edge, Teag. . 'is determined from 
the K.l. Rossinskl fonnula based on the condition that the heat loss from 
the open V\8ter surface near the ice edge, 1:3 ,is compenscted by the 
heat in!low 'from the llleter body. S... ,the surface temperature, 'T;,uNL 
being equa to O°e. -T 

s'" = ot (7'~. - T6UY) , ( 7) 

.\'\here ol is the heal-transfer coefficient; 
ol • 0.097 Ii~ "'1m", qc; 

tLmmJtis the mean longitudinal !low velocity, m/ctay. 
If the formulae obtained for the mean !low velocity (Region II) are 

substituted into the K.I. Rossinskl relationship, then: 
for a two-dinEnsional !low 

tinuan.-QI!2'W,.. Y0.04 "X 

4 MJ.Zhidkikh 
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and for an axi..symmetrical fiow 

It.
Ilm.m/i 0.22 W'" --l-."'l"';ki'-.;--e­

then the expressions for the v.eter temperature at the ice edge WJl be as 
follow.;: 

[or a toM:l-dimensional fiow 

( a) 

and for an axisymmetrical flow 

TNfN> 'LS(k ... z) 
"'7- 0.43 Wm It 

The width o[ an open ....ater surface formed in the ice cover due to the 
operation oC a pnewnalic insta.l.lation can be detemtined through simultaneous 
solution of tv.<:> pairs of equations. Eq.( 5) and Eq.( 8), Eq.( 6) and Eq.( 9) . 

For making practical calculations of an open """ter area less cumbersome, 
calculation graphs have been plotted for the cases of a two-dimensional and 
an axisymmetrical problem (Fig. 2) based on the solutions obtained. 

From the abo,,", relationships it foUows thal (or a given width of the 
open _ter sunace the upv.ard fiow velocity along the axis (the plane o( 
symmetry) and consequently the alr rate can be detemtined and.- vice versa, 
(or a given air rate the width of the open 'Alter surface and hence the required 
spac.ing of pipes and nozzles can be found. 

As seen from Table 1, calculation re9.J.lts fairly agree \"it.~ experimenW 
data. 

Table l 

Width ( diameter)
Water 

o( open \/\ilter
Air temperature

Item Location of pneumalic 	 5uroce, m 
rate near bottOm

No installation 
m 

3 /mm * 	 Experi­°c Calculated mental 

1 Mezhdurec.h!e harbour 0.008 0.46 2.5 3-5 

2 N1zhne- Svlrskaya Hydro 
Power Plant O.OlO 0.50 0.9 0.5 

3 Lembolovskoye Lake 0.006 4.0 lO 5-7 

4 Ust-Kamenogorskaya 
Hydro Pov.er Plant 0.064 0.5 "*) 3.5 3**, 

5 Keokuk Dam o n the 
Mississippi River 0.030 0.5 5.5 6 

.. ) 	 Air rates reduced to normal pressure for Items 1-4 ( a two-dimensional 
flow) are given per one linear metre of piping and for Item 5 (an axi­
symmetrical flow) per nozzle• 

• *) Prior to commissioning of the 8ukhlarminskaya Hydro Pov.er Plant 

5 	 MJ.zhidkikh 
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·J.s~aly r}1.:.e -":c ';" ::e i~.8 2.rri'Vi r ~ :':'00 -::-~ e :J.pstTe2.~ co;].:.;::e of t:-..e 
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~'ir2-'; ':l c ·· :.i..., · is ~I:OClally 9 ::'0-:'·': ~ " d a-;; 2a32.r.e, ru:d 2-3 days 

l <, -.; -;;e ,: -c',e '.,·10 c::i::;:: ;'~l 'the )_libeg-S1kolova1; area is ?ro duced. 

:l " Q:18 -:;: ~ :':ros"t oc c t:rs also ver'J !;eldo:o - 2 -:i:::1es wi";i:l:L-. 

a::d i!'!. t !:~apids =d ur.derfl'.:vial 

cli:.>:s se c~or :.':a-::ale~ 
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ting ice arrived from upstream is exposed to a crushing process. 
On different characteristic zones of the Iron Gates 

sector the following are to be noted : 
- The sector of the falls between Drenoova and Svinita 

(Km.lo15 -99 5 ) with the series of channels cut in rocky sills: 
Gozla-Doica, Islaz-Tahtalia, SVinita doesn't usually freeze, 
and only in some very severe winters, the ice scheet from 
Gazane Oem 974) is developing toward upstream 

with a frequency which doesn't exoeed 13 % - oomprising 
partly also this area of rapids. 

- In the alibeg-Sikolovat sector (Km.l035-1039) 
and Cazane eiltrance (Km 974) where the river bed has strong 
throttlings, the conditions of ioe flow and ice sheet formation 
are so favourable that the probability of ice occuring in the 
sector is of 65 % , differing slightly from the probability 
of ice occuring ,in the whole sector which is of 75 '(. j the 
average duration of the ice sheet is of 20 days/year in compa­
rison with the 26 days period which is the average duration of 
the ice flow. In severe winters the ice sheet duration at Ca­
zane inoreases sensibly, the maximum limit reaelling 78 days in 
1953/54. Other factors which favoured the ice blocking in 
Cazane or Alibeg are the following ; low air and water tempera­

tures (under - 100) and (under 0.2°) respectively, downstream 
wind, ice floes on about 50 ~ of the river width and usualy at 
lowering levels. 

The blocking produced at Cazane or Alibes doesn"t mentail1 
the character of ice sheet, and the upstream ice increases the 
agglomeration generating large ice dams (see the photo) , obs­
truoting strongly the flow section and determining important 

backwaters j the ice dam thiokness in this period may exceed 2 
m above the water and over 5 m under the water, reaching here 

and there the river bed bottom. 

The most serious flow perturbations due to the ice dams 
occur in the -thaw period January - March, when the river 
discharges may vary between 2000 and 1'3000 m3/s j the thaw 
starts in the upper catchment area and particularly on the 

9 Trite anu et al. 



tributaries : Sava, Tisa sometimes Morava ; the high waters 
coming from upstream press the ice sheet from ~libeg partly 

weakened by the air temperature rise and produce its swelling 

and finally the ice sheet is detaohed from the banks and 
crushed. Afterwards the entrained ice floes reach Gazane in 

less than 24 hours after being previously crushed in the 
Stenka-Doioa, Islaz, Svinita, Iuti falls. If the winter was 

not too severe the Gazane ice dam - under the pressure of the 
flood w~e yields easily enough, 1 - 2 days after the star­
ting of the Alibeg one ; in the severe and long winters the 

Gazane ice dam break is much delayed - about 3 - 5 days after 
the upstream one - and the water level behind the ioe dam 

rises considerably causing large floodings, within this 
interval the ioe floes resulted from the upstream ice dam are 

p'u shed by the stream either under the Gazane ice dam or over 
it forming bigger and bigger ice agglomerations, and sometimes 

the whole mass of the ice dam is lifted upward without 
detaohing it from the banks ; the ssizes reaohed by the ice dam 

are impressive : 

- in Llarch 1954 the overlaped ice had reached at the 
Gazane ice dam 12 m over the water level, its depth being 
impossible to be inves~ated, 

- after the observations made in 1963 the ice dam 
in Gazane reached 5 m above the water level and 12 m here and 

there under the water. 

But the larges flooding have been caused by the ioe 

dam in 1941 - 42 the ~ormation of which had begun at high 

10 Triteanu et a1. 



enough levels of the Danube ( - 248 m at Or§ova staff )j § 

in the thaw period (February 28-1942), a high flood brought 

by Sava river, being not able to flow under the Cazane ice 
dam lw,s flooded the ice dam, lifted it and after 8 days has 
passed beyond the banks depositing 8 m high ice piles j in the 
upstream area of the ice dam the water level has exeeeded by 
5-6 m the highest levels known without ice. 

2. Elodifioations of the ice regime after the Danube 
dammin~ 

For the development of the Danube hydroelectric poten­
tial and for the improvement of the navigation conditions in 

the sector by removing the obstacles shown in the first part, 
the two riparian states the S.R. of Romania and the F.S.R. 
of Yugoslavia, have realized together the Iron Gates hydro­
electric and navigation system by damming the Danube at ele­

vation 68 in the Km.D 943 zone. 

The works have been completed in 1971. 
The river damming modifices the factors which are 

conditioning the winter regime both upstream and downstream of 
the dam. 

In the headwater the slopes and velocities are oonsi­
derably reduced, and the main zone which presented remarkable 
particularities with regard to the ioe formation and flow 
remain in the reservoir depth ; thus over the Cazane gorges 
the water depth increases by over ~o m, and over the Cozla­
Doioa, Islaz-Tahtalia, Svinita falls a still water mass over 
10 m thick is. lain, eliminating all the conditions of ice 
formation in the interior and on the bottom j at Alibeg the 
water maSE thickness increases by about 8 m. 

The reservoir levels are oontrolled by handling the 
gates on the spillway after a settled programme, in order to 

avoid to exceed the elevation 68 m ASL at Nera Km.D 1075, at 
discharges lower than the installed ones and the achievement of 

natural levels at higher disoharges. 
In the same time with the increase of the headwater 
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depth and cross sections, the flow velocities are substantially 
reduced and the superficial slopes become negligible, the maximum 
changes - with regard to the natural regime being shown in the 

following table : 

Greben rut! Sip 
(km. 999) ~km.998) (km.94S) 

regime natural dammed natural dammed natural dammed 
Stream velocity
m/s 

Q = 2000 me/s :> 3 "l/s 3,1 m/s 4 m/s 
3500 mc/s >3 m/s under 2 m/s 4,1 m/s under 
5000 mc/s 3,3 m/s o,S m/s 0,45 m/s 4,2 ro/s 0,2 m/s" 8000 mc/s 4,3 m/s 4,6 m/s" 

~imuID ve18cities 4,8 m/s 0,7 m/s 3,1 m/s 5 m/s · 0,3 m/s 
at avere.ge)%o 2,4 IVO 1,30 NO 3,07 IV 0 

Slopes maximum 4,8 

The still ·regime of the reservoir determines the exclusive 
formation of the ice sheet and surface ice which is rapidly 
extending, freezing the river surface from the zone known in the 
past as "the Sector for the lower Danube falls and the Iron Gates", 
to the reservoir tail area - upstream of Nera -, the situation 
becoming more favourable for the ice flow with the possible 
blocking as ice dares. 

Synthetizing the data from the 3 key stations in the sector 
Turnu Severin, Or§ova, Drencova, within the period 1900 - 1961 
~ee the fig. below). 

LE&fND 
so 

ICE FLOE 

U . ~[V[RlN 
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it results that ~rom the observation made during 61 years in k7 
years the ice wes present : i~ during the years with average 
characteristios the ioe appears by the beginning o~ January" 
and ends by 15 - 20 o~ February, there were very severe 
winters when the ice appeared at Deoember 7 (as in 1902 and 
1925), and the latest date when the ice ~loes passed the 
seotion was March 25 (in 1929 and 1940) i the ioe dam has 
occured theaarliest at December 16 (1902) and has lasted, the 
latest, until March 18 (in 1954). 

The maximum duration o~ the ice ~ow was reoorded 
in 1953/54 and has lasted 90 days and of the ice dam in 
1953/54 and has lasted 63 days. The ice flow is realy signi­
ficant for the Danube disoharges not exceeding 7 - 8000 m3/s 
but the maximum frequency of the ice ~ow is correlated with 

3200 - 3500 m3/s diecharges i similarly the ice sheet is 
seldom formed at discharges exceeding Sooo m3/s the most 
frequently occuring at 1800 - 2000 m3/s discharges. 

The essential modifications concerning the morphology 
and the hydraulic parameters of the flow being derived from 

the achievement of the reservoir, are acting, as a matter of 
fact, in unchanged climatic conditions. The Carpathian 
Mountains which are neighbouring this sector, have a signi­
ficant influence on the climatic conditions. The corering 
of the relatively still surface of the reservoir with an almost 
uniform ice layer requires a more reduced "frost quantity" , 
so that it will occur mor e often than in undeveloped condi ­
tions l being able to reach" a probable frequency of "So~, the 
ice sheet beginning and ending date will be unfavourably 
modifiefi, increasing the whole duration in comparison with the 

natural sit~ation. 
A particular influence on the ice sheet in the neigh­

bouring zones of the dam and especially on the ice sheet part 
in Cazane gorges, will likely exe t the large variation of the 

reservoir levels caused by the spring floods. At about 4000 m3/e 
increases of the affluent discharges, the reservoir levels are 

lowered by about 1.5 - 2 m. Because of the level variation 
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which may be usually produoed, is to be expected not only the 
ice sheet detaching from the banks but also an advanced fisu­
ration andeven a break-up of the ice sheet. 

In the reservoir tail sector where the backwater created 
by the reservoir is gradually vanishing, the flow velooit~es 
are modified in large limits ; as a result, favourable con­
ditions appear for the ice agglomeration and ice dam formation. 

Based on the two years observations sinoe the commissio­
ning of the Iron Gates hydroelectrio and navigation system 

(1971-1973) when the winters were mild, only some qualitative 
conclusions may be drawnWhich in a considerable part corroborate 

the studies and consideration made conoerning the ioe regime 
modifications (tests on models, information from other power 
stations, etc.). 

Thus during 1971 it was only a 5 days period in January 
when ice has flowed in the Bazias-orsova Sector. 

In 1972 a thin ice sheet was formed on the whole area. 
Due to the throttling at Cazane and the ice floe supply 

from upstream the ice was stopped for a period of about 30 days 
(January - February). 

As far as the tailwater is conoerned, in natural condi­
tions the sector in the downstream part of the dam site doesn't 
freeze because of the stream velocities still high enough ; in 
the very severe winters the ioe sheet formed at Gruia Km. 851 
was extended towards upstream reaching up to 7urnu Severin. 

The river works carried out in the power stat ion tailwater 
and in the navigable channels towards the two locks have brought 

some modifications of the hydraulic regime; but the most impor­
tant changes in comparison with the natural flow regime are due 
to the power station operation in peak load conditions which 
generates in the tailwater an unsteady movement felt on about 

80 km downstream of the site; the velocities and slopes in 
unstready ~otion are higher than in natural regime without 
influencing the navigation conditions. 

The main in luence on the winter phenomena in the tail­
water is exerted by the downstream delivery of some water quanti­
ties with positive temperature from the depth of the reservOir; 
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it 	is estimated - on the bases of the data from other develop­
ments presenting similitude concerning the tailwater - that on 
a 40 - 50 Km lenght of the tailwater the river will not freeze. 
As 	 a,matter of faot during the first operation years no frost 
phenomena were recorded in the downstream zone of the dam com­

prised between Km D 942 and 851. 
J. 	The OQnditions of the new ice regime refleoted in 

the studies and designs oarried out for the Iron 
Gates hYdroelectric and navigation system 

The assurance of the exp1oitation in winter oonditions 
of the navigation and power generation as well as the measures 
required have been established by the design of the Iron Gates 
Hydroelectric and Navigation System, drawn up jointly by ISPH­
Bucarest and Energoprojekt-Belgrad. 

In order to state the technical solutions of "The Iron 
Gates System" works tests on hydraulic models have been carried 
out. 

Concerning the ice discharge from the reservoir over the 
spillway, the new conditions occuring after the damming have been 
revalued, conSidering that the maximum dimensions observed in 

the past for the ice floes detached from the Cazana ice dam will 
be unable to be repe~ted in the future, the ice discharging over 
the dam being able to occur in three conditions ; 

- occasionally if water disoharges are carried out in 
winter time, 

in planned way , when the ice dam breaking and the 
resulting ice discharging is performed, 

- in the thawing periods when the ice flow may be conco­
mitant with the high water on the Danube river. 

In normal conditions the i~e discharge is made over the 
hook gate by handling the valve; the hydrologie researches have 
shown that once every 10 years discharges higher than 8500 m3/s 
occur duriIlE' the ice flow periods and for oorresponding levels in 
the reservoir - under elevation 65,80.-The ice of maximum thick­
ness are unable to be discharged over the hook gates; for this 
situation it was necessary to be foreseen the very difficult con­
ditions to discharge the ice by riSing completly the gates (at 
Q = 8500 m3/s) with the level i n the reservoir at elevation 53.80. 
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Thus an 10. 60 m overflowing -nappe is created, representing the 
base criterion for the overflowing profile tracing; because of 
the specifio discharge increase on the dissipator by 40 % over 
the maximum allowed value in normal conditions of flood discharge, 
it was necessary 	to solve in the laboratory the energy dissipa­
tion conditions and their correlation with the tailwater levels. 

~he winter regime on the reservoir will be influenced and 
controled in a certain extent by a constant aotion of the ice­
breakers existing on site. 

The icebreakers will mostly act in the following main areas: 
- on the first 20 KID upstream of the dam where the reservoir 

is 1 -1.5 KID wide the icebreaker action is efficient because the 
ice breaking may be correlated with ice floe pushing and leading 
in order to be discharged over the ~illway ; as far as possible 
a free channel will be mentained through which are to be led the 
ice -floes from the Cazane ice sheet and from the upstream part, 
which are ditaching either naturally or big means of the ice­
breakers. 

- on the reservoir tail area where the natural stream to­
gether with the velocity and slope conditions of the reservoir 

will favour the ice floes agglomeration and the possible forma­
tion of ioe dams ; here it should be provided a ohannel on which 
are to be led the ice arrived from upstream. This action will be 
concentrated in the sectors where the natural conditions will be 
more favourable for the ioe floes blocking and ioe sheet and 
possible ioe dam formation. 
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AB5TltACT 

Factors gOVlS'lTling the regime of ice formation in a shlpliti chamber 

under different operating c ondition are considered. The process of ic ing Is 

represented schern a.tic ally according to the ma.lfJ"ler in which cold IE' supplied 

to the iced surface. A procedure is outlined for calculating the gro>Mh of 

the ice layer. Experimenta] findings are presented on the r ate of icing of 

a shiplitt model. 


Les a u teurs analysent les conditions de la formation du regime de glace 

dans la chamb~ d ' un e sce nseu r a b teaux awe r egime s diUer e nts de son 
e >q)loitati o n . proce ssus de k>. {o rmation d e k>. gla c e e s t scnematise en fon­
c tlon du c amct.?r e du transfert du "froid" a ux surfaces gelees. Les methodes 
d ", calcul d' acc ro l"sement de la g!=e sont decrites. On donne les resultaJ.s 
exp ' rim e niaux reIati Is a la vitesse de I' accroissement de 1a glace sur Ie 
modele d I un asce J ..:;eur. 
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In connection with the constructiO!'1 o f a sruplift incorporated in the 
Krasnoyarsk po""."r development, the first of its kind to be built in the V.S.S.R., 
researchers in the fields of ice thermal e ngineering and hydrau.lics are faced 
with a nwnber of problems associated with its operation at low temperntures 
owi..ng to the extension of the navigation period. Among the problems treated 
are the e'Valuation of the Ice formation effect on the service properties of the 
stzucture, an allo"'-""Ilce for the additional load exerted by the w eight of the 
ice, et al. A technique is outlined herein for estimating the increa.s e lt1 the 
icing o"Ver the surface of the st.ru.cture under various operating conditions. 
Experimental findings are adduced of " test program related to the calculation 
of the ice conditions in the Krasnoya.rsk shiplift. 

Formulation of the Pro blem 

T\vo schemes of icing O'ler of a solid surace are to be distinguished, 
both ,'14th the latent heat of ice formation removed through the lock wall rather 
than into the "fiter (an ice layer i s formed over the wall surface). 

In the first case freezing =d th _ input of cold are simultaneous a nd 
continuous. E.g . US n ice lay er g r ows over the upstream plating oC naviga­
tion lock gate s * ~A.. .si mila r process takes place across the inner walls oC a 
shiplift cha m e r tilled ..,j th _tel'. The cold is supplied by the ambient air 
through thr' 'Mlils of the ice -covered stzucture. 

In the s c ond c a 5e !Teezing occurs intermittently, i.e. the ice formation 
period is foUm'. d b y ono of cold accumulation etc. The p rocess c an oe 
illustrated by the icin g n C canal slopes due to 'NateI' level l1ucl:uc:.tions and W9.ve 
action, as \M?U '-1":; by m e Icing of certaLYl shipllft members '.:vhich are periodic­
ally submerged in ;.;"te r. 

i'YfLtking use o( '.:onvontioneJ. h eat engineering terms, the first case m.ay 
be desig nated a.s re cl.:pera ti ve , a.."ld the s~cond one as regenerative. rvtany 
inves ligators focused thei r resea rch efforts on recuperati'v'e input of heat 
t .... r15 fe :~ed th r <lu<,\h the .•..all. townrCls the interface [ R. ~-31 , ",.hile r eg(>nera ­
li .......e lce fonnC1tio n was. on s i dQ re d mainly l"e:iali -',,-<2 lC ~cmg or c~al 0I'l.I'tk 
sl opes as ""."U as r a c k and qr.1 te s of tidal power plants [ R. 4, 5 1 

We shall deal w i th three types of \"';nter service conditions in a shiplift 
chamber, each being chi:.\ract~ri.ze d by a corresponding temperature variation 
on the inner and outer chllmb e r v.aU surfaces (Fig. 1). 

Fig. 1. Temperature variation over 
the outer -- and inner __ _ 

shiplift chamber wall surfaces 
at three different operal:ir1g 

conditions 
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The operational cycle is subdivided into ~eriod.s when the c.ho.mber is surroun­
ded by air in moving (rom the upstream pool downstream ( 't,j. is in the water 
of U-. 2 downstream pool. ('t. - 't, ), returns from the dov-.nstream into the 
upstream pool (1:. - t; .) resid es in the upstream pool ('C" - 1:3 ). The ambient 
air and water temperatures a re -tJ, and 't\.2' respectively. The first and 
second regimes pertain to Iidry" hauling of ships, v.4th the chamber drained. 

In the tormer (Fig. la) icing occurs over the outer surface of chamber 
.....alls duril"1g its residence time in 'Aater ('f:'J! - 7:"., and 1:-1 - 7:~) V\,;th regenera­
tive and recu[)erative ice formation proceeding . simultaneously. Regenerative 
iclr<g takes nlace due to the cold accumulated by the chamber wall during the 
time 1;", ,,'lith asscx:iated recuperative ice [ormation due to Ifcoldto transfer 
through the -ll, from the cold air inside the chamber to the _ter. 

In the second case (Fig. ~b) flooding of the chamber is simultaneous 
wth its entering the 'ItIClier of either the dO\l\of1.stream or the upstream pools, 
IAlith simi1ar temperature conditions obtaining both on the outer and inner 
surfaces of the chamber WdUS. In such situations purely :-egenerative icing is 
induced by the acc".J.lTlulated "cold ", with the ice layer grcru.ing at the same 
rate both on the inside and outside \\fill surfaces. The third type of conditions 
(Fig. ~c) is attendant to the motion of the flooded chamber. In the air 
\ 't, and 't3 - 't2.) ice is formed inside the chamber ",l<ing to recuperation. 
After, the submergence of tile chamber regenerative icing outside and inside 
commences caused by the accumulated cold. 

Calculation Procedures 

The evaluation routine for the ice volume produced during each operation­
al regime is as follows: 
a) the "cold content" accumula ted \M.thin the shiplift chamber wall is determined; 
b) 	 the heat flux from the cold VI6.ll surface into the "",ter takir<g into account 

the boundary conditions is defined; 
c) 	 tile ice thickness and the ice production rate are ascertained. 

At v.ater temperature equal OOC the totaJ. "cold content" is consumed by 
ice production.. 

The calculations proceed from the followng assumptions and conditions: 
a) a plate of reduced (i.e. equivalent) thickness is substituied for the actuci 

shiplift w all structure; 
b) 	 in each successive calculation the .....all thickness includes the ice layer 

formed by the time. 
The calculation schemes and analytical expressions to assESS the 

",verege tempe rature included in the equation permitting to obtain the heat 
nux a re 9resented in Table 1. 

Problems N ~ And 2 correspond to the first operational situation (Fig.la). 
the second ( . •lb) is described by problems r-: ~ and 3, while the third is 
covered by prOblems N 4 and 5. 

The regenerative ice production rate is governed by the accumulated 
"cold content II in the c.hamber valls. The latter value is irc1uded in tile 
problem as the initial condition. The recuperative ice production rate is 
controlled by L"'e bound,ary_conditio_ns of the problem. Subsidiary graphs R.6 
are used to evaluate Of' 8 ., ... @5' Figure 2 show> a subsidiary graph for

2 
problem N 1 illustrating the dimensionless average temperature as a function 

of the arguments Bi. =¥- and Fo=% . 
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Table 1 

N Fil.Ung
Position

of of cham- Physical Calculation Analyticalof
prob­ ber with schemescheme solutionchamber 

waterlem 

.1}. t 
dmined1 in air l - 1,', + B. (to -7J.)

~~~ 
%~~;2I 

0y 
,.g~ ,0 

tJ2 t 
2 in v-e.ter drained l-t r# (TJ -t,)o z z~I t ~to.~ 1:\n r 

. tJ,-tV.2 o 

ts t
3 same flooded t=t +t1(t -t)

S 3 0 :1 
- -- -- -:.. ?1to·~2. ~T$.1

.2 I~4·o 
.1J. t 

4 in air flooded l-t +ii (tJ -t)air)
-:. 2­ o '" " h ql. 2 ~~ ~ 

tv 0 
I!Jt-- -~?Jr- --­

5 in ....a.ter flooded tetsr~4t ~is~ 2. 
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so 

0.6 

J /L I' IJ/ 
il2 I ,.... .,., , i<--j/ t 0,2 

_-r Ja-- Vl'// ~~~ 
I-+-+-+-t----t-t-f-d-T-:,-=-I-"''l--l-lJ~~~:tl 
._/-4-'- 1 I- - J-1 ....~ '\.t> i a 

a 0,1 0.2 0,3 -fQ o.'t 
Fig. 2. Subsidiary graph for the evaluation of the average dimensionless 


temperature 


Below a calculation example is given of the ice volume produced on the 
shlplift chamber wall surface under the second type of operational conditions 
(Fig. 1b) 
with air temperature, ?J • _200 C 

up- and dOVllnStream water temperature, zc; OoC 
thickness of the steel -.u, It• • 50 mm 
coeffi::iem of heat tn3.nsfer from air to -.u surface, of. • 14.6k~al 

rrr-hr't: 

residence time in pools, 0,5 hr 
mO"VE'ment DC chamber in air 1 hr 

fl ..:;; 't.;;; 't, (period of cold coment accumulation) 

The calculation scheme of problem N 1 is made use oc. Reduced wall 
thickness (with reference to heat content and the boundary condition of 
the third kind Bi ~ 0,5) are used in the computations. 

It ~h iLIi-. 50.103 0.109·7841 • 93.10-3 m 
wt 0 Ci n 0.5'920 

Accumulated ''cold contemn in the -.u Qc CoTo Ito .1l =Ctl'i hua .1 f 

With to - rJ - flOC ; <l l - t . - (} _ 

From the s~ution to the prol>lem we ha..... t = 0. + 81 ( to -~) . 

The arguments in defi.ni,ns ~. are 


81= oI.{llwt/2). 14.6093'10-3 • 0.341 
;t 2.02·2 

a 1:' 4,35'10-3 '1'4 
I'O:(h ;2)2 932'10-6 • 2.02 

The value of fI, ~ e.tablished from the graph in FIg. 2 
;. • 0,525 
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406 kcalHe.nce 11 - ~ 

1:" ~ ?: c:;;; 'L (period of regenerativ-e icing on both 
2 sides of the chamber wall) 

Employing the calculation routine of problem N 3 with the argument 

Fl = (;/'(;4) 7;, ~ o 'Wt 2) 

4.35'10- 3 
50'10-3 _ 14.6.10-3 m 

51·10-3 

4.35'10-3 .0.54 
14.62.10- 0 - 41 

We obtain O. i.e. the ,,,,ole Hcold content II is consumed in icefJ3 	 ­
production. 

The total thickness of the ice layer fanned IMll be 
J.. _ f1 406 -3 
It - jl Ti • 920.80 • 5.5,10 m 

r; .,; r: 0;;;; 'l: (period of accumulation of "cold") 
Taking advantage of th€ procedu~e ""rployed in problem N 1 we have 

kwi - 93.10-3 + 5.5·10 -3 _ 98.5.10-3 m. 

The solution scheme being the same as for the first period O~ ?::.;; 't', 
Arguments: 8·~rA(h'<Uf/2) .14.6'98.2'10-3 _ 0.36 

~.:l. 2.0,2 
ct('t - 'C2 ) 4.35'10 -3'1'4 

['0- (h",d2P • 98.5'10-6 • 1.8 
The value of If, • 56 is found trom ~ea¥raph in F'ig. 2. 

t - _B.BoC; fl _ 376? 

7;' tE;'{; ~ 1: ( period of regenerative ice production on 
J 9 both sides of the chamber wall) . 

Follo","ing the calculation routine adopted in problem N 3 
h - 14.6.10-3 + 5.5'10-3 • 20.1·lO-3 m 

The argumewt 1'0 aCt-., - Z'j~ 4.35'10-3 .0.5'4 21.5 
(k'U.d / 2 • 20..l.2'10 6 ­

The VIohol.e of the "cold content" is conswned in ice production 
J.. f1 376 _ 3 
ni~.p Tt - 920.BO - ".1'10- m. 

A total of more than 10 mIn of ice is produced during one cycle. lee 
thickness will increase ""th the number of cycles. The additional load during 
one cycle IMll be 10 kgjm 2 , which amounts to 60 tons for the total chamber 
surface. 

E;perimental studies 

In connection ""th the design of the shiplift for the KrEl.snoyarsk hydro­
electric development the Laboratory of River and Reservoir Winter Regime of 
the B.E. Vedeneev VNIIG carried out a research program on regenerative ice 
production, icing over of the shiplift chamber and running gear. Studied were: 
the ice production rate on pre-cooled plates submerged in water; . icing of a 
model chamber and running gear; icing of the gear dri"\.e due to intermittent 
subm ersion in vater. 
1) 	 Experiments on the determination of the ice gro....th rate ..-.ere run by repe­

atedly dipping into the vater steel and ice plates at temperatures ranging 
up to -25OC, the W3.ter temperatures varying betv.een 0 + 8°C. 

The experimental findings are reduced to a dimensionless form 
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The an."1lytical solution. was obtained as (( = ~ - Bi 8Pa · 

where ~ (se~ Fig. 2). the temperat;",.., ratio parameter is ~ ~ 1- ~i 't =J (PO) 
i , 'l: 

C omparison behM>en experimental and calculated data brings out an 
identical pattern in both ( Fig. 3). 

1,2 

o,lt 

-d,1t 

-0.3 

-1,2 

K 
J . I i 1 

0,11 WA 1LQ ~ 
"n ~ i I ' I 

Vi; T 1 '­ I I I 
.~~ I ~ I 

olt'l ~~ i I I J"'. 
~J.,O 1 2,0 ; I .... "'!oj .O ' ;,0 5,0 FO 

I II~. I I I I I ~ fit ~ I 
I , . "i I ~ -l I r I I ! I " I I ' I I 

; ~,)"4 ! ; I ! 'i'·k 
I I i I ~~ I I I 

Fig. 3. C omparison of e xperimental and calculated data on freezing 
and melting of ice, 

Hence the e quations derived a ppear to be sufficienUy reliable to be used in 
foretelling regeneration icing conditions. 
2) Tests on the icing of the model chamber and n.tnning gear _re conducled 

a t: 

l e ngth o f '~"e rails 9 m 

slo p e 1:10· 


width of gauge 64 cm 

velocity of cha.mber motion 0.36 m/ sec 
c .ha..rnber dimensions lOOx50x50 e m 
time of residence in ~ter 30 sec 

time of residence in air 30 sec 
length of a cycle (lifting, 100000ring) 110 sec 
air temperature -BoC 

_te:- temperature 0.3Oc 
The block diagram o f the experimental rig is depicted in Fig. 4. 

ch. - chamber 
C, C. - controlling computer 
ds. - di rectional sVldtch 
d.C. - directional conlaclor 
~.m.- reversible molor 

i. ItJff lamp heaters of the 
wheels 

,..12'1-22071' c. c. c.}-----' 

Fig. 4_ Block diagram of the experimental set up. 
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The tests pennitted to obtain a correlation between ice thickness on the 
outer chamber ......u and the number of cycles (Fig. 5). the rate of icing decre­
a.sing with the number of cycl es .. 

.--~ ....­JO / 
~ 

./V 
S 

y 
V rt 

Fig. 5 • Correlation between 
ice !.ayer thickness 
over the chamber 
wail surface and 
the number of 

cycles (mOdel) 

0 10 20 30 

Icing of running gear, freezing of wheels to the rails and such like 

phenomena. ""'re observed during the experiment. Especially difficult are the 

icE' c·onditions along the water edge where icing of rail~ is frequently encoun­
tered, v.hile floating ice blocks and accumulations of u-agmented ice obstruct 

the movement along the rails. 


The gain in , ..eight of the bogi.. amounted to 20 kg in 30 cycles. At water 
temperatures in e xcess of 3 0 e the experimental set-yp ran continuously V>ithout 
interruptions . 
J) Opera tion a; porlially submerged g ear dri""s subjected to icing was studied 

by rneo..ns of cy!i ndrical horizont.a.1. sin,g!e -reduction gear with a gearing 
·moduluS. m ~ 6 .5 . The test demorstrated that ice was formed at the roots 
of teeth. Icing of gear materially increased the shea.ring resistance 

I =J ... t<.1z ~ J j 0 < ~ 

The proportionality !.actor, /{ • rray be assumed to be 

a t 1l,t a>o - 5 OC X - 5.35 


V-f ..::::::. - S o C It • 10.2 
Choosing the rated c~pacity of g ear in this situation, a coefficient making 
all~e for opecaing c onditions should be introduced. 

Conclusions 

Theoretical ccl.culctions and experimental research into regenerativt> ice 
production testify that in situations w,ere subzero temperatures and low How 
velocities prevail C1 c onsiderable additional load on the structure may be 
created due to icing. Due consideration should be given to it in de signing 
thG driving gea r for shiplilt chambers. In choosing driving gear "::upacity the 
possibility of its freezing to the rails and the e!fect of u-agmented ice accumu ­
lations at the _ter 'edge etc. are to be taken into account. 

Symbals 

() _ heat flux; h,hwt.hi- total and reduced plate thickness, thickness of ice, 
respectively; Z} z/ - air and _te r temperature, respectiv>?ly;'p - latent heat 
of phu.s e ,lrans'itio~; Yi -. volume weight ~( ice;.A,a,L' .- thermal conductivity and 
thermal diffu.s!V1ty ccfe"ffic!ents, heat capacIty, respectively; t - time; ti 0 - .ltUlial 

ice temperature;. ~ ,LI P- initial v.eight, variation in weight of plate, re5pectively; 
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respecitvely!B& .. "ill ~ :3Jzi are the BioI and Fouri.,r ~~rs, 
K - OR . c-~ ) IS cnterlon of phase transltion; 

o '7J ' , 0 


f) = ~-dimensionless tempe....ture. 

<,0 
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AB5TltACT 

Considered is the pr'oblem on extendil'\g the na'/igation period on river 

reaches downstream from hydro power plants through control of the discharge 

and the temperature of the water released downstream. Increased ~ter 

releases as well as Vllithdrawal of wa..'lt1 v.a.ter from the deep la.yers of the 

reservoir result in an increased length ot the area of open \o\fiter below 

the po\ver- plant, a la(er freeze-up and an earlier break-up, W"lich ensures 


tavoura ble conditions [or extending the period of navigation i.n the river 


reach considered. 


~OHHAlnE 

I.e rapport traite Ie problerre de prolongation de la navigation sur les 

rivieres en aval des a.rrEn.9.gerrents h ydro-electriques par la regularisation 

des lachures et de la temp<iratu.re d' eau. L' augrrentation des 13chures, ainsi 

que Ie preleverrent de I' eau plus chaude dan·s les couches de fond condi­

tionnent I' augmentation de la longueur de la cJ.alriere dans Ie bief ava!, la 

prise avancee de la riviere et 1a debAcle prerm.hlree t ce qui cree les 

conditions favorable pour prolonger !a ~r iade de navigation sur Ie trol1<Jon 


consid';re' de La riviere. 
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-The na"Vigation period in the river reaches downstream il"'om medium ­

and high-head hydro power plants can be e>dended through control of the 

discharge and the temperature of the water released dOl"vnstream. 

The ice conditions in tile river reac.hes below hydro power plants are 

different from the natural ones, - since here. in addition to genecal physico­

geographical factors, the ice regime is affected by the disch<1rge and the tem­

perature of the water released from the reservoir. Downstream £rom hydro 

power plants with large reservoirs there is an area of water keeping freE> of 

ice throughout the winter. The size of this area rrfiy vary considerably depend­

Ing on the arrount of the water released as well as on tile 'ABter and air 

terrperatures• ..A...t high flo'Ar 'velocities, with resulting high turbulence, the 'l;vater 

within the ice-free area will cool ( and under certain meteorological c onditions 

will bec ome supercooled) producing frazil. Usually the ice cover dovvnstream 

!rom hydro po\'....er plants fonns as the ice edge prog resses upstrea.rn. The 

downstream floating masses of frazil ice ~ccumulate against the ice edge 

forming the ice cover4 Hgh water stages associated v"';'th freeze-up cause 

upst~am propa.gation of the backwate r zone, with the ice edg e progre s si ng 

in the same direction due to decreased fio"w v-el ocHies in this zone. TIlis 

upstream propn~ation of the ice edge c ease :::- only '.\nen the length of the 

ice-producing stretch is ::-educed thus dirrin;shmg the rate of cooling of the 

water in tile open a rea and consequently L'rte amOLL"lt of frazil produced 

therein. At hi gh (low velocities the upstream prop.:..gation of the ice edge is 

accompa.n.ied by ice jamrring. Such is the (,;enereJ scherre of ice formation 

downstream from hydro power plants Wlth large reservoirs. 

On a regulated river waler ctischarges in wi:'"lter are u..su.ally greater 

as c ompared with natural streams. The temperature of the _ter flowing frem 

the reservoir downstream is higher too. The water terrperalure in a given 

reservoIr will increase vvith increased period of 1,AB,ter exchange. This can 

be illustrated by the Ust-Kamenogorsk hydro power plant. 

1. Wtnler ( years) 1953-54 1955-56 1957 -58 -59 

2. Period of water exchange (days) 35 30 26 17 

3. Mean water temperature ('C ) 0.43 0 ,33 0.24 0.16 

With the period of \ABter exchange in Ute Bralsk reservoir inc reased 

from 110 to ·170 days (during the Iilling of the reservoir) the rrean water 

temperature from January through :'vIa.n::h grew from O.61'c to 2.29
0 
C. 

The water temperatures iIlllTEdiateiy below the da.m are rather unifonrr 

due to high turbulence of the flow, though in certain periods the temperature 

diUerence across the flow width rmy be considerable, It should be noted 
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that the distribution of temperatures across the flow width immediaUy down­

stream from the dan (in the tailrn.ce channe4 etc.' is governed by the 

pol,,·'l'er plant operating reg..irre .. 

Further will be discussed the effect of the depth of submergence of 

water inlets on the water temperature past the dam. The water temperature 

in reservoirs is known to vary from la.yer to Layer. Such a differential dis­

tribution of temperatures as well as the depth of W'iter inlets determine the 

water temperature and consequently the ice conditions below the dam. E.g., 

the outlets at the headwaters of the N>"" are shut with vertical-lift gates 

provided with flaps. In winter when the water is discharged through the 

tilted flaps, with the gates ctosed, it is selected from the cold swnce layer 

of the reservoir. lJ\hile in the case when the ~ter is release d from tmder 

the gates., it is drawn from the bottom layers. The resulting tef1lJeralure 

difference is o .Joe. The effect of the depth of subrrergence of inlets at large 

hydro pov...er plants on the downstream water temperature is even llDre pro­

nounced. Thus a higher w aler terrperature past thE> Karrskaya h y dro pO'M?r 

plant, as compared to the mean water terrperature iITllTE'diately upstream from 

U1e plan~ is accounted for by the location of the intake structure whose sill 

is at an e levation practically equal to that of the river bottom before the 

dam. l.n such intake 5 the water is wthdra1Ml from deep warm layers, as V\tlS 

the c a se with the B..tkhtarrna hydro pov.er plant where the terrperature of the 
0 

water discharged through the bottom outlets V\66 by 1.0 - 1. .2 e higher t..hi:in 

that of the , ..... ter passing through the turbine intakes located at a hig her 

elevation. In Its turn, the temperature of the Witer discharged throuftl the 
0 

surface outiets """s by O.6 C lm...,r than that of the Witer discharged through 

the hydro-turtine units. The results of thenm.! studies carried out at the 

Krasnoyarsk and the Bratsk hydro power plants show thftt the downstream 

water te rrpera.ture is governed by the intake elevation. The character of the 

upstream progression of the ice edge below a hydro pov.e-r plant depends on 

the meteorologic al conditions, the discharge and the temperature of the """ter 

released downstream, and the Inorphorretric factors. While the meteorological 

and the morphometric conditions are independent of the pm...,r plant operBtion, 

the water discffirge, ~d to a sQrn:!'what less degree, the d0V\ot19tream 't\6ter 

temperature are gO"V'el'Tled (as mentioned above) by the operating regill'E' ot 

the plant and the intake location. 

A s evidenced by observational <i<'lta. the maximum upstream propagation 

of the ice edge in the vicinity of an operating h y dro power plants is consi­

derably delayed as against the n.:ltural freeze-up date. The period of the 
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maximum proximity of the ice edge to the dam is usually rather short and 

varies [rom 1 to 10 days, as at the Irkutsk hydro power plant. The period 

...-J1en the ice edge stays below the maximum proximity section llBy be relati­

vely long. E.g., at the Irkutsk hydro power plant it reaches 20-60 days. In 

case of srrall variations in \l\6ter discha.rges aL a power plant their effect on 

the upstream progression of the ice edge is negligible, while wth consider~ble . 

daily variations in water discharges this effect is more pronounced. E.g .. at 

the N:>vosibirsk hydro power plant operating under peak load conditions the 

zone of stable ice cover is 20 km dOW1stream from the plant. Upstream from 

this zone the ice position depends on the amount and the terrperature of the 

....ater released downstream as v.ell as on the meteorological conditions. Ai the 

Ust-Kamenogorsk hydro plant the ice edge stayed at about 10 km downstream 

lrom the dam for several years. Corm:issibning of the a..khtarrn>. hydro pm..er 

plant, located further upstrea..cT\ resulted in an increased \l\Bter terrperature in 

the reservoir of the LSt-Karrenogorsk hydro power plant. Thus the area of 

open wa:..r downstream from the plant extended up to 30-40 km, w-uch is 

another evidence for the ef!ect of the terrperature of the ....ater released on 

the length of the ice-Cree water area dOVW'lStream (rom the power pla..nt. Table 1 

presents data on the m9...Xirrum proximity of the ice c·over edge to the da.m. 

Table 1 

l'viirnirrum length of open _ter area dOW1stream [rom hydro pOW?r plants 

River 

1 

Volga 

HYdro power plant 

2 

Gorki 

VoIzhskaya 

narred afle r 

VJ.Le1in 

Observation 

period 

3 

1955-60 

1956-58 

MaJCim..un proximity 

of ice edge to pmver 

plant, km 
4 

0.8 - 2.5 

8.2 - 12.0 

Don 

Arlgara 

NerTHn 

Volzhskaya 

named after 

the XXII C.P.S.U 

Congress 

TsymIyanskaya 

Irkutsk 

Bratsk 

Kaunas 

1959-61 

1953-57 

1956-63 

1961-68 

1959-65 

4.5 - ;. 50 

1.0 - 7.0 

4.2 - 49.4 

14.5 - 69.0 

5.0 - 21.0 

30 Ya.L.Gotlib et aI. 



.As seen from Table ~ the minimum length of the polynya a t SOrrE low­

head hydroelectric pl""ts (e.g. Gorki, 'ISymlyanskaya etc.) is less than :to kIn. 

At high-head plants wiLI-t high-capacity water storage such as the Ir­

kutsk, Bratsk etc. the length of the palynya may amount to 50 krn or more. 

Table 2 

Characteristics of the Water Water djschaIge. m 3jsec 

winter temperatures,oC 2000 3000 4000 

Warm 1 17.9 25.3 29.8 

2 38.0 55.0 63.6 

3 ;>5.2 8:1..6 95.3 

AV'erege 1 15.7 22.4 27.4 

2 33.0 47.0 55.3 

3 48.5 70.9 82.6 

Cald 1 10.3 14.9 19.2 

2 24.4 36.4 42.2 

3 36.0 5J.5 6J.6 

In 'labl" 2 are given the djmensions of the palynya dO\M'lstream of 

Brntsk. dam calculated by the heat balance method al release djscll>1rges 0 f 
3 0 0 0

2000, 3000 and 4000 m /sec and ......ler tenperatw-es of 1 , 2 and 3 C du­

ring calc!, average and warm w'.[YIerS. The principal equation is 

t ; til r (!:ct - t~)
Sl!) , 

where ( is palynya length; Q • release discharge; S - heat transfer; 

B -river width at the estimated reach; C -heat capacity of ......ter; r -valurre 

we.ight of \vater; td -downstream V\6ter temperature; te -water temperature at 

a distance from the plant (assumed to be OOc). In evaJuali.ng the palynya 

length with the ice edge rece<ting the water te"Perature al the edge \'\fiS 

obtained from calculations. 

'!he polynya lengLI-t included in this case an additional. river reach 

with a d<>eaying ke cover \/\here ""ler temperature dropped from 

zero at nelting. '!h -_ vdlue of S _s calculated proceeding from neteoroJogical 

data aaking allowance ' for """ter temperature variations along the reach. 

The data listed in Table 2 reveal for instance that at a discharge of 

3000 mJ/sec and water release tenperature of lOC in a ""'rm w i nter the 
J . 

palyn ya length reaches 25.3 km. With water releases increasing to 4000 m / sec 

at identical rreleorological and thenro.1 conditions the Jength o( the polynyn 

extends to 4.5 kIn. 
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The dlfferer..ce in T'.eteoroio.:;ica:l conditions beb.-\een a warm and an 

average winter reduces the polyny-a length ::>nly by 2.9 kIn .. At the sa..rre 

o


'..1.1l1e a l C variation in me water release terrperature increases the palynya 


length by 29.7 kIn other things being e qual. Observation data <ienonstrate 


that waler re lease discharges and. terq:::>eratures have the roost pronounced 


. effect on the dirrensions of the polynya downstream !rom the 8ra.tsk cI.wr\ 

hence in orde" to augment the length of the polynya Witer releases must 

be : ~creased ..:i~"\(i VlBter intakes lcx:ated as far [rom the v.6ler surface as 

p ::>sslble .. 

llita on the Bratsk hydroelectric plant rray be cited by \l\8y of example 


:D Ul u !ltr:.l t ...~ the effect of water discharges on the rate of the ice edge 


·~9(.; ..-, s.s.lon, In the spri.ng oi 1973 the ice edge receded irom the Bratsk da..m 

3

>1 •.,,, ,.,., \" of 5 km per day (at a cilscharge of 2200 m /sec). 

3


Heitef"1ing 0{ the discha.rge up to 4C<..: O m ."sec perrritte-d to increase the 


ice '-=-dge t'8c ession rate to 15 km per dayw Thus a polynya almost 300 kIn 


long '/,·:as rather quickly created dov.rnstream trom the !3ratsk dam. 


Analysis Cli lhe aata on the dOvvnstream pools ot the !3ratsk and other 


h lg.h-hea d h y droelectric plants with Ja. rg . lNater storages indicates that the 


'll J. :'.:...,tion o t the lee cOVe r differs for d.; :' ~ ('- !'";-! nt nv-er reaches. 


lee c over forrmtion start.=. earlier and the break.-I.lp b 8 !!1..i n s JatE.'r' on 

:"l', ~r reaches re- :Y:OC!A- ir'J ! ~l th02 ?rJVoJer plant as c o rrpe. :-e ,- to those in its "Vicinity 

S.;. the difference in the duralion of lee cover betv.een th.e nv-er reaches at 

ll. Jjstance from the plant and those in its neighbourhood amolU1ts from 4 to 

.5 months cio'.vnstream from the Eratsk hydroelectric plant. Consequently the 

navigation periods on the river reaches nearer to the pLant are longer (by 

.;, 10 .5 months below the Bratsk hydroelectric p"",""r plant) than farther down­

stream. In the vicinity of the dam site "';'ere the polynya rertains open during 

the .vhole \vinter ( at Bmtsk there is a polynya from 15 to 70 km long) navi­

gation is possible throughout the winter. Control of downstream ice condjtions 

by varying 'A6ler releases 'MlS effected at the Irkutsk and other hydroelectric 

plants. Bxperience proved the efficiency oi these rreasures. With _ter releases 

and water lerrpe,-atures mc.....smQ the upstream advance of the ice edge 

becarre slcr..ver in autumn and the spring break up began earlier resulting 

in the extension o( the ra.vigation period. below hydroelectric (:-ower plants. 

3? 'fa.L.G<JUib et aI. 
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"nSTllACT 

The ~aterway on the middle reaches of the river Elbe and 
operational shortcomings or the navigat10n structures situated 
close~ to the weir. 

Adjustment of the dividing wall, removing 80me of the men­
tioned troubles. EKampl.e of the adjustments carried out. 

Research results obta1ned with aerodynamic equipment and 
with a water model of the dividing-wall adjustment for the dam 
at Koateleo niL. 

Recommendations tor the prooedure 10 solv1ng thess problems 
using. 

:SOMNA lItE 

La v01e navigable du milieu de l'Elbe et les loeutt1s8Dces 
des ouvragee pour la navIgatIon, 81tu~a etr01tement pres du bar­
rage. 

L'adaptation des murs de guidase, el1mloent quelques obstacles 
alleguee o1-deseua. 

Lee exemples des adaptat ions appllqu's. Lee r'sultats de ~e­
oherohe d'adaptation dee murs de gu1dage pour 1e degr~ de Koste­
lec n.L., attelots sur un modele aerodynamlque et un modele hy­

draul1que. 
La merohe Bsuivre du procede recommend' pour trouver 18 solu­

tion de cetta prob1emat1que par 1a m~thode du modele redu1t. 
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On the canalized middle sector of the river Elbe, in the sec­
tion M~lnik - Chvaletice Under construction, there are 15 sluice 
gates (Fig.l) in operation, under construction or reconstruction, 
respectively. In seven of them, the navigation chamber is built 
close to the weir, where by the water-power utilization of the 
barrage is in all cases on the opposite bank than the water - po­
wer plant. 

movable weir 
fiud weir 
norigollon chamber ollhe weir 
norigotion chamber on the canal 
hydroelectric power plonl 
planned structures 
struclures under conslruchon 

Fig.l Layout of the Middle-Elbe waterway 

After completing the weirs under construction and after put­
ting the Chvaletice thermal powerplant in full operation, the 
freight transport on the Middle-Elbe waterway will increase from 
an average of 210 x 10) t/yr in the period 1961 - 1971 to 
4)00 x 10) in 1978 , i.e. about 20 times /1/. With the increased 
navigation denSity, the safety of the ships entering the approa_ 
ches without complicated manoeuvring is demanding greater atten­
tion. 

1. 	OPERATIONAL SHORTCOMINGS IN NAVIGATION STRUCTURES SITUATED 
VERY NEAR THE WEIR 

a) With higher river discharges there occurs a flow contraction 

with a vortex at the upper dividing wall cutwater of the ap_ 
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proach, both in the approach and in the riverbed at the dividing 
wall. The vortex in the riverbed decreases the discharge capaci­
ty and changes (usually deteriorates) the flow in the weir pro­
file. 

During the flow round the dividing wall cutwater, the point ve­
locities reach high values and the vertical Velocity components 
and increased turbulence intenSity in the vortex with a vertical 
axis close to the wall in the riverbed may cause deep scours at 
the wall. The scour depth and the bottom area affected by it are. 
proportional to the flow ve l ocity and to the extent of narrowing 
of the flow cross-section. This phenomenon is for the structure 
t he more dangerous the shorter the dividing wall, even if the me­
re lengthening of the dividing wall cannot prevent its occurence. 
The scour s i ze at the cutwater can be also affected by the mova­
ble gates manipulation on the weir. 

Due to this scour,part of the dividing wall at Klavary collap­
sed during the flood in spring 1946 and in 1948 the remaining 
_part, founded on pilots, collapsed. 

E.g. a scour of 2,7 m depth in the arenaceous marl of the di­
viding wall cutwater /2/ was ascertained at the Kostom~tky lock. 

b) The flow direction change in the place of the dividing wall 
cutwater, resulting from the narrowing of the river channel by 
the approach width, and secondary flow in the approach in the sha­
pe of a cylinder with a vertical axis adversely affect the entry 
of the ships and especially of boat trains from the free river in­
to the upper chamber approach. This danger increases in the case 
of a combination of higher discharges and the action of lateral 
winds, espeCially when the boats are empty. 

The forces which deviate the vessels from the trajectory in 
the direction to the dividing wall are proportional to the squa­
re of the transverse component of the flow velocity and depend 
on the boat shape and the area of the main cross-section with 
a view to the transversal velOcity component. To determine the 
magnitude of the moments and forces acting upon the vessel is 
practically possible only experimentally, preferably by using not 

distorsed large-scale hydraulic models, mainly because the pre­
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aence of the boata affect and frequentlY also considerablY chan­
gea the flow in the approach. 

The danger of the vessel being sucked by the flow into the di ­
viding wall cutwater increases proportionallY with the decrease 
in the controlabil1t y of the boat be tbe helm, i.e. with the de­
crease of the relative boat velocity due to the longitudinal flow 
velocity component. For this reason it is greater at the entry 
the upper approach then at the exit and it grows with the dis­
charge increase in the river and with the decreasing distance of 
the div1ding wall cutwatar trom tha mouth of the navigation cham­
ber. 

Aseuming tbe magni tude of the transverse water velocity com­
ponent in the area of the dividing wall cutwatar to be 0,2 m/s 
in the upstream water and up tp OJ) m/s in the downstream water 
/)/, it must be limi ted 10 the navigation chamber mouth area to 
the order of onlY em/s. 

c) The problem of siltation of the approaches on the Kiddle-Elba 
with suspendad sediments and tine-grained bedload is of importan­
ce mainly for the lower approach, ae was shown both by research 
141 and operational experience. The results of th1s research i8 
included 10 the paper presented by LISY st this Symposium. 

2. 	CONSTRUCTIOH OF THE UPPER APPROACH DIVIDING WALL 

The dividing wall must be Judged from two po1ots of view: 
a) of the stability of the veesel proper and its potential e.t'f'ect 

on 	 the function of additional structures (weir, hydroelectric 
power plant), 

b) 	of navigation safety and its potential effect on the capacity 
of the waterway. 

Fro the point of view of the creation of a local scour and 
the safeguarding of the dividing wall stability, the wall must be 
designed for a discharge, where the probability of exceeding 18 
usually less than t he probabil1ty of exceeding the maximum navi­
gation discharge. From the vieWpOint of limiting t he transvers e 
velocity components in the approach, i.e. with a view to safety 
and comfort of navigat ion. the dividing wall muat be conaidered 
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for maximum navigation diacharge. on the sluice gatee of the Mid­
dle-Elbe a gradual substitution of the upper mitring swing-gates 
ot 	the navigation ~hambars by gates which permit the passage of 
part of the discharge through the navigation chamber is presumed. 
Their suitable manipulation results evidently in the marked re­
duction at scour formation at the dividing wall cutwater and ite 
design can thus be Judged l118inly by navigation requirements. 

According to the present research results and operational ex­
periences /2, 3, 4, 5, 6/, these problems can be best solved from 
mentioned two points of view by a dividing wall through which wa­
ter can partially flow, or by a dolphines with a cortain wall. 
The shape, dimensions and number of openings (pillars) must be de­
termined 
s) by the approach cross-section riverbed ratio, 

b) 	by the ratio of that share part of the diacharge belongiD8 in 
front of the dividing wall cutwater to the riverbed part which 
paases into the approach to the total discharge and 

0) 	by the cross-section velocities in the riverbed in front of 

and behind the dividing wall cutwater. 

This leed8 us also to the ~oDvi~tloD that there is DO 801e de­
sign of the d.1vid1ng wall, or 80le pier shape, that would 8imul­
taneously affecting the requirements of economy as well &8 the na­
vigation and stability and that the number of openiD8s and piers, 
respectively, must be designed on the basis of mOdel research. It 
seems to be proved, that the necessary length of the part of the 
dividing wall, through which the watar flows, ie, with a vie. to 
its etability, considerably shorter than the length necessary 
from the viewpoint of nav1gat10n safety. 

On the ~1ddle-Elbe one dividing wall through which the water 
flows has been completed up to present, subst1tuting the collap­
sed dividing wall at Klavary. The layout of the part through 
which the water passes is indicated in Fig.2. 

3. 	RESEARCH RESULTS OF FWW IN THE UPPER APPROACH OF THE 

NAVIGATION CKAWBER at ~OSTELEC n.L. 

The flow in the surroundings of the upper dividing wall cut­
water and in the approach was studied on a aerodynam.1o under ­
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pressure model and on a hydraulic model with ~1xed bottom. On 
both models the measurements were carried out for two adjustments 

o~ the dividing wall: ~or the existing wall and for a wall exten­
ded by a part through which the water ~lows, chossing similar 

shape and dimensiona as those o~ the dividing wall at- Klavary. 
22(6 

Fig.2 Dividing wall with through-~low openings 

On the aerodynamic model the vector trends and velocity values 
were studied : the trends by means o~ threads with polysterene 
beads on the end and the values by means of a hot-wire anemometer 
DIS! type 55 DOD. For the conversion of model velocities to real 
velocities discharge and area scales were used. 

On the hydraulic model, the streamlines and the local velocit y 
at the water level were determined by photographing glowing ~loats 
with interrupted exposure. 

The evaluation o~ the experiments showed that the longitudinal 
velocity component, measured in a straight line parallel with the 
dividing wall sh~ted 10 m in the direction to the trajectory,re­
mains for both wall construction alternatives at maximum naviga­

tion discharge at a value of about 0,35 to 0,40 mis up to a dis­
tance of 20 m in front of the dividing wall cutwater, then they 

decrease quickly in the direction to the navigation chamber mouth 
to a negligible value. 

In points close to the bank, the value of the longitudinal ve­
locity component is affected to a distance of '60 to 80 m in front 

of the dividing wall cutwater, the approach width being about 4Om. 
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The transverse Velocity components reach, in a distance of 10 

to 40 m in upstream direction in front of the dividing wall cut­
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Water and tran8versally to a distance of 20 m from the dividing 
wall axie ~ the two adjustments "about 0,20 mVs,i.e. they 11e at 
the max. permissible limits, after JAMBOR IJ/.At higher river di­
scharges, difficultiss w1th the entry of the boate from the free 
river into the approach can be expected. However the range of the­
se higher transverse Velocities, 1s wider for the full wall IFig.)/' 

The results obtained on the aerodynamic model were confirmed 

Fig.4 Surface stream - lines in the upper Chamber 
The length of ths part of the dividing wall, through which the 

water flOWS, was designed for the navigation chamber at Kostelec 
/4/ originally only .ith a view of preventing the formation of 

scours. It has been shown that if it has to meet also the requi­
rements f or increased navigation aafety and comfort,that part of 
the ••11 muat ba considerably lengthened. 
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ABSTRACT 

An organized activity lice breaking, explosion/ for the preven­
tion of ice damage is continuously pursued by the Hungarian 
Water Service on the Hungarian rivers in winter. In order to 
perform the ice breaking problems a fleet of up-to-date ice­
brakers have been developed and special explosive charges 
for ice-perforation and blasting are at our disposal. 

SOMMAIllE 

En hiver, l'Authorite des Eaux Hongrois conduit une activite 
organisee contre les dommages des glaces sur les rivieres 
Irompage et explosion des glaces/., Pour accomplir ces devoirs 
une escadrille des bateaux coritreglaci~rs Eodernes etait 
developee et des charges d'explosives sont a la disposition 

d'elle pour trouer et exploser des glacee. 
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Over the ce nturies much damage has been caused in Hungary by 
recurring ice-flood disasters. In recent decades the ice 
f loods of 1940, 1941 and 1956 caused considerabl e devasta­
tions. One of the tasks major of the HW1I5arian Water Service 
is to avert the danger of ice floods, i.e., t he dev elopment 
of ice protection activities pr~arily on the Danube and 

Tisza Rivers but also on minor wat rcourses. 

Ice conditions on rivers are influenced by meteorological , 
hydrological and riverbed morphological fac t ors. 

The Hungarian section of the Danube, whi ch r epresents the 
gre atest ice danger among the Hungar ian rivers, is i nfluenced, 
by the combined effect of the oceanic, Med iterranean and 
continental climates. In unfavourabl e cases the spring :floods 
and the drifting ice masses arriving from the upper s ec tions 
of the Danube River due to the effect of the oceani c clLnat e 
will find cold air masses and steel-hard ice cover along the 
Middle-Danube. Owing me teorological cond i tions the development 
of ice drifts is likely to occur every 3-4 year.s. 

Due to more favourable meteorol ogical factors the spring 
floods on the Tisza River will usually find decayed ice whi ch 
it can easily lift and carry away . 

Oth8r rivers in Hur~ary are either under the influe nce of the 
ab ove lJe ntioned effects or are only of local da.nger when ice 
is developed on t hem. 

Over the 127 km long section of the Danube River bel ow 3uda­
pest which is critical from the po i nt of view of ice runs , 
the hydrological factors are also unfavourable. There are no 
major tributaries which could contribute to the breakup and 

removal of the ice cover. 

The morphology of the riverbed over same sect i on of t he Danube 
River is unsatisfac tory, - in spite of the considerable 
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volume of river regulation works. 

Overdeveloped bends, sand bars, narrcw channel and floodbed 
sections alternate here. It is characteristic that standing 
ice is more frequent and of longer duration over this sec­
tion than over the others. 

During the river regulation works of t he last century, due 

to economic reasons, generally narrow flood beds were left 
on the rivers of medium and small size in Hungary. This can 

easily cause critical raised water levels when ice jams 

develop. 

It has been observed that whereas the appearance and the 
amount of drifting ice de pend primarily on temperature 

conditions, the stopping of ice, and the development of ice 
jams is influenced besides temperature and hydrological 

conditions by the morphological characteristics of the 
riverbed. 

Therefore the prevention of ice-jam floods must be based on 
the elimination of the morphological causes in the riverbed 

through river training ~easures. 

River regulation plans take a long time to realize. For the 
improvement of flood levees still 100 million m3 earth must 
be placed and in the regulation plan of the HUUbarian section 
of the Danube River the use of some 2,1 million m3 rip-rap 
is envisaged. 

Up to the termination of river regulation works and also in 
the regulated riverbeds effective protection against ice 

danger and adequately used ice-destroying methods l ice-breaking 

blasting! are necessary, due to non influenceable meteorolo­
gical conditions. 

The objective of ice destruction activity on the rivers of 

Hungary is to ensure the unhindered and harmless passage of 
great flood discharges. 
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Of the methods of ice-destruction discussed in litera­
ture and tested in practice the use of ice-breakers and 

the supplementary blasting have proved most effective 
under the conditions prevaiting in Hungary. 

In Hungary the planned development of icebreakers was 
started after 1956. As early as in winter 1957-1958 

already 6 auxiliary icebreakers have been used. The first, 
modern icebreaker with a 600 HP Diesel engine was put to 
service in January, 1959. On the basis of foreign 
experiences the first 600 HP icebreaker vessel with a 

socalled "wob~~ing" equipment was launched in 1964. Here 
on two axes reaching from stem to stern two excentric 

weights of 6 metric tons each are mounted and displaced 

by 1800 relative to each other. In movement these import 
a wobbling motion to the vessel about both horizontal 
axes. Compared to normal vessels the ice breaking capacity 
of these ships is 50% higher. 

The 1300 HP "wobbling" vessel of the Hungarian ice-breaker 
fleet on the Danube River was completed in 1968. This 
vessel is able to work in fog and also during night due 

to its special equipment for navigation and telecommunica­
tion. 

The most modern 1440 HF ice-breaker, the 11th in the 
sequence of construction was finished in 1972./Figs.l. 

and 2./. 
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In order to supplement the work of the large vessels 300 HP 
small icebreakers of shallow draft have been constructed. The 
smallest 170 HP icebreakers can be transported on road and 

used even on small rivers. The Hungar'ian icebreaker fleet 
consists today of altogether 20 up-to-date icebreakers. These 
vessels were designed ana built in the Shipyards of ,3alaton­
f~red in Hungary. The vessels are used for towing when no ice 
exists. 

The icebreakers are used on the Danube to secure the continuous 
passing of the ice in the period of primary ice-drifting, de­
baying of a standing ice cover and reducing the danger of j~s 
during secondary ice-drifting. At times of standing ice on the 
Danube the icebreakers have the following tasks: to secure 
jam-free and even development of the ice cover, to cut and 

~aintain a 30-40 m wide continuous iceless corridor in the 
standing ice cover, to destroy incipient jams. 

During secondary drifting the vessels must continuously 
destroy and eliminate the ice cover. 

On the Tisza River and on its tributaries icebreakers are 
only used in periods of secondary drifting. 

During winters colder than average, in the period of primary 
drifting ice jams as thick as 4-8 m can build up which the 
icebreakers are uncapable of penetrating. The jams are broken 
up most expediently by blasting. For ice blasting a range of 
advanced and safe charges and detonators have been developed 

in the Hungarian Water Service. 

For perforating and making holes in the ice so-called ice­
perforator Marges are used /Fig.3/. The perforator series 

consist of cumulative charges of different strength which 

when placed and detonated on the surface of the ice develop a 

hole of 0,6-2 m of diameter in a 1-5 m thick jam. Through these 

holes the cylindrical, waterproof, up-tO-date charges with a 
weight mounted on their bottom can be introduced below the 
ice to break up the ice jams /Fig.4/. 
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To further shatter the cracked ice cover and to reduce the 
size of larger floating ice floes so-called "flinging" 
charges mounted in a plastic sleeve are used. 

Ice covers of moderate thic~ess are cut into pieces by 
plastic-hose charges placed on the ice surface. 

Ice is usually broken up from the -downstream end. In a 
wide ice-cover or in a jam a corridor is blown along the 
main current line. On both the Danube and the Tisza rivers 
plans for blasting the expected drifts have been prepared 
in advance on several sections where jams are likely to 
develop. On mediuo and small rivers blasting is an 
important supplement to ice-breaking. 

In Hungary, activities for the prevention of ice damage 
are managed and directed by the National Water Authority. 

Besides the up-to-date icebreakers and the methods for ice 
blasting , the ground and aerial observation and the 
telecommunication system developed by the Water Service 
is of importance. 

Long range pl&~ing objectives include the development of 
the icebreaker flee-t mainly with transportable small 
vessels for use on minor rivers; the application of 
helicopters in blasting operations; and the perfection 
of blasting methods. 

In its activities for preventing ice damages the Hungarian 
Water Service collaborates with the neigh bouring 
countries. For example on the Danube, on the 227 kms long 
section of common interest the Hungarian icebreakers 

effectively help the Yugoslavian Water Authorities under 
the water agreement oetween t he two countries. 
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AllSTllACT 

'l.'he natural. ab.ape td rivers i. a result o~ complicated 
sywtem of natural phenomena. Human interTeDicce. in. 

order- to redne:i.ng damages IIJWIt be adapted t o rue 
complicate syst_. which to appl'Osch b.r getting I acqu.ai.Dted 

with ~latiomships SII10ug morphological. pareaetere is the 

aim td thia studT. 

La ~orme nature!.1e des fl.ouTes .at Ie Neult at du r~~. 

eomplsxe de. phenomenes naturelB. Lee interYmti ons 

hmIlainee t endant a redllire l ea 46gBt ., doivent l' in'Ugrer 
a oe systeme compliqui que I' ~tud. ·veut approcher par 

la connaias:rmce des reletiona existent entre les p~ee 
III.Orpbo1ogiq: 8a. 
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INTroDUCTION 

Les cours d-eau et Ie.• valUe3 alluvialss re­
preeentent UR des facteurs dee plus importante du point 

de TUe du d~veloppement hllllain. Sous l'influence du 

changement du r~gime d' eau Ie lit du cours d' eau t'uyant 

dane 1. "alHe alluviale eet ell mouvement continu et 
a' efforee d' atteiDdre I' Hat d' 4-quillbre corre~OJtd t 
.. B. pente, aux J!I.ti~ea eharri4ee at au ma't~ri.el du lit. 

L' ~negem8llt "15 cour8 d' eau et la lutte contr e 
l ea d~g8tlt conmd. par eIl%-memes erigent en g~ntlral. 
certaines intervention8 se fai esnt smUr au fait surtout 
dans I ' aeeeUration ou bi en au ralentissement dee pro­
ceeeu8 nature1•• 

La premiere condit ioD de I ' efficacit~ dee inter­

ventions ~aide dans la connais8mlee sppro1"ondi des 
processus naturale. 

L' amen~e de la glace - se formant sur l es COOTe 
d'eau en hiver - sans degAts est tlgalement un DOti~ 
pour les interventions humainee. 

Au profil des gu~s . 10rs de l'~tiegs d'hiver 

et en conae~ueDce de la forme inconvenable du lit, lee 
glaces flottant es peuvent s ' arrit OU bien 158 prendre 
formant un barrage de glaee qui provoquera Ime crue 
glaciale. 

Je eherehe a parer 8U% dtlgat e due a. la glace par 

Ie d~veloppement dee gues eonvenablee qui peuvent itre 

atteints - outre Ie dimensionnement fai t sur Ie base 
des regularit~s de l'hydraulique - par l'~tabli8sement 

de l' equilibre du COUTa d ' eau. L' emmen de la regularit~ 

des parametres morphologi ques JIl'a preU une grande 

aide dans ce travail. 
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Examen morphologigue du lit dee coura d' eau 

La connaisaance du processus de l'~volution des 
formes naturel les du lit assurerait lea conditione 
morphologiques pour les interventions. L'eau, Ie moyen 
de transport eat Ie tenant de l'~nergie ~roeive &Is foil!!; 
I' envoi, Is !!18tiere eharriie sert direct ement Ie travail 
erol!!i~ et en 88 ~posant elle dirige Ie ruisaellmaent 
dont ~sultent Ie fond de la vall~e alluviale et Ie 
eone de d~Jection 1!I'~tendant sur 1& pleine. Le lit 
eh8D8eent toujours jOtlS CD ro'J.e important au travail 
tormant 18 val1~e; la forme et Ie deplacement du 11t 
d~coulent direet ement es conditions loeales et du 

de~lacement dee IIl8ti8reS eharri'.s. 
' eet l' eau qui d~Teloppe l a serie dee meandree 

qui ne Bent pae fixes en general, evoluent avec Ie tempB 
et modifi ent de cette f8~on la pante du lit , eoit Ie 
profil longitudinal, afi.n d'etablir l' ~tat d' equilibre.. 

La regulari te de I' Hat naturel du fie!JV8 ;. Iit 
chElngeant est Wle procesaus physique complexe dont 18 

d~termination pr~ei ee set impossible sous le eonsid~ra­

tion de ehacun des f8eteur~ l'~uen~ent. 

D' apree n08 observations: 
a.1 	Ie profil longitudinal du coure d' sau tuyant dans 

Ga propre al luvion change entre deux senile COD­

formement a la relation erponentielle Isteroberg/. 
b.1 Ie eeuil d' eroaion influence la ligne horizontals 

du lit la 11il 
c.1 	la longueur de l'arc change agalement avec Ie 

changement de la pente du :neuve; 
d,/ 	il y a une r elation entre l'ondulation du fond du 

lit ~t le rayon dee ares du freuva. Le fond du lit 
est Ie pluB prefend au point culminent du me andre 

et il est Ie pluB haut au point d'int1.erion /FarP)J.e/. 
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La configuration du n euva aat 1a cons~quenclI d'1..U1 

processua d~teTl!linab1e. El1e est poor ainsi dire Ie 

~aultat des dispositi ons naturellea. Ce ph~nom8ne paut 

evoir aD e&rectere accidentel ou b~en peu, e.ra 1e r&­

sultat de l'interaction dee 'Tenements. 
En ~et l ea ph~nom8nes accidentsls ae p~aent 

toujours dens des eireonstancss identiques , eependent 
leur coors sst ~uen~ par de nOlll.brsUll: t'actaurs ayent 

cllacun un eUet moine importaot et inobssrrablea pour 
nous , donnant toutat'oia an autrs ettet 'ensemble a 
cheque 1'ola , ee qui explique lee r4su1tats diff~rent8 

du ph~nollme. Bisn que 1e proeeslN8 se derouJ.e dans 
ses d~tai1a suivant 1e 10i de Ie causaUte, i1 ss ter­

miners de eette tacpan d' une lI8Iliere nous paraissent 

accidents11e at imp~viaibls. 

Comma ja viens de dire, Ie phmamene l'I§auJ.te de 

l!interact i on de plusieure t!TeneIllente dont Ie dt!rou1e­
mant eat innuenee par beBUcoup de tactmre egalement. 

Ayaot determ:ine 1a rel ation dee t'acteurs • 'infi.neD~aot 
reeiproquement noua pouvons pl'l§ juger pour l' iasue dn 

pMnomen8. 

:'e DiveUement hotizontal dee coors d' een, sinai 

que l 'enregiBtr~snt dee donneee de leurs profile 

longitudinal et tren8Teraal , lit du oiveau d ' eBU rendent 

possibl e de det erminer plD.ei eura param.8-tres IIIOrphologiquea. 

Par ls suite j' etudie lee rdsul t ata comme dea 
parame-t rea statiatique8, at'in d' exprillar 1811 obserratiollS 

evee des chi:f'tras • I ' appui, t out en tenaot compte <in 

r aillonnement eequi 8e~ plue haut et recoorant 81lJ[ pU BE 

resumer en ce qui suit. J'ai approche l'~tat d' equli bre 

du lit de :fleuve par des relations me themati quee d~nt lee 

resultats m'ont donn' des indications sur la ~thode 

de l'am~e de la glace sans dommages. 

1./ Les parametres determines cOlI!IDe Uemente IItatiatiques 

52 llantuano, J. 

http:l'I�auJ.te


peuvent f ormer une relation de r4parti tioD • un variable 
ou a dsU% vari~les, ou bieD une relation de Ngl'esGion 
a del1% ou ;. pll1sieura variablea. 51 lee ~l'm811ts ate­

tistiquea aont ind~pendanta, noaa avona atraire ;. una 
~partition • variable de probabilit~, ei par centre 
ce~i ne le sont pas, on peat 8I1ppoaer une relatioJl 
math~matiqus. J' ai 4tud4 l' iru:lepend8Dca par teet non-pa­

rametri que des bypoth.see statistiques, c ' est-l-dira 
par Ie teat ~... 
2.1 C' est .!'!I.Ir Is base des tes18 des hypothese. que je 

vou1ais dHerminer Is ~gularit~ dee He.aenta etatietiquea. 

Panni noa neUYee fOnD8.llt leur IIt librement c ' eet 

au fait a Drsve qui a gard~ Bon e"tat naturel juequ' 8: 
nos jour.. !Lee travaux de regulariaotioD unitaira ont 
He int errocpU8 en 1915 et ce n ' eat qu' une aection de 

70 km environ qui eet reguJ.ariet1e sur la longueur de 

240 km/. 
SUr nos Batres coura d'ean la regularisation peut 

etre conei<Mree coll:llle presque terminee• .Allssi etudie-je 

una oeetion de la Drsve lentre Bares et Ortiloe/, une 
aeetion de 10 lin du Raab, en aval de Nick, airuli que 1& 
section du Danube s ' etendaDt entre Dun~ldT&r at 1. 
frontiers 8Ud du P8J"8. Par 4!et e.nmm je deei re aoa.l.igner, 
a quel point eet-il neeessaire de eonnaitre l es relatione 
Olorphologiques, pour POU'l'oir et ablir I' etat d' ~quilibr8 
d'uo fl euve at pour poU'l'oir lutter contr a lea d~gite 

c8U8~a . 

J'ai ~tudi6 les r~gularit~s admiS8S 

a/ 	entre l.a distanc e /XI me~. du seuil auperieur du 

fleuve e-t I ' 81titude au dell8us do niveBU de Is mer 

du fond du coura d' esu IYI 
bl 	entre Ie rayon du fleuve IRI at Is longueur de l' arc ILl j 
el 	entre Is distance meauree dll aellil superieur du neuve 

/XI et Ie rayon /R/ et la l ongueur de I' are ILl du 

neuve; 

dl 	entre 18 difference de prot'ondeur de fond mesur1!a 

au point d'inflerion at su point eulminant dll uandre 
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d' SlllDot de celui-ci /h/ et entre le rayon /R/ at 18 

longueur de I' are ILl dn ~andre d' amont de l'inf'lerion, 
par I e m~thode de la etatistique math~mstique. 

Outre la IlUppoaitio.n des quatre relations de Clare­
metres l'examen permet encore plusieurs pos8ibilit~a 

d'etude que je ne peut traiter ici, vu Ie cadre r eat reint 
de cette etude. 

Lea ~su1tata de tests des hypotheses d'independanee 
figurent dans Ie tableau I. 

Tableau I. 

RESULTAT DE L' EXAMEN DE L' INDEPEtIDArICE 

?arametres nrave Rasb Danube 

r-x '4,27 $ 57,1' J 95,72 J 
R-X 57,42 $ 74. 47 $ 96,28 • 
R-L . R 
All: - L 

27,1' $ 
41,17 J 

' 6, 41 $ 

65,17 J 
97,01 $ 
98, 2., $ 

~ -i 40,9' $ 65 , 2 % 96, 57 % 

Crit~e: Au desaus de 95 J les coupl e. d'el~ents 
aont tnd'pendanta. 

Conelwlione 

SUr Is base des ~sult8ta de l'examen de l'ind4­
pendan~ OD peut etablir que sur 18 eection etuctiee de 
la Drave jt du Raab i1 '1 8 une relation entre les para­
metres lIorphologiques dont il ~sulte que Ie pM nomene 
s'efrectue eontormement 8 la 10i de la cauBalit~ tout en 
maintenant une relation entr~ les ~eultats inf1uanc~a 
oar me ints facteura. 

La section consideNe de la DraYe 8 gardtS 300 etat 
Lat urel jusqu'. noa joarsi pea d'ouvragee de ~gulariaa­
tion ont ete conatruita /seulement 6 lea ~gularie4ea sur 
80 b&/ Uchant egalement de fixer I' etat naturel du neuva. 
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Le r~su1tat de l' eDllll8n de l'ind~pendance rtfi.ete 
sassi ce fait, ~tant do~ que parmi les trois cours d'eau 
ce sont les par6metree morphologiques mesureee sur la Drave 
qui dt'lmontrent la meillellre relation. 

En t~oignage des observations eystt'lmatiques a' eft'eetu­
ant depuis 1876 sur 18 section 'tudi~e de 18 Drave des cruea 
provoqueea par des embBclea ou dea barrages de glace ne se 
sont pas produi t ee. 

L'int erventioD humeine n'a pae exerct'l une influence 
nuisible 1'~t8t naturel de Ie section de 10 km du Rasb 

ee qui est exprimee egal ement par I e pourcentege favorable 
de la relation de dependence. On n 'a paa enregi etrt'l dee 
craea c8us~e8 par l 'emb§el e ou dessbarragea de glace. 

En cas du Denube l ea parBllletra."lIIOrpho10giquee sont 
indt'lpendante dont 11 ~sulte que l' evoluti on du ph~nomaue 
n' est pas dirigee par 18 l oi de la causalite , maie par des 
evenemente semhl ant aceidantels. ctest-s-dire l'ettet de 

18 ~gulari8ation a un aspect f ortuit. 
Lee travsux de regul ariaat ion eftectuee eur I e 

section etudiee du Danube ont about ! a troubler l'etat 
,, 'O'Squi l ibre c e qui est epp~ de l' indep endanc e des para­

m8tr&e at usei d 08 cruea gl aci ales r evenues 15 :fola pendBllt 
lea 80 ana paase s . 

Lea cruea ont ete ceueees par des embscles at des 
barrages de glace. en sui te des mauvaia gut'ls ou bien ~ 
Ie manque d'barmonie entre Ie r ayon lit 1& l ongueur d' arc 
inconvenable. 

Sur I e Drave et I e Rash ont peut e:uppoeer I ' E!q'~ilibre 
din6ll1ique du neuve vu que lea regulari tea observ4ea e 
font valoir sur I e n euve courant dEID8 B8 propl'e alluvion 
et 1& relation peut etre exprimee par voie mathemetiqua. 

Parmi l ea einq '80rtes da fonctions etudieas en vue 
de determiner la relation entre lea phenomenes naturel~ J 

j'sccepte celIe qui de~ontra un minimum d ' ~cart ent re lee 
valeure cBlculees et ampiriquils. Cetta condition 8 ~te 

satisfBite par la relati on 7 • aebx dont les constanta 
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dlSteTmi.n4e t1~t dIIIl8 18 tablelD1 II , sou l'indication 

du vallrlll'8 de regression. 

!abl e.u II. 

DraT. Baa.b 

a b ltl b lrl• 
Y r 122,28 -0,00'30 9'l,22 1,s,2 ~,OO624 82,17 

11 r ~.s7 0,,009'5l eo,80 1962,0 -o,,~ 67,12 

11 L 187.-27 0,00018 98,28 1:57,72 0,022 T7,78 
b h RIL 16,48 0.002l. 68,72 0,7'l9 0~501 78,27 

h QIR (,nS 1,098 9',n 2~4 0,8602 74:,12 

'renaat compte d-. relati~, il peut Itre Iitabl1 que 
soW! I' effet dee eml B, Ie ~ dee llll!iandree change Ie 
long du profll l ongitudinal, maie \me relation 4troita mata 
en mam. tempe entre Ie ~n 4u. lIIIeBEJ.dH et 1a lcmgneor de 
l' are•. Le ~n 8t l a longueur de 1':' ere du I§and:ra ~u8Doent 
la difflirence de 18 prcf'oIKIeur de :t"Ol1d aeaari. au point 

oulJainant de l ' arc at III point d ' i.n:naxion, c' est-~ 

I' o~dIllation de la l igna da f'tmd. Le ~bi t s' ecouJ.ant, la 

longueur de I' are et Ie pl W1 gI'8D4e pr0t'0n48!Jl' d, • ean 
lletlllNe 811 point cnlDrlnant au. usu!N lIont eo relation etroite 
egal_ant. Par ca. que1Qu.. IIIO t ., .. l' .ppui dee " 11\111;at. 

du tabl88D II: j' ai voulu eouJ.ignC' la eomplaxit' du lit 
:forM par Ie fi em-a que j' ai eharehar e apprccher par Ie 

determination de. rel atione entre 1eB couples d ' U Rente 
~oMtriqu_ enetant dane oe ~gime. 

Si, lore da 1a ~gulariaatiOD uoua nligligeona l ea "­
gnlarite. oorreepoDdaat 8 l'equilibre aorpho10gique, e e1a 

amme a I. :formation de . maUTsia sue••t dae licueil.s qo.i 

peuvent arrater lae glacee nottant ee lore de l'etiaga 
d'hivar, tout en proyoquant dee CNAt8 glaciale. /crue 

d'hiver sur Ie DenDbe en 1956/. 
La mille en jeu dee parametrea morpho1ogique. permet 
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d' in:tl.umcer IIWmtageusemmt l' 'coul_mt de la glace sms 
digita pour l"tiage d'hivvr. 

SUr le baae dee ob.er"1ationa le M1 n i!IIIDI du matelae 
d'.au n4ce8eai~ est conan pour assurer la descent. de la 
glace 8IIIl8 a'g8ts. 

Dana 1e C81'! du Damlbe 18 .elation entre la8 parametrea 
morphologiqu8. dl!mont1'9 le 1II8Dque d' 'quilibra ca qui aD:lnt 
la d~te~tiOD dea relatione. Ce. der.oi~aa decennia. de 
nOlllbreu% nivell8lllants ont 'U fBi ta sur l e Danuba C8 qui 
rend possible d' 'tabUr le relation exprim.abla lIlatMmatiqua­
ment entre 1ea parametr8a d~tarmin'a aur le base da ceux-ci I 
at d' ei":rectuer une intervention BTent ageuae du point de 
vue morphologique. Un emmen de ce earectG-a a ~t~ effactu' 
sur 1e Drave. J' ai au l' occasion d' 4tudier las enregistre­
ments de si% ~odes de 1842 juBqI1' S l'haare qu'll est, 
at l ee r~au1tat8 obtenua ont d'montN 1m ~cart de 10 $ das 
paremetr8a indi ~a au tableau II. Pour 1e ehangement du 
profi l l ongitudinal j' ai ~tebli une l'\!gulariU s'pane. 

Par ce court rapport j ' ai t&cb4 de aoutenir qu 'i1 
4tait possible d' approeher l"quilibre dinamiqu. des t1eava. 
par des eDllletls lIIorpb.o l ogiquos at d' efieetuer des inter­

'l'entions ef'f'ieeees par eetta 'l'oie ~gal.ement. 
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ABST ltACT 

In order t o increase water power for ice passing-through 
and eat8bl iahmen~ normal conditions fo r navigation, canali ­
zat i on of t he Kuxa and Arak rivers was carried out . 

Canaliza tion was carried out by means of p i oneering bed 
establ i s hment with i t s subsequent erosion by wa ter power. 

The resul t s of f ie l d bservationa and theo re t i cal gene ­
ralizations are given in thi s paper . 

A l arge area of the r iver was embraced by the field ob­
s e rvations, efficiency of canalizat ion on water level re­
du c t ion( on ene rgy incresse)and the new bed stabilizat ion 
we re revealed, the re l a tion between canalized bed and hy­
draulic e lemen~s ot s t ream was e stablis hed. 

tabilizat i on condi t- iona of canalized bed were revealed 
by t he t neore.ical invesigationa. 

,0HHAIftE 

Au but de l 'augmentation de l ' energie d' eau pour trans­
mission la glace e t pour e t ablir le s conditions normales 
pour la navigation dana l e s f leuves ioura etArax, on a 
canalise leurs lita. On l ' a canalise a l'aide du lit pio­
nnie r ave c l ' ero a ion suivan t e par l'energie d 'eau. 

Dana Ie rapport on donne les re Bultats d~ B observations 
dans Ie na t ure at des 80mmaires theorique. 

Un gr ande re~ion du f lauve etait embras s e par l'observa­
tion de llal;ur·~,on regla i t l 'effectivite de l a canalisstion 
de Ie d imunution du niveau de l'eau ( l'augmentation de l'ener­
gie) et de stabilisation du lit niveau; on a etablit la 
correlation du li t canalise avec les elements hydrauliques 
de Ie fo=e et des conditions de la stabilite du lit c.ana­
lise. 

00.59 
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'fh e Kura and Araks rlvers on t heir way from sources to 
mouth Qake much work washing away t he i r beds in the uppe r s tream 
and deposi t ing erosion product s in the lowe r s tre am. 

As a result of centu ry-old wo r k on soils transpor t from 
the upper sections to the lowe r ones, the rivers of Azerba i j an 
run on cree ts of the ir own depos i t s. 'rhese ri ve rs in t he ir lower 
reaches are characteri zed by heavy-deve l oped meandering. One 
meander f alls on eve ry 5km of the Kura river ieve l ope d profile. 
Approximately 88% of t he to t al river l ength the strsam runs 
in t he sinuous channe l of h ighly i rregular shape in t ne plan.
The rivers sinuosi t y i s charac t e r ized by sinuosity coeff icient, 
equaled to t he ratio of bend along channe l ( L ) to i ts l ength 
in direct line ( e ) : L 

K"'=e 
According t oll,the Kura and Araks rivers sinuos i ty coef­

fici ent s were calculate d. they are equaled to 2.2 and 1.7 /1/, 
respect ively.

The Kura an Araks rivera meanders ,sometimes of great­
ly smal l radius, prevent drif.ing of i ce, creat e i ce-blocking 
and prevent t ne normal condit ions f or navigation. In the flood 
~ne s e meande rs, cre a t ing a f l ux, promote wat or levels increase 
in t he r i ver. Water ove rflows the banks and subl!lerges the ad­
joining f ertile soils. In ordo r to increase waeer power for ice 
passing- t hrough and to r establishing normal conditions for navi ­
at i on, canaliza tion of the Kura and Araks beds 'Iae carried out. 

"hec cll...I'Hl lizing the rivers l7e vlere seekin!; t o : 
a) cn use correctly :uc rou tes of canal j zed section 

in ,he plan; 
b) f ix t he smalles t ini t ial sec t ion of pioneering canal 

wi t h .he following wa t er powe r use for f urthe r rive r bed wash ing 
t o let paa s the t ot al wat er discharge. 

r o provide with these requ i rements when deSigning, it' s 
necessary to guide ?lith the f ollowlng proposit i ons ; 

1 ) r he new bed tracks mus t connec t river poo ls, whi ch 
protects t he depths maintaining and leads ,he bed af te r its 
tornation to the type of r i ve r pool sec t ions. 

2) In order to prote c t banks s t abi l iza tion , the new bed 
t rack must repres ent a slightly bent curve of a l a r ge r adius in 
the plan.

3) The new bed axis must be smoothly s i ded with the 
axis of adjoining river sections. 

River canalization was carried out by me ans of their 
bends linearization;A simple bend 8S we l l as a comp lex one was 
1inearized. 

We' ve carried out t he prolonged fie ld obse rvations on 
canalized river sections. The brief invest iga tion results on the 
rivera Kura and Araks are given below. . 

The 	 observations include the Kura river section in the 
lower stream of 600km length and the Araks river section -50km. 
78 bends were linearized in total. 

/1/ 	IBAD-ZADE Yu.A. Opyt borby s navodneniyami.(The exper ience 

of flood-fighting) Izd.Akad.Selskovo Khoz.Kauk AzSSR,Baku, 

1960. 
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Rivers canal izat ion was carr1.ed ou t by means of explo­
sion for election and creat i on the pioneer ing canal of 10-30m 
in width and 2.0-4.Om in depth along bo.tom. T~ which is ne ­
cessary for new bed deve lopment was de te rmined by us ing t he 
formula: 

t = 	 W'p = r \JC/p 
We Zf, 6.ii?({k Qo) 

'«Ip 	 - washing vol ume ; Wc - average daily washing;.? =.?,. -P" 
-additional streaa t urbidi t y at the beginning of l washing ; 

ftp - st ream ransportat i ng capac i ty; ..Po - t urbidit y in 
t he conditions of lif e ; Qn - discharge a t the beginning of 
washing; Q 0 - average annual flood discharge at the end 0 

vlashing.
Transportating ~apac i ty of st rsam is determined ac cor­

ding to t he fc1rmula &. 12/ 
3 

'1(> =cA./Jwo 
1 - bed res istance coefficient; ~ - parame ter.depen­

ding on energet i c st~cture of the stream; Wo - average 
set t ling ve l ocity , estimated according to t he data given in 
our paper,/31 

~aahing intensity in time a submit ted to Pearson ~urve, 
type yefig,1),

Tbe investigations 9h-.J ',"l-d ,hat ;;i t .::: prescribed require­
menta the ,.i.c n~ c in canal cO!Ilple:e:j' :lSkes the way for water 
discharge in ' -1,5 ~ears of operation. The expe rime ntal dat a 
treat":'1nt , given in Pig.2, showe ,hat in ca:l.Sl i zed bed fo r ­
mation t wo periods are obs erve d , 

Pirs t - from the momen t of new bed action t o the oeriod 

wben its cross -sections reach the dimensions ,compl ete l y'pas­

sing the river discharge ( right branches of the c~es ).At the 

first peri od as washi~g bat too and banks , carrying capacity is 

increased and hydraul i c e l ements in i t are et eadily rised. 


Se cond - corresponds \'." -h t he l eft branch af the curves, 

where hya.raul i c e lement s 1oc_ :1!le occ'.lrs , owing to the new be d 

f ill ing and t he cross-sec . ions ;end '0 s,ab l e cons e rvat ion , 

The aeCOLQ pe riod ::orre 3por.lis 'li th the ':-oroe d new bed, This 

circumstance i s c onfl:_~d by ~he cu=ve of energe tic stream 

characte r ist ic ',vite "':?_hing :.. fig . ), v:here a t the ini~ ial 

period 0 s l ot developoent w~th the incre3Be of washing value 

roude IlUIIlbe r is intens i';e l y increased and then becoming mo re 


gen t l e, asymptotically appron~ the abs cissa axis. (,roude num­

be r f't. = tf:p ). ':'hi5 c ircumst ance indica tes that :he total 

st ream power >vas ooent f or be d f o:nnat ion, 


T e inte:ls ity of s-: r eam hydrauli l: elements formation 

in time i s represented in Fig.4. 


/2/ 	IBAD- ZADE Yu.~ . ,NURIEV eR.G, Raschot o tstoLnikov(~ettlers 

design ) ~•• 3to i izdat,1,71, 


131 	 rEAD-ZADE Yu, A"A L13V R, O, Srednyaya gidravlicheskaya Krup­
nost chastits nanosov(Average set t l ing velocity of sedi­
ment particles) B.,Trudy Bak . fi11 ala VNII VODGEO ,vyp.YI,1971 . 
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It 's known that with stream divarication, one of the 
distributa~1ee t akes away the main mass of bed loads. Loads devi­
ate ~to ~ae ol d bed; this considerabl y causes its disappearence . 
The i nve tigatione showed tha t maximum aggradation of the old be d 
occurs, when 75% of water discharge passes through the new bed. 

/} ,at er discharge dependence of the ne. ( Q n ) and t he old 
( "{p) channels upon s treams width ill the ol d and new beds is ex­
xpres sed bJ t he experimen t 1 relationship: 

: == 2 ( ~n)o.s 
So it ' s quite natural a question Wit h wich relations will 

the total discharge be pass ing through the new bed? The experi­
ments showe d that with t he relations Cis = 0.7-0.8, the total 
discharge passes through the new be d. BeSides, the experiments 
gave the opportunit y to establish t he connections between t he naw 
bed clear opening ( GU ) and hydraulic radi us ( R ) from water 
discharge which a re expressed by the fo rmulas: 

p q O,Z6o ::: 16. 4 

Q8v _ ~ 

LV 3.2q ( forQ< 42::mr /sec ) 

~6"8 
8. 6 q (for q ;> 425u?I s ec) 

qS"l­
= 0 .48 Q (for a> 9O<Jm"Isec)' 

/) Q1,l6 3 
0. 8 ~ (for tl~ 900m Isec) 

~'he invest i gat ions carried out, allowe d to observe the 
reduc t ton of flood wat e r level. Comparison of water level note 
in the initial line gauge before and after cenalization is a mea­
sure of level reduction. The level notes of the same discharge 
are subjected to comparison. Since canalization of rivers was no t 
complete but with ~ap s . i .e . there were some river sections of na­
tural condition, the l evels reduction was calculated for these . 
sections, too. 'l'he coincided curves of the levels due to wate r dl.s­
char@.e, showed tha t with river canalization, level reduction in 
separate sections range from 0. 5 to 1.0 m. 

The theoretical inves t igatios described i n our papera/4, 5/ 
proved t hat hydraulic elements of bed mal be expre ssed by the 
formulas: 

v:idth along water edge B =Zhm cif ;­
-4-' h Z r",,(clear opening area of stream W = 3 m c,<! T 

/4-/ rBAD-ZADE Yu.A.Gidravlika spryamleniya izluchin rek(Hydraulics 
of river bends linearization ) B.,Izd.Ak.s/n AzSSR,1961. 

/5/ IBAD-ZADE Yu.A.,KIYASBEILY T.N. Formirovanie rusel rek (For­
mation of river channels) B.,Izd.AN AzSSR,1966. 
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2 h ,,'-'1"
hydraulic radius Ii ;: J ", 7 

a -, 
max:iJmlm depth h =QS66 ;r ".fA.,(. 

m ~ v"1'7Y 
zr,,1. z 

hydraulic gradient J=t tiS[hm~)Jt33'f 
where h m - maximum depth of stream; 'f' 0( - an angle of 
tangent to water edge line; c(. - a half of central angle, 
formed with circuit radiusJPerpendicular to tangent cu~s with 
water edge line, where "'- =.,(. ( in radians); 11:,1' - nonscou­
ring velocity; Cfl' - computed discharge; If - an angle of hy­
dradlnamic slope stabilization. 

Construction of stable bed shape must be carried out 
according to the methods,given in our papers 14,5/. 

CONCLUSIONS 

Field and theoretical invesftgations of the Kura and 
Araks rivers canalization showed their high efficiency in 
pressure ice-fighting, development of conditions for naviga.ion 
and flood water levels reduction. For river canalization de­
signing and hydraulic bed parameters determining, the corres­
ponding methods of computation are recommended in the paper. 

63 IBAl>- ZAJ)E Yu-A _ 



I \ 

1lo 

, 

1 

~ . 

I 

.~ 
l 
<S, 
<:! 

§ 
<;... 
~ ...,, 

"I~ 

.• 

I 

~~~~..., 4 fJyt~=~ ~ Q 

.. 
I 

\, 
~ 

"\: 1 
I 

~ 
,,>', . 

~ .. 
~ 

g'i 

~ 
I I' I ., ,-::... : " 
I I 1-,....,;11 

I ~ 

c: 

I i 
r 

~ .j 
'!,. ! 
.j ~ 
i~ 

I< 

'3 
d) .. ~ ~ ~ 

~ :i QoS~ : : ~ 0 :t~'! ~Q"" 

IBAD - ZADE Yu. A 

J 



lAIIR/PIANC IAHR/PIANe 
International Association lor llytirauJic Reeoarch 

SECTIONS FOn F'L~IAL HYDRAULICS MID FOil ICE PROBL~ 

Permanent International Association of Navigat10n Congresses 

SeCTION OF INLA1<'U NAVIGATION 


INTEl/NATIONAL SYNPOSlUH ON [UVEI1 AND ICE 

Butiapell t 1974 nungaTY 

HYD RA ULICS OF RIVER MORPHOLOGY 

FOR FLOW WITH Ac"i ICE eOHa 


S.P. Chee 
Professor of Civil En gin eering 


Univer s it y of Windsor, Wi ndsor , Canada. 


t\nS 'I'ltACT 

I n v e s ~ j g a t i on 5 we r e ma de t o study exper i men t a lly 3n d analv t i ­
cally t he evoluti o of s e l f -forme d sed i men t be d, . flaK d epth~ an~ 
be d s l opes o f s tream channel s I-:i th an ice cove r und e~ aggrad ing 
hydraulic condi ti gn s i n open chan n!l flo w s uch as occu rri ng ~n 
ri ve rs , res e r voi r s and l akes . fhe so l ution of prob l ems in vol v i ng 
th e t ran sp o rt ati on of sol i ds in channel f l ow r eq ui r e - th e us e ~ : 
a fl ol\' res is t ance equa t i on i n c on junction I,jt h a 5:1 cis t ra ns port 
fo rm ula wit h d ue re g:lTd t o the bed ge ome try . An a l y t i cal m. ~h oc s 
base d on th is princi p l e have been Jtil i ~ ed to study ri , . r morph­
o l ogy wit h an u['pe r i ce coy r constrai n t. The J ,: charge O !- i ce 
beneath the cove r was s i mul a t e in th e laborato r ' us i nG po ye th e l 
ene pelle~s . Hydrauli c mode ls serve d to verify t he t heo ry . 

!lOHHAlflE 

Des recherches exp~rimentales et analytiques ont t t e faites 
pour etudier l' e volution des depots sedimentaires, de la profond­
eur de l'e coul ement et des pentes du lit dans des cours d'eau i 
ecoulement libre tels que les rivi~res, les lacs et les re servoirs; 
quand ils s ont recouve rts d'une couche de glace et dans des con­
ditions d'alluvionnement. La solution de probl~mes impliquant 
Ie tran s port de solides dans un c ours d'eau exige l'emploi d'une 
~quation de la re s istance ~ 1'{coulement en rapport avec une. 
formule de tran'~vrt de s solides en tenant compte de la geome~rie 
du lit~ Des methods anal y t i ~ u e s fondees sur ce ~rincipe ont et~ 
utilisees pour etudier la morphologie de la rivi ere cor.trainte , p~r 
une couche de glace. Le fleuve de glace sous cette surfa c e a ete 
simuli dan s Ie laboratoire par des boulettes de polyetheline. Des 
modeles hydrauliques ont v~rifie la theorie. 

65 8 ~ 



INTRODUCTION 

In colder climates, ice covers often form in rivers, reser­
voirs and lakes over a large part of the year. The extended per­
iod of time of the presence of these ice covers together with 
their considerable thickness often cause important morphological 
changes in the river system. 

Sediment deposition patterns and channel scouring character­
istics would be influenced by the ice cover besides the discharge 
capacity and river water elevations. In the more severe cases 
where the stream is shallow, the stream channel could be frozen 
over its entire depth. If hanging dams (1) are formed, their 
oresence would aggravate appreciably stream flow conditions. 

This paper describes the study of the evolution of self­
formed sediment beds and the manner in which an ice cover influ­
ences their formation. 

EXPERIMENTAL PROGRAM 

The profiles of sediment beds formed in stream channels were 
observed in a series of hydraulic models. Sediment beds were 
formed by feeding sediment at the upstream end through a calibrat­
ed hopper. Two uniform sizes of quartz sand of specific gravity 
2.65 with mean diameters of 0.20 mm and 0.60 mm were used. To 
simulate the ice cover and ice discharge, polyethylene plastic 
sheets and pellets, which have a specific gravity very close to 
natural. ice, were used. 

Water was supplied from a head tank connected to an inlet 
channel which could be varied to observe the effect of different 
entrance conditions. A centrifugal pump-motor unit circulated 
the water which was measured by means of a triangular notch. An 
outlet weir controlled the water elevation. Point gages located 
above the channel and over stilling wells were used to measure 
water depths and bed slopes. Bedforms and sediment configurations 
~ere photographed after bed contours were properly defined. 

BED EVOLUTION 

A simulated ice cover of polyethylene plastics was first 
formed over the stream channel at a steady discharge. Sediment 
in the form of quartz sand was fed into the channel from the up­
stream end from an elevated hopper through calibrated openings. 
The sediment initially accumulated at the inlet until the entire 
width of the stream is filled. When stable hydraulic conditions 
were achieved, sediment bed load was propagated as sand waves at 
the top and deposited on the steep leading face. Topset and 
foreset beds with a lesser amount of bottom sediments could readi­
ly be identified (Fig. 1). The stream was able to self adjust 
itself with respect to its flo,"" depth and bed slope but with its 
sides constrained, and, hence, possessed two degrees of freedom 
(2) . 

Bedforms were also observed and the manner of determining 
their formation was explored. The ability to predict the type 
of bedform associated with any flow condition is essential in the 
utilisation of the bed transport and resistance equations to cal­
culate sediment discharge and other hydraulic parameters. 
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Considerable research (3, 4) has been done to study the 
physical state of the bed for given flow parameters. A well 
known method is Simons' diagram ( 4) relating bedforms to stream 
power and grain diameter. Stream power is defined as TV in which 
, = shear stress; V = mean velocity. 

BED LOAD T~~SPORT EQUATIONS 

In computing sediment discharge, flow depths, and bed slopes, 
it would be necessary to have a bed load equation besides a flow 
resistance relation. Three better known equations which could be 
used for this purpose are given in Henderson (5) and Brown (6), 
namely: 

· .. (1) 

)3 · .. (2) 

· .. (3) 

in which q = unit sediment discharge; T = shear stress; T 
critical sshear stress; S = specific g~avity of sediment;C 
q = unit water discharge; Sy • specific weight of water; g ~ den­
sity of \;ater; d = grain size; G = sediment parameter. 

Eqs. (1) to (3) were evaluated from laboratory observations. _ 
Kalinske's and Einstein's equations were found to give better 
correlation than the Shield equation. As the Kalinske equation 
pennits greater facility in manipulation, its use is preferred. 

FLOW RESISTANCE EQUATIONS 

Boundary shear resistance can be determined by using equa­
tions specifically derived from laboratory flumes with mobile beds 
or from rigid boundary open channel skin friction formulae modi­
fied to take into account the bedforms associated with the flow. 

Liu and Hwang (3) developed an " exponential type of resistance 
equation based on laboratory observations using erodible bed 
models : 

· .. (4) 

in which the coefficient C and the exponents x and y assume dif­
ferent values depending onathe type of bedform and sediment size. 
The symbols R a:,d S denote the hydraulic radius and energy gr.adient 
respectively. 

Skin friction in rigid boundary open channel flow is frequent­
ly determined from the Manning and the Chezy equation, viz: 

Manning: V 1~49 R2/3 Sl/2 ... (5) 

Chezy: V · .. (6) 
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in which V ; mean velocity; n ; Manning's roughness coefficient; 
C • Chezy's coefficient. Manning's and Chezy's coefficients, 
when applied to fluvial hydraulics, are modified to take into 
account both surface roughness as well as form roughness due to 
the various type of bedforms. Einstein and Barbarossa (7) post­
ulated that the hydraulic radius R can be considered to consist 
of two parts, R- and (R-R-) in which R- represents the value due 
to surface roughness; (R-R-) denotes the additional portion of 
the hydraulic radius due to moving sediment beds. 

Doland and ChOl,· (8) made use of the concept of the dual func­
tion of the hydraulic radius in extending the role of Strickler's 
expression for Manning's n (9); 

n ; oj> (~) kl / 6 ... (7) 

"he re oj>(R) - 0.0342 (8)
f - (R-/R)2/3 .,. 

in which k ; roughness height. Substituting Eqs. (7) and (8) into 
Eq. ( 5) gives: 

v ; ~ (R2/3) CR -/R) 2/3 Sl/? • . . (9) 
k 

Eq. ( 9 ) becomes a mobile £101" resistance equation. Curves of 
va lue s 01 (R-/R) were presented by Chow (9) as functions of 
(R/ k 5) 1 3 and (k / RS) where K and k3 denote grain si ze just 
larggr than 65% arla 35 % respect:~ ~ e lY of ~he material deri v ed from 
a mechan ical ana Iys i s curve. 

Richardson and Simons (10) utilised the Chezy equation an d 
ex tended the coefficient C to conform with different types of 

e dforms much in the same manner as suggest ~d in the derivation 
of Eq. (9). Based Oil extensive laboratory flume observations, 
the reco mmended v a lue for C for dunes is: 

C D ARS 1/2;m ; 7.4 log ass (1-""""RS) ... (10) 

in which D ; flow depth; d ; grain size just coarser than 8S% 
of the material obtained f~~m me chanical analysis. Roughness due 
to be dforms is accounted for in 6(RS) whi ch denotes the increa se 
of RS. Substituting the value of Chez y 's C from Eq. (10) into 
Eq. (6) gives; 

D ARS 1/2 l/Z
V ; 7.4 gl/2 log - (1- -RS) (RS) ... (11)

d 85 
The determination of A RS from the parameter RS can be obtained 
graphically (10) or from the empirical relation obtained from the 
~ raph: 

A RS ; 0.875 RS - 0.0001 . ... (12) 

BED CO~FIGURATION 

The mean bed slope of the sand waves, under steady state 
transportation of bed load, can be determined by using simultan­
eously a solids transport equation in conjunction with a boundary 
resistance equation in which form and surface resistance are both 
considered. Kalinske's bed load equation Eq. (1) has been used 
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succe s sively "ith the Liu-fh<ang Eq. ( 4). Doland-Cho,,· Eq. (9 ) a . J 
Richardson'Simons Eq. ( 11) in analysing the experimentally o bs ~r ' 
ve ri ceJ slope s . In formulating the energy s l ope equation fr olll a 
combination of tile transport and res is tance functions, the she ar 
stress is given by : 

' 0 ~ yRS · .. (13) 

The slope relationships obtained in thi s manner are: 

Kalinske·(Liu-Hwang) : 

· . , (14) 

Kalinske-(Richardson-Simons) 

K2 (0' . 0001) Is ~ · .. (lS)R 

wh e re · .. (15A) 

· .. (1 SB) 

Ka l inske-(Doland-Cho") 
15/4 8 / 5 

S ~ [ O. 218 qs d ) 1 · .. ( 16 ) 
--'i~ 

k l / 60.0342 

The slope equations give n by Eq s . (1 4), rr S ) and (1 6) "'ere 
ev aluate d by comp aring t hem ~ i th the o~serve d bed slop ~ s in t he 
channe l where a simulated i ce cover of uni f orm th icknes s "as f orm­
ed. The Kal i n ske - ( Ri .:1 a rd s on - Simons ) Eq. (15 ) " as found t o gi ve 
the es t correlat ion follow ed by Kalinske- (Liu-l h'an . 1 Eg . (1.1) 
and Ka l inske-(Dol and-Cho,,) Eg . (16). 

Bed forms ob se r ve d i n t he labora tory fl m ,.ere mainly unes 
with so me ri ppl e s . The method of identi f ying be df o rms bv ap lica­
tion of Si mon s' diag r am ( 4) us i ng stre am pOl,er an d gra i n di am ~te r. 
a ltho ugh did not gi ve t o t ul agre emen t wi t h obs e r va t i ons , it W3 S. 
howe e r, encour ag ing. 

CO\Cl.US 10NS 

E'-l. (15). obtained i rom a combi nati on of the Kalinske oed 
load fun ction and the Richardson-Simons r e sistance equation, des ­
cribed adequatel y the bed slopes observed in laboratory stream 
flo\,s with a si r'l la ted ice cover. 

The application of -imons' diagram relatin g str",am pO"'er and 
grain d i ameter to pr edict bedforms did not correspond completely 
with ob se rved bed configurations. However, s ufficient agreement 
was observed to indi cate that the criterion sho"ed promise. 
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FIG. 1 SCHEMATIC DIAGRAM 
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ABSTRACT 

The stream channel is constricted when spur dikes and bridge 
piers are placed in the waterway. In northern climates, temper­
atures are sufficiently low to cause an ice cover to form for a 
considerable part of the year. This paper deals with the study 
of the effect of an ice cover on the erosion of the river channel 
which has been reduced in width by the presence of engineering 
structures. Analytical and experimental methods were used to 
derive the dimensionless functions. Polyethylene sheets and 
pellets, which have a specific gravity very close to natural ice, 
have been used to simulate the ice cover and ice flows with quartz 
sand as the bed material. The results would be useful in design. 

,oMMAInE 

. Le cours d'eau est retreci quand on y insere des digu, 
eperons et des piles de pants. Dans les climats du nord, une 
couche de glace recouvre l'etendue d'eau pendant une grande partie 
de l'annee. Cette etude traite des effets de la couche de glace 
sur l'erosion du lit d'une riviere retrecie par des constructions 
mecani~ues. Des methodes expe rimentales et analytiques ont et € 
employees pour obtenir les fonctions sans dimensions. Des feuilles 
et des boulettes de polyethyl~e ayant une gravite specifique , 
presque identique i celIe de la glace nature lIe ant· ete utilis~es 
pour simuler la couche et Ie fleuve de glace. Le lit etait 
constitue de sable de quartz. Les resultats seraient utiles dans 
la preparation de projets de construction. 

73 810 



INTRODUCTION 

In the colder countries, ice covers of varying thicknesses 
are formed over stream channels for a considerable part of the 
year. The uneven and appreciable thickness of the ice as well 
as the long period of their presence, can often cause significant 
changes to the river bed and banks. In the more easily erodible 
alluvial and sand bed streams, a brief seasonal regime condition 
could be attained during the cold period of the year; hydraulic 
conditions prevailing during this time could be critical with 
respect to some engineering structures, such as, scour around 
bridge piers. 

Spur dikes are frequently employed to increase river depths 
for navigation by chanelling the flow through a narrower opening 
to cause erosion of its bed. Another function of spur dikes is 
to deflect the stream towards the central part of the channel to 
avoid scour of its banks. To enable the design of economic spans, 
bridge piers and abutments are used in river crossings. A reduc­
tion of the water~ay area results whenever an engineering struc­
ture is placed in the path of the stream. The effect of this 
constriction would be to cause erosion around the structure, if 
the channel bed is erodible, due to the increased velocities. 
Scour of the river bed and sides would continue some distance 
downstream of the obstruction. 

This paper deals with the interaction of the ice cover to­
gether with channel constriction on river bed geometry. 

EXPERIMENTAL PROGRAM 

An 18 inch wide x 24 inch high x SO ft. long channel with 
plexiglass sides was used to investigate bed erosion around spur 
dikes. Plywood was used to fabricate the spur dike models. 
Eccentric single spur dike layouts protruding from one side and 
twin symmetrical configurations were used in the observations 
(FIG. 1). 

Polyethylene sheets and pellets with specific gravities very 
close to natural ice were utilised to simulate ice covers and ice 
discharges. A 10 inch thick quartz gravel bed was provided to 
study bed erosion. The uniform gravel has a mean size of 1/8 
inch, a specific gravity of 2.65 and an angle of repose of 30 
degrees. 

Water was circulated by a centrifugal pump-motor unit and the 
discharge was measured by an electronic flow meter. Clear water 
was used in all the experiments. Point gages were used to record 
water elevations. 

ANALYSIS 

For the case of flow with a free surface without an upper ice 
cover, the parameters which influence the maximum scour depth, 
D (FIG. 2). around the spur dike for a given bed material can 
bW expressed as: 

fCH, V, g, M, e) ... (1) 
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in which 	 maximum scour depth measured from the 

tailwater to the lowest point of the 

bed. 


H = flow depth upstream of the spur dike. 
V • mean approach velocity 

g = acceleration due to gravity 

9 • 	 skew of the dike in radians referred 
to the centre line of the river channel. 

!of 	 spur dike opening ratio 

Qb/(Qa + + Qc) • Qb/QQb 
Q discharge of the left panel bounded by3 

a the left bank. 

Qb • flow through the central stream panel. 

Q discharge of the right panel.3 c 

Q total river flow. 


Using the Manning equation, the bridge opening ratio can be 
expressed as: 

... (2) 

where A = total f16w area of the stream 

R hydraulic radius. 

Suffix b refers to the central channel. 

Eq. (2) assumes that the roughness and energy gradient of the 
center and side panels are sensibly of the same magnitude. 

By means of the Buckingham-~ theorem, Eq. (1) can be trans­
formed to: 

Om
H = f(F, M, e) 	 ... (3) 

in which F V/.;g-H represents the upstream Froude number. It is 
postulated that Eq. (3) can be written as: 

D k 	 k k 
m C(F) 1 CM) 2 (6) 3 	 .•. (4)H 

The coefficient C and the exponents k, ... are to be determinedk3by experiments in conjunction with sUtist1cal methods. 

RESULTS AND DISCUSSION 

In deriving th.e numerical values of the exponents of the non­
dimensional groupings in Eq. (4), the experiments were designed to 
permit only one term to vary at a time. 

The value of the exponent kl was obtained first b)' varying the 
Froude number over a wide range and maintaining the dike opening 
ratio and skew angle constant. Under these conditions, Eq. (4) 
is reducible to, 
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D k 
m (1 (F) 1 ... (5)H k2 Lwhere C ~ C(M) (e) ~ constant. . .. (6)l 

The value of kl was determined from log-log plots over a range 
of M = 0.50, 0.61, 0.67, 0.75, 0.83 and 0.90 to give kl = 2/3. 
A typical graph of D /H vs F for the case M = 0.67 and 8 = rr/2 
radians is shown in m Fig. 3(A ). 

a similar manner, the values of the exponents associated 
with the dike opening ratio, skew and coefficient were found to 
be k2 = -1 (Fig. 3B), k3 = ·0.043 (Fig. 3C) and C = 2.62. 

Eq. (4) can now be wri tten as: 

... (7) 

The influence of an ice cover and ice discharge was studied 
by using polyethylene pellets and sheets to simulate undercover 
ice runs and cover respectively. The effect of undercover r ough­
ness and hanging dams ( 1) on bed configuration was also observed. 
The observations indicated that the presence of a cover immediate­
ly upstream of the dike had the most pronounced effect on erosion. 
An increase of cover thickness caused additional scour due to the 
reduced flow depth and hence higher velocities. The maximum scour 
depth with an ice cover can be compu ted us ing Eq. (7j in \,hich 
the upstream flow depth is taken to the bottom of the cover. The 
bed profile was very sensitive to an accumulation of ice on the 
approach channel as it caused the velocity filame n ts to plunge 
towards the (,,,d. 

).esearch on the erosion of the stream bed around bri dge abut­
ments and spu r dikes have been made by Laursen (2 , 3), Garde (4) . 
Hedman ( 5). !\.pelt (6) . Coleman (7), Karaki (3) , Liu ':9), Inglis 
(10 ), :-Ieill (11), Shen (12), Khosla (13). Blench (14 j , Gill (15) 
and others. While a theoretical solution of the problem, partic­
ularly for the case when an ice cover is present, has yet to be 
achieved , the work of Shen (13) is encouraging. 

CONCLUSIONS 

Eq. (7) , which is derived from experimental and analytical 
methods can be used to compute the maximum depth of scour around 
a spur dike with an ice cover taking the approach depth measured 
from the bed to the top of the cover. 

An accumulation of ice immediately upstream of the dike has a 
pronounced effect on erosion. 

The presence of hanging dams significantly increased local 
s.cour at the area and downstream of it where these obstructions 
are presen t. 

ACKNOWLEDGEMENT 

The research grant provided by the National Research Council 
of Canada is gratefully acknol<'ledged. 

76 s.P. Chee 



REFERENCES 

1. 	 Kivisild, H.R., Hanging Ice Dams. Proceedings, LA.H.R., 

Vol. 3, Eighth Congress. Montreal, I-SI-l to pp. 1- 5 1-3, 

1959. 


2. 	 Laursen, E.M. and Toch, A., A Generalised ~Iodel Study of Scour 
Around Bridge Piers and Abutments. Proceedings, Minnesota 
International Hydraulics Convention, pp. 123-131, 1953. 

3. 	 Laursen, E.M., An Analysis of Relief Bridge Scour. J. Hyd. 

Div., A.S.C.E., vol. 89, No. HY3, pp. 93-118, 1963. 


4. 	 Garde, R.J., K. Subramanya and K.D. Nambudripad, Study of 
Scour Around Spur Dikes. J. Hyd. DiY., A.S.C.E., vol. 89, 
No. HY6, pp. 23-38, 1961. 

5. Hedman, E.R., Effect of Spur Dikes on Flow Through Contrac­
tions. J. Hyd. Diy., A.S.C.E., vol. 91, No. HY4, pp. 155­

.165, 1965. 
6. 	 Apelt, C.J. and L.T. Isaacs, Bridge Piers-Hydrodyanmic Force 

Coefficients. J. Hyd. Div., A.S.C.E., yol. 94, )io. HYl, 
pp. 17-30, 1968. 

Coleman, 	N . L. , Analys ing Laboratory Meas uremen ts of SCOUT at 
Cylindrical Piers in Sand Beds. 14th. Congress, I.A.H . R., 
vol. 3, pp. 307·313, 1971. 

8. 	 Karaki, S., Laboratory Study of Spur Dikes for Highway Bridge 
Protection. National Academy of Sciences, Pub. 856, pp. 
1-12, 1960. 

9. 	 Liu, H.K. and M.M. Skinner, Laboratory Observations of Scour 
at Bridge Abutments. Bulletin 242 Highway Research Board, 
pp. 69- 77, i 9 6 0 . 

10. 	 Inglis, C.C., The BehaYiour and Control of Rivers and Canals 
with the Aid of ~Iodels. Research Pub. No. 13, Central 
Waterpower Irrigation and Navigation Research S tation, 
GOYt. of India, 1949. . 

11. 	 Neill, C.R., River-Bed Scour. Tech. Pub. No. 23, Canadian 
Good Roads Association, 1964. 

12. Shen. H. 11'., Scour Near Piers. Ri ver ~Iechanics, va 1. II, Shen, 
H. W. (Ed. i . pp. 23-1 to 23-25, 1971. 

13. 	 Khosla, A.N., Bose, N.K. and McKenzie Tay lor, E., Design 
of Weirs on Permeable Foundations. Pub. )Jo. 12, Central 
Board of Irrigation, India. 1954. 

14. 	 Blench, T .• Mobile-Bed Fluviology, University of Alberta, 
1966. 

S.P. Chee 



Q 

SYMMETRICALECCENTR I C 

SKEW 

FIG. 1 LAYOUT OF SPUR DIKES 

FI G. 2 DEFINITION SKETCH 

78 S .P. Chee 



FIG. 3A 

2.0 
0 

Dm/H vs F 

D 
m 

H 

~l 

e 

0.67 

n/2 

1.0 

0.2 F 0.4 

o2.0 FIG. 

o 

F 0.20 

1.0 

0.4 1.0 

3B 

2.0 

D m 
H 

-
0­ 0 0 0 0 

0 

FIG. 3C 

Dm/H vs e 

F = 0.20 

M = 0.67 

1.0 I I 

1.0 e 2.0 

79 S.P. Chee 





LAHR/PIANC IAllR/PIANC 

International Association ror llyuraullc Research 


SECTIONS FOn F'L:JVIAL JIYDRAULICS AND F'OIl ICE PllOBLEM.! 


Permanent International Association of Navigation Congresses 

SECTION OF' I~'LAND NAVIGATION 


INTEllNA'l'IONAL STI1POSIUH ON UIVEI( AND ICE 

Budapest 1974 ITungary 

SAFEGUARDING 'I{INTER OPE PlAT ION OF A Pm:PING STATION 
ON THE RIVER omu:: 

Dr. Vac:lav lh tou~ek 


Povodi Ohta (Obie River Board) 

Chomutov, Czechoslovakia 


ABSTltACT 

In rivers with the product ion of frazil ice, there occurs in 
dam r~6ervoire frazi l aecumulatioo, which impedes the wa ter with­
drawa l fr oc these res ervoirs. To safeguard the operation of the 
intake, certain measur e s mu s t be t aken to c ontrol the inflow of 
fraz il into the r eservoir and t o prevent t he format ion of frazil 
accumulati on at the intake structures. The pap er describes t he 
eolution of t hi s problem by means of coffer dams made of rock 

material in the river Oble to protect the pumping etation, and 
summarizes the findings obtained during a two-yeare' cperation. 

!!OHHAlUE 

Dans l es rivieres avec la formation du fraisil il sa produit 
dens l e s bassins de retention l'accumulat ion du fraisil emp~chant 
la prise d' eau dans ce s bassins . Pour assurer l'op~ration de 
l'installation de cap t sg a il t aut prendre dee mesuree n~ceB5aires 

pour limiter l'afflux du fraisi l dans Ie bassin et e=p$cher la 
f orma tion du t r E: - i l pr~ s de I'installation de captage. On d~crit 
ici la solution du pr ob leffie 9 l'aide des barrages de retention an 

bloes de pierre r~al isee sur la rivier a Ohta en vue de la protec­

tion de I s station de pompege en faisant Ie re s~~e des connais­

sancas obtenues par l'exploitation de deux an5. 
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The lack of service 'Nster in the industrial region of' the 
8ilina 'jfatershed is solved by the delivery of '''a tar froll! the 
river Ohte. At kilometre 129.) in tee river Ohte, there ia a 
pumping station which pumps water into an open supply canal de­
livering water to the river 3!lina. 'oVith increasing requirements 
for water supply the significance of this source increases, too. 
Since 1967 it ha3 become necessary to ensure a permanent defect­
less operation. With this requirement there erose also the pro­
blem of ensuring the winter operation of the water intake for 
the pumping station. 

The water from the river is withdrawn by a bank intake struc­
ture in the dam reservoir. The dam has a fixed height of 1.8 m. 
The maximum water quantity *ithdrawn is 3.3 m3/sec ar.d the mini­
~u~ 1.1 m)/sec, respectively. 

The bottom slope of the river above the intake is approximate­
ly 2.2 0/00 • In winter a great quantity of frazil ice is produ­
ced in the river. The frazil is transported into the dam reser­
voir from a distance of 3] ~, i.e. from the dam reservoir which 
retains the frazil from the upper reaches of the river. In the 
whole sectioDSbo'liJ the p'.1J1ping ststi~n dSti! , there is only one 
small reservoir, today already considerably silted, '.vb.ich re­
tains partially the frazil only in the case of low water flows 
(Fig. 1). The greater part of the frazil is held back in the 
pumping station reservoir, where it accu~ulates and fills the 
whole reservoir. 

This situation was even aggravated by the construotion of a 

smaller dam, called the Kadan dam, below the puoping station. 
The impounded level of the reservoir inundates the pu~ping sta­
tion dam (Figs 1 and 2). The new reservoir retains the whole 
entering rrazil. An immense frazil accumulation is created ~hich 
always affects the intake structures of the p~ping station. rr 
these frazil accumulations occur at high operational levels, 
there is also the danger that the pumping station becomes 

flooded (Fig. 2). 

The frazil accumulation blocks the intake structure, and the 

water withdrawal is made almost impossible. In this situation 
was it possible to ensure only a pumping capacity of 0.6 m3/sec 
in 1967-1971 and that with extremely high operation costs. 
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The withdrawal difficulties cannot be prevented by the adjuat­
ment of the inflow. The solution can be found only by discovering 
a way of preventing the frazil accu~lation to penetrate or of 
reducing the inflow of frazil ice into the reservoir. For this 
reason all known methods of retaining ~razil were tasted. The 
main object of this investigation was to find an inexpeneive so­
lution permitting rapid realization, without requiring spacial 
attendance. The most suitable seemed to be small rock-fill dams 
built in the river reservoirs to retain the frazil. The design 
was based on the observations of the winter regime of the river 
in 1968-1971. In view of the magnitude of the frazil flows and 
the limited possibilities of creating a sufficiently large re­
taining space by a s~all dam, there were two dams included in the 
design instead' of one. The first one must be near the pumping 
station reservoir to limit the formation of frazil ice to the 
smallast possible extent. The placing of the second dam is gover­
ned by the following fs~tors: the possibility of creating the 
greatsst possible retention space, proportional distribution of 

the river section, construction costs, d.9nger of enthreatenine; 
stru=tur e s along the ri v er. 

In ~!1 e g:'ven c s e, 'the design of the first dam utilized with 
advantage an old broken ,",'eir si tuated 2.5 km from ths end of the 
pumping station reservoir. In front of the old weir bcdy a rock­
-fill dam was built overtopping the crest of the original weir 
by 0.8 m (Fig. 3a). iith the same ~terial were also filled the 
broken-down parts of the weir (Fig. 3b). The dam is 132 m long 
and in ita crest it is 4 m high. Its average height is about 
1.7 m. The filling was done in one layer. The crest was topped 
with a gravel riprap to eneble the travel of vehicles during ths 
construction. The total vol~e of stone used for the filling of 

the dam amounted to 1 360 m3 • The dam construction was carriBd 
out during low water stages and the dam was completed without 
deviating tha water flow. The dam increased the water level in 

the reservoir by 1.2 m. This led to a considerable decrease in 

the flow velocity and crested conditions for the,formation of 
an ice cover. In frost periods the discharge in the ~iver ia 
10 + 20 m3/sect exceptionally up to 50 m3/sec. The water velocity 
is then 0.06 + 0.11 m/sec. After the formation of the ice cover, 
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fra~il ice is retained and produces frazil accumulations. 
The second dam is placed at a distance of 13.9 km from the 

pumping station dam in the natural river-bed. Its detailed 
placing was inrluenced by the possibility of approach to the ri­
ver and the necessity of preventing the flooding of the adjoining 
road and railway. This dam was built in the same way 8S the first 
one. Its height is about 2.2 m and the crest width is 5 m. The 
downstream face has a · slope of about 1: 3. The dam crest is 58 m 

long. The total volume of stone used for the construction of this 
3dam was 1 390 m , 

In both cases material from local quarries was used, which 
considerably lowered the construction costs. The two dams were 
completed in 1971. The length ~f the construction peri od was ad­

.ersely influenced by the low loading capacity in tha uarries . 
But even thus the building of one dam did not e~ce ed s period of 
six working days. 

Operation Results 
The first dam at k~ : 32 .8 exhibits at present sufficient sta­

bili ty. During the t·".'o years of operetio!". no failure was expe­
rie nced and it needed no repairs. The max. d i sc~3rge i n thia pe­
ri od was 75 mJ / sec, which corresponds to an average di sch ge 
per metre of dam width of q = 0.57 m2/ sec. The discharge reached 
or exceeded on the average once in 5 years amounts to 265 m3/sec. 
The ice cover was produced in the reservoir on the first day of 
the occurrence of ice phenomena on the river. In winter 1971/72 
it appeared at a discharge Q = 19 m3/sec, i.e. at a rlow veloci­

ty v = 0.10 m/sec, at a mean day air temperature of t = -5.00C 
and in the winter 1972/73 at Q D 18 m3/ sec and t = -5.5 0 C. 
Dlring both winter periods, frazil accumulation ~ccurred reaching 

into a distance of 3.2 km upstream. The slope of the frazil aC­
cumulation surface was about 1.3%0. The whole frazil ice was 

held back in the reservoir and none man9ged to get through the 
da~, The volume of the frazil accumulation was about 0.5 mil.mJ • 
In the section between the dam and the end of the pumping station 

reservoir only very little frazil ice wes produced and did not 
approach the pumping station intake, but stayed at the end of 

the reservoir. 

The second dam at km 143.2 is not Bufficiently stable. After 
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being damaged by holiday-makers, it partly broke down. Up t o L~a 

pres ent only a ha rmlesa d ischarge of 75 m3/ sec passed the dam ­
correspond ing to an average dischar;~ of q" 1.3 1Il

2/see per 
metre of dam width. The for~ation of the ice cover takaa place 
later than in the first reservoir. In winter 1971/72 it waa 2 
days and in the foll 0>7ing '",inter even 8 days ls t er. The surface 
froze with a grea t frazil discharge after the growth of bank ice 

and ~fte r the sinking of the water flow. In both winter periods 
the dischar g e during freezing of the surface was Q = 14 + 15 
~3/sec, the average flaw velocity was v· 0.11 m/see and the 
mean day air temperature was t = -9.5 0 C and t = -6.5 0 C, respec­
tively. As soon as the surface was frozen, trazil accumulation 
took place, which spread only to a d i sta nce of 1.4 km, i.e. to 
a place where the riv er has a gradi ent of 3.7 0

/00. The gradient 
of the f razil accumulation was ab out 1,5 0

/0 0. In thi s frazil 
3accumulat ion about 150 000 m of ice were caught. By further in­

flow of frazil, the accu~ulation increased and the frazil ic e 
passed through the reservoir into the d ownstream riv er. 

Conclusions 
Experience fro~ ~p o years ' operation does oo t allow to r each 

final conclusions ab~ut the percentage of aafeguard of the win­
ter reg i me in pumping stations. The two winter pori cds were re­
lat i ve ly mild wi"h nor~al water di s charges. At discharges of 
above 20 m3/sec and heavy frost the creation of fr azil ice will 
be grea ter and the measures taken will probably be not so effi­
cient as in the years 1971-1973, when it was possible to hold 
back the complete infl o~ing frazil in fr out of "h e pumping sta­
tion impounding reservoir. 

Present experiences have shown, h ()... ~ver, t hat tte first dam 

at km1]2.8 is sui t ably placed. The river-bed is here "ide with 

a slight botto~ s lope. By the little height of the dam a large 
retaining capacity of the reservoir was obtained. The small 

flow velocity supports the formation of an ice c ever in the 
first dey of frost appearance on the river. 'Nhen frazil accumu­

lation occurs, there is no da nger to the structures along the 
river. The combination of the dam with the old weir is advanta­
geous. The weir was thus cheaply repaired and obtained a new 

function. 
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The situation o~ the second dam at km 143.2 waa ~~ected by 
structures along the river and by the ~ossibility of approach 
to the building site. It was built in a narrow part of the river­
-bed with a large bottom gradient. This a~fected its height and 
holding capacity of the reservoir. The relative discharge per 
metre o~ d9m width (q) is high. In high dams with a large rela­
tive discharge their stsbility is much more difficult to main­
t3in. The dam profile used is unsuitable and will have to be 
changed to a shape si~ilar to that of the first dam (Fig. 3b). 
'rhe great bottom slope prevents the greater spreading of the 
frazil accumulation upstream. The volume of the retained ice is 
small. ':/ith the' first jam, at the same building costs, the ef­
fect reached· was much higher. For the per~ormance the placing 
of the dam is decisive. 

The proposed measure is the first of its type in Czachoslova­
kia. It was designed as a temporary step with the aim of en­
suring a quick protection of the pumping station aod to obtain 
the necessary experience and findings in this field, wtich will 
be used. in the definite solutioQ as well as in other construc­
tions • 

T~3 solution :s very effective. ?he costs for it 3 com, l ation 
are lower than exceptional operational costs of the pumping 
station during four winter seasons. The damage arising from the 
failure of water supply would be, hawever, several ti~es higher 
than the costs of this protective measure. 

Matousek 
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ABSTltACT 

Brief' characterization of the winter regime in Czechoslovak 
navigation waterways. 

Requirements put on the hydraulic reaearch in connection with 
winter regime problems of navigation waterways. Possibilities of 
hydraulic model research and problema of model. similarity in hyd­
raulic resesrCh of the winter regime. 

Hydraulic research results obtained from the passage c~ floa­
ting ice -from the navigation canal through t1'.e structur es of 1.~. e 
water scheme Gab~ikovo. 

:!OHMAIIl£ 

Le caracteristi~e concis du regirre d'hiver des voies navigab­
les tchecoslovaques. 

Les exigences presentees au ~echerche hydraulique en coheren­
ce avec les p~oblemes du regime d hiver des voies navigables. La 
possibilite d usage des modeles reduits et les questions de leur 
conformite au prototype en cas du regime d'hiver. 

Les resultats de recherche hydraulique du passage des glaces
du canal navigable par-deasus des uovrages dentreprise de distri ­
bution d'eau de Gab~ikovo. 
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On the territory of Czechoslovakia they are f ollowing ~es 
of navigable waterways:

al free, natural navigable rivers - e .g. Czechoslovak Danobe 
river reach kID 1872.2 - 1850. 2; the frontier part of th e Cze cho­
slovak-Hungarian Danube kID 1850.2 - 1708.2 and the lower r~aches 
of the Czechoslovak Elbe river kID 68.9 - 109.2;

bl rivers made navigable by canali za tion atructures - e.g. 
the Vltava river in the lower rea.ches between the Slsw. ReseI"Voir 
and the approach into the navigation canal Vra~any-Hqrin in a 
l~ngth of 80.2 kID with 8 locks; the Elbe riv-er from Usti to Kolin 
in a length of 152.8 kID with 20 locks; 

cl artificially created waterways - canals, although only to 
a smaller extent;

dl isolated waterways on larger water reservoirs used mainly 
for recreation purposes. 

From the point of view of winter regime, the character of 
Czechoslovak waterways is also very variet ed due t o d i fferent cli­
matic conditions, morphology of the watershed and h~ dro logica l 
conditions and to a considerable degree it i s aleo l nfluenced by 
the effect of man es to the specificall y di fferent usage of ri vers 
also for 0 ther purposes than for navi ga t ion . 

The winter re gime on the Czechoslo va k Danube is charact r i­
z~d by a heavy ice passage lice mot io nl and t he potential creation 
of ice barriers, which restrict na viga tion and very oft en t hreaten 
the safety of vessels. According to the data gi ven i n / 1/, t he 
freezing ph enomena, i.e. ice cover a nd i ce j ams aod ba r r Oe r s on 
the Danube r iver in Bratislava cross-section l ast i n average / i n 
the period 1895-1965/ 8.5 day/y ear. The longest freezing period 
was in 1947: 65 days; during the wi101e ob" er vat ion period there 
were of course a lso years without ice phenomena. 

At present in the canalized sections of t he Vltava ana Elbe 
rivers they are i n operation essentially t wo t y pes of gated weirs 
- j udged again wi th a view to the !I:inter regime : 
- needle weirs of the old type where the needles, hav-e to be remo­
ved during the whole winter period; navigation operations are the­
re in the winter season practically impossible, 
- controlled weirs of newer construction with a massive dam , which 
can impound the water permanently the whole year through. 
In the first case the freezing period is shorter - Elbe river at 
Melnik during the ~eriod 1880-196507.6 day/y~ar - in th~ second ca 
se longer - Elbe rlver at Nymburk ln the perlod 1905-1905 28.6 day/ 
year. In the navigable lower reaches of the Vltava and the Elbe 
ri vers /the last. .. below the confluence with the Vl tava/, the dis­
charges of relatively warmer water from the large reservoirs of 
the Vltava Cascade have shown a more favourable effect in recent 
years. 

In the future the character of the winter regime on the Danu­
be -river - as a whode - should change considerably after - the con­
struction of the dam below Bratislava; on the middle reaches of the 
Elbe river the construction of the thermal power plant at Chvale­
tice should evidently affect the duration of the freezing period 
by the discharge of cooling water. In the more distant future, af­
ter the completion of the Danube-Odra-Elbe Canal I this greatest 
navigation waterway passing through Czechoslovakla will exhibit 
specific characteristics as far as the winter regime is concerned. 

92 Dole~al,L.-Grund,I.-Sikora,A. 



8 

I ts uti liza tion wi l l no t have the sale pu rpose of navi gation, b t 
is wi l l se r ve als o i n a comprehensive way other wa t er manage~eat 
~urposes ead th i s wi ll nece sei t a t e the coord i na t i on of all r equi ­
rements incl oding thst of the canal operation i n winter . 

The probl ema of win ter r egi e i n naviga t ion routes fro~ the 
vi ewpoint of hydrau l ic research can be ba s i ca lly characte r i zed as 
the so l uti on of condi tions fo r the crea tion and mai ntenance of 
f ree naviga t ion rout e . Thi s inc l udes mainly t he r es earch of f l ow 
i n re s ervoi rs and dam i mpoundment s wi t h a vi ew t o th erma l wa ter 
s t ra tific a t i on , research on the ice c over breaking by mecha ni ca l 
means - compre ssed a ir , pressure wa t er , i cebr eakers - and r esearch 
on the flow during the floating ice r emoval from the navigation 
route . 

Up to present there does no t exi s t in any czechosl ovak water 
r esearch i ns ti t ute an i ce-thermal labora to ry , ~nd therefor e t he 
possi bi li t es of hydraul ic model r esearch of w" nte r r egimes are l i­
mited only t o t he solution of suche pro t-l ems wher e t he direc t 
effect of air and wa ter tempe r a ture on t he ?henomena i nvestigated 
may be negl ec t ed. This r es t ric t i on of t e os s ibili i es of hyd r au­
lic mode l res earch is, especi a lly fro the point of view of futu­
r e needs of t he wa t er t r ffi c in Czechoslova kia, r ather unpl easant 
snd i t wi ll be ne ces sary to do aom e thing i n this way . At pre sen t , 
hydrauli c problems requiri ng i nve s t i gation, whi l s meintaning 
thermal condi tions, have to be so l ved by rese arch met hods / ...hich 
a re neitherfrom the time nor economy sspe ct too suita blel carried 
,?u t di r ec tly under natural condit ion:>, or perhaps on r equest in 
~ ce-therma l l abora t ori es a broad . 

TOe prese nt equi p~ent of hydraulic l abo r a t orie s i n Czec hQslo­
vak i a, the~efore, permi ts only t o conduc t hyd r a lie mOdel r esearc t 
on probl ems of running wa t e r with ice. ~Btur lly even t his solu­
t io n is n eces a ry for t he improvement of navi gat i on opersti cns i n 
Cze chos l ovak wa t erways, e s pec i ally with e vi ew t o the i neTPBsB of 
their future capa city . Thi s is proved by the hydr aul i c r e search 
results ob t ained i n r ecent years in the hyd r a ulic l !l bora torie~ of 
the Wa te r Research I nstitutes in Prague and i n Br a t i s lava as we l l, 
as will be shown be low. 

In the ~odelling of flowi ng water with ice f r om the po ~ nt of 
view of navigation, the ma.jori ty of cases deals wi t h the s imul a ­
tion of t he motion of floating ice floes, both single a nd in aggl o­
mera tions, in the river flow. In this case the gravity forces pre­
dominate ~n the hydraulic mod e l and for the extra pol a t ion of the 
phenomena studied f rom the mode l into reality, the Reec~-Froude 
law of mechanical similarity os used. Its applicatiqn requires 
maintenance of the identity of the so-called Froude s number both 
on the model and in reality . In order to ensure, at least to a 
greater extent t he simils rity between the friction r esistance in 
the model and in reality , tl)e ba sis of hydromechanical simi lari t.)', 
while applying Reech-Froude s law for viscous liquid flow, is the 
complete geometrical similarity. \'lhen using a liquid of the same 
density in the model as well as in reality, for the simulation of 
ice floes material of the same density must be again used, to ensu­
re the same relative submergence of the flooting ice floes Bnd thus 
the geometrical similarity of the floating bodies and forces acting 
upon these bodies and aroused from them. The modelling of ice floes 
using real ice plates in reduced scale causes certain technological 
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difficulties and for this reason in the majority of cases, ice 
foes are represented by plates of other material with about the 
dame density, e.g. some t~pes of wood, paraffine, polystyrene, etc. 
In this ca se , of course, 1S it not possble to ma1ntain the condi­
tions of similarity of ice strength and model phenomena associa­
ted with the breaking of ice fl oes, etc. 

In the preparation of the project of power-generation and na­
vi gati on utilization of the Danube river in the ford section below 
3ra tisla ~a, the problems of winter regi~e have become of paramount 
i~oo rtance. The completed ~~ter scheme consisting of a gated weir, 
a l ong derivation canal with a remote hydroelectric power plant 
~'1\l ip ped '.'Ii th addi tional auxiliary outlets and two locks will alter 
c ~mpl e tely the present winter conditions on the Danube. The Czecho­
slovak sector of the Danube, as a significant international navi­
ga tion r ou te with fairly heavy traffic, must even after the com­
p: e ~ io~ o ~ th e new structures have an as short as possble enforced 
wi. -.:-"!:' br ea '!: i n na vigation. The project sounts wi th the fact that 
i n t he reservoir a s well a s in the derivation canal the trajectory 
' 1' 11 h e kept navi ga ble in the winter period by use of icebreakers • 
.J :' ou:'se , the ic e broken by icebreakers has to be removed from 
t ' e ':; :'s,j c; cto ry. Th e solution of the most suitable conditions for 
t h~ i ce removal and passage through the structures of the projec­
:ec ',,,a t e r .scha e was the rask of hydraulic research carried out 
b :J t.h i n tt:r: Wa ter Research Institute Bratislava and in Prague. 

~ ,e discharge of the ice floes through the structures of the 
wa t er ,scheme is consumpting water and hence leads to considerable 
power-generati Qo l osses. This is why the problem of the correct 
9 01u~ion of the compl e te water scheme as well as single ~onstruc­
t ional details also f r om the point of view of safe and continuous 
transport of ice fl oes to the outlet devices and s afe passage of 
~he ice floats throug..l1 the structures is of such paramount impor­
':ance. 

In the Bratislava Institute, a model research dealing with 
" ' ~/draulic problems of keeping the Danube river navigation route 
: ' r' _e from ice floes in the approach canal to the hydroelectric po­
~er plant and locks was carried on .In the first place it required 
t he evaluation of the feasibility of using the auxiliary outlets 
) f the power plant and locks for the transport of ice floes from 
h eadwater to tailwater with regard to water consumption. In case 
of emergency, it was possible to use for the transport of ice floes 
various combinations of t he two mentioned devices including additio­
nal discharge of a certain water quantit~ even through the power 
plant proper. 

At first, the flow conditions in the approach to the auxilia­
ry outlets were methodologicaly measured on an aerodynamic modlel 
in the scale M =1:1000/500, the water consumption for the passa­
ge of ice floats was studied on a hydraulic model in the scale 
:.: =z 1 :70. The ice floats were simulated by paraffine plates of po­
lygonic shape in dimensions corresponding to ice floats with an 
average width of 5 m and thickness of 0.6 m. 

The research results of all oossble alternatives of ice floats 
transport through the different parts of the Danube river water 
scheme have shown that 

a/ with a view to the minimum water consuption for the trans­
port of broken ice from headwater canal, the best solution is the si 
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simulataneous function of the auxiliary outlets and the power 
plant, however, with a certain risk of ice!accumulation in the 
space in front of the power plant end block1ng of' the auxiliary
outlets /overf'olls/.

b/ with e view to the ~inimum time necessary for ice floats 
transport the best solution is the simultaneous function of all 
structures, i.e. locks, auxiliary outlets, as well as the power
plant, again with the risk of ice accumulation in front of the 
power plant and in front of the approach to the locks. 

c/ with a view to a sefe and continuou3 ice floats motion, 

the best solution is the independent function of' locks. 


The results of these investigations are described in greater 

detail in /2/, where also the technical interferences into the 

conception of the structures of the total Danube river wate~ sche­

me for the safe transport of the ice floats with economically fea­

sible water 'comsuptionl are discussed. 


In the Water Research Institute in Prague a mOdel research 
was carried out solving the hydraulic problems of the actual 
transport of ice ~OBts through the upper ap?roBch to the locks. 
The project o~ this Danube river navigati on - power generation 
water schellie assumed that through the locks there will be dis­
charged, in addition to the ice floats, also a part of the flood 
discharges. This fact has naturslly an effect on the total techno­
logical design of the locks. 

The object of the study was 
a/ to dete!'!lline U,e nsc e 3:: a ry hEight of the overfsll jet for 

the passage of the ice floats over the upper lock gbtes;
b/ to determine the suitable constructional adjus+~ents of 

locks with a considerable hesdwater - tailwater difference /H ~ 
23~3 m/ to obtain sufficient damping of the ice float kinetic 
energy ; 

c/ to test the feasibility of the adjustments proposed for 
the transport of ice as well as for a part of flood. 

For the hydraulic investigation a model of a half of the 
upper na'7igation ap:Jroach in the scale ~: '" 1:33.3 was used. The 
real ice floats , which according to previoCls hydrolo£:ical studies 
/3/ reach the d1mensions of 5x5 ill end thickness of 0.7 ro, were 
again simulates by paraffine plates. The research results will be 
thus, while neglechng the ice strength sil'!C ilari ty, on the s8!'e si- ­
de. The evaluati on of the fl ow conditions during the discharge of 
both water and woter wi th par8f~ine plates was at fir s t carried 
out by the method of visual observat10n using a film camera and 
later, since it was not easy t o dete~ine whether the ice floes 
were falling down to the very bottom of the model, by an acoustic 
method. A common microphone was attached to the model structure, 
/made of wood/ and plexiglass and during the tests a tape recor­
der was in operatio·n. This sound recording permi t ted to distiguish 
clearly th~ direct impact of the modelled ice floats on the bottom 
of the locks from the mutual collisions of the individual ice floes. 
The acoustic record together with the direct visual observation 
enabled us to evaluate the feasibili t.y of the -:'(',sted adjust.II:ents. 

As lock gates the double sector gatES ere used with the lo­
wer sector adjusted for the possible: dir"c t .sddi tiensl filling o:f 
the lock using the outflow under the partially lifted gate. The 
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transfer of a part of the flood di s charge can be then achieved ~ 
f ur t her l i~ting of t he when the wa ter f l ows under as we l l ss over 
I Fig . l/ or over s ectors comple t e l y dropped down. 

? ig. l ~te mcjel o~ : a i nter Dck gate 

~he first tests sh wed that ~o r ~~~ :)nti~~~us inflow of ice 
-"loes of th2 .,;:' ve::-. 1.'. ':lensi or.s and f or -:~ e i r .; ~ ~e 0:,9 S:;9';-S Olv er the 
lo ck ga tes, i t i s suffic i en t to l ower t he s ec t or s in ,)rder -: :J 0:'0 ­

duc e a n ove r f s l l Jet ,,'ith s he i ght of h = 2,5 m. 1'1"'le pa s sage of 
i c~ f loe s thro ugh the lo cka ~as tested ror s ever a l modi fi catio n of 
~ ~ ~ J~per ?s r t of th ~ loc k . The ob jsc t of a l l modifi c a ~ io r~ wa s to 
£ : -: ~ i~ a suffi c i ~nt j ampeni ng of tte kine t ic ne r gy 0~ t he over­
l's l ling ice floa t s in t a i l water and t o . r ~ver. t di re c t. cc l l i s ion of 
t :.., 9 ice :'loa ts 'Hi t h tr.e l oc k bo t t om. The des pen i ng of t he l ock 
bottom in the upper l ock s ect ion and the crea t ion of e 0. 0 m dee p 
still i ng basin di d not prove successful a nd in s dci tio n , thi s sd­
justment resulted in uns urpasaable di!ficul t ies with t he l ock f oun­
dation and in t he disposi tional des ign of the by - pa s ses f or filli ng. 
Wi th the second type of ad justments we t ried uaing rectifiers 0_ 
the water jet flowing under the ga t e-to l e t t he i ce f l oa ts f al l 
flatly on the tailwater surface, bu t als o these ef!'ort a "liere in 
vain. Another alternative showed a ~erta i n s ucces s. Me plB c d a 
bulky guide wall into the lock i n t he sbape of t~e l ower enve l o­
ping c rve ~or the overfall jet ca r r y i ng the ice floa t s . I n i ta 
lower part this guide wall continued t hrough a circula r arch in to 
a ho r izo nta l line . I n th i s ca s e t here wa s no longer a s train on 
the l ock bottom by t he di r ect impa ct of t he ice f loa ts , however , 
the Guid e wa l l pr o. er wo ul d auff er greatl y and henc e would ha ve 
onl y a short li f e . rhe final r ecommend ed alternative solved t he 
pro blem in such a way tha t by i ntroduci ng the gui ~e wa l l into t he 
l oc k out of the ra nge of the ov er fa l l j et carryi ng the i ce, the 
water rises in the upper lock section and in turn reduces the height 
from which the ice floa t s fall into t he tailwate r and faci l itates 
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the daapening of their kinet ic energy /Fig.2/. 

Fig.2 	 The recommended modification of navigation lock 

The· ~per side af this wall we designed in the form of an under­
pressoxe les& overtall surface calculated tor a water jet with 
whieh a part ot flood discharges will pass through the locks. 
Betw'een the lock bottolll and the lower edge of the tixed gaide wa1.1, 
a clear space of 1.0 III waG left. The dampening of the ice floe ki­
netie energy waa supported also by dissipators placed in the lock 
l'lot~, reetifying the bottom wa.ter jet Iflowing below the sector 
gatel against the overfalling ice floes. The flow under this final 
adju8t.ent ia shg~ on /Fig.)/. 

to 
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Fig.) 	 nJ.e flow-sheet ot the now under recOJlllllended lIIodification 
of' navi8ation. lock 
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The resulting arrangement improved the conditions for the ice 
floe transportt through locks to . such a degree that the overfal­
ling ice floes do no longer hit the bottom, except during their 
further movement between the upper approach snd the fixed guide 
wall where the ice floes hit the lock walls and bottom with con­
siderably dampened energy. 

Hence the hydraulic model reeearch has, shown, that the solu­
tion of even such a compli ca ted problem i -s possible. 

Ref 	ere n c e s 

III 	 Hydrologick~ pomery ~eskoslovesnk~ socialistick~ republi~, 
dil III., Hydrometeorologicky dstav Praha 1970 

12/ 	 SIKORA ,A., GRUND,I. : Skimming of ice through hydraulic 
structures of the river power project Gab~ikovo, XXIIIrd 
International Navigation Congress, S.II-4, Ottawa 1973 

/3/ 	 DOLE~L.L. : Vodni dilo Dunaj - plavebni komory Gab~ikovo 
Vyzkttmn~ zpr~va, Vyzkumnj uatav vodohoapod~rskj, Praha 1966 

141 	 PACL,J. : Re~im ladov na slovenakjch tokoch, Sbornik HMU 
1964, ae~. 3. 

/5/ 	 GABRTEL,P., GRUND,I., SIKORA,A. : Hydrouzol Gab~ikovo, Vya­
kumn~ apr~va, VyakumnY uatav vodn~ho hOBpod~stva, Bratis­
lava 1967 

98 Dole~al,L.-Grund,I.-Sikora,A. 



IAHR/PIANC IAHR/PLANC 

Internationa l A~60cia t ion for Uydr aul ic Resea r ch 


SECTIONS ~OR PLUVIAL HYDRAULICS AND FOR ICE PROBLEMS 

Permanent Internationa l Assooiation of Navigation Congresses 

SECTION OF INLAND NAVIGATION 
INTERNATIONAL SYMPOSIilll ON RIVER AND ICE 

ijurl.apoa t 1974 Hungary 

STUDIES ON THE EXTENSION OF WINTER NAVIGATION 

IN THE ST. LAWRENCE RIVER 


David F , Dickins and Rene O . Ramseier 
Department ot the Environment, 562 Booth Street, 

Ottawa, Ontario , Canada. 

ABSTRACT 

The St. Lawrence Seaway is closed to naVigation from mid December 
to about 1 April. In a continuing programme aimed at extending the navigation 
season, the Department of the Env i ronment is carrying out stUdies of the ice 
regime in the Seaway section from Montreal to Lake Ontario. Ice growth 
patterns, as a function of time, position, and yearly weather changes, are 
described . It is concluded that using field data, remote sensing, and 
historical records, a theoretical model can be constructed to predict breakup 
much more accurately than is presently possible. 

SOMMArRE 

Etudes sur Ie prolongement de la navigation d' hiver sur Ie fleuve 
St-Laurent. 

Le 5t-Laurent est ferme ii la navigation ii parti r de la mi-decembre 
jusqu' aux environs du premier avril. Dans un programme dont Ie but est de 
prolonger la saison de naVigation, Ie Departement de I' environnement poursuit 
ses etudes dans la section du chenal marit ime de Montrlfal jusqu' au lac Ontario. 
Les patrons de croissance de la glace sont decrits comme une fonction du 
temps, de la position et du changement annual de la temperature. Nous 
concluons qu' en se servant de donnees prises sur Ie champs , de la teledetection 
et des records historiques, un modele theorique peut Eltre construit pour 
predire la dispersion de la glace avec beaucoup plus de presicion qu' il en est 
presentement possible. 
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The Montreal to Lake Ontario section of the St. Lawrence Seaway is 
292 km in length. A vessel traversing this section rises 69 m through seven locks . 
In 1971, ocean vessels carried over 19 million tons of cargo In 2600 transits through 
the Seaway 1 At present, the St. Lawrence Seaway is closed to navigation from 
mid December to about April 1st. However, technical improvements to the locks , 
including insulation of the gates, ice flushing sys tems, and ice diversion channels 
have helped make possible a season extension from 234 days in 1960 to 260 days in 
19702 While year round navigation is technically possible, the best hope for 
fu rther extension to the season at present lies in improved methods of combatting 
Ic e formation at the end of the season in December, coupled with an improvement 
in breakup date forecasting to enable optimum USe of every possible navigation 
day. 

Objectives 

During the winter of 1972 and 1973, in a continuing programme 
aimed at extend ing the navigation seas on, the Department of the Environment 
car ri ed out s tudies of the ice regime in the Seaway section from Montreal to Lake 
On ta r i03 . Usi ng data collected in the field over a period of 4 to 5 wi n ters, plus 
information from remote sensing, historical records, and meteorological statistics, 
a model w i II be constructed to forecast ice conditions in this area of the 
SI. Lawrence Ri ver. The final product wi II be maps incorporat ing the classifica­
tion of prevail ing ice conditions important for navigation and breakup, and an 
accurate pred ic tion of Seaway opening up to 45 days in advance. 

Ice Navigation 

It is now possible with the use of remote sensing to forecast at the 
ti me of format ion of the primary ice layer4 , the d istribution of ice types 5 at the 
time of b reakup. With the addit ion of con ti nuous ice thic kness profil e measure­
ments along the Seaway at the h e ight of th e winte r , the performance of a vessel at 
breaku p can be p red icted . F igure 1 s hows a section of false colour Infra - r ed 
aer ial photography taken on 27 January , 1972 a t 2740 m over the 51. Law rence 
River shi p channel . This Is accompan ied by a map showing ice type dis tribution 
b ased on inte rpreta tio n of th e photog r aphy wi th the aid of visual ground observa­
tions , a nd s ampling . The followjng legend a ppli es to Figu re 1 and provides a 
defi nition of the two ice ctassifica t lons consid e red useful for ice nav igation : 

Dynamic Ice - ice that has b een formed by cong ea ling or 
fl oating ice fragments under conditions of mov ement such 
as h ig h wi nd s , waves or turb ulence. 

Static Ice - Ice tha t has for med uniforml y in one location w ith 
no la rge s cale movement. 

It can be s een thaI Ice type bound aries are clearly delineated on aerial photo­
graphy at the time of freeze-up . The shipping channel has large areas of smooth 
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t aken from 2740 m , 27 January, 1972 . 
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Figure 1. Aerial false-colour infrared imagery of the ship channel 
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Figure 1. Dist ribution of static and dynamic ice at the time of ice 
fo rmation , 27 January , 1972, as interpreted from imagery. 



uniformly structured noes with smaller areas of rough agglomerate ice formed 
when a previous ly smooth young ice sheet was broken up by wind and wave action 
and allowed to r efr eeze. Ice observations were made during the cruise of a 
light Canad ian Coast Guard ice breaker over a 160 km section of the St. Lawrence 
Ri ver - 19 January to 21 January 1972 - two weeks prior to breakup . The warm 
weather cond itions prevailing at this time provided the worst conditions for ice­
breaking, as the frictional resistance under slushy surface conditions appeared 
much g reater than when the ship was breaking a relatively dry sheet with ambient 
temper a tu r es be low freezing. Total thicknesses encountered ranged from 18 cm 
to 51 em with va rying proportions of superimposed snow ice, and clear secondary 
ice. Rates of advance varied from 0.3 kn in heavy agglomerate ice of 40-50 cm 
thickness, to 5 kn through a uniform sheet with 15 cm snow ice and 5 cm clear 
ice . When opera t ing on the limit of the continuous icebreak.ing capability of the 
vessel, only a subtle change in ice characteristics, an increase in the proportion 
of snow ice, or an additional few cm of ice thickness, would force the vessel into 
the ramming mode with a drastic reduction in speed from 1.5 kn to 0 . 3 kn. 
Qualitatively, for a given thickness of ice, the vessel appeared to experience in­
creasing difficulty as the ice type progressed through clear ice to agglomerate to 
snow ice. Such an observation is borne out by experienced icebreaker captains 
and would seem to be related to differences in frictional resistance between 
different ice types. Naturally, temperature variations, snow cover, and ridging 
may completely reverse this order of difficulty. Consequently, it would appea r 
that for any future commercial ice navigation, the ability to map out ice types and 
provide detailed ice thickness data will be invaluable. 

Ice G~owth 

In discussing ice growth, the terms primary, superimposed, and 
. secondary ice are commonly used. Primary ice is the first type of ice of uniform 
structure and texture which develops on a water body. Secondary ice forms 
beneath the primary layer, parallel to the heat flow. It may be in the form of 
cotumnar ice, deposited frazil slush, or snow slush. Superimposed ice, which 
always forms on top of the primary layer .. is snow ice produced from snow 
precipitation, surface melt, rain or flooding of the ice cover~ 

The history of an ice cover during a normal winter can be broken 
down into three distinct phases . Phase one represents the period of growth of 
secondary ice which, in a normal year, stops after sufficient snow covers the top 
of the ice . Phase two commences when the growth of the secondary ice has 
stopped . The only increase in ice thickness is due to the accumulation of super­
imposed ice from snow . This condition wi II last for most of the winter. Phase 
three is characterized by the melt of the secondary ice, at the ice-water interface, 
from warm water flowing into the river frorri Lake Ontario. This phase is of short 
duration. There is almost no melt from the surface of the snow ice. The solar 
radiation causes only internal melting, resulting in a weakening of the ice. 
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Figure 2 . I ce thickness vs . time-Lake Ontario 
Entrance, 1972 

Figure 2 is a detailed plot of ice thickness vs. time at one measuring 
site showing these three growth phases for the winter of 1972. Freeze-up 
occurred on 26 January. Six days later the growth of the secondary layer 
stabilized at 20 cm, remaining constant throughout Phase two until 29 March . 
During Phase two, the superimposed ice layer built up to a th ickness of 10 cm . 
On 29 February, a short period of air temperatures above freezing combined with 
20 cm of snow on the ice surface to produce melt, and a subsequent rapid increase 
i·n superimposed ice when the air temperatures assumed normal values . Similar 
melt-freeze cycles caused several more 5 - 15 cm fluctuations in superimposed ice 
thickness over 4 day periods . On 29 March the water temperature rose sharply 
and Phase three in the growth process began with a steady depletion of the 
secondary ice layer from beneath. The superimposed ice layer continued to 
fluctuate in thickness until the cumulative sum of degree days below freezing 
reached a maximum on 9 Apr il, after which surface melt became a steady procesS. 
When all the secondary ice had been depleted, the warm water started to melt the 
newly exposed snow ice layer. Finally, at a thickness of about 10 cm the ice 
cover broke up into floes and drifted downstream. Over the 13 day duration of 
Phase three, water temperatures rose from O. l oC to o . aoc . If no snow and 
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superimposed ice are present, the absorbed solar radiation causes extensive 
melting at the grain boundaries , causi ng the ice cover to disintegrate with in a 
very s hor t time . Such a situation existed In 1973. Combined with a water 
temperature rise of over O. SoC in 5 days , it pr omoted an early b r eaku p on 
10 March. In any g iven winter, ice grow th patterns vary considerab ly a long the 
292 km length of the St. Lawrence River between Montreal a nd Lake Onta rio . 
The Soull'> Shore Canal near Montreal, geographically the mos t norther ly canal 
in thi s s ec tion of the Seaway normally reaches the freezing point 2 to 3 weeks 
before e Iroquo is Lock, 177 km upstream. Lake Ontario is the heat sink for 
mai n ta ining water temperatures above the freezing point, and as the outflow 
proceeds North-east downstream, the water is chilled . The coo ling effect is 
accentuated by the low current velocities in th e canal, with the result tha t the 
first severe ice problems start near Montreal2 . For example , in 1971 the first 
reported freeze-up date for the South Shore Canal was 19 December, w hi Ie the 
Lake Ontario entrance, 290 km upstream. did not freeze initia lly unti l 
25 January, 1973. Figure 3 shows the ice thickness variations in the shipping 
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Figure 3. I ce thiclmess vs. Distance, February 2S ,1972 
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channel moving upstream from Montreal on 25 February, 1972. As would be ex­

pected, the superimposed ice variations are random, but the secondary ice 

exhibits a steady decrease in thickness from about 50 cm at Montreal to 10 cm 

near Lake Ontario. This pattern of decreasing secondary ice thickness with 

distance upstream exists throughout the winter. 


There are dramatic d i fferences in ice growth from one winter to the 
next. For example . though freeze- u p occurred 20 days earlier in 1973 than in 
1972 , the new clear ice layer was covered immediately with 5 - 7 cm of snow 
which remained until 15 January. Cold air temperatures during this period, 
which could have built up a s t rong secondary layer, were rendered lesS' effective 
by the snow insulation. In the period 15 January to 21 January high air 
temperatures, rising water temperatures (0.070 C - 0.160 C) , and zero snowfall, 
rapidly destroyed the young ice sheet in many sections of the river. Even after 
colder weather enabled the sheet to reform, secondary ice growth did not reach 
Phase two until a rapid rise in water temperature (O.soC) on 1 March and air 
temperatures above SoC caused a permanent breakup on 9 March, 4 weeks 
earlier than in 1972. Figure 4 shows the major meteorological differences between 
the two winters that contributed to such striking differences in ice growth. 

Conciusions 

Consequently, it can be seen that any model that is constructed to 
successfully predict breakup up to 45 days in advance, will have to cope with such 
\Jnusual conditions as those in the winter just described. With more detailed data 
it is felt that a successful theoretical model can be constructed. We must have 
detailed measurements of current and water temperature at various positions along 
the river. An extremely important parameter about which more information wi II 
soon be ava i lable is the relationship and time lag between heat absorption in Lake 
Ontario and water temperature fluctuations in the River. Studying large scale 
energy budgets for the Lake may give us our most accurate advance warning of 
impending water temperature increases in the Lake outflow. By constantly 

6monitoring ice thickness variations with an air-borne FM or impulse radar unit , 
. and knowing the distribution of ice types at time of formation, it will be possible 

by the winter of 1974 to provide an accurate first test for a theoretical model. 
Combined with detailed meteorological forecasts, and historical records of 
previous weather conditions and ice distribution, it should be possible to provide 
a much more accurate prediction of breakup than is avai lable at present. Such 
information will be invaluable to foreign shippers in scheduling ship mov ements 
to coincide with the earliest possible opening of the Seaway. Looking into the 
future, preliminary studies have been made to prove the feasibi lity of pumping 
large quantities of relatively warm subsurface water from Lake Ontario into the 
SI. Lawrence River to reduce ice thickness 7 
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Figure 4. Meteorological Data. 
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AB5TlIACT 

An experience nth a self-propelled lee-cutting machine used for lee 
control in the reservoir of a low-heed hydro power plant in Siberia Is 
described. It is sh01M1. that ice-cutting operations ensure an earlier bre<lk­
up in the reservoir as compared to the upstream river reaches. '!he need 
for further optimization of the design of lee-cutting machines is emphasized. 

SOMr-1AIUE 

L' auteur dec.rit I' exp~rience acquise lors de Jf exploitation d I une 
machine automotrice brise-g1ace prevue pour Ie contrOle de la debdcle 
clans la retenue d' un amenagement hydro-e1echique de basse chute en 
Siberie. 

Grace a cet engin la de~e sur ce tro~on commence plus t(;t que 
sur les tron'i0ns amont de la riviere. 

Les recherches u1terieures sur Ie perfectionnement de la construction 
des ma.chines brise-glace sont a souhaiter. 
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Low--head hydro power plants o n rivers with a stable Ice cover gener­
ally contribute to ice t roubl es fn the vicinity of h ydraulic s t ructures during 
sprirlg break-up. ParticulMy, the chances fo r Ice jamming in the reservoi 
of s uch p o","" r plants a re very high. In s ome cses trouble- free pa5So!1ge o { 
ic e i s als o a proble m. 

'!'he mag nitude a nd complexity o f ice problems depend on ., van w Ie 
combination of s uch facto rs as the morphometric feature of river ctvnnels, 
the s e verity o f ...inte rs, the i ntenslty of temp ere.ture rise in spring, the arrange­
ment and dea gn o f ice - p<'"lSsing fBcillties , the hydm.ulic parsneters of the flow, 
the thickness , s trength a nd slz o f ice fields. , 

The ice p roblems me n tioned a b ove Cl7l be c onsiderably alleviated o r 
c o mpletely ellminated b y r eg ula r p reventl-"e me<l5ures ensuring lee c ontrol in 
spring. 

Ice c o ntrol measures consi st in occ eeratlng Ice break-up within the 
reservoir o r, if n<'(:essary, d01MlStream from pmo,er plan as well. '!he foUov.ing 
b<'Jsic me thods are _1l-knOV\n and adopted In the US,S.R. lor regular ice 
control In spring (R. 1 ) : 
- w eakening of ice b y a.pplym g dark material or chemicals; 
- dis integration of ice by ice-break ers; 
- c ulling of i c e by lee -cutting machine s; 
- demolition of ice by explo si v es; 
- strengthening of the I c e c over for dell!.yin g break- u p l!.t the upstream 

s ections of the river. 
Ice-breakers and i c -cultlng rnachin s a.re most efficient and re1lable in 

controllirlg the ice cover break- up w thout affecting the envirorunent. J-bwever, 
in some c a ses the l!.pplication of ice - b reake rs is limited by the shallow-.ess 
of rivers and reservoirs. Unde r such c onditions self - propelled i c e-cutting 
machines are on of the most e fficient means o f river ice conLrol, si nce theit" 
o peration does not depend on the flo w dep th or _ther. 

Below 1IIilI be d escribed a n e xperience Nth a self- propelled l ce-cuttlng 
"",chine 1IIhich """" use d for ice contr ol in the reservoir of a low-head hydro 
po\/\er plant on a Siberian rl r I n 1IIhich by the e nd of the ...inter the thic k­
ness o f the ice cov e r reac h es 1..0-1.2 m. 

'!'he milling machine for cutting ice typ n¢-M) , ...... d signed by the 
Gorki Polytechnical Institule named after AA. Zhclanov ( GPI) . II i s a sEi!­
containe d unit 1IIhich c uts slots i n the ice COOler as It tr,,:vels over the lee 
sw-frlce ( R. 2) 

The type Il<l>M machine is equipped wth a face-and- side cutter of 2 mm 
in diameter lIIhich makes c uts 15 cm wde in n ice cover u p to 1.5 m thick. 
PropeUers in the shape of gradually tapering h ollow c ylinders o f 0 .7 m in 
diameter are driven by a 1 1 5hp motor. The cylinders are filled v.!th foam 
plastic for increasing the buoyancy of the machine. The weight of the machine 
is 4.8 t. 

In the reservoir under c onsideratio n by the moment of broak-up there 
i s an ice-free ....ser surface upstrectm n d d01MlStream from the dan . In the 
remaining 7 km-Iong upstream part of the reservoir the ice cov e r keeps at 
a c o n s tant elevaion a nd prese nls (i p rotiem b oth during b reak-up a n d .-,hen 
passirlg ice through the dan. This critical s ection 180-230 m ...ide WlB chosen 
for carryirlg oul of ice cutting o pe....tions In the spring o f 1972 and 1 9 7 3. 

Planning of ice-cutting opera tions involves their scheduling a n d e s tab ­
lishing the direc tion and the seque nc e of ice-cutting roules as \/\ell as the 
pos sibility o f a ccelerating break-up at the s ection t o b e t reated by the machine. 

The layout of slots envisaged three longitudinal slots, u..:, o f them at 
a distanc e o f 10-3 0 m from the banks and one in the middle of the river 
c hanne l . The long itudinal slots v.er c rossed by transverse one s a t inter"Vals 
of 30 - 60 m. Whe n choosi,ng this l a y o u t the following factors ......re take n i n to 
a c c ount: the a b sence of large ice flm ges before break-up thanks to c onstant 
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water levels in the reservolr; the feasibility of the separation of ic e fragments 
from a monolithic ice ma...93; the wdth and the shape of the reservoir; tJ-E 
thickness and the strength of ice; and optimum ice-cutting metha:ts. 

Ice-cutting operations in the spring of 1972 

The operations started 1M1en day-time air temperatures rose abo"l.e Zero. 
The mean daily air tempemtures varied from _7°C to -4°C. The lee 70-90 cm 
thick W3S covered with a layer of snow 20-30 cm deep. The operations con­
tinued for 7 days. .By the end of thls period the mean dally air temperatures 
rose above zero and the Snow melted a ..... y from the ice sLrlace. A total of 
12000 lln.m of slots ""'''' ll'BcE during 7 days. At a distance of 2.5 km upstream 
from the ice cO"l.er edge transverse slots spaced 15-40 m v.ere cut, the aver­
age length of slots belng 110 m (Fig. 1). 

Fig. 1. Layout of slots cut In the ice cover of the 
resel"\Olr, spring 1972. 

The adopted layout ...... s not accomplished because of certain troublES 
v.ith the ice-c utting machine. With the ice 60-80 cm thick and the Snow layer 
20-30 cm deep the e fficiency of the lee-cutting machine Wff> 150 lin.m per hr. 
VVhen the i c e surface became free from snow the efficiency of the machine 
increased up to i10 lin.m per hr. Thus the presence of snow results in the 
reduction of the efficiency, some of it being spent on the compaction of snOlV. 

At mean da.lly air temperatures of _20C to +5OC the slots v.ere frozen 
to a depth of 8-10 cm. Hov.ever. 10 days after the completion of the ice­
cutting operations all the slots ""'re free of ice . .During thls period the ......ter 
le"l.el iri the stretch considered VIBS decreased twice by 0.8-1.0 m. Part of 
the lee coVer Over a length of 400 m up.tream of the ice edge W3S torn a ...... y 
and floated toW>.rds the power plant. As there were no longitudinal slots along 
the banks. lee floes """u1d not sepamte from the ice CO"l.er in the stretch \'.here 
Ice-cutting o perctlons ""'re being performed. 

'Nhen the lee cover ....as going to break up, the dra'Mio'M'l of """ter in 
the reservoir W3S stopped. No ice jamming occurred during break-Up in the 
stretch 1M1ere the lee cover had been cut by the machine (Fig. 2). 
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Fig. 2. General view of the ice-cutting machine making slots in 
the lee covered with a. layer of snow 20-30 em deep_ 

Ice-cutting operetions in the spri,ng of 1973 

The operations began a month before break-up, as soon as the mean 
daily air temperatures rose above zero. By this time the ice thickness in the 
rese!"\Olr r~ed bet.-.een 0.8 and 1.0 m. The ice v.a.s covered with a continuous 
snow layer 20-30 cm deep. 

The sequence of ice-cutting operations was as follows. First, a continu­
ous 6.5 m-long longitudinal slot v.a.s cut along the channel from the end of the 
bac.kvlEter zone dO'M1stream to 500 m, distance from the ice cover edge. At 
meal d.<ily air temperctures from + 20C _5°C the slot VI6S frozen to a depth of 
12-15 cm during 4 days. 

ThEn tl8l1Sverse slots a"\.eraging 110 m in length ...,.re cut in the upstrEBTl 
directi<n ct intervals 30-60 m. 

Finally, longitudinal slots extending o,-,,>r 1-1.5 kIn 'M>re cut along the banks. 
A stretch 4.5 kIn long W3.S treated in the W3Y deoc.ribed. LPstream of this 

stretch transverse slots in the Ice cover 'M>re spaced 100-130 m. In the 
remaining 1.2 km-long stretch transverse slots were not provided. The general 
layout of slots is shown in Fig. 3. 

112 S.M.Alelnikov et al. 



Fig. 3. Layout of slots cut In the ice co;er of the reservoir, spring 1973 

Thus the major part of the - Ice cover vJ.thIn the reservoir ~ divided into 
separate areas of about 50 x50 m (Fig. 4). 

Fig. 4. Layout of ice-culting routs on the ice cover in the downstream 
part of the reservoir, spring 1973. 
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'.!he langitudinal slots alang the banks upstream af transverse slat N> 72 
"",re cut anly to. a depth af 0.72 m, leaving an undisturt>ed batton layer af Ice 
0.1-0 .3 m thick. At mean daily air temperatures af -5OC to. + 2 aC all the slats 
"",re frozen to a depth af 12-15 cm durir1g the first three days. '.!he freezing 
was accelerated due to. ECcumulatian af ice chips praduced by the miIIlng 
machine. 

14 days after the begi~ af ice-cutting operctians the snON accumulat­
ed an the ice surface melted eway. '.Ihree days later the operatians ""'re 
completed. 

A total of 27 km af slots ""'re accamplished during the given period, 
16 km accounting far transverse slots. The efficiency of the ice-cutting machine 
rea::hed 250 m/hr "",th the ice caver 0.7-0.9 m thick and the snow layer 
10-15 cm deep, the Ice temperaure being OOC. The ice had a two-layer sruc­
ture (the upper layer af snow ice ani the I~r ane of fra7iI ice) undistuxbed 
by the spring thaw. 

. With the first drastic increase in the inflow to. the resel"\Qir the !ce cover 
begr> to. bre<lk up from the !ce edge to tnnsverse slot N> 35 and to. drift da'lM1­
strelfll, With a further rise in the .....ter level by 0.2-0.3 m the ice in the remain­
ing part af the reservoir broke up tao.. 

The attempts to. accelerate the break-up "",thin the critical area by decreas­
ing the reservoir le'\.el by 1 m in the spring af 1973 proved less effective than 
in the spring af 1972 because upstream of the Ice edge there VI8S an ice field 
500 m long thrust agaln.t the river benks. 

As a result af the ice-cutUng aperatians-carried aut in the spring of 1972 
and 1973. the break-up IAlthin the reservoir occUITed earlier than in the up­
stream river reaches. A greater volume af wori<: executed in the spring of 
1973 ensured an earlier break-up(by two d<I:ys in 1973 and by 15 hour's in 
1972) • 

Conclusions 

A two-year experience with a self-propelled ice-cutting machine in the 
res e1"'.Oir af a low-head hydro p~r plart pI"O'Ved the teChnlcal and econanical 
efficiency af these ice cantrol meas.u-es. '.!he layout adaJ±ed envisages cutting 
of the ice cover by a series af langitudinal and transverse slots at an average 
interval af 50 m. '.!he Initial and final dates af ice-cutting operations must be 
establiffied "",th reference to. the thIckneOE and the strergth af the ice caver, 
the efficiency and the "",lght af the machine and the volume af aperations to. 
be perfarmed. Ice-cutting aperatians proved mast effective men accampanied 
by variatians in the vder le\el. Further research Is needed for aptlmizing 
the design af ice-cutting machines. 
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ABSTRACT 

This paper reports on the research on the application of acoustic 
emission techniques to problems of fo r ecasting i ce jams and ice breakup in 
r ivers . Simple experiments have been conducted to cor relate acoustic emis ­
sion and temperature changes in ice . Based on these results feasibi li ty 
of monitoring acoustic emission ac tivity, predicting ice breakup and fore ­
warning of ice jams have been discus sed . 
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Introduction 

The capability to accurately forecast river ice breakup can be of 
significant value in the effort to control the movement of ice in a river. 
This is especially true with respect to the problem of ice jamming when loss 
of life or property may result from the rapid buildup of water and possible 
ice flooding above a jam. The formation of ice jams in rivers is a complex 
process that has been studied in detail by a number of re searchers (1,2). 
Basically there are two types: a simple jam with an accumulation of ice 
floes floating in front of a solid cover, and the "dry jam in which ice floes 
are jammed between a cover and the river bottom thereby severely cutting off 
the flOW". The latter process is unstable and difficult to predict but the 
simple jam can be predicted with some certainty. Local conditions such as 
slope, plane contours, type of river bed and valley Can be used along with 
general hydro -meteorological conditions such as melting conditions or envi­
ronment, thickness, sequence of breakup, and development of innundation 
current speeds. 

Much of the research on ice jam formation (1-3) suggests that fore­
casting of the time of i ce breakup, even with a rough probability, is of sub· 
stantial significance in forecasting jamming. In cons trast to the ice for­
mation process which can be more readily predicted, the breakup is difficult 
to forecast because it depends upon a variety of factors including heat ex­
change with the atmosphere, wind and local hydraulic conditions . Consequen~ 

ly, while it is unlikely that a single general method will predict t his 
phenomena under all conditions it should be pos sible to forecast breakup 
under restricted conditions . 

The breakup process itself is a complex process of weakening of the 
ice and fracture which is accompanied by changes in stress and strength. 
Forces are applied to the ice by thermal and hydraulic action and the break­
up finally occurs by a fracture mechanism. Indirect assessment of the for­
ces on the ice cover such as by means of wind velocity or current or stage 
measurements coupled with heat flow calculations based on meteorological 
conditions have been used with some success to predict breakup (1,2,4) . 
However, since it is ultimately the mechanical strength of ice which deter­
mines the failure loads, it would be of great value in forecasting if some 
simple means were available for ascertaining the mechanical properties, in 
situ . Such measurements would necessarily be local in nature and consequen~ 
ly t he forecasting based on this data would be restricted . Of course, cri­
tical portions of a river system could be" pinpointed and studied in detail . 

The present paper discusses the a.pplication of acoustic or stress wave 
emission measurement and analysis to the problem of forecasting river ice 
breakup . The basic techniques are less than twenty years old and have been 
under development largely in the "field of material science. It is proposed 
here that the acoustic emission activity in an ice cover can be correlated 
with its mechanical properties and the degree of mechanical or thermal load­
ing . A correlation be tween this activity and mechanical strength for sea ice 
under uniaxial compression has been previously demonstrated by the authors 
(5), and in the present paper, a laboratory correlation of acoustic emission 
activity in a floating ice sheet with thermal loading is demonstrated. 

Acoustic Emission 

Acoustic emission may be defined a s stress waves spontaneously gener ­
ated within a body of material when suhjected to stre s ses . This phenomenon 
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should not be confused with ultrasound testing procedures in which an ultraso­
nic pulse is transmitted into a material and its subsequent reflections are 
studied. Acoustic emissions are generated from within the material and have 
been attributed to a variety of causes including, microcrack or macrocrack 
generation, dislocation movement, grain boundary effects, or a combination of 
these and many other sources. Even though the correlation of acoustic emis­
sions with their causes is still an active subject of research in metallic as 
well as nonmetallic materials, the technology has been successfully applied to 
the nondestructive testing of structures made of metals and alloys, to concrete 
construction and to rock mechanics. (These issues have actually been consider­
ed for some years in seismology under the title "microseismic activity"). 

Early observations of acoustic emission have been attributed to tin 
smiths who observed "tin cry" or "twinning" during deformation of tin. Audible 
sounds or clicks were noted during heat treatment of steel. These clicks are 
related to martensitic transformation (6). Of course, anyone working with ice 
or familiar with ice has observed audible sounds during mechanical or thermal 
loading. 

The first systematic study of acoustic emission was made by Kaiser in 
1950 (7). Later his work was followed by Schofield (8), and others (9). Most 
of these early investigations were restricted to a frequency range well below 
60 kHz. A significant development was made by Dunnegan, et. al. (10) in 1964 
when the instrumentation technique was improved and it became possible to con­
duct experiments in the range of 100 kHz to 1 MHz. Since then acoustic emis­
sion has become a subject of active research and many interesting and useful 
ap~lications have been reported (ll). 

Acoustic Emission in Ice 

Researchers studying ice are familiar with the fact that when audible 
sounds are emitted by ice, macrocracking is taking place. Energy release in 
the form of stress waves, i.e., acoustic emiSSions, occurs long before macro­
cracks are generated, however. These emissions are of much higher frequency, 
above 100 kHz, and lower level, approximately lOO",bar, than the former. The 
precise mechanisms responsible for their generation are not clear but certainly 
'microcrack activity must playa role. It is the measurement and interpretation 
of these acoustic emissions that are important in forecasting the macrocracking 
which initiates breakup. 

In the past, the problem of acoustic noise generation in ice has received 
scant attention in the open literature. Cracking has been recognized as a ba­
sic process in the deformation of ice, especially in creep behavior (12,13). 
Fracture has been explored by Goetze (14) and Weeks and Assur (15). Noise ge­
neration has specifically been investigated by Milne (16,17) and Bogorodskii, 
et. al. (18). Miloe's referenced work includes a comprehensive bibliography of 
his noise research with coworkers at the Canadian Defense Research Establish­
ment. The Russian work' (18) proposes with rather sketchy experimental evidence 
that hydrodynamic cavitation and ejected particle vibrations are the major sou~ 
ces of ice noise. All of the work reported on noise measurement deals, however, 
with observations belo.w about 10 kHz. Furthermore, no attempts have been lnade 
to link noise measurements to strength properties; rather, the effort has been 
more toward explaining the noise spectrum in terms of ice behavior. 

The present authors have investiaated acoustic emission in both sea and 
fresh water ice subjected to unconstrained compression (5). Sea ice specimens 
were prepared from sea water obtained from the Atlantic Ocean. Both sea water 
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and fresh water slabs were frozen in a 38 em . by 90 em. container heavi ly in­
sulated on all sides and the bottom to simulate the freezing conditions in na­
ture. Specimens were cut from the 6 to 12 em. thick slabs that were allowed 
to form on 20 to 35 em. deep water. Some similarity between the sea ice pre­
pared in thi s way and that found in nature was established by comparing the 
salinity at appropriate temperatures. 

Acoustic emissions were detected using both a Dunnegan Research Corp. 
transducer and a miniature high frequency piezoelectric accelerometer. The 
signals were amplified, filtered and analyzed using an instrumentation system 
similar to that shown in Figure 1. It may b e of interest to note that up to 
80 dB of amplification was required with a transducer with sensitivity, -85 
dB., reinforced to 1 volt per ~bar and typical of presently available designs. 
The cumulative number of events in the frequency band from 100 kHz to 200 kHz 
signal strengths above a preset threshold was recorded versus a loading para­
meter. Power spectral density measurements of the accelerometer signals over 
the 0 to 50 kHz band were presented for fresh water ice. 

Based on these tests, the authors concluded that both fresh water ice 
and sea ice are copius sources of acoustic emissions when subjected to com­
pressive loe.<ling. Emission signals from fresh water ice and Sea ice di-splay 
distinctly different signal patterns in the temperature range studied. It was 
also demonstrated that the rate of acoustic emission could be correlated with 
mechanical strength and could be used to predict the failure loads and failure 
strains. The tests were conducted at different temperatures, however, the 
temperature for each test was kept constant by using an environmental chamber 
in the test machine. The results show that emission patterns were different 
at different temperatures. 

Acoustic Emission in Ice Under Thermal Loading 

The breakup of an ice cover, as noted above, is promoted by thermal 
loads as well as mechanical. In certain instances thermal input tnay be the 
critical load and consequently it is necessary to investigate whether or not 
acoustic emission activity can be correlated with this type of 10e.<lin8. This 
is an important consideration because in other cases thermal loadinc may not 
be the critical factor and acoustic emissiGns so generated must possibly be 
separated from other causes. 

Milne (17) has studied underice noise in some detail using hydrophones 
located in remote instrument packages on the ocean bottom beneath ic~ Covers. 
The frequency range covered was below about 10 kHz. and measurements were made 
over periods of days. His results show a clear correlation of underice noise 
with the diurnal solar heating and cooling cycle and /loilne concluded that the 
source of this noise was in the ice cover. Speci-fically, he attributed the 
noise to thermal tension cracking. 

In order to ascertain whether low level acoustic -emissions such as obser­
ved during mechanical loading occur as well under thermal heating, a simple 
series of tests were conducted by the authors. Since the primary interest was 
with the forecasting of river ice breakup, fresh water ice was used instead of 
sea ice. A 3-5 em. thick layer of solid "black" or columnar ice was produced 
in the specially insulated container described earlier using as a temperature 
above the surface of from 100 to 150F. The slab was allowed to float on the 
underlying water and a Dunnegan Research Corp: Model 140 piezoelectric acous­
ti c emission transducer was frozen to the surface near the center of the 83 
by 29 em. slab. A thermocouple was embedded about 0.6 I!:m below the surface 
as well. All tests were carried out in a 0.62 cubic meter commercial 
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chest freezer. An instrumentation system as diagrammed in Figure 1 was used 
to record and analyze the number of emissions occurring above a threshold 
level in the frequency band from 100 kHz to 200 kHz. This band was selected 
to utilize the peaked resonant response of the piezoelectric transducer at 
about 150 kHz. Bandwidth limitation was also required to maintain adequate 
signal to noise ratio with gains which. were up to 80 dB. 

Typical results from two series of tests are presented in Figures 2 and 
3. In the first figure tne cumulative number of emissions are shown as a 
function of time for thermal loading which consisted of exposing the upper 
surface of the ice slab to an ambient air temperature of about 76"1'. The 
temperature 0.5 em below the surface is also shown clearly indicated a 
steady 0.2.Op per minute rise after the test initiation followed by a reversal 
at termination. The event totalizing electronics reset to zero after reaching 
full scale and consequently the cumulative emission curve is shown discontin­
uously. It is immediately apparent that significant acoustic emission activi­
ty develops in fresh water ice for changes in surface temperature of leas than 
a few degrees. The actual total number of emissions is not of direct interest 
here since it· is a function of the bolume of material under load. Rather, the 
shape of the curve is important. The slope or rate of emission is seen to 
abruptly increase on exposure of the ice to heatings and to remain almost con­
stant during the interval until exposure is terminated. At this point, the 
activi ty markedly drops off. Although it is not shown here, this process 
appears to be repeatable over 10 to 20 minute intervals. 

Figure 3 shows the results of a test in which a 15 by 15 em. square area 
of a 3 em. thick slab of ice was dusted with a flat black spray lacquer and 
then subjected to il:f"rared heating from a 150 W incandesant photo flood lamp. 
located about 40 em directly above. A therlOOcouple was embedded 0.5 cm below 
the surface of the dusted area and the acoustic emission transducer was loca­
ted near one end of the slab, about 35 em away. As before, the emission ac­
tivity increases abruptly when the lamp is turned on and decreases on extinc­
tion. 

A quantitative comparison between the number of emission or rate of emis­
sion in Figures 2 and 3 is misleadi·ng because different thresholds were used. 
However, there does appear to be some correlation in both caSes between the 
rate of emissions and the rate of change in temperature of the ice. At present 
only a qualitative correlation can be suggested and further work is clearly in 
order. It is obvious from these simple tests, though, that acoustic emissions 
are produced by thermal loading and it seems reasonable to expect that Milne' s 
observations could prOfitably be extended to higher frequencies. 

Applications to Breelrup Forecasting 

The results of cimple laboratory tests with artificially prepared ice 
demonstrate that acoustic emissions are produced in ice under both mechanical 
and thermal loading. These emissions are produced from the onset of loading 
and the results from compressive tests suggest that it may be possible to pre­
dict maximum strength and failure. Acoustic emissions under thermal loading 
are pJ:'Oduced for changes in temperature of less than a few degrees. This fact 
itslef offers a potential method for evaluating the meteorological input to an 
ice cover, but at the same time, if this effect cannot be separated from emis­
sions due to mechanical loading, each will confUse measurement of the other. 
Precise quantification in the analysis of acoustic emission data has yet to be 
attained; however, research in this direction is under way in a number of 
fields. Two approacbes are possible: deterministic and nondeterministic or 
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statistical. In the first approach a cause/effect relation is determined di­
rectly while in the latter a probabilistic model for the source 'of emissions 
~s constructed. In either case both time and fre~uency domain characteriza­
tions are re~uired. For the present study only simple time domain analysis 
has been performed, and although further analysis of the cause/effect relation 
would be of value, it is felt that such results would be misleading because of 
the resonant, fr~uency selective response of the transducer used. This li­
mitation may be removed with the recent availability of flat response wideband 
transducers. 

Nevertheless, it seems reasonable to expect that a rough correlation be­
tween gross emission activity and the overall mechanical state of "~uality" 
might be obtained. Obviously, there will be thermally induced emissions 
appearing on a diurnal cycle but long term changes such as might result from 
gradual weakening of the ice cover should be evident. Acoustic emissions from 
direct mechanical loading would be superposed on the cycle and their presence 
above a critical rate of occurrence could signal imminent breakup. 

The breakup process in a river varies somewhat from year to year depend­
ing on meteorological factors but as described by Deslauriers (1), it can be 
considered in three phases: Pre-breakup, drive and wash. The pre-breakup 
period begins with the increase of river discharge when solar radiation begins 
to melt the watershed snow cover. The increased discharge puts the ice cover 
under stress and substantially increased acoustic emission activity should 
result. This would provide prior indication of the pre-breakup fracture and 
subse~uent formation of ice-free reaches. Accurate forecasting of this phase 
is important because the probability of jam formation is greatest. 

The drive phase begins as the remaining ice-reaches finally begin to give 
way and concludes when the river is cleared of ice. During this phase, acous­
tic emission activity monitored in the stron ice-reaches could provide an in­
dication of their integrity and a forewarning of their impending breakup. 

In all these considerations it must be recognized that certain portions 
of the river are more critical than others in the initiation of breakup. 
Clearly, it would not be possible to employ measurements from a single location 
only, but rather, acoustic emissions measurements at several critical locations 
would be re~uired. Source location schemes using triangulation techni~ues 
with multiple transducers have been successfully used in pressure vessel test­
ing to locate weld flaws, for exrunple, It is possible that this procedure 
could be used over short reaches of a river, but it is more likely that alter­
ations in propagation times due to nOnhomogeneities in the ice would render 
the techni~ue useless. 

To conclude, the authors feel that acoustic emission monitoring and ana­
lysis offers a potentially useful tool .to predict river ice breakup. The tech­
ni~ue has limitations and is not suited for a general survey, but in applica­
tions over selected critical portions of a river it should prove of value. 
Included in this category would be local situations such as might exist around 
hydraulic structures. In this case emission activity could provide a fore­
warning of unusual or severe ice forces on structures. At present it is not 
possible to make precise ~uantitative assessments based on acoustic emissions 
alone, but it is felt that the development of both deterministic and statisti­
cal models should relieve this problem. For instance, signal amplitude dis­
crimination might be used to characterize the energy release in much the Same 
way that pulse height analysis is employed in nuclear physics. 
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Figure 1. Instrumentat ion for recording and analyzing emis sions . 
(accelerome t er not used in reported work). 
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Fi gure 2. Acoustic emission counts from 
floa ting ice slab due to am ­
bient t emperature change. 
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Fi gure 3. 	 Acoustic emissior. 
counts from noa­
ting ice slab 
due to infrared 
heating of a 
dusted patch. 
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AB5TltACT 

The study reports about the morphology of :the reach in 
question of the Danube River, about great ice-floods thereof 
and about the methodology of piloting of ice-breakers. ~ne 
paper also discusses the directives for prevention of ice-
floods by means of riverregulation. The availaple qualitative 
data d~ring hydrological preparatory work must be substituted by 
objective quantitative measurements. Therefore measurements of 
ice-t h ickness oust be performed daily by ice-breakers at 30 
locations and the ice-cover should ~lso be registered by photo­
gra=etric methods with 10 pi c tures taken daily i' rol!l a certain 
high point. Measurements are evaluated in terms of ~athema ti ca l 
statistics. Expected values, variances .nd confidence lini ts 
are calculated. The autnors introduce the concep, of ice yield 
"'hich can be calculated with the help of eubsequent photograph",. 
As s result a manual for forecasting for the prediction of freec­
ing over of the river-reach has been developed. 

'OMHAlllE 

L'ar~icl~ traite ,les caracteri~tiquee ~u secteur :n question ~u 
Danuo€, Le e ;=~r~~ 2 c~ue9 caus ees 9Sr Q'embacle, ~a met~odolcEie 
de la ;',.irectior. es 1a ::''-c~L -:." des bris8 :" - g la Ges et les pr inc i ­
pes des travaux de la re gul' '<::'is ation ,::'l :' >~uve ie c. e point de 
vue. POt;I, y avo ir une base ,i =~ Z'ondee 11 feu t changer les iii +,(.0 ­
des qualitatives par les ~esurea ob~ e ctives et qLEntita ~i~~s . 
Ainai on mesure , d'un brise-g:Cace do':: :: J(' point 1 'e ;Ja is<le ur de 
glace et par 10 photo, pri c;e sur une L:...:tet:r river2~':, no ue c",l ­
culons les pCl1rcer.t2.ges des 3urf2.ces de:.. glacons . 1'elabor:tior, 
des donnee 3 se fsi ,t par les cethodes ststis ti.,yes: ob celcule Ie 
moyenne, la variance et les intervalles de confiances. en 
introc.uit Is notion du debit de gl&ce: ~n Ie calcule a l'~ide de 
l'appreciation de deux photos s uc cesiv s. Par cee elements 
quantitatis, on a elabore des abaque~ o~r prevoir Ie vitesse, 
du developpemont de la couveiture du g ac e . 
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C ars c teris B t i~n Df 

Prom t he aspect Df deve l opcent of lee f l oods t~e r i ver rea ch 
between Vukevu 11 . 333 tll oClet r es frOg tbe mou thl and the br i dge 
a t Dunaf oldvar /1 . 560 leD/ i s cons i dered mo e t dan ger Dus. For the 
protec tion sta tt the tac t i s of epec i al icpor teaoe tha t the cain 
chazechteristics or th e dev elo pgent If i oe flood waves can Dot 
be pred icted wi t h such a h igh degree of accuracy ae it is already 
possible i n the case of s Ul!IInex floods. Tbe conditions and pheno­
nena ca us ing i ce fl oods wb ich ca n generally be olassified aa ce­
t eor ol ogic, hydr ologic, morpbol oSicsl a nd geograpbio oaea have 
already been de alt witb by !;Iany researchers. 

In the appearence and movec en t of ice important role is played 
by the meteor olgi c c ondi t i ons. Based on th e dsily mean tempera­
tu r es the negetive swn of heat needed by all ~e a na for t~e appear­
snce of ic e a od f or freez illg over can be eatil:1ated statistically. 
Ac card illg to the data of Dr . 5, Horvath the stJO of heat pl"eceed ­
Lag t he f i rs t ap pearanc e of ioe is 13.7 DC, at Budapest and 
19 , 7 oc a t Baj a, and t ha t needed for ~ezing over i s 98, 9 DC a nd 
79, 8 Oc resp ect l vely . 

The eff ect of hydr ologi c condi t tons, of water regiDe and of 
cha~ nel fu l l ness is no t unambi guaue . I n the case of a l ow stage 
th e river is considera bly f ed by subsurfac e so urces. Through this 
wa ter bein g r elative ly ws rm and bavi ng a con s tan t t empera t ure, 
t he appear ance of ic e i s delayed , however, on t he otber hand at 
low wat e.r the vsrio us r iver -training works will e~erge, accele­
ra ting t h ua the cooling process of wat er, tha t ia, - at the ea~e 
t~e - the appearanc e of i ce . In many caees even oerta i n factor s 
E!e eaillg otherwis e negible - e .g. the amount 0.[ s uspend ed matter 
or the degre e of cineralization - may als o pl ay an iDportant
role. 

The effect of tri butariea is of importsnoe in t be period of 
ice drift i ng. I n most casea , in the sca l I er wa t ercouraes i ce 
a ppear s so onea 80 tha t t be i nit i al base of ice appear a nce in great 
r ivers i s essentially f ormed by thes e tr i b ut ar ies. 

From anong th e tributaries it i 8 tbe river Dr eve by which ice 
conditions along the river reach i n ques t ion s ect i on are i nfluen­
ced. In the period of ice drift - wb i ch is of prinary si~1fi­
c e nce in the develo pment of ice f loods - the Dan ube r each in 
question, is influenced by the ice c onditions of the river Drava. 

The most favourable case occurs when the di s appearanc e of 
Danube ice is preceded by that of Dravs ice. 

In the case of an incidental coinc idence of thes e, the f orma­
tion of an ice barrier is very l i ks l y t o occur. 

Bad morpbology- chars ct eri sed by t he wi dth and depth of t he 
bed, by curvature conditione and by slope - is play i ng a n impor­
tant role in the cooling process and it is a deteroi ning f actor 
with respect to the po ints where 1c e c omes to a stil l staod. 

In the river reach being dealt with t here are six spots to be 
considered most dangerous from the point of view of ice accre t ion. 
These spots can be characterised by sharp be nda, bed contracti on 
and difficulties af navi~ation. 
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Such s~ots are: Sarospatak bead /1415-1470 km/, Baja bridge

/1480 ~/, Kopp~y bend /1484-1482 km/. Ge~e~c bend /1498-1494 

~/. PskB bend /1534-1532 kQ/. end Ordas bead /1537-1536 km/. 


Fro~ the point of view of i ce ~o t i on - with r es pect to the 
geograpbie eituation - t~o f undamental t ypes caa be dist inguisbed: 
rivers fl owing soutbbound or nor "hbound. Froa amon~ tbese tw. 
types it is the second one in wbich the inc l ination to the occur­
r ence of ice flood s i s stronger . In the development of ioe f loods 
the general cbaract er of the r i ve rs is det ermined by th e re t io 
betwesn the dir ection of f low and t bat of tnaw . Fro~ th i s aspeo t 
the situat ion of the r iver Danube is unfavourable because t be 
direct i n of tbaw Bnd t hat of f l ow sre nesrly the sa~e. Warminc­
up proc eeding slon~ t he f l ow di raction i 8 a wel l-known pr el imi­
nary cDnditi on of i ce f l ood development. 

The ice motion and f l ood characb t eris t i ce of dias8t roue ice 
floods occured in the last hundred years - in 1876, 1391 , 1893, 
1940, 1941 and 1945 - were exceeded by t hose of t he flood in 1956 
80 thst i ce conditione usuelly deve l opin: are to be char acter i s ed 
by describin; t he latter one. 

In December, 1955 and in January, 1956 the monthly means of 
air t eopera ture wer e hisber than the no~l val uea of t bese mont hs. 
I n the Alps, the preo i pitat i on attained tbe norma l valu e bu t DO 
substantial sno'll OOlfer bas deve l oped there. Based on weather con­
dit i ons. s ~ld or everage winter and averege river recime were 
to be expected. 

However. in Febr uary J 1956 a cOllBiderable chance oocu.rred in 
tbe weather condit i ons . On J anuary 26th, weather turned col d, 
fol l owed by a rapi d and intense c ooling down. I n Ba j a on Febr uary 
17 tho air temperature waa as l ow as - 24, 7 centi grad e , tbe aini­
IIlLUI observed. 

Owing to tbe beavy cold weatber be:un i n the seoond per t of 
January, at the end of this Dont h a rat her scat t ered ice beeen 
to drift and ef ter a continuous incre ase of t hickness on Febr uary
5th, ice cover developed between tbe s outbern border s ad Dune­
azekcso. In the subsequent daya t bis i ce c ove r pr oce eded upa t ream 
and on February 8th, it reached Duoafoldvar. The mot i on of ice 
started on Uarch 5th. 'Ebe boabardments and i ce bl as t executed 
da i ly a t diffe rent pIeces were not sble to break t be i c e cover 
and to keep it IlIDvillg . 0):1 tlercb 8th . at Pake, on Liarch 9t h , i n 
the beuda at Dunaf~ldvar and Dombori and on Mar ch 10t h, iB t he 
Korpad bend i ce-barr i es developed . Bet we en the 11th and 14t h March, 
as a con~equence of ice-bar rier s , ~sxigum s t ages exceedin~ the 
foruer flood l avels have deve l oped. At a few pl ecas the cre at af 
l evees was exce ede by t he wster . Then a t Dor omlas and in Baja, 
dambreake happened. After t be br e akdown of 1c e- ba r r i ers at Du na­
fol dvar and Docbori , both downstream aod upstres~ Ba j a the crest 
of l evee wa a eJtceeded by wa ter over a r each of considerable length. 
At th i e tice, on wsrch 13th , a wh ole aeri es of dambrea ks occurred. 

efc e noon, ups treaa Bajs 6 d aillbr es ~s wer e record ed and in the 
af t ernoon - downs treac - there were fur ther 14 breakS. In a short 
tice, 24 daobrea ka developed al one t he l ef taide l ev ee and 6 breaks 
al ong the r ight-Si de one, on account of th~ i ce f lood . All this 
r es ul t ed in t he over- fl eod i ng of ves t e sr ea end a f ew villages 
had t o be evacuated. The Hu~ariaA Da nube r each became entir ely 
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clear of ice by MarcA the 19th. 
ventio of the develo ment of ice floods· controllin of 

the act vity of ice-breaker fleet. 

In Hungary on the river Danube and its tributaries, ice-brea~er 
ships snd different explosive devices are used to break up cohe­
rent ice cover and to liquidate ice barriers, ice accretions and 
ice cloggin,s. 

In the Hungarian Danube reach - based upon experiences made 
during the last 10 years - the liquidation of ice accretions and 
of ice barriers and a considerable dicinishing of the danger of 
ice floods were successfully achieved by using ice breakers of 
300-1.440 HP. For conditions prevailing on the Danube, the prin­
ciples of ice breaking to be performed by ice-breaker ships have 
been formulated by hl.Bokor. 

These principles are to be sUOGarized as follows: 
a./ 	in the period of primary ice drift, the maintenance of a 

continuous ice motion, the delaying of freezing over and 
reducing of the possibility of icebarrier development; 

b./ 	in the period of ice cover development the securing of an 
even freezing-over without allowing the foreation of bar­
riers; 

c./ 	in the ice cover once frozen over, the creation and con­
tinuous maintenance of pessages, and, by ~eans of eli ­
minating discontinuous ice cover, the attaining of a core 
uniform distribution of ice; 

d./ 	destruction of accretions and of barriers; 
e./ 	in the course of secondary ice drift beginning together

with melting, the securing of our even drifting-off of ice. 
The guidance of the activity of ice-breakers, participating

is performed in a co-ordinated way along tbe entire length of 
the river to be protected. At the beginning of the pricary ice 
drift /early winter/ when ice cover is about 25-30 per cent of 
water surface the small fleets of ice-breakers - consisting of 
2-3 ships - are kept in readiness. After the start of aediuo 
/30-50 %/ ice drift and of shore ice develop~ent, the ice-brea­
kers begin their work. The ships sail along their river reach 
several times up snd down and disintegrate both the shore ice end 
floating ice by means of generating waves, sailing at a constant 
speed, In the period of a heavier ice drift sailing, before all 
in the bottlenecks and sharp bends, the delaying of fr·eezing­
over is the duty of the fleet. The discontinuous ice cover ie 
fully destroyed. In this period, the aics is to cake pass the 
possible &xeatest acount of flostin, ice to the lower part of the 
river. 

When the ice drift attains to 80-100 per cent and accordine 
to ~eteorologic and bydrologic forecasts, a lasting COOling-down 
can be expected without a rising of the water level and, if in 
the river reaches being inclined to freeze over the developcent 
of ice oover has already been completed, the duty of the ships 
is to promote the sBooth freezingover. The activity of ice-brea­
ker croups has to be directed s.o as to have ice cover grouping 
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upstream and a freezingover aloDC the entire lencth Df the river 
reach. After the complete freezing-over the .peninl of the paS6sce, 
15-20 m wide, has to be ca=enced il!llaediately by sailine upstream. 

This passage has to be maintaiaed by ssil1ng along it daily tD 
assure the rapid accesaibility toward accretion sites if perforce 
a flood wave would oCCUr. 

One of the first phenomena of spring melting is that in Bome 
plsces, ice cover is sliding down and gets underneath the ice 
cover of the downstream river reach. I. these casea, the downward 
release of ice - by means of demolishing it by proceeding upstream 
- bas to be started without delay. Ta demolish accretions, ' 
barriers - with respect to vaultiD~ phenomena - the aearch for 
the s~rroundings of the shoulder points or places may prove 
succesaful. 

In genersl, tbe technology of ice breaking is the following: 
the ice-breaker - using her kinetic energy - 6ails continuously
forward in the ice field until she is stopped by the thicker ice 
cover. Tbe ticker block of ,ice is broken by manoeuvring forward 
and backward, by running upon the ice called "ironing". Tbe ships 
stronger than 600 HP are provided with a ramming equipment so 
that these sbipscan proceed forward even in the thicker ice by
their "nodding" /ramming/ motion. Ramoingis produced by big 
counterweights aount~d on the fore body and afterbody of tbe ship 
with an excentricity of 180 degrees bet.'ieen , them snd driven by 
special alUiliary engines. The deployclent forIll 'of the ships is 
triangle /V-formation/, so that in fr ont of' the ,group of ships. 
generally one of the ramming type is sailing as. a leading Ship. 

The 'IIork of ship groups is guided in a c,o~ordinsted way along 
tbe entire reach of the river by means of ,'USW-receiver.;.transIritter 
uni ts, based on terrest;rlal and aerial obs,erva'tions. 

Prevention of ice floods by river treining ' .essures. 
The bed conditions of rivers being inclined to csuse ice floods 

ere characterised by their primitive st,ste, the existence of seve­
ral brancbes, unregulated foreshore, shallows, bottlenecks, 
meanderings, lack of navigability and the 'partial or wbole lack 
of river training. Also on the reach in question of the river 
Danube, alcost all disastrous floods were caused by the develop~, 
ment of ice barriers. 

If follows from the properties of ice pbenomens that in tbe 
period of ice drift /that is, of ice vaulting/, the low-water 
cbannel conditiona, in the period of ica accretion, ice-barrier 
and ice clogging development, the mean - stage channel conditions 
and in the courlhl of ice flood development~' the flood-cbaonel 
conditions are of decisive importance. 

With regard to ice motion, the dimensions .f a bed are suffi­
cient when excessive depths and contractions have not devel.ped 
and tbe favourable cbannel sections have been stabilized. In 
brancbes,' tbe reezing over is usually finished sooner than in 
the main channel so tbat the density of ice floes will suddenly 
increase. Branches havin& no cloaures !U'fect the ice motion af 
the river unfavourably. At the point of inflexion in an exceesively 
wide river bed no sufficient water depth can develop. At central 
forda of this type in shallow river sections, ice is stopped 
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essll.7. 

The di.mencimls, 191dt b, to-pog:t'splQ', type o~ vegetat1.lm.bu.i.l.d1D« 
deA6i~ 8lld 19a'ter conveyanoe 0.£ the t oreahor es generally wary wit­
hin ~de ~ts. ~e role ot the foreahores i s of special impor­
t anoe frDII t be point ot vi ew ot ice flood developJlent. In cont­
r a otions of the fl ood channel tbere are usually unobjeotienable
bed oondit i oJlS and adeq u.a te deptbs. 

It is character i stic at tbe Danube reach in ques t ion, tbat on 
tbe one band , ice bec~s rarely s topped in tbe contractions o~ 
t he fl ood channel , but on tbe oth er hand, great danger is ca used 
U i c e ac cretion, ice- barr ier , i ce cl oggi ng is developi ng just
there . On the narrow f oreanore , fl ow is una bl e to by-pass obstac­
les witbout bei ng dammed up and wat er lavel will rise instanta­
neous l y , the only way au t fl ow bei ng the spilli ng over the levees, 
s o that finall y t he disas t er can not be avoided . Tbis is wba t 
hap pened in 1956 near DunaIalva and Dombori. 

17ben elaborating rivel' t r ain ing designs bas begung in t be 
last century, first of all the possibility of i ce Mot ion was 
c onsidered and t be i nteres ts of navi gation were thougbt to have 
a secondary impor tance . As on the Danube reaoh i n quest i on r ather 
the width thsn t he dep,h of bed inoreased. t be constriction of 
the channel became the main target to be real ized by training 
wal ls wbile at t he f orking points , seoondary branahes have been 
closed by traverse dacs . Trai ning ohannel width has beeu aSSUMed 
to 450 JD . 

Accord.ing to the gene:ral plan Ili' r iver training, elabo:rated in 
1952, the channel width has to be r eduo ed to 400 a both at t he 
apex of bends and a long the t r ans it on s ect i ons . The t r ai ning
width was intended t o be real ized by congitudinal works - es pecially
by bank protecti.n s t r uct urae - al ong the ooncave s i de of benda 
and by traverse struct ures al ong tbe convex side. The t raverse 
structures are partly groiJlS and part l y wing dams wi th a bDri~on­
t al crest. As the purposes o~ river training t he possibi l i ty of 
unhindered mDt ion of ic e aDd the s ecuring of navigat i on channel 
with a minimum de pt b of 2 , 5 In and wi tb a minimum widt h of 200 m 
wera regarded. epth is r el .ated to the naviga t i on l ow water 
determined by the Danube Co~ion . 

Preceding tbe river-traini ng plan el aborated in 1961. only a 
training of the channel f or medium waters was carried out. 
However. in the new programme a180 law-water bed training bas been 
included for a sb orter river reach u-pstream Fake. The constTic­
tion of medium wa ters is foreseen by training wall s and oons t ­
ricting dikes - botb of t heM sit uated on one s ide only - end by
closing t he br anches. To th i s end the river training met hod 
corresponding t o the standar d profile had been choeen by applying
the s truc t ures of the two types r as ing one aoother. The r iver 
r each was di vided intG two parte : t he one above Fa a end the 
other below Pa ks . 

In the training plan the cre ation of a zone fr ee of vegetat i on 
in the foreeh o:re bas been f oreseen in order to proClOte tbe unhin­
der ed runof f of ice floods. 
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Quantitative ice observations performed alon2 the Danube reach 
between unafCi Ldvar and the southern border. 
By the observations of ice phenomena lice drift, freezing 


over, break-up, disappearanoe/, - introduced in the past deca­

des - valuable but mainly qualitative characteristics bave been 

obtained. 


Based on these observations covering several decades such types
of foreoaating aida aBd methode have been developed by aid of 
which the forecast of theae qualitative characteristios - that 
is, of ice phenomens - can be performed more or less successfully. 

The quantitative characterisation of the nature and of the 

development of ~ce cover may yield important informations about 

the prevention of ice floods and about the fighting against the 

latter. For this reason recently the observers are expected to 

report the deta of the percentage of water surface covered by

ice and the data of ice thickness, however, without giving met­

hods for these observations. 


So the afore-mentioned two quantitative indicators are deter­

mined by the observers of diff erent aptitude and disposition in 

different waye and with a varying accuracy. 


It may be assumed that the coverage of water surface is esti ­
mated by sight, standing on the bank and the thickness of ice is 

measured on the drift ice carried by water onto the river bank. 


The estimate of ice cover percentage - performed at a flat 
.observation angle - is highly uncertain. Even the estimates given
by the same observer standing in the same position may easily
differ by 30-40 %. 

As for the ice floe "carried by water OBtO the river banks" 

this kind of ice to be measured frow the banks is produoed rat ­

her ~eldom by ice drift preoeding the freezingover prooess. 


Thus, one may conclude that such observations sre charged by

subjective errors to a hi~er extent than in other caees. 


The magnitude of ice coverage depends on the momentary sitUa­

tion. Within the same period of arbitrary length different 

magnitudes are to be observed at the different instants. E.g.

the assessment of a eing]"e big floe and of the great free water 

surface behind this floe depends also on the fact whether the 

floe can be found within the sampling reach selected or has 

already left it. 


Also the thickness of floes is influenced by many factors 

manifesting themselves even in the same day in different ways in 

the case of different floes. 


The thickness of floes - supposing unchanged weather and water 

temperature conditions - is modified by multiple accidental 

processes of jamming, disintegration and sticking. 


Obvioualy both the coverage to be observed in different ins­

tants - and the measurable thickness of floes are messured dsts 

referring to rsndom events, that is, messured data refer to 

elementary events of stochastic variables. lIce coverage reminds 

of the rarget model used in probability theory and the data of 

ice thickness reminda of the aeries of any measurement datal. 
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Thus, nex t to the uDcertainty of subjecti ve observations, one 

also should be aware of tbe f act, that the problem turns aro und 

t he obse r vation of data, baving a random - var iable oharacter, 

influenc ed by rand om processes of eventa . 


To eliminate t he s ub j ective error from observat i on data, a 
type of me asurement me t hod e have te be elaborated which data 
meas ured are r eoorde d b.v iQ.Btrument s t/'lat a 0:[ Pllya ~c a maana. 
Du e .to tlle r andom - vari abl e oheracllter or t ile plle.DlIle non , i ns­
tead of particular observations st atis t ic sam1linf should be per­
f or med to characterise the probability val' lab e w ih an accep­
t'ii"liI6ac curacy. 

Preparat i on and execution of measurements. 
The pos8ibility of objeetive date ool l ecting was given on the 

one band by tbe ice-breakera being i n s ervice on t he r iver DanUbe , 
and on t he ot her hand by camer aa fixed a t a auff i ciently high
l evel. 

Meas ur ement of i ca t hicknes s - by means of icebreakers - was 
to be ex t ended over t he whole Danube a nd has been made .by a dir ect 
meth od. 

No s pecis l pr eparati ons wer e requ i red for the me as urements. 
The t hicknesa of f l oe f ixed by gr eppl i ng h ooks wes mea s ured by 
means of a floding rule. Using lar~e s i ze / ) _/ r Ules , the thic k­
ness of ice f l oes was to be measured als o f a r t her from the ir edge. 

Pictures taken by t he camere sh aw the cover age of the r i ver 
amid momentary conditi oDs to be used as bas i c da t a f or any furt ­
he r proc ess i ng. 

However , to take pictures some preparat i on works had t o be 
made e l ong tbe river reacb to be observed. For t his purpose the 
mostsuitable fiv e points, na_ely the top of t he loess wall near 
Dunafoldvar, Pa ks and Dunaszekcso and the top of the gra naries of 
Ba j a and Moh acB were chosen were tripods with a f i xed head have 
beea built i n. 

At each sta t i on, on both sides the end pOints of tw o cross 
sections laid out perpendic ularly to the mainstream, wi th a 
distance of 60 m i n betwe en them have been marked by boards dif­
fering conspicuous l y from the navigation signsls. The network of 
co-ordinates having a mesh length of 60 m, has been constructed 
by the so called "diagonal" method on the basic photograph. 

The result of ice measurement cODsiste of 10 pho tographs taken 
subsequently from ihe elevatiou ~oints with a time in t erval of 
60 seconds /Photo 1 and 2/ and af 30 ice thickness meas urements 
performed f r om the ioe-brea kers by means of random sampling. The 
elevent film shot was made with a pr al on,ated exposure. By the 
sid of B picture taken this way, the standing and moving ice can 
be told apart. /Photo )/. 

Processing of measurement da t a 

The network af reference points are transferred onto the 
entlarged pictures by the contact meth~d displaying thus the 
perspeotively transformed picture of the 60 x 60 m network. By 
the aid of this network the messure of coverage is determined 
first in percentage and converted later inte sq. metres. 
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The determine tAe travel velocity of ice f loes iQ the indi­
vidual photographe along the upper C~OBS s ec t ion line chsrao­
ter i stic points are marked and the s e pOints are t o be along
direct i on of flow, i dentified in the pictur e t aken s ubseque ntly. 

Interoonneo t in« these point s tho velocity dia~~ of i oe f l oes 

oan be obtsined - through ne t work of 60 x 60 m ~esh s i ze and by 

using intervale of 60 aeconds between t ae s ubseq uent pi ct ures 

t ha obtaining of results in mis dimenaion is secured ­

I ce yield. 
Ice yield is oalculated first as surfaoe y i eld with dimens ion 

of sq. m/sec. 
The partial yield of indivi dual oalculationstrips can be 

obtained as the pr oduct of the mean s urfaoa oaloulated by the aid 
of two aubsequent pioturee and of velocity ca l ouls t ed by using 
the same two pict ures, divided by the base len«tb of 60 m. 

The tot al ice surface yi eld is tbe SUM of t he part ial yields 
of the zones, thue on t he basia of 10 s ubseq uent pictures 9 
results of ice yield caloulat i ons can be obtained daily. 

Statis tical dat a processing. 
The res ul ts of ice me aeurement s oan obvi ous l y be cons i dered as 

bei ng reeults of "exper iments " related to rsndom events . Henc e, 
for the ir processing matbema t ical. at atist i cal methode are needed. 

The tbickness of ice has beell "est i meted" by us i ng the sr i tb­
met ic mean o£ measuremen t da t a and the correoted empir i cal variance 
of t he resulta has slao been calculsted . 

Messur ement dats - Dwing to their fulfilling t hs ori t eria Df 
cent ral oritical distributiDn - are of norma l diatri bution. 

By t he a id of this assumpt i on a nd of t he Student tes t - servi~ 
the examination of a random var iabl e having unknown varisnce and 
mean and be i ng Df normal di stribut ion - t he tole ra nce zonee of 
different eignifi cance l evels have been plotted, r ela ted to the 
average ice t hickneas . /Fig. 1 ./ 

The mean value , variance and t he tolerance zones having signi­
f i oance leve l oorresponding to average coverage of 10 dat a obser­
ved dai ly on ice a urface. have been oalc uls ted similarly. 

By the aid of proce ssing the 9 data observed da i l y on ice sur­
face Yield! oal c ulat ion the average yield of i oe s urfsce snd the 
eversge to ersnce zone of t bis yi eld heve been obta i ned . 

Using the i ce t hiokness data the ice volume yield oan als o be 
calculated in dimens i on of cu. m. per sec ond . The value of ~ 
volume yield i s assumed t o be the product of the means of ice 
surfsce yield and of i ce thickness . 

Assuming the measurament errers of ice s urfsc e and of ice 
thiokness to be mut ually i ndependant ra ndom variables having nor­
mal distribution, t he vsrisnce of the est imate related to ice 
volume yield can be approaohed by means of the difference betweell 
the producta of the seo ondorder moment s of the above two chsrsc­
teriatics snd the products of tbe aquares of t he first-Drder 
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moments of the eame two factors. 
On the basis of variance and of the fictitions Student 

distribution of a degree of freedom 
n l n 2n = 2 n l +n2 

the tolerance zones of this ice volume yield are to be calculated 
as well/in the formula the number of ice thickness measurements 
is represented by and that of ice surface yield observationsnlby n2 , being 30 and 9 respectively/. 

~ieasurement data are plotted in graphs monthly fer each station. 
Beside the axtreme and average values of air temperature in­

fluencing ice conditiDns and beside the data of water temperature 
and of river stages, the curves of the mean values of ice thick­
ness, of ice coverage, of ice surface yield and of ice voluma 
yield have been plottad together with their tolerance zones. 

To IDake easier the evaluation of data the curves representing
the daily change of the data enumerated that is the figures 
characterising both ice growth and ice melting have alse been 
plotted. 

The use of ice measurement data 
On the baa is of objective quantitative ice observations commen­

ced only in 1971, quantitative relations~ips suitable for forecasts 
are not to be constructed so far. Many years have to pass until 
the connection between the quantitative characteristica of ice 
and the hydrologic factora can be analysed statistically.However,
obtained BO far the data - and conaidering also certain physical
conditions - may yield informations capable of promoting highly 
the efficient control of ice-breaker activity. For example,beyond
the knowledge of ice coverage percentage, by the knowledge of ice 
aurface yield it is possible to estimate at a very high degree of 
accuracy the time-dependent size of an ice field likely to develop
behind an ice accretion in a certain cross section - if there is 
no ice jam - Dr, dealing with ice volume yield, the mase of ice to 
block the channel. With these data available the head of the 
emergency staff is able to decide, whether he should deploy ice­
breakers to liquidate an ice flield developed - Dr to let than 
open a passage through it. To estimate the velocity of ice field 
development a slide rule-like aid has been constructed in the 
basic graph of which the summarized value of cross section area 
per currant metre of the river /Danube/ had been plotted in the 
function of distance measured from the mouth. On the movable sheet 
of the aid, drawn on a transparent plate, the different surface 
yields can be found along a family of obligue radii. Matching 
the adjustment point of this graph and the point of ice stop 
observed, the length of ice field to develop in the next hours 
can be estimated. /Fig. 2./ 
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ABSTllACT 
In the preaent work attempta are made to BsiB a longer range torec..' ot 

the characteristics ot ice-ettecta tor a period ot a 7ear, tor this reaaon, 

dinaaical-atatistical Bethod is uBed tor 'he prediction ot Bacroproce••e. h7 
baaing the calculation on multiple correlaiion. Result. ot the general deter­

aination ot the reliable prognosis demonstrated that tor a giTen Bethod the 

a08t reliable results are abtained by torecBcting tor an eloQgated period ot 

the ettecte of ice and give tbe period when the ice starts. The accuracy to 

torecast continnation i.ples that the coetticient ot correlation R-O,6'-O,90, 

lJUarantes Pa70-90%. Prognoai.s tor tbe begioing of ica etrecte characterise. 

the following Talae. ot correlation coefficient R-O,65-0,84 guarantee Bathod 

P-74-90%. ThiB aetbod already 5ee~B sucesstul i. the tirst attempt and can 

be exac' witb tur'her proot•• 
~OMMAIRE 
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I t is .ell known trom l iter t ur8 e that invaa t i gationo in the fisl ds 

of long range forecssts of ice-effects in the Danube river W&8 dona for a pe­

riod of I-J ..onths. In the present .orle a\tellp ta are lIade to lI&ke a longer 

range forecast of the characteristics of ice-effe cts for a period ot a year. 

For this reason dinamical-statistical method is used for the prediction of 

llaero-processes b:y baaing the calculation on aultiple correlation flJ . This 

.ork .as done in the Leningrad Hydro~eteorological in:titute under t he super­

vision of V. A. SHELUTKO b:y uBing electronic calculation machine Ra,dan-2. 

The main essence of dynamical-statistical method of prediction for 

aula ted by I. Y. Alielehin arrived at the following conclusion that comlex 

natural II&crOprOC8ases are formed b:y stochastic probability ot the common 

t:ype. 

30ae of the most important conditions for using dinamical-statistical 

lIethod are the concrete use ot statistical structural functions. Thise func­

tions are calculated by the following equalit:y 

B\T ) . 1 /1/
Gt C; t-1; 

whare G and Gt_~ - root mean square deviation series corresponding to thet 
original period ot obeeryahon up tiel 11- t to the period t' - the end of ob­

serYation, N - period of observation, d (1. \ and d (1.- 't:) the values of the given 

eeries .hich deviated fro. the normal T - shift value. 

Calculation is based .ith consideration for the internal regularity 

of the increaae in the predicting element by lUling the lineal equality. 

+led ~.f! 
n 1.-11 fu 

.hare d _
l

, d _ ••• • •• d _ Yalues ot te~poral series of macroprocesses
t t 2 t n 

for the :yeara of observation d - extrepolation /prediction/ term of seriest 
kl ••• - optimal coefficients ot lineal extrapolation /conaecutive coeffici ­

enta k l1:), 'f. 1,2 ... farther, the.se values are found with extrapolation 

operator series, d (1.) f.or a gi .....n period ot a year./ 

Humber of terms o. Numbers not found in equation /2/ are calcu­

lated experimentally abraining up to 15-JO. Calculation of extrapolation ope­

rator kl~}c&n be obtained by solving the tOllo.ing equations /J/ using Gsus 

method 

Rl • ~ B .. + k~ 0 n Rn-l R2............... ........... 

B .. k2 a • ... k a . a 

/)/ 
~ 0-1 n-2 n 0 n 
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Reeul te obtained by the c&l culatiGll of It ('t ) for di!terent ..&luee of 

Il gin the prediction Y&lue b,. aalecti"8' "he opti.al coe!tic ient of extre­

pola tion for tbe given op ti_al per~Dd. 

~Il the baai n of selecting optimal nUBber a t ter• • n the extrapolation 

operat or g i ... the re preeentll.tioll ..bout general correlatioll f Ullctiona, which 

gi... tbeoretica.l ee tilllBnoD. of the poee ible .....,.i.ulI accuracy ot extra.polation. 

Gener.. l correlation functi on ill.. 01u88 .~ece85iye yaluea at coman correlation 

coetticiente R(Il ) whicb i8 de fi ned b,. the equal i t,. equation 

R (n) • \ f 1 - -t- / 4/
V n-1 

where P - dete,..i nant of mean ..atrix with In+l/ coluuas conatructed by theIl 
lIae of the correlation funtion R ('r) . D n _

l 
Ilain minor of the deterainant. For 

the estimation a t " opt. We used 5ueceesive empirical eorrelation coefficient 

between real and progooa tic ter as of tbe aeries for variana values of n 

and aleo 8ueceasive valuea of criterion eaoae 

5­ /51 

u D d (n) corresponding dispersion error of prediction and di&­

persien at real r aeries tor YU iODS yalues of n . For abaolu te ac curacy 

o-t prognosis d!E 0 real ir £ ~ C,64 in this case progno.ie is statisfactory. 

For 8ufti cient contions stationary series a • ~ 
Pri~arily, quantitative estimation or equality /2/ is done witb tbe 

aid of epecial parameter8 called period average correlation function 

't lo;t 'II
"a • 2 1/ - 1 /61 

..bere T lo~ tl - abecis sa corresponding to the lli.Bt and first pointe or 

untereection of tbe bori~ontal a~i& aD tbe average in tb~ field of calculation 

of the value R(~ ) N - total nu~ber of points intereectine or toucbing tbis 

curve in borizontal line. Par tR ~ 6 the use or dina-ical-statistical aethod 

will ve &ueceseful. 

Results obtained by the cslculationa of correlation runotions by eeries 

for ..arc t han 10 years are depieted in fig. 1. From analysis or graphs p1ot­

ted by fiel ds at poi nts rollouB that internal bounding of seriee d charac­

teriee by few correlati on coefficient which in absolute valDes do not exceed 

0,2-0 ,J. We an period or correlati on function defined by "quality /61 for all 

calculated series by wbich prediction is &fforded equal 6 year. or aore. 

139 a. BllIHT 

http:progno.ie


Generally, calculatid Talues tR and \he point. in the graphs testif~ 

about the wide correlation which are the analieing aerieel consequentl~ 

the equali t~ /21 juetifies the aatheaatical and physioal haeis. 'l'he deterai­

nation of each of tbe eonseeuti.,e ter..s of the s..riee in relation to eacb 

of the subsequent tera at a distan.ee of '[ ~ear. ill ineisnifieantl bowe.,er, 

the sum of tbe terme of those eeries in relation to the former, putting into 

consideration sumaary coamon correlation funetion Rn whicb is quite lar~ 

and rang1!s !'ro. 0,7-0,9. 

For this by correlation functions of · tbe series we ean ealculate 

extrapolation operators II: ('t) trom optimal .,alues n and ex·trapolation 

function were selected the greatest eorrelation eoeffieient buiding the real 

and predietion .,alues Rd d • Following fro .. optimal variant, ealeulation 

was done by seleeting t~ riIiable values n comparing the. with tbeopt 
eaees of eriterion 5 and the values of guaranted prognosis 

p • ...!:::!... 100% 
If 

where N - n~ber of reliable predietion for a gi.,en series m~ ~umber of 

UDeatiefa.ctory progooaia. That. ie, prediction wit.h errors 6. d ranging .f'roa 

about 20% beyond the ealeulated .,alues. The reaults ot the general determi­

nation of the reliable prognosis demonstrated that for a gi.,en method the 

moet reli~bla reeulte are ob~&ined by forecasting for an alongated period 

of tbe .tfecta of iee and gi ... Ule period when the ice strarte. 

The aecuracy to foreeast eontinuation. of iee effects for II year imp­

les tbat the eoeffieient of correlation foreeaated and the real values of 

a ranges fro. 0,6) to 0~90 and the cri terion categor~ & fr,o", 0,19 to 

0,61. Guarantee method P • 90% at the upper seetion of thll ai.,er for natural 

guarantee P - 59%. On the reaaining portions guarantee aathod goes up toaat 
70% wi th natural guaran tee are than 50%. 

Prognosis for the begining of iee effeet. eharacterises the following 

.,alues of eorrelation eoeffieient R • 0,65-0,84 8 ~ 0,25-0,61. 

Guarantee Bethod olleillates frOB 74% \0 90% where natural eecurity obtains 

trOB 56% to 71%. I~ fig. 2 for a given II<Iries shoun the .,&lues of real and 

prognosis. \Pro. these .,alues i\ is abTiollS thet reliable fore c.." t. aeeuratel~ 

definell the changes in the gi.,en caee. 

III soae cases it becoaes possible to be exaet by foreeasting graph­

ieall~ dpr • f (drl II IJ. d • t (drl ­

Fro. the obtaiu!t resul til we ean 8or~ that it is satiatac tor~ so fax 
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I1l!I they are in the region of long range forecast ihthin the tiae limit. 'I'b.ia 

method already gee~3 suecessful in the first atte~pt and can be ,,~ac t with 

further proOfB. 
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ABSTllACT 

Reaervoir dama and barragea regulating runoff increaaed re­
cently in both number and importance. Complex water projects arid 
industrial water uses especially cooling water from large foa­
sile power stationa have brought about substantial ' changea in the 
thermal household of rivers. River canaliaation haa enhanced the 
significance of water traffic. Recent stUdies on thermal house­
hold, control of ice movement, deaign of structurea and on the 
necessary protection against adverae ice effecta will be reviewed 
subsequently. 

=,OMMAlllE 

Le nambre et l'importance dea r~aervoira et dea barrages de 
riviere avaient augment~ dans la derDi~re decennie. Les grandea 
ouvrages complexes et l'utilisation de l'eau induatrielle avaient 
change fortement Ie bilan de temp~rature des rivi~ea.L'influence 
des eeux de refroidissement des grandea centralea thermiques est 
tres importante sur Ie d~veloppement de la d~bS'cle. L'importance 
de la navigation est aussi augmentee.Ils en resultent des nouvel­
les t'chea dans Ie domaine de recherche des phenom~nes glaciales.
Un r~aume dea resultata et des exp~riences recentea relativea aux 
influences des ouvragea, dans Ie domaine du bilan de temp~rature, 
et dans,la protection contre l'effet nuisible de la deb~cle est 
donD~ • 
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Introduction 

In the wake of the rapid increase of water demands in the 
second half of the 20th century there occurred a successive de­
crease in the number of streams capable of meeting these demands 
in their original, unregulated condition. The reduction of peak
discharges and the augmentation of dry-weather flows has called 
for the construction of an increasing number of reservoirs with 
huge storage capacities, with the storage space attaining as much 
as 200 thousand million m3. These are suited to retaining runoff 
volumes of several years, to discharge them successively in a 
controlled manner. Considering no more than the 25 largest reser­
voirs constructed during the past two decades or under construc­
tion presently, it will be realized that the aggregate storage 
space is sufficient to retain round 2.000 cubic kilometres of wa­
ter. With their new water surfaces extending to several thousand 
square kilometres, these lakes cause substantial changes in the 
thermal budget of the streams, as well as in the ice phenomena
observable in lakes under cold climates. 

The regime of flat, lower river sections is considerably
modified by river berrages which in general affect the runoff 
volumes to a minor extent only, yet their influence is all the 
more pronounced on the stream and on the riparian areas. These 
lower reaches are situated as a rule along densely populated in­
dustrial areas. The hydrological and temperature conditions, as 
well as the quality of water is fundamentally affected by the wa­
ter uses along such reaches. The limit of thermal pollution in 
streams ie receiving growing attention, especially in view of the 
thermal and nuclear power stations of several thousand MW capaci­
ty constructed recently. Thermal and chemical effects consequent 
upon industrial development play an increasingly decisive role in 
utilising the supplies represented by the rivers. 

The conditions of rivers crossing industrially developed re­
gions are all too familiar. Some forecasts for the Rhine have pre­
dicted that owing to the thermal pollution due to the cooling wa­
ter of the contemplated thermal stations, the allowable limit ca­
pacity will be attained over some reaches as early is in 1975. 
Over the reach between Mannheim and Mainz which receives the 
highest thermal load, the temperature would increase in Autumn 
and in Sommer to 19 and 28 Centigrades, respectively.Assuming the 
rate of increase to continue unchecked the temperatures would 
reach 29, respectively 35 Centigrades by 1985. 

For covering daily peak power demands high capacity pumped 
storage schemes have been realised, but also the hydroelectric 
stations built into the channel operate with discharges fluctu­
ating between wide limits during B day. In the upper and lower 
reservoirs of storage schemes the level may fluctuate as much as 
10 to 20 m within a few hours, but the changes in stege down­
stream of river barrages attain also the order of several metres. 
These variations must also be considered in studies related to 
ice phenomena. 
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Artificial links between river basins hsve been built in 
growing number allover the world, on the one hand for transport­
ing water to regions of shortages, on the other hand for improv­
ing water traffic. Navigation interests call for ice restriction 
periods as short BS possible, so thst the study of phenomena re­
lated to the formstion snd movement of ice, ss well as to the 
aversion of adverse affects assumes primary importance. 

Such canals are used frequently for supplying cooling water 
to thermal stations. The return water of elevated temperature may
reduce considerably the quantity and adverse affects of lce in 
tha canal. Downstream of cooling water discharges long icefree 
reachea are observable over which winter navigation can be main­
tained readily. 

The runoff control structures outlined in the foregoing are 
of considerable influence on ice conditions as well. 

Subsequently a brief review will be presented on recent re­
sults snd experiences collected during studies and research on 
the effect of runoff control structures, on the thermal budget,on 
controlling ice movement, on the design of hydrotecbnical struc­
tures and on the aversion of adverse ice effects. 

Factors sffecting the thermal budget in streams 

The construction of dams and river barrages results in srti­
ficial lakes with greatly increased surfsce areas over the origi­
nal conditions, as a consequence of which the heat exhange across 
the surface is radically changed. 

Another important factor is that as a consequence of backwa­
ter the flow velocity is appreciably reduced, in large reservoirs 
virtually to zero, as a consequence of which turbulence is large­
ly eliminated. Conditions approach those in lakes, concerning 
which rather adequate empirical formulae are available. 

With the development of the ice cover, with the reduction of 
velocity and turbulence, the opportunity of overcooling and 
frazil ice formation is minimized. Phenomena in large reservoirs 
can be described fairly well on the basis of ample theoretical 
results and field observations. 

In the case of river barrages which cause only min~ Changes
in regime, the phenomena are much more complex, especially where 
the retention level is variable and where the barrsge incorpo­
rates a power plant which is operated as a peak load station 
thus giving rise to appreCiable daily stage fluctuations. 

Frequent disturbances of flow conditions during construction 
and subsequently the effects due to operation may cause radical 
changes in channe l morphology. Such affects are described in paper 
C3 on the basis of experiences gained with bsrrages in the Soviet 
Union. After a transition period silting as well as scouring,sub­
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sequently following a period of relative stability, continuous 
degradation has been observed. This process has been traced on 
the Wolga river by observations made regularly for 17 years down­
stream of the Gorkyi barrage. Silt deposits accompanying scouring 
may cause ice jams in ice-run periods. 

River barrages influence also the morphology of the stream 
section affected, in that the river tends to become more sinuous 
upstream and less sinuous downstream of the structure. The de­
crease in sinuousity is beneficial for ice travel in the tailwa­
ter, whereas the increase upstream is adverse in its effect. 

The phenomena caused by canalisation extending to long river 
sectiODs are rather well understood. The examples of the Main 
river illustrates strikingly the ice conditions over a completely
canalised river section. Before development the river .was rather 
narrow and shallow and thus overcooling occurred rapidly. The 
large storage spaces created by development represent great heat 
capacities. Cooling at the surface results in the formation of a 
solid ice cover within a short period, which offers protection
against further cooling. 

As a general conclusion it may be stated that canalisation 
of the entire river length creates improved ice conditions over 
the original, natural situation. 

The effects are not that positive at single river barrages.
In connection with the Danube barrages contemplated in Hungary
detailed stUdies were undertaken by Dr.S.Horvath,who analysed the 
experiences made at barrages constructed earlier over t~e upper
reaches of the DanUbe. 

In the backwater reach, in the vicinity of the barrages the 
surface ice cover is formed within a relatively short period.Sub­
sequently ice appears also at the upstream end of the reach over 
the section uneffected by backwater. Depanding on the velocity of 
flow the ice, or frazil ice is arrested or carried under the ex­
isting ice cover and as a consequence the flow cross section .is 
substantially reduced. For this reason the upstream and of the 
backwater reach is critical for ice jamming. 

The change in the thermal regime of rivers as a consequence
of backwater causes major changes in the length of the ice period 
critical for navigation. This is why at barrages contemplated 
under cold climates it is essential to predict also the changes 
in the ice period. Studies performed for the full Hungarian sec­
tion of the Danube have established the changes in the frequency 
of ice runs and solid ice covers likely to occur after the con­
struction of barrages. 

The authors of paper C5 have estimated analytically the 
changes in ice cover conditions caused by the Dunakiliti barrage, 
which forms part of the common Czechoslovakian-Hungarian power 
project contemplated. From data for the period 1927 to 1964 it 
was concluded that after the barrage is commissioned,the ice cov­
ered may develop in some years 20 to 40 days earlier than under 
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original conditions but in some cases it may be delayed by a few 
daya. The theoretical data are in fair agreement with actual ob­
servations made at some power developmenta in Austria which have 
been operated for a number of years. 

The thermal regime is greatly influenced by industrial and 
communal withdrawals and wastewater discharges. Most important of 
these is the effect of high capacity thermal stationa. Besides 
the biological effects, the ice phenomena are also affected con­
siderably in the winter period by the cooling water of elevated 
temperature. Concerning the longer .period of navigation the ef­
fect is positively beneficial since Owing to the great amounts of 
heat introduced into the stream ice-free reaches of several kilo­
metres in lenght may occur downstream of the discharge point. 

The heat budget is influenced further by wastewater dis­
charges, occasionally by the presence of other chemical substances. 
Por instance foam on the water surface may act as an insulating
layer like the ice cover. Diverse suspended polluting substances 
may form crystal nuclei and affect thus ice formation. 

'rhe fectors affecting the length of icefree sections are 
analysed in paper C4. Downstream of shallow reservoirs ice-free 
reaches of 13 to 15 km length, while below deep reservoirs such 
of 20 to 60 km length may occur. Detailed data are given on vari­
ous sections of the Wolga river affected by reservoirs. Accord­
ingly, over the upstream, colder section ice running occurs 10 to 
15 days later in the reservoir then on the stream, whereas over 
the lowest section the phenomenon is reversed in that melting in 
the reservoir occurs 10 to 15 days earlier than in the river. 
Under favourable conditions the bulk of ice has time to melt in 
the reservoir and is broken up by a flood wave only, so that the 
effect of running ice is felt over a short section only. 

Control of ice moveme~ 

Besides the velOCity of flow or the channe l morphology af­
fecting the latter, the movement of ice is inf l uenced first of 
all by wind. A wealth of hydraulic observations,theories and data 
are available concerning the laws governing the movement of frazil 
ice and ice floes, but much research is still needed before these 
phenomena can be described in an exact manner. 

In the absence of wind the movement of ice depends primarily 
on bed forms. The phenomena in regular channels are fairly easy 
to trace, whereas in compound and irregular channels, especially 
if the flow cross-section is influenced by the ice itself, not 
even model tests are capable of yielding reliable information,ow­
ing to difficulties in conversion to prototype dimensions. A bet­
ter understanding of ice movement phenomena is urgently needed in 
the interest of desinging earth or other structures to deflect, 
guide or prevent adverse ice movements especially in shallow, 
plain-land channel impoundments of compound cross-section. 
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The movement of ice is greatl¥ affected b¥ wind.Strong winds 
over wide water surfaces, especiall¥ in the absence of topograph­
ical features or plant barriers moderating the wind pressure ma¥ 
cause high waves and ma¥·drive the broken ice towards the lee 
shore. The magnitude and configuration of the resulting ice jams
depend on the kinetic energ¥ of the ice floes and also b¥ the 
c·onfiguration of the bank. 

Rather little is known about the formation of ice jams along
lake shores. The magnitude of ice jams on the lee shore ma¥ at­
tain 10 to 15 m. Shore ice is piled up in different forms depend­
ing on the strength, duration, changes in direction of wind, on 
the qualit¥ of ice, on wave action, etc. 

The phenomenon of ice jamming and the movement of ice floes 
is dealt with in detail in paper C6 referring to the example of 
lake Simcoe in Canada. It is stated that ice jamming is no~ nec­
essaril¥ related to strong winds. Wind velocities of 6.75 m/sec 
ma¥ alread¥ cause the ice to pile up where other conditions are 
favourable. 

A special case of ice jamming occurs in the basins of pumped 
storage plants. In some basins the dail¥ level fluctuation ma¥ 
attain 10 to 15 m. Ice formation is greatl¥ influenced b¥ the in­
clination of the slope. Steeper slopes were found to cause less 
ice to form. In the asphalt-lined upper basin with a slope in­
clined at 1:2,5 of .the Geesthacht pumped storage plant at Hamburg, 
ice jams as high as 3 m occurred in the winter 1962/63. Much less 
ice formed in the basin of the Vianden reservoir in Luxemburg,
where the slope is inclined at 1:1.75. 

Ice floes piled up on flood levees ma¥ create dangerous con­
ditions. Ice floes of higher kinetic energ¥ ma¥ virtuall~ cut a­
cross earth structures. Several alternative methods ma¥ be used 
for avoiding or reducing the effect of dangerous jams. The levee 
embankment should be designed with a mild slope and with a great 
mass. Small sepths before the levee are favourable since the ice 
flows get more readil¥ stuck. The ice floes can be deflected ef­
fectivel¥ b¥ earth structures as well. Where operating conditions 
permit, the water level should be lowered for the period of ice 
running in order to arrest the floes on the lower parts of the 
embankment as described in paper C7. 

Design of structures and their protection against ice 

For the proper de singing of ~vdrotechnical structures the 
phenomena related to winter operation, to the formation, effects 
and passage of ice must be considered alread~ in the designing 
stage in the interest of minimizing the potential adverse af­
fects. In finding the general arrangement of river barrages and 
in fitting them into the river, the considerations related to ice 
impose frequentl¥ more severe restrictions on the designer than 
the conditions prevailing in ice free periods. 

6 Matrai 



The realisation of conditions favourable for navigation is 
of special importance in the interest of minimizing restrictions 
on winter navigation. Depths and transverse currents in the bafS 
usuall~ required in the arrangement of barrages, affect not onl~ 
the sediment-, but also the ice regime. For favourable ice condi­
tions the power station is preferabl~ arranged on the concave, 
side, where less sediment is transported. The ice accumulating on 
the concave side tends to form rather earl~ a solid ice cover.The 
arrangement of the navigation locks on the side opposite to the 
power station is favourable, first of all to facilitate the pas­
sage of ice. 

The example of an unfortunate barrage arrangement is quoted
in paper C2, in discussing the flow pattern in the tailwater of 
the barrage and statements of general validit~ are made for elim­
inating adverse flow phenomena. 

The length and arrangement of the weir spans present a cru­
cial problem, especiall~ where heavier ice runs are expected. The 
model tests commonl~ adopted for estimating flow conditions ~ield 
little information on ice-run conditions. 

In the winter operation of weirs, navigation locks and other 
structures, a variet~ of alternative methods are available for 
controlling adverse ice effects and the freezing of structures. 
In the northern hemisphere the structures should be arranged 
wherever possible in a manner that the closing organs of the weir 
should be exposed to sunshine from south-east to south. 

Diverse heating methods have proved in general effective.Such 
methods include electric heating, infra-read heating, the circu­
lation of warm air and other methods. 

Advanced steel structures and ~vdraulic hoists are gaining
in popularit~ since the~ are less subject to freezing than ear­
lier chain hoists. 

For keeping weir gates premanentl~ in operating condition it 
is common practice to release a small discharge continuousl~ over 
the weir. This, however, involves the wasting of supplies which 
could be used for more valuable purposes and ma~ not be justified 
where winter discharges are low. 

Considerations to be remembered in designing and operating 
waterwa~s for winter conditions are pointed out in peper Cl. The 
observation thereof will result in sound solutions especiall~ 
where strong winds are anticipated. Difficulties and problems in 
navigation due to the poor design of bridges crossing navigable 
channels are also mentioned in the paper. 
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Summary and conclusions 

In the ~oregoing it has been endeavoured to review the e~­
~ects resulting from the realization and operation of runoff con­
trol structures in the winter period. It will be noted that con­
cerning the ice phenomena in winter there is ample theoretical 
knowledge, research information and operating experience avail ­
able. 

The phenomena related to the construction of major reser­
voirs and dams are rather less complicated and consequentl~ more 
intensivel~ explored than the winter conditions related to bar­
rages on the lower reaches of rivers and to navigable canals. As 
a consequence of high rate industrial development and water uses 
along the lower river reaches, human inte~erence is more pro­
nounced and variable. 

Subsequentl~ a few problems and subjects will be mentioned 
in which ~urther research is believed to promote the better 
understanding of phenomena related to ice: 

1. 	Complex heat budget studies along the ~ull length of backwater 
reaches. 

2. 	The influence of cooling water discharges on the winter regime
of rivers and canals. 

~. 	 The effect of diverse pollutions on ice formation. 

4. 	The e~fect of foam and polluting substances on the formation 
of surface ice and of the ice cover on rivers. 

5. 	Perfection of observation techniques on rivers stronghl~ in­
fluenced b~ industrial diversions and wastewater discharges. 

6. 	Ef~ect of peak load operation at channel impoundment h~dro­
electric stations on ice conditions upstream and downstream of 
the plant. 

7. 	Per~ection of model tests on winter ice conditions for obtain­
ing better information on the movement of ice. 

8. 	Studies on the regularities of ice jams at river banks and 
lake shores. The effect of the shape and dimensions of the 
ice ~loes and of slope inclination on ice jamming. 

9. 	Design of slope linings for higher resistance to ice effects. 

lO.Protection of flood levees and earth structures against ice. 

8 	 Mitra! 

t 



8IAHR-PIANC 


SYMPOSIUM 

RIVER & ICE · 


Contributions to Subject C 


EFFECTS OF RUNOFF REGULATION 


Preprints 

BUDAPEST 1974 HUNGARY 



Il'ITROIJUCTIOl'l 

Na'rication fac: l i. ties sho uld be designed fo!" g:Jod c:;r.trol and safe maneu­
"re::-i:1g of saips 1n all weather conditions .: the ",:1dth ) de!?th, and alignment of' 
~ ~annel s and dimensi':Jns of turn:~g areas susceptible t~ i ce formati~n DUct be 
ea.2q;";'Qte fo!." safe na-,igation. tIew ';iork , and !<laintenance dredGing 1s verJ expen~ 

s:-lI~ and.. there t:!e.y be problems i. n "o~ved T..rit~ t he d i sposal ~f d..!:-ed ged ~.at..er i.!lls _ 

There fC):"e , c:)ns lstent -"'ith the !."'equi::'''?::len~ 'that fa c:ilities "ue safe i'':J r navi. ga ­
tt':Jn. thei~ dimensions mus~ be ~inical. T.~e nrob~ems ~f engineering ~e6ign J 
-':: ')n t :-o~labil lty) snfet-j", and econ:)IiIY o f ~perat :.n€ -:he ships in suscept:!'ble : ::e 
:':;"":: i '~ areas al:):1t3 y;ith cost of tnitial :onstT'·u.cti~n J ['!ci:1tenanc:e and ':'nl.arge­
:lQnt s ) f :"Ie.':tgatior: facilities have to be =are1'..l11y c-:J llsio..ered. Th is!.s t:J pra­
·· tci.e :'J z" zn:Jotr. Jpera~iQn end ~o avoid co s tly a c :!idents f'-:Jr inadequately d.e­
:~ ..;:. ..!d. .::n 3.!1nl1 i:: and turning areas, and an excesGive ~os .... of' -:::m2~::ucting 2<1d 
::"J.: ;1 ::io :'nin3 th-e 'Jveraes ignea na\'igational faci l ities. Tte!" ?: are principally 
"'':, 'c :" nd..:: -::: -:r:3:r:ne2..s to contend with: o pen- type , in •.... ide ':!8ters, natural or 
~r~t:. .c~c. : ~!n:i.~e!.s often constltutine; deepest portlvn of a oa:,' , riOter or strai~ 3 

?~3. :'i ~ !'e~r::- : ~~ei- type~ confined -,.;aters, exce.':a.ted 2hanuel :)1' '::3.:lal , restr1: t ­
ed. i.nland sea exten~iQn: canal bet).lcen is!.ands :>r bet-")een .-na. inland and ~s~and..c 

?!G. ~ - RESTRICTED -TYPE c:tA.:iIi.:L FIG. 2 - OPE1: - TYPE SEMmEL 

:~ ::-:~ :·).~~t.s.r.: ~ucr~ase io ',esfe l s ::en.' 9:-a jt: -=~ S !',)T' .pro',-l:1g 
. • -:!r".:-.-:.;_ :u. :'7":_:i - n:-·eas , :":.raightening "):" . -rYes and dee penins_. a .: ~- :: ~ ::= 
:.~ ! :' ~· "! ..... 5i -: '::; ~ne ·.Jidt hs of the ~, -a.:-:'ou s sectioos 0 -:' chE. :lne :::;. are ~e _ng :."eG;U~ £ ted 

.:.::! ---:' :e,: -;+ ~!':. ':"n.terests. Ac.~quate .::::'ennels and curn!.ng areas "'h i : h ·..:il2. ?n'lb l e 
...: :'.. ~ - :::~ ,::u -,':"0:. )i' a :!.~ ::;he ~euvers needed "Jy ~he --ess els a.t :eas:mable CQEt rre 
-~q:,; l.:' l: d_ It :::;h-:)u :' .l ':Je kept i n mind that prope!" l..Jcations , aligrl!TI.e!"r~E, and c'1­
...... ~c : _:..:~:3 :'.::; ::- ~i:~e: s 2.fl.cl turninc- :.:reas \lith due ,:::':; ;;sidera :'~'::;:t : f ve ::;:el pr c9€r­
-_~ ~ S a nd :-12_-''! f:~ '."e~ab Li. ity) wind ) 'Wav~J cur: ertl., ~ ce ?~:)b:'cms : and ·; ::'s ~ ~"'!i :' .!.:'J ~.:'e 

--;c ·.. t;:cary !'~r safe '::/ . and 'CO ~F· · :ic:.. ex.:ess i-.re :'n! ~ ial end maintenance d.ree.gt GG ­

'!.'he !':>ll:l"ing factJrs i nfluer.-:ing ~he d.e s~gn :Jf '.J i"'th and a~i gru:tent ~: 

:han:-c'~:'::: , and di:nens ions o f passinG and. tt;.rnine; areas required. for- v f; 2sei..s 
should be cQnzidered: (l) ,:ontroE?'::Uity ,, !, zhips; (2) t he t UJ:Ian ele!llen t ; 
(3) forCBS exte::--nal to the ship !:uch a s ef!'e ·::ts :- f ;/inds , ~.'laves I ice and ::ur­
rents ~ D the path 'Jf ship~ in the open-type and, rest::- i ~ teci-tJ'"pe -..late!'"""..:ays . 'r:~~ 

=ffect ~f d.e~ th unde~ keel in ~hannels . The ~f~e~ ts Jf shi p l~~ati-:Jn in tte 
~han~~l. !he effe~ts 0: pssslne sh i ps. 7he effev~ 3f the ILOW conditlans 8n 
::te :.::.; f 'Jr.:ta -t: !.:J:'., d..:-i!"t, J a.mt1ing and orea.lnl p i C!. ) :)?timum c.irecti::m of chan­
c " ~"; (. ) turn s in : ha:me!. direct~on; (6 ) channel width in turns ; and not dis­
:usze:i her~ (i) c'Lllensions of tur-ni.ng basins a..""ld anchorages, 

HUl-IAN FACTORS ,lJ:D ALIGNHENTS 

L, -:J'::'de r- to a'/oid groU!lding or an €lccide~t '..'ith :lthar vesse~s or wt't:b 
structureG during ice c0ndlti~~5) the ~apta:n . ~t l ~t, and r.e~o~~ shou~d be 
')xperienced and tJOs sess good kn::l\;ledge arid ~on t~:l:' ~:: tbe ':es sel, kn"" its 
~cul iar1ties !.:1 handl i nG , and be ·,..,e l':" -ecqt.;.a in--:ec. ".,i..:.h the :..a:;out. 0 :: the ..:: han­
"el. 'TIley should"" able to make fast evaluati:>ns ()~ adverse cClnditions ~aused 
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by the ice and be capable of making timely decisions. To counteract effect =-f 
the h"stile envtron::lent, in consideration "f human ele::tent . the ~hannels sh"l!lc; 

_ r.a·;e ad.equate Hic.:r,h a!1d dept.'1 and. as straight e!.iQ1-"!1en~ BE po~sible. The ~he.n­

'nels should ec.able the contr":)l :Jf ·,'essel.s and tiv::-ir -:~i.l!"se duri:1 G ley -:8r.C. ~tior,s 
at 8 reasonable and safe speed .i~h fUll regulation of p~pulsi"r. ane ~~dQ~~ . 

based upon the judgment of captain, pilot, end navigator. 

The vessel's course is not a s~aight line, but ~rmally erratic, e\~n 
.hen ex?"rtly steered and under very favorable envir"nrnental conditior.£. Its 
path wldth axo.ounting up to two bean.s of the ves~e!. in sheltered w:ate~~ e...rlC. -.:itr:­
:>ut lce -" '~tll be much 'Wider while negotiatinG e. chan~el \lit:'":. Qi. l..lr.fav-::::-a'J:"·2 
layout in bed ~~ea.ther ~uDjected to ice in~e!'"fe:::,en~e. 

In open-type charmels, a path of the tra.'1':>iting vessel .... il! :) :":er. ·::>e ·... ~ce ~· 

than in restricted types "oeceuse elf the act1~n ':Jf ~ce 1 w1nds, \-:ave£: and ;:--t::-­

!'ent.s, thus, :-equi:::"i~ G en increcse in wlcith o f cha.nnel, as ttc ';c~~e : ::-.2.:: :E: 

c:Jmpelled to p:::":J ceed ir.. a yawec.. c::moition in :;.rc.e r t :J mc.intain :'he c:)\.!r~e ( ? ~ ~ . 
3). Als:J; fl:Jating ~U8ys 6.e !.ineatir.g the cha."1n£2. w.ay be di!:?~,~~c6. :y:e:- ~.. ;-.e :' :­
anc:h:l r l:Jcati:ms in di:-ec ~ i:Jn :Jf ~he ~o':in~ t ce ,'""ind . ',,'uvc ~ :J:- '.:u::-:-e:1:. ~,;. ~ : l 

C::Jr.lbinati8n, as :8opared ta S\ll'!r.le:- !:~:i.~ :-'.Jate !"" r:::mc.::..t i ;; :-::::" T::: i ::.-f:"'c: :- : ~:' c~:- ­
9la.c:c~ent 8f ~hanr..e l OU8:r S w::mld '0€ Ll;)::"E: p!",8noun~ed ~r.. :l:-ear ) : la.r ;::, :" :~c.::.~ 

'Iarlati:ms} :In 3.CC:JWlt 0f greate:- req'.lirec. ~e r.~~ )f oua~:s' a:! '2 : [J. :-'~;: : ~ :l ai:; ;: 

na:Cing them slack :.1.:J:-e at l:Ju tic.eE. r·bvinG i ce ;':;';:j" 2.:"s :.. SU~~:-= :· ""e- . darn.9.~ .: ' 
e-ven destr:J:f bU8YS, nay breat:. their LlOO:-inb"S :lr :ne ice c:Jve~ r:>a:; ~:Jrr. :- -. __ 
buoys rendering t.hem in;)~e ::-ati'/e" 

I ­

ICE FLOES, WIND, CUR.'lEHT!.. 
,lAVE FORCES ACTING OIl SlITPS ~I I I , 

r 

I DIRECTION OF SHIP'S ~ .;, f'.... 
U TRAVEL I ....... 

~ ----.-- - ----- - --------, 8 ~ 

~ 0CTIOll OF SHIP'S TRAVEL I ~ 
------- - -------+--------------)-- --------­
BOTl'OM OF CHAl'1I1EL PRISH 

TOP OF CHAllNEL PRIS)'! 

T'ne best a2.i gr.=,ent c)"f4c ~a!1ne l would be a v:s i ";:·le ::':-5. :' C: ."t :-un ::--:en:{' ..... 
oarallel t:) the "'d i nds} \:aves ) t ide!: , and cur:-entE'. Day 'J!"' -:1:' (j".:- ·,.-i:" =- :-:a.': ~ 
; grea:: c.ifi'ere:1ce :'n c:o rr~:-:;) 11i;; C ~:-.e \resse l auo. the ~a:e t: - :.. :. ..~::£- c:: ar. :-: ,=~ . 
al:J~g wit~ 8~he~ ~act~~s su ~h as ! ~e, En~~ J ~ein, :J~ ~isibi :i :~·. ~.~ ~- ~ ~ ', ~ 
to be con-t ended -.... ith a nd their effe cts counte:racted b~' a spe c :'e ':" ~jrpe :r . ;.c ::::e_ 
iL!.UI:1inati8D ~ ad-..r ising ;;·:l:>t!: ~:. rae!.::) oesed :J':1 :-aG...::tr obser':ati.:Jr.:: 8..:;2 :" f!~ ""':--:. ­
in; t8 1-~2Y t r2.:'fi : in 2-·~·5.y c~a:1n~l~. 

The ~ot~ directi::>n of cbannelE EhoulG ~e as parallel e~ po~ £:b~e t~ ttl~ 
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::"e:::ul te.nt forces ext.e:'1lal to -cr. -2 vessel to ['1ir..1n.ize the effe::ts ')f ice J 'Winds] 
-,;o.-:c: , t ides and currents; sh..Juld be consistent T...·ith the in"ro lved human element; 
sh..Julc alloy,.J en:mgh t::...me t:> enable eAecution -:Jf .:-equired maneu':ers even in t:i.l':!e 
of ir.1pairec. dsibility. The oonditi::ms shall 0" pr~'iid"d by an adequate design 
Jf channels f~~ ~intaint~g full c~ntr~l of vessels ur.der adverse er.vironmental 
factors.. For effects of channel side slopes see (4-) • 

. BENDS IN CHAmJEL DIRECTION \Turns in charmels should, preferably, oot be 

eoployed unLess nature dictated or necessary cue to layout configuration or 
high cost of construction or maintenance to avotd the turns. This is because 
any change ~f the channel 's directi~n causes changes in flow and ·,,,bcities 
arIc. ':'ncreases greatl~T p~csioility 8f ice jams i n winter as cOr.lpared t8 the 
.: 'tTa.!.:!tt s.ection and :28.kes nav igation m~re difficult. The pa~h of a ship in a 
.~~ r.d. is wide,. than in straight sections of the ch2nne::" and its »idth tends to 
i:l c ,."ase " ith an inc.!"ease in curvature of the bend. Because the direction o f 
"the ship c:mstently changes, ",onent, side, and hydrod,ynanic f orces develop, 
maki;!3 it far rr~re difficult t() keep the ;:8urse in sends than in strai~t runs. 
Turnine of a ':essel in bends bas to be made at the !,roper time t~ prevent con­
tact ...·,' i th bottom or banks, particularly if the ship proceeds against a current 
or in ice f::"oes. The locations have t:> be deterIilined at ·.Ihich the rudde,. shall 
be put o'/e~ for turning. In foll""ing cur'!es t he -:essel ge ts out of direction"l 
ra"ees and thus keeping its course becoces more difficult. The channel bends 
could be foLr.:>wed by v isual piloting, or using buoys ma~king edgee of channel, 
shoal '.;ateers .. protrudins ~bjects, or other landoarks. 

CENTRAL AJ>!GLE~/.... 
F'IG.4--STRAIGHT LIl'lE TURN-ALTERNATE METHODS OF HIDENlllG 

Tur-ns ~o/ithout Introduc tion of Arc. - A change from one dire2tion of the 
~hannel into another can be accompli s hed ·,ith~ut the :!.ntroduc:i~n :>f a Cllr',e 
at the intersection of straight ruP.s. A widenine by flatteni"B the interior 
of the channel, a so-called cuttine off, may be all that is .!"equi~ed. Or.e of 
the bends in the Panaoa Canal, La Pita with 3 ~ 300 ft (91 m), dB = 227 ft 
(69 c) ami. a 31o (deflection angie) has a configuration as sho.n in Alternati'!e 
l~ (Fi 3. 4). Its use for an open-type c::annel is justified; h:n:ever, in re­
str i c ted channel: ~ucb a change in a cross-sectional area may cause undeSirable 
~is~Jrbances in the flow pattern, resultir~ ~n a change.of ~drodynamic forces 
acting on a :;hip. An angle of intersection of about 20 - 3Cl, may be accep­
·cable, in the lITiter's opInion, for an open- t:/pe "bannel, and pe,-haps one-half 
of this va::"ue for a canal. 

RADIUS OF CURVAWRE & HAXnml CZiiTRAL p,;'jGLE 

A vessel making aey turn, no matte~ ho" CI:lB.~ l , !Jroceeds usually along a 
circular curle vith alinear velocity_cons_ta.'1 ti;· d;:m ,_ i n~ direction. "'hic!: in 
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effect is B tanGent t::) the =:urye. If the chance o!' direction is apprec ~eble 
o!'" if the I'J.aneuvering charecte~iEti::s of vesse'!.s frequenti.y using the charJne ~ 

are p0:Jr, an intr:Jduction :Jf cu:n'e ~n the chat'l~'1el :£ ws;-::-z.r.:t"2"c.. A ~or:::e h2 -:­
to be s~pplied, usuelly ~y rudd~r t~ effect e chengt in the st~8iGht dire~~i0~ 
':Jf t he vessel. The hydr:Jdynamic f:J~ces actin G Ijf1 B vessel 1:1 B curve B.!"e 
zreatly affected because e> f chencL-;G Cirect1::ms and t::e complexity :Jf the V"llri­
ab le s inv::>l\red. For calm \o1ster, -,.;:.t!l:Jut ice, the ninimum rad ius or ::<!8XiJT.w:l 

central o.ngle Hill depend on characteristics ~f "the !.east t:1B.neuverable "..res;::e:' 
u.sing the channel, its size a..'1d rudiier effectiv€n€Gs 1 dep'th ':J f ~!eter, and \,1:'dth 
'Jf the c hannel. Tbe lar~':' the ··,jes se:!. the s tJ.alle r "the central angle of the 
curve should be for the Se..r:le speec :J: transit and ...,:id..th of the ci1en.'"1el, Certair. 
cri terie were establishea. by Refs:. l., 2, and others f ::rr- radii :>f curvature in 
turns of the channel; these e.ppeer ~~ be predo:nlnanti~' a fUncti:Jo :Jf dif~"e!"'ent 
pc.r2...~-cters such as (1) Angle :J f def:'c.:~ ::m; (2) the vessel !s p!'~pertie~ c.!'IG. 
~ peed of travel; (3) the char.nel '~ cha~scteristics, depth, ~idth. ano cur~ent; 
and (4) ,.Fisibilitjr 1 obstructi:Jns, 2.!1a. aid.s -:.::: r:aviga'tion . 

The radius :Jf the curvature (;:J'!.llc. be rele:.ted. t:::l thE de:-: e :-t i':J tl 0:' de-(iE.­
ticn angle (Fig. 5) equal t o the 'e~ tral aD6le "etween the ~ed i: at p)1~ o~ 
~angentsJ or to t he length of the ship :o~ s peeds up t o lO ~~h. S~ne ru:2£ 
p.ectice" ca!) be enumerated for cu!"';es. Ac cordinG to Ref. 2: (1) W.n Lr= 
R = 3,000 ft (915 m) for the ship to p~cced under its oYn power; (2)if R :I . ~)~ 
ft (366 m) - 2,000 ft (6lO m), tug essistance is required; (3) if one de f~e':'L :, . 
c !'1gle of the (:ur'.Fe is larger than 10 , the channel s h:Ju id oe 'rl i dened at t.he in­
si de curve; (4) the tangent lens"th, T, bet\o..een the conse cutive CUI""':es. "..he ::"''.?" 
th2re are no obst!"Uct1ons. should be 1,000 ft (305 m) or two lengths 0: "l~ 
larges t shiP: 2L, using the channe l J ~~:-':"chever is la~ge :-; 3nd ( 5 ) :-eye:-:-c 
cu!""': es should 1 prefe:oe.bly .' nQt be used. 

According to (1) the radius ::If curle f::>r vessel speec ::: {2 :!\ph t'J 10 :l?t! 
shou ld i;e: (\ = 3 L min (length o f .he la:CeS"t ship ope~atin;; i n chann~~ ) :o~ 
central angles smaller" :>r equal t:- 2~ ~ Fa ::" :::entr21 anGlee larger than 25 t 

out smaller than 35~ R 5 L min. For centra l angles O':er 3~ ~ R = 10 i. r.lin. 

Other criteria are, R min = •. 000 ft (1.220 m) fQ~ ship l",.~hs L < 500 ft 

(153 Gl); R min = 7..000 ft (2,135 c) f .)!" zhip l " ngtr. L ~ 500 rt (153 m) ; CJlc. 
R nin = 7,000 ft (2,135 n)-lO, OOO ft (3,050 0) ~~!" ship "~ngtb l~Ec!" th~~ 
500 ft (153 I:l) but smaller than 700 ft (214 m). If tho ,'" 'roiue " f~" rcdii 
cannot be provided, the cb.annel sh::>uld be widened at the inside cun·~. ~Ther _ 
min1n~~ requirements for r&d ius cann?t b= met a~d the ~hannel ~anno t be ~id~~ e o 
tugs shall be used. 

In practic.e : certain criteria CTJSt sometL?ije be violated a.s f:>r ~xax:?~c t 
the Chesepea\e anc. Delaware Canal. A 7 ,00J-ft (2,14J ~) mini~~, rac~u s is 
used in this can31 ~~O-ftJ '-31 "') ... ide and 35~ft (:'.0: 7-"'~ ;ee" "~th , t h" ~"" :ru _ 
angle '!arJring fro~ 0 to 43. T'-.lo- ir:ay tr~fflC lS p€!"i.rn ttea ... '::- ·,re sse_~· '.:i. ... h \3 

Dl?Xir;'.L";l lenc;tb o~ 50,) ft (153 n) and a bea::J of 10 ft (21.~ 0). Tl;c ~anel '3 

rtaXi.r:ruIJ radius 1s 3 ,046 ft (2 ."50 to), used "ith tr.e c"nt,.. a~ ant;le o f 52~ tr.c 
largest in the canal. 

CHAliNEL t/lIlTH u: BElillS 

A vessel, during r::z.a.neu\'ering i!l bends, \:ill deviate fr'Jt. i t~ C:Jurse t.y~.;ax 
the b£.n.}:s anc acr::ls·$ the ce:1te:- line :Jf the channel by vB.-ryine 3!!l:JW1tS. & ppr~,:­

il!.bly :nore than in strai&ht runs. (F':>r c ~a!11lel ,,'idth in strai,:ilt reac . 'C" , "ee 
Ref. 3 pp. ~1-46.) T"nerefo:te , channel 'oends e,..e uoue:'l:; widened t.) ,,~o·: :.o.e 
r.I :::lre ::pe=e for maneu\rer1r.,g . .J..c.d.i t 1 ~nally, t li :::>lc.er cli!:lB.tes, vcsse:"s have 
t:J c::n:"':-;)nt resistance of the ice t:) be '0_ kt:"r.- ~r:. -: t ic :. ..:. T'E: ~is t a n-::e 01' 

C. J. Kra~' 
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b!'oken ice el=ents and their ac=lati~n agaLnst ships' hulls. Their 
diffi(;Ultie~ vil! i.~crease with a decrease :Jf 'ressels' ton.'1sge. Fu=ther free 
fl:Jat !....'1g bloc..l{s and pieces :Jf br::>ken ice m..:),.I"e, subjected t:) action ':J f ::u!"re!1ts, 
HaOles and winds , decreasinG the available \.r!.dth 'Jf wate~.... ays for safe maneu­
'/ e!"i~z o f ships. Pil:':1£; up of br~ken ice l!\B.y conEtitute a danger to navig~ti::>n 
!'eoui!'ing still wider channels to a c comodate the nass of ice . At t~~s the 
oraffic nay be sus pended Jy the p~cess of ice accuwulat i on. 

The entire anount ~f cha~el videnine could be added t~ the width of the 
oh~'nel in the turn on the inside cwrre (Fie. 5) a!' it could be split on the 
",:1side snd Olutside cur-;es equally or unequally on bOlth sides ~f the che.nnel's 
o""tc::- li:Je to nroduce symmetrically or UflSymtletrLceL!-y-"idened bends, respec­
tb'?ly ( 5), Fig-. 7, Fig. 9 & Fig. 10. 

~ 
.-#A~~""-.. 

dIi VARIES 

FIG. 5 - UllmlMEn'RICALLY_ WIDENED WRlI 

WITH STRAIGHT TRAl'ISrrrm1 SECTIonS 
In " i .E ::."\!:t, '"a~i;Jus a :tcmpts Here -cace ~;J '::; t e!'"Lline the re qui:-ec. i.,Tldeo­

l :lg c!l~ e c. :m :cad.1uE of curvature abne as use'';' i n t):e KleL Canal o r the com­
'::- i r.e:. i ;'1 'Jf :-ao.i l.:. :: ',.; :' til ~;-.e l ength of the l.argest ·i~ ::.sel as su".,;::;, ;' tted by De 
: : l~!U1da ~~r PlANC XIV Congr-ess(L) and others. Neve!"t!1eless, "Onere is a 
jeri ~ i. Cl1c"j :n investl~ative and research programs in pr-ytiding a sound basis 
:'-:;r- G~ t;c~ :'na't 1on of the \..'idth 1 S increase in bends of channels. The tests 
L3:- varl':Jus tu!:1S ~ ::mductec. f~r non ice .:ondi t i')ns are not conclusi'..re (3), 
> J. 5 , Tab l e 3. Tney show, however, that the 26 °paraLlel c:J ostant wicith bend 
;n'; ': ided t he ':)est COli trollabl1ity in flo'" l ng wat2r for ~ressels in vari ous in­
're s';; l.,ated ohannelc, ouch as a 4o°"idened bend, a 26°pe!"allel "' idened bend, 
" 1:;" d:lUole oend, and a La Pita bend. 

The i~zrease ~f channel width in bendz CQuld be cons i dere1 as a functio n 
~f a ~~ber of parameters such as the anGle ~f de flecti~ n (Ft ~ . 5) , 1ensth} 
beruo,. and c:>ntrOlllabili 'oy of the ·lessel ,. "adius 0:' cu::--ratu,"e, and en'/in=ental 
conditbns. 'fu the extent that safet'j end cont; --)llability shoulrl be c~nsidered, 
the speed of the '.'essel and helmsrnans hi p "ould also have an effec t on the re­
quired increas e of ',;idth in bends. For :'"ir "eather paranete!"s c:onside::-ed 
!:; dete!"'ID.in1ni3 tr.c re q..1 ired increase in ~ iidth :If chan:1el Ln tu.:'r: s, see Ref. 3, 
p . ;1-6. The inc:-easc :Jf wid.th in Ref. 3, :' $ ?r::>posed t::> be d1:-22t:".:,'- pro~::>r­
t i::> nal to ~he anGie :Jf channel. defl e ct i o :o:, s~-eed, and l ength ;)f the' ve s ge l , 
o;nd in':0 !"2elj" pr:J !>:l !" ti :me. 2. t::> the =-~d_::"1J. 2 ::;f' : 1l-"l-vature,. the s i gh t distance , 
2.:1 d ':~le ~n i n ;:;..mt:,,-:) 11aoillty . 3ecauEe :J f t he ~um::!!l e l e nentE i n':v l ved .. the 
'f,l~ c '~n i '"I e ')z"'- ben6..s in the :>pen- type c :-: :J. ~n-:: l a E :> pp'Jscd t-.J e !"es t.ricted-type may 
? ve~ heeN? e hi eher priority due t.D t he p'!""Jblei:lE :Jf' n:Jt alr,.,:ay s having a c learly . 
.,. i£ i~:e d.eli~eatior. o f ::>pe n- c hannel b':lu.-,da:-ies and. a tendency of helnsoan to 
r~lax tn Or/ide-open ~8.ters oar-€:! t~&:l_ in car..als. 

6 C. J. Kray 



Widening of curves crealOes transiti::m areas from tne regular vidtll in 
. straight runs, to a greater vidth in curves. The transition causes changeE 
~f the fc..::Jw "ith resultine asym::tetric bydr:Jd;yn=ic forces, as the ohip enter" 
"lar/ing 1{idth sections in t!"8usit1ons, espec1al1¥ when there are o:urrents , 
in fair ""eather Hi thout ice. Because Dr disturbance6 in flo..., caused "by the 
transition and Widening, easement cu~es, nay be considered ~m tangents to 
bend which should be as ~adual as pcsEible t o enable a some~hat STLOQthe~ 
change fr::>m regular to ·.1dened sections in bend . If a st!"aight. ~~ne trsnsi­
Cion :s used, 8 minimum rate ~f ·N!.deni!lg should "oe about 1 to 20 (Fig. 5). 

•...;-nen e. c~rve 1s not l...;.sed, widening a t' the channel may be a C::)r.lplished at 
'vhe inside angl e as described 1n a pre',ious section (see Fig./';') \Ii t:: :":Jur 
: lter natc jelineati8ns. This rnet~d o f widening is part1cula:ly s~itcd f~r 
~he o-pe:1-type cnan..'1e:J..s, where ciist1..!rbal')ce ir! 1."'1-:::)\,: d'...l.e tc the abrupt C~E. -.ge : ~ 

s 4 ~tL:':-l "/Qu ld n::> t 'J~ as harm:f\.ll as in ~anals. During the teGts (:) su~:-. a ~!.o 
'J nd r esembling Alternative 4 :Jf Fig. ~ ~"as ins-:al:!..ed f;::;;- 8:. B?pr:Jxi.cate ',r icieo· 
:~g ~:~m 300 ft (92-m) to 527 ft (16l-~). The tests eS~3b:ished that a 72~ ~~ 
(220-m ) ~:mg tanker ·,..rould h2.ve d.ifficu~ty ir. :naneu1Je:- !.::lg a:-,:,u :'"ld suet e oe:.~, 
,q2.th:Jugt. a 450-ft (137-m) long LiQe:-ty ship wou2.d. pe:-f:n;;: ':e-::y yell ·,.;;ith -=:;.''?e"c:: 
up to T lm ::> ts. 

The g,d·..rantage .)f asing curves -, e !'su !:: strai.gh~ ll:1e oends at the : r::-.er ­
s e c'ti:)n :;, f :angents w:}Uld be : (1) A s mc...:>t-!1er t:-affic "t.ransit-. i.:;;;. ~'~'J:-_ ~;_-= 
direct i c :1 J:' 9, ~-tra:!. gh~-channel .5e~ti:Jn to the next; (2) 9, ~c-:tE':- :,:') n:~::; ­
r.:a~ce ~.,r i :.h ~ r..~ fl:l"T,J of t!"affic; (3) a oet~e"f :"'l~w J f wa~er and L~~ ; (~) 
a g:Jod :7!f:!.neu·.re!"ing performan'.!e f"J!" e v~ssel in para.lie: ::Jr:stunt -.ddt:: ')e a ':.:. : 
and (5 ) :"ess dredging ',jerk :'J=" [1 parall e :" ~end as cOr::tpa:-~c t::> a strai c.r.-: ':' : r:e 
~end. A d:'sadvantage "X)uld 'oe oo!'e d i .:':!'icul:LY in :;'a:,: in ~ :Jut the ;u=-,: ec. ; :'La.,r.. : 
2.nd maintainir.. ;3 ~hE :l!-f'd.Ci:1b' 5.::'~ent during the ext:'a1r'8~ i~~ cnd :w.:'r:: t e~an'-=:: , 

particulE~ly in ~pen-~ype ~hBnnelz. 

STRUC'lURES OVER THE HATElr.lAY 

The ~.:>:::a.t1o n :)f a. br i dge over a wa~er~;ar SUbJ2<: ~ed ~o L :::" ;.,:, :':1 ::-;' ..: '=~ 


prefere n ce. s houlc 'oe a.pp!";)xima~ely 9.S ::":'stec: 


a. At a s -~~\?' e~ab:'ing c:Jnstruc 'ti.:>n :Jf a high ele ':a-r.i:-7: =T.ru ..: : :-:" '= .....:-. ­
~outment~ 8utside of reacr. ~ f ice ac~~lati8n 


0_ in the ':1arr8west possible locati,~ n :Jf the '..la~e!"',•.'a :; C:8nE: Sl.~':",': ~--., 


the free flow ~f i ~e 


:. .:. -: ~h:J uld. h~ '::::Jnstruc"tec. :Jnl.:: 8ver t he 8 ';: :-a i~r: '": :-...;,:-:: _ :" .';c :::,,_:- ':"r, 

Je~uu.;e; :n bend~ the direc ~!. :; n 0:7 s:t:p:s -::-3\.'e~ c:onst.nn:. i.;' c ."-.a r_ :. . "'- .. : '. 

calls f '.J!' ·.·.'ider --: :~ s. :-:.r.€-~ _ Vis ib~::' i ty ~: ~e im~alred by :::-e :: :- i d~ ;" ' ~ :': :- :­

a1.J'..l'bnents; else , c::>ntr::>;'::>f the ·,iessel. is [!:.ore diff ::--",: l. "t ~h&!1 .. ~ s-::- .:. ~ -:. : 

s.e ,~ti~ns J:' the .:tannel 

d. where ~he -C::Jnc.iti~ns as e n1JX'!e rat.eci. i:: a. & b. are :-::.::' ;'_ ::2 i t ~ _ '.: ' 
::lot e x istent, a de po:t:1d.abi2 9r8'te ~t iJn :)f ao'Utoer.ts " pie:'"s ~nj ~ ;:')!" e::: :: ::~u.:.c_ 

-oe prcr.~ ided fr:JIn ~he ef~e:::ts 2.f ice den:;. ruptu!'e aoc su=sequen: f"_ 'J-:':::~;>f." . ~). 

The J..a.mage frorr. ~verfl.:>'Wi;}b, :: li:j::'-:y!._ng l:e ) flo\Js increased ir. vc ·_l.::'::-':' ~'.:: 

ve l~city , and bursts 0:" ·.'e.t,, ~ :.::: channe ls should be prevented and . ',lBnde,. :. c.f 

~!' na\"igati~"a~ ohannel in :he body of a river u!1der the ·or1dge shcu':'o be 

f::lrl~ 1;allee. . '"' • ,_ th h'_L __ __

The m:a.r.i.::lu.I":. .:..en61.:1 :.;_ ....:Ie ...en een " _ e c r.a;:'!'1e':' ..hen a~ ;::-::::Iac .;.;'8 a. .1 

o:- id,:c : n:ll.l :'c. Co2 !.~~reeeec ::';1 -: ~;::9ar:son )lith t:tE' :ase )lhere no 'oridge is 

inv~i·;~c.. The reascl~ :" J;: ~:1i :: i = t~at Eo £h~:.:- 3n.Juid hal,Te a :,; :):.~"ta!1:'; ~ tcc. ~t~:­


-J-eari:1 ~ ,~:;urs e '!'J::' .9, := e:' e pas := :r.6 -..h=-:ugh: the ~.) :-:'dGe openir:.t; ­
 If a drawbridge 

: 2 inv21 1-,ed.. a st8? ') ~ "the 'iessel may be necessa:-,:~ '..r: cas ..; -:..r: ...., 

7 C. ,. Kray 
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, ,~'en t.,J the channel. ' traf!':!.c. FOr such a s: tuati:)n t - ';"'iclenin-g- of die· 'channel 
and »ron.ixl of anchorage or !!IOoring faoUi ~ies, :Jr dolphins at a proper dis­
can·ce r,.:JO c;.,e b,idge c:Juld be a oon'lenience enabling a ship t:l '.Jait r:Jr the 
Gridge span to open. F0r a 2-way channel, t:::tis ~·lOuld !:lean p=ovision el f tyO 
~ ~~~~rage areas} 'Jne on each side o~ tne dL~~bridge. There must be enough 
: e n£th 'Ji tangent available in ~rder to mru{e p0ssible attaining a safe speed 
J:' th~ "hip f:Jr passing thr:Jugh the ,estricted '"idth of the bridge opening 
t:o ;>r:Jv ide a ;:Jod an" safe control :Jf the ship during the passage. Similarly, 
t~e tan0e~t should also be l ong enough ar ~er ~assing the bridge to permit 
"~ ,,,cc~::Jn :Jf heading and position of the s hip, often changed in reference 
::::: . ~!1.c.nnel center line, because of necessa~ ya',Jing during maneuvers under 
Lv.~ ·") :"i. :i..J;e . 

CLOSING REMARIC3 

:.lO::. -=- ::-..i G.J.C: o, :-e sffe c'ted by the ice f;)rc.ed; its subseque!1t .Glcwements pose 
;>~ "J'':' :'' ('"::''. s: !':::- ..: ' .; ~:"e.t i:Jns I f~:- safety :)f 'ressels J f o r naviga:.ian a.~c.s, and f;)r 
-:.:-:_~-...:. -:: "':U T E' :;; . rrr_~ re !'ore the ~bser;a""Cion snd study :::> f ice ~ondi tions} pressures 
c::c - ·'Ie .:- ":l!'LUe!1C~ :on .1avigation aids and st;ructur~s (possio l.y by lll:Jdel 
.:· ·!·i ·. e ~ ) ;1::~ :1eL€'s ;: a ry :n :)rcie!' t:) lnst:.tute c:mtro~ :>f ice .!:~:>rmati ::ms and 
:. : .: :-;:: '.-~r...:.l.... :, i.::C::.lCii:1.g ice pre '/ention, as mu·-: h as 9OEsible. Also to ~heck 

: : ~ :·~=~l.a-:~ ice ~~- ~::1en,:s by directing ) guidir.g, oa::'!'·i!1cJ inducing ~0~/ements, 
~~:- : 1; -:..:ti:1C , re~ie".'i~L s.nd p~:Jper:!..:1 aligni:1g -:he channels, service facilities 1 

~rct e c~ :'·:~ ,"~ r :~s an': navigation aids. This is to decrease harmful effects 
__ ~ :e :JP. the s tru'.;tures, :::hannels ana. ·Jperati0ns by damage 0:" destruction, 

>.'::0::- :tcr:'_:.iT.14ia."t"L·")!1 preve :1ti.ng wate:-ways !'Mm being :::> perative .. 

',·!o t.e :=::"' :r::mt 3 ",;Y'"'..1ctures r 3afety can be acc-:}mplished "by the ice floe deflec­
:~lr : ;l:1t. Jy - ~a::5e::; , 'J";f ,~onstructif1g shie=...ds a nd ._ be2t ;)f all by the proper 
'.. :"~ .::- .. ~:t )f ,::ha nr,e l z ~;-..:. :'L'l~ tr..e des:. ...>r:1 ~..: :- '2 :::: ..:.n~il := r equir-2ments for 5e1'"'/i.:::e , 
-:-. """ ~ ,::u'; ~ :::n r-c :- ....:::T.l~nc-= .. and. · 'Cor.e pre';enti:m ;)f da.l:lage fr:>Iil i c e fJ r both st::-uc­
:t... :-t=:A" ::u:c. 1'0::- 'oe:-:::'ed 'iessels. A prerequis1te -:.0 the maintenance of traffic 

~ ."'.. ~: :..: -: :J~ G.i tio!1s is to design ·::henne.!.s !.-ncorporating measures !":Jr moving 


....:i:-e ~ \; :? em;: :!. ::yne:1.t of adequate2.y ptJ',-Ie::-ed 'tessels .and surveillance of cnannel~ 


:· ·:'G . ~ ':" ~: : : - p:-ed.ic !..i'Jn y:. the -:riticnl s i tuations. 


?or ~n efficient ctannel laycu~ co:-e informati;)n and resea=ch is needed 
JD the ;; er:'~ ":'""!.:a nc~ ~r 'ta :--lous ships :.l.S i:1.g t he ',.;a te~" ay in the ,re..rious i7.1ign­
::ler.'~':';J ':; 'Jnc.iti::ms 0:' f1.o\·.r, rree:'ling and.. ice character isti -::s irrcluding its 
$~:,:~ngt!1: "thi ':::.kness ) di.censions of broken ice, accumulations, end a prediction 
0: 	!. oe Jam r:Jroati:ln. Reliable na'ligation aids should be developed. 
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AB5TllACT 

&ltrance into the lower approach of the navigation chamber 
and dif~icult1es w1tq its wrong placing - influence of additio­
nal factors. Theoretical and experimental analysis of the dif­
ficulties experienced on the example of one lock and dam of the 
Middle-Elbe waterway. Present findings of the investigation o~ 
proposed measures ( correction of the bed of the fairway,recti ­
fiers of the water flOW, partial discharge of flood waters 
through the navigation chamber). Possibilities of more general 
application of aome of the investigation reoults. 

SOMHAlllE 

L'entree dans des profonds menees des ecluses et des dif­
ficultes de son mal emplacement - l'influence des facteurs 

sulvantes. 
L'analyse teori~ue et experimentale nait de difticulte d'un 

cas (incident) du barrage de l'Elbe canalis9. 
D'apres les connaissances des r~erches d'experiences des me­

Bures proposes (correction de profondeur de vOies navigable, 

les redresseursde courant d'eau, passage d'une partie de erue 

par l'eclusel. 
Generalisation des connaissances auxquels les efforts de re­

cherche bydraulique ant abooti. 

9 C 2 



1 •. 	OPERATIONAL SHORTCOMINGS IN THE LOWER APPROACHES OF LOCKS 
AND DAMS - GENERAL 

When selecting sites for locks and dams in the design ot the 
river route it must be borDe in mind thst the placing ot the 

different structures must be compatible with the design of the 

route for the adjoining river sections. Special attention must 
be devoted to the entrance into the lower awoach ot the navi­
gation chamber. In this singularity there occurs a sudden wide­
ning of the discharge profile whicb in turn leads to the occur­
rence of transverse currents which endanger the entrance of ves­
sels into the approach and causes bedload settlement in the ex­
posed part of the navigation route near the end of the dividing 
wall. At the same time it is evident that great care must be de­
voted to the reduction of the ratio between total riverbed width 
and approach width. DOLE2AL /3/ critically evaluated the con­
ceptional solutions of the above mentioned consequences which 
were suggested by quite a number of authors. He evaluated that 
there have been published on~ very rew results, since these 
problems are not quite clear and they are difficult both frOm 

the aspect 'of theoretical explanation and practical solution. 
E.g. : JAMBOR /7/ dealt with the comparison of the opening of 
the navigation canal into the convex river bank (initial solu­
tion design) and the opening ot the navigation canal into the 
concave riverbank (new solution design). Eased on hydraulic re­
search results, ~AsELKA /1/ /2/ recommened the following con­
ception for the layout of the different structures : to place 
the dam close behind the river bank (which is the most suita­
ble solution for geological, topographical and other reasons) 
to place the lock with the approaches in the channel so that 
the approaches open into the concave side of the reverse- sense 
bends; in addition he recommended for power-generation to ase 
a certain type of.effective~ designed power plant situated on 

the other bank than the navigation chamber. To ~abelka's sugges­
tion author should like to add that it appears to him justi ­
fied to apply the findings on transverse circulation and to 
open the lower approach into the inflection point, where the 
concave bend joins the convex one. 

10 



Unfavourable froc the point of view of lower approach silta­
tion is also the csse when at higher discharges the water flows 
over the dividing wall bet\~een the approach and riverbed and fi ­
ne bedload settles in the space of the lower approach. Thia last 
mentioned operational shortcoming can be al~eviBted either by 
highering the cre !'l t of the lower dividing wall above the flood 
water level or by \mplementing the navigation chamber with auch 
gates whiCh would 1..1o\\' to pass part of the discharge through 

the navigation chamber. 

2. 	 OPERATIONAL SHORTC t HIGS IN THE LO"ii~ APPROACH - WRONGLY 

SIT U T:;D LOCK .um DfJI! - ANALYSIS OF DIFFICULTIES AND SUG­

GESTED CORRSCTIVE ~ASURES 

The extre~e example of a wrongly situated lock and dam on the 

r,iiddle- Elbe wa t erway i::s the one at Kostelec n. L. (layout of the 
;,;iddle- 'E:loe ',;at a r',vay s ee paper by DOLEZAL and SKALICKA, pre­

~e !2ted at t h is sym;:> osiult ) . To the defect that the lower approacr, 
doe s ~ t o. en L~t o the inflection point (between the convex and 

c onca::e bend ) but direct ly int:) the concave bend lLust be added 
t .e fE~t t~~ : in th ~ a ~ l ac& the redJlation of the riverbed has 

n~t beec co~ple ted. In the bottom of the riverbed there is a ~ 
~hich ~8a oat been r emoved to the pla.~e d level ~the rock reaches 
..... i t h it s ove cross -section from the opposl te bank roughly into 
the m1dd~e of the riverbed - see Fig.l a~d 2) and has caused hy­
draulically uIlf'eV01.1rsble velocity distributions accompanied by 
i nc r e ased bedload tr s!"".sport and sedimentation in the fairway (at 
the cut· ; t er of the 10'Her dividing wall). 

The required t he or t ical and exper imental investigat i ons were 
carried out by DOLEZAL-LIBY-SKALICKA 151 in parallel on a hy­

draulic ~o de l (depth scale I: 40, le~zth and width scale I :6J ) 
and on an aerodynamic c de l (depth scale 1 : 200, length and 

width scale I : 300). 

For methodological r essons the correaponding experiments were 
carried out with the foll o'oIi ing modifications of the modela :':,;;drSll­

lic model - movable bee m~de of quartz sand and ~ovable bec made 
of ground fruit kerLels; aerodynamic model - fixed bed and mova­

ble bed made of flour. T~e study on the hydraulic model was fo­
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Fig. 1 

Illustration of experiments 
after the removal of the rock 
along the recommsnded line 

(navigation chamber closed; 
mitring swing-gates) 

Explanations: 

a*- planimetry of original 
rock 

a - planimetry of rel:loved 
rock along recommended 

line 

b - enveloping curve of dune 
planimetry 

Fig. 2 

Illustration of experiments 
after the removal of the rock 
along the reco~ended line 
(navigation chamber open; si­
mulation of design interfe ­
rence) 

Explanations (contd.): 

zero contour line corresponds 
to elevation 160,00 m above 

sea level 
(8 158,00 m above sea 

level) 
(9 159,00 m 

1 161,00 m -"­
2 162,00 m -"- ). 
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cused to the investigation of bed forms, the study on the aero­
dynamic model to the measurement of the velocity field. 

The results of the theoretical and experimental study in the 
lower approach of the Kostelec lock end dam have proved t~at for 
the appearance of the dominating bed form (so-called dune),begin­
ning at the end of the lower wall and continuing obliquely down­
stream accross the fairway, it is sufficient - without rem~ 
the rock in the bottom - to attain a discharge of Q = 300 mJ/s, 
which is markedly lo~er than the one-year water (Ql = 510 m3/s). 
In this section of the river Elbe, as UR3AN 181 has shown, this 
discharge is also the limit for the beginning of bedload movement 
(the riverbed width at Kostelec n.L. is 90 - 100 m; the regula ­
tioD is to 600 m3/s ; the naVigation depth after removal of sil­
tation is 210 cm; water depth in the fairway after the sediment 
removal is 250 em). 

It has been demonstra"ed that without interference with the 
present conception of the lock and dam, the most effective way 
to improve navigation conditions is the removal of the rock sill 
along the line derived from the study of the velocity field on 
the aerodynamic model OCtJBEC-DOLEZ.t.L-LIBY-SKALICKA 161 ) and 
confirmed by research on the hydraulic mode 1. It has been shown 
that the height of the settled bedload in the space of the fair­
way be low the lower approach of the navigation chamber was redu­
ced to a value less than 1,00 III as well as to a partial devia­
tion of the dune from the trajectory. 

Interesting were also the results of tests using slab recti­
fiers of the water current. The use of one or more rectifiers 
with the slab length of 15 m and height 0,75 m proved satisfacto­
ry (their upper horizontal edge was situated 1,00 m below the hy­
drostatic level of the permanent impoundment in the lower lock 
and the lower edge divided the distance of the upper edge from 
the bottom to one half). As far as their planimetry is concerned, 
the bestresulta were obtained when they were placed near the me­

dium third of the lower dividing wall so that they were directed 
tovards this wall and formed an angle of JO o with it. DOLEZAlr 

-LIBY-SCIDJIDT 141 informed in their paper that the form of 5il­
tations behind the dividing wall had quite different characteri­

stics than in the case of the original state. Even though the 

13 



single tests were comparable only qualitatively, it can be sta­
ted that by using the rectifiers, it was ~ossible to reduce the 
level of srttled sediments to one hal£ of the original height. 
About the placing of the upper horizontal edge of these recti­
f iers 1,00 m below the hydrostatical level of the per~anent im­
poundment it must be added that this was done with regard to the 
winter regime (a compensation factor was also the necessity to 
ensure a sufficient effect of the rectifier after the slab height 
reduction and to prevent the formation of scours behind them). 

Simulating the interference into t he design of the lock and 
dam (i.e •. when 1/7 of the total di.9charge Q = 600 m3/ s was 
passed through the navigation chacberl, it was found that a f ur­
ther, this twe conside..able deviati on of the dune planimetry 
(which starts from the end of t he dividing wall) from the traje­
ctory takes place ( as can be seen by c ompari~~ Fig.l and 2). It 
is true that when passing part of the discharge t hrough the na­
vigation chamber yet another dune was produced. This d'..:Jle i s ,how­
ever, localized closely behind the end of the lower div iding "Na ll 
and its removal can be accomplished operatively in a con9iders ly 

shorter time than in the case of t he ~revious du ne. 

From the observations of rea~lt 5 obtained on the hydraulic 
and aerodynamic models it 'lias found that the duz:!e planimetry ( on 
the hydraulic model ) corresponds with the ground plan projection 
of the dividing area between the transit flolV and the cylinder 
of the backflow ( on the aerodyna~ic model). These findings allo­
wed also to formulate the presumptions that the study of problems 
of the lower approaches can be carried out in a first approAima­
tion on aerodynamiC models and only the resulting alternatives we­
re made more precise on hydraulic models. From tests with movable 
beds in the hydraulic and aerodynamic models it followed that it 
is possible do attain a certain qualitative agreement in the . in­
terpretation of results from aerodynamic and hydraulic models. 
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AB5'fllACT 

Alteration of the natural hydrologic river regime due to hydraulic project 
construction results in t1Z1.nsformation oC the downstream channel .. Field observa­
tion data on channel degradation below 20 major hydroelectric projects in the 
U.s.S.R. are analysed and generalized. Deii.ned are the most essential manifes ­
tation of river- channel metamorphosis ~ch are to be incorporated into the 
desIgn of hydroelectric projects and Uow control structures downstream from 
them. 

~OHNAlfill 

Les perturl>ations du regime h y drologique naturel des cours d' eau 
imputableJ a 18 c onstruction des amenngements hydroe.I eclriques conditionnent 
la transformation du lit en aval de c eux-ci. Les n?sulkl.ts des observations 
'1n si tu" sur ta transformation des tits en eval de plus de 20 grands amenage­
ments hydroelectriques de I' UR.S.S. sont analyses et generalises. On definit 
les manifestations principales du processus de la transformation des tits qui 
doivent etre prises en consideration dans les projets des amenagements 
hydroelectriques et des ouvrages d' economie hydreulique dans leurs biers 
aval. 
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Const...""llCiion and opero:.i0n of hydraulic projects brings about dra.S.ic 
changes in the natural hydro.togic regime of rivers. The modifications are 
manilested chiefly in redistribution of discharges ,-.;thin the year, ':"l a partial 
or complete deposition of the solid sectiment load ".. thin the "l.'\Ctcr storage.-- as 
"",U as in pronounced fluctuations of discharges and """ter stages throughout 
the day due to the adjustement of power generation in case the project incor­
porates a pOM>r plant.. Under the impac t of these factors the natural river 
channel is transformed in confonnity ;-.ith the altered conditions. Both for 
engineering practice and theory it is vita.!.. to gai."1 an insight into dver channel 
processes below dams. A reasonably substantiated prediction of probable 
channel transformations is of major importance in the design of hydraulic 
projects. Such a forecas is essential in ensuring stan:lard operation conditions 
[or the hydroelectric project, navigation, bridge piers, .......a.er intakes and 

stn....lCtures dO\M'lstream from ciilrns. 'DIe conventional calculation procedures of 
dO\M"l.Stream channel transformation proce5 ses adopted at present do not make 
ailo'A€ll1ces for all th II? a.spects of this ::: o r.1plex phenomenon 'Mth an a.ccuracy 
adequate for eng ineering practice ourpos""s. In 1 9 6 2 at the aE. Ve deneev 
VNllG under M.E. Faktorovich a res..an: h program '\8S sta rted with the aim 
in view of collecting and '-lralYL ing fi e ld obse rvation data o n long -term o pe ra­
tion of the downstream pools of up".a rds of t\""nty major hydro electric p rojec ts 
in the US.S.R. A part of the gemecalized findings u p to 1963- 1964 i s alre4iy 
pClblished R. 1, 2 . More recent data on the operdion of the projects 
corroborated and amplified the ccnclusions dr" """ eerli r a.nd pennitted to 
single out the most essential fc-d~s of the phenomena Vuhich must be included 
in the desgn of hydraulic cmd now control s tnJctures and navige>tion £.'icilities 
on regulated river reaches, VIZ.: 

1. During the consru.ction and lnitial operation stage-s of the project the 
rl"\.G'r channel constricted by co(fen:ierns, and laler on., by s tructures is s ubject­
ed to intensive local deg~ad..~O :", ~nl : due to unfnvoura b!e hydra ulic condi­
tiors " hen construction dlsch.::..rses are ~sed th rough th e unfinished c:.l.am 
block s vJ--u.1c the dO"\lnslrean pro te c lion 1.-.r;ri-. · 50 ,"t:.· t I. f"complt·t..:! . Channel ~cour 

(including tha t of coffe rd&n rrw.[~nJ ) 'BU y yie ld a sediment !oad much in 
excess of the sedime nt load much i n . e5 5 o f the s ediment lr<!u"lsport capa·:ity 
of the natural strean. Below s truc tures the !love e ;oosits the g reate r part of 
its sediment load forming a channel b a r , \,au, its c rest ele-vation gradu.a.l.ly 
rising. Lcx:::al scour decreasing , the gro'.-.Ah of the bar s lows dm.\r. : .!nd lts crest 
moves dOVd"lStream.. The cha r"'\nel bar creates d O\."\ti5trea.nl from the st.n.JCture a 
temporary becking that usually diminishe!: ,,.th lime O\.tng to ~he p rog ressive 
degradation of the bar, the shifting of the d e position zone dmo;nstrearn, a.nd 
the general lrnM?ring of dOVllYlstre am Vl.a.te r 3tase s. 

Sriklng examples of the process are furnis hed by the con,;truc ' ",n 3m 
primary adjustment-and-operation p e ri o ds of the Go r1<i , K uibyshev ",ni '3 '-'.I",to v 
hydroelectric projects on the Volga river. E';5' aggmct...lion belo\"l the dum of 
the Volga FrnMlr plant named for VJ. Lenin (the Kuibyshev p jC'Ct) 'Attich led 
to the formation' of the Morl<vashin channel bar r esulte d in som.....n.al high r 
downstream ""ter stages already in 195 6 ( the first year of operation). 
In 1958 the backing due to the bar r eac h ed 55 cm. Later step-by-step 
degradation of the river channel dO'M'lstre<!.m from the pm\er ptant and the 
downward shiiting of the sediment deposilion zone reduced the backing. an:! 
in ' 1967, i.e. by the ti"'e of the ::onSructbn of the Sa.r tov ''.der storege 
downstreaITI it amounted to 10 cm. Scour of the constricted channel of L"e 
Volga and local degradation below the Gorki Dam during the construction stage 

1953-1956 resulted in the deposi ti on of the ,,",,,shed out material (includ­
ing that from cofferdams) in the chann..1 of the Volga 7 km b e low the dam site. 
The length of the aggradation zone reached n earl y 10 km i n 1956; the back­
ing affecting the <iBm stnlcture cam" up to 25-40 cm. 
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2. After the ces:;.ation or a tempo l"fi !'")" stabiliz<:tion of local SCOUl'" the 
·.:lari.fied flow from the "ABter storo.,ge induces a progressive degradation of the 
dOV'KlStrea.n1 charu"1el1 the zone wth lhe highest a ggradation r-ate shifting fu.rther 
dOV'8l.Stream.. In me vicinity of the dam river bed degradation becomes prec!~­
m..il"lilant. La.ter on the zone of scour moving in the wake of the deposition zone 
extends by degrees to embrace a longer reach, vwhile that u~stream becomes 
more stabilized; hence no marked ch.a.n.nel. transformations occur there, and 
the sediment load is not materially enhanced. S ::: ouring o( the deposited 
sedi:nGnt is seen to be effected by a practically sediment-free flow, which 
after becoming sediment-leden due to scour, redeposits the sediment !oad 
l~r along the stream bed.. 

The phenomenon common 10 the predomin<nt majority of the projects 
studied is most clearly manifested below the Gorki Dam on :he Vo!gd. It can 
be e~blished indirectly judging by the allered position of the c hanna bars 
which limit navigation below the dam (Fig. 1). 

3. In the course of degradation and aggradation processes b o lO'N dams 
c ...:dled fo rth by the altere..:! hyd.rolog.ic regime the river bends are stra.ightened 
=d the difference bet....een the channel depth in pool "and bar reaches leffiens. 
l-hnd in hand wth channel bar degradation and bed agsradation in pools caused 
by the interaction bet"v.et-n the regu.L:tted ::'·I".v and the chCfiI1el, canalization is 
furthered by d..r€d.ging chii j-:nel bars, 'hi.th the ",,"".--ste ffid.teri~ dumped into pools; 
the canalized river channel losing. the ·~ ;.>eCffic features of dver- morphology. 
The rl'-'1?r reaches below the Thymlyat1St-..:aya, "Gorki7 ~zhne-Svirsk and some 
other projects may be c itE:d as examples .. 

4. River chernel transfonnalion processes. wuch exhibit a tendency 
tm-ards diminishing of both degradation and aggredation phenomena., and stabI­
lization on long rt"V'er reaches, are markedly ~nte-nsified during he.:lV)" uoads. 
Augmentation o f channel transiormations of the Don below the Tsymlyanskays 
dam fier the heavy !lood o( 1963 recorded in R. 2 WlS again discelTlllble 
,,,, r tne :9i.J8 and 1970 [loads ;<hose peak discharges Wille remaining below 

!he mlU<.:mum dlscharges of the 1963 flood -..ere -..ell above the releases and 
the flood rate o f the preceeding years. 

5. 'I..d..ter-al erosion. '.M1.lch m.:.\y be enh.a.nced. due to a m ..J.IT'...ber of COLJ.Ses 

in a regulated ri'..er, is an -:ssential Letctor in channel transformation processes. 
One of the reasons accounting for increased lateral erosion directly below a 
stn.;.clure i s d. cha..nge in the cour..;.e of the now and the redistribution of the 
discharges betv.een individual river reaches dOVlor1stre~ Sometimes bank. 

erosion occurs under the action of "'o'\BVeS generated by passing ships or 
~;.aves ot different origin, e.g. below the UgUch and Verkhne-Svir hydroeled.r1c 
PO\¥?r" pro iEoCts the former type of V\BVe effect: is obse~~ Wtile at the 
Kuibyshev Dam beni< erosion clearly noticerole along the whole length of 
the 3 km reach belOW" the s pillW3:Y dam i s induced by Vleve5 due to splllv.e:y 
operat:i .:J~ . 

lntensi-..e discharge regul<>Uan throughoul the ~ is another cause of 
the grow th of lateral erosion. Caving in and landslides along the banks 
'M'!re marl<ed after the passage of _ter release ........,s below the Gorki Dam 
on the Volga, and the NOv"Osibirsk Dam on the Ob I. 

This phenomenon seems to develop on account of heavy piping in the 
bank slope material brought about by the seepage !low directed towards the 
river channel during an abrupt l"",",ring of ......ter s~ 

6. During 'Mnter operation of hydraulic projects W!V'eS produced by 
diurrlBl re~ation may cause ice pushes and the (ormation of he.1lVier ice 
dams and ice jams as compared to those under natural conditions. They may 
be associated wth downstream ch.a.nnel degradation as VIeS the case llt the 
Nizhne-Svir povo.er plant. Almost every year because of dlurnoi .....ter stage 
fluctuations due to power generation adjustment at the Volga hydroelectric 
plant named (or the XXIInd KPSU Congress .....ter release _""'.. set in ruollon 

19 A.B.Welcsler et aI. 

http:hyd.rolog.ic
http:dOV'KlStrea.n1


from dam 

19513 

J /20 km from dam 

7km 

16km from dafT' \ 
\ 

t 
1962

/33 km !rom dam 

~! 
~ 

I i 
/$ 

Fig. l 

ShIfting of the maxlmu m aggm.dation 
zone below the Gortci hydroelectric 

project on l.ha Volga river 

'0 J",-.s.WeksIer el al. 



ice aoes "hieh are rafted torming ice jams and damming the main channel ot 
me Volg- . Repeated violent passage of the a o w through the left branch broug.'1t 
~1bout h ed'V"'J cha.nnel erosion and almost d o ubled the cross-section o( the now.. 
Now the discha.rge capacity ot the branch equals that of the muin channel. 

7 . Channel tro.nstormations induced by " hydiroelectric po"",,r plant !ead 
to dovynstream ·•.a.er stage Uuch...L.:l.tions. The :atler are characterized by the dis­
placemeni of the v.e.ter stage discharge curve wti"l respect to i ts position at 
the commissioning of the pOlM>r plant. Downstream e:u.nnel transfonTldtions in 
the conslru.ction period sometimes result in the s.h.Lfting oC the position oi the 
'-'<ter st...oge discharge eur.e with reference to that ot the long-term average 
curve for the natural river channel already by the time when. the plant is to be 
put into s e rvice. ObsenaJions c onducted revealed varying degrees ot variation.s 
in downstream ·.....aer stcgesalmost in every case below hydroelectric plants 
·ATtich a re not affected by ir.1poundment dO\.'lb1s tream. 'Dle changes are illustrated 
in Tabl e 1 o..nd F igure 2 vvhere g raphs of \t\a.ter st..:tge' auctuations are presented 
togeU1er 1.\i:l m peak IAater ctischa..rges b~iO"...v the TsyrrJyanskaya and Gorki plantsa 

'" c ombined graphs clearly demonstrate tn.e intensificdion o( river chc-.nneJ 
tran..c; fo l"'t1'\6tion processes ( s ee i.tern 4) '-inct !.he aE60ciated lO\Me'ring o{ ~e do\.-\'r1­
stream stoge subsequent '.'0 hCavy aoods. 

'The data di.::;played in l'eble 1 and Figure 2 i!1.dicaie that me process of 
river cl'lannel adaptation to the altered conditions dOvIl5tream !Iom a number C'{ 

large hydraul,ic "rejects cannot be vi"""",d as Clcc omplished notW:hstmding the 
lorg 5ervic ~ period.. Among the mOI:e trouble-sane consequences of the ;JroceS3 

is the n ac ssity of i rx: rea.sing '-'<ter releases to ensure desig n r.avigdion depth. 
v.hich mAy ,"valve L... ... o remature draMiown of the __ter stomg e, and, Iin.ally. 
the reducti on oi ~~ ~rt or the hydroelectric plant i n c overi.rlS the peak pcrM:?r 
l oad demard.;;. <,,.pe~ally in l ow ·.-ner y ears. Simultaneously lowering of doYolr1­
s tream vet.e !' 3~,,::,S mel)" disnJ.pt normal ope r lion of dOW"'strearr. \r\8:er intakes 
!"lec es!::a.it.'S-T'tg design changes . 'Taking ~nto .::.count conunonly encoW'ltered 
rrusnifF.s.tnf "'::ms of the downstream channel transio!'"nla.tion proc~s.ses li s ted dbove 
ir. tr..d' ~.3gr. ~[ h ydraulic projects per-nUs to foretell the probabt l~ c onsequen­
ces due to their con..stntction and o OQ-ration and utilize the foretold c hanges in 
the hy drolo::;ic conrutions of ~~'1~ ~~ :- te· op~mize the techno-economic coeffic i­
ents in the rn,.....u.tipurpose operation of 1I\o6ter stor;:l.ges. 
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Don ':D>yml y t>n,;kuy a 675 1'l52 19 0 -:!JI _ :!LI -~8 --oil -6U -68 -9 '; -115 
Dnlep'-'r KJev 1.050 l"li4 7 0 -34 -:1<1 ~ '10 ~ o5 - oS -6rj 

..., Dnl c..-p rog t:·!;; 1650 1'1 :.12 2 3 + 6 - 44 - ~ 1 
to Neman .i<.t!.uf'l!c5 293 19 59 1.2 0 -1~ -..!A --10 -- q tJ - 61l -6n --/10 

KUI'" MngechauI' 397 19 ~4 2 -80 - 9 1 -107 - 107 
VL\("Vhr~y JY7 195 7 10 -40 -!)H -06 -dO -92 --~:~ -11;; - I..l;! 

Ob' N ov08ibir-sk 1610 1957 9 0 -14 -28 -3 7 -- ~')O -b7 - 7J 
I~h l..];:)t I -Kl!.tmenogorsk 6~l) JY :)j 10 + :20 ... 2 0 + 20 

N·Q!2J 1. R.l~:'.e · in ,_tnd lO\'\lerlrl[t of v..ull:;."l· 5 tr~ .tt~ ~ h !"(' dl:'!..lignclted l) y tiled 8ign~ + und ­
!~sjJec ti vl~ l y . 

2 . 	 Fo)' th e M iflJ.:l,(o, .h /tur Jlydroelectric fJo""'l-r pJun.t Lil l".' d."" refer to 19~1 w .i r:..' I' 
sld.ge; C( )r t.h e Vt... J · ·~ ·tlJy (0 Ule J.95J uno (Cit :J :.lik' :':0 km below th n- cl.cun). 
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AIlSTltACT 

The river run-off control, with the help of the water 
storage reservoirs, entails considerable changes in che river 
ice regime.l'he water freezing and ice break-Up processes under 
dammed conditions, become calmer as comnared to the natural 
river conditions. Within the transient region. however, favoura­
ble conditions for tee-jam formation occur. 

Analysis of process of the break-up of the riVers and near­
by lakes oakes it possible to forecast the time the reservoirs 
are clearec. of ice. In the :IJajority of cases tbe re sEr"7oirs are 
Iiberat~ ·i from the ice at a later time compared with the r1ver 
and it shortens the navigation period. 

Creation of dammed s~etches allows · to conduct the ice­

breaking operations and it can stop the ice jam formation in 

the back~ar,er tail zone an~ speed up the navigation opening.


Run-off control can facilita"e the break-up conditions of 
the river in the downstream redch. Smooth increase of warm water 
releases from the reservoir drives away i& advance the ice edge
down the river, making the ice ~~~up conditions of the river 
in the downstream stretch 6llSier. 

, 4
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Ch ""es 	 in Ice and Thermal Re ;I:l9 
o 	 rtlVers due to ons~ction 0 

Hydraulic Str'lCture s 

The ice regime of rivers depends on the climatic condi­
tions of the river basin as well as on the ta2roal and hydrau­
lic regimes of the river. 

The flow control performed by storage r e servoirs created 
by damming the rivers entails change s in hydraulic and th rmal 
and, hence, the ice regiI:les of t he rive r. 

'C'he water flow velocities in dammed stretches of r i vers 
decrease considerably resul t i ng i n favoura ble conditions of 
:freezing of the headwater. 'Gnli ke tile rivers ':'lith f l o71 veloci­
ties dependi ng on severe ice conditions associ~ted ~th f or ­
I:lation of i ce ~_~ . cream and f r az i l ice, the ~ro c ess of i ce 
fOrDation in the dammed s t r etches of the ri~e_ s is l imited by 
tbe surface l aye r s of the ':"/a t er . The aut-= i>::e drift· s :lO~ 
observed as a _ u2e. ~ fraz il rivers ~~~i~ ~he transi~nt reei ­
on favourabla c onditi ons for i ce j9.J! -:'.:!'!::a -;:ioll _ 8.:1 occur . 

Dura t i on of f reesi ng of t he d~e stret~hes of che r i yer s 
de pends on t he w-'~~ reg i me and al.:' ·;e :;:e ratu.re du.r-i.ne; :"'le }Cari ­
od of cool ing the wat er and i ce fo~ation . 

Ice usually cove rs all "~e stor age rese~oirs loc ~t . in 
the r eg i ons wi th fr os ty 71i~ te r . SVeo ~~o se cr eated on ountain 
rivers where frazl l ice dri f e ao~ shor e ic e can be usual l y oe­
s erved are covered wi ch i ce. 

?-educ ~ion o~ fl o w ve l oci7i es in dacme stre t c hes of rivers 
f avo'.lrs 	f ormat i on of "hicker i ce cover. ':'.:.J.eoreti cal cal cula­
t iona and fi"" li 'J;)Se r va;:; l ons shc"V "±.e.;; OIl s · ors..:;e ress!'70 irs 
:::reat~d. on lO I'l.lru:rl riv e .:' !: "the ice tb.ick::lo:;S .5 1.:; aco~-:; 1 5-2~ 
higher a s compared to t he na~al river conditi ons . On frazil 
ice rivers r.i th heavy s~e8~ current the ,ice cove on t he re­
servoir 	can be t hiner than under na~~al r i ver condition s. 

Danwing of r ivers effects on the spring i c e break t oo . 
In storage reservoirs of a considerabl e capaci ty 1:ihe i ce, due 
to low current velOCity, usual!y ~elts on the spot. )~ter open­
ing the spl11w~y dam only separate ice f l oe s broken a way from 
the ice field at t~e dam at the break of the water su-~aCe can 
pass to the downstream pool. 

Due to this fact, the stor age reservoirs someti mes beGome 
free from ice somewhat later t han the rivers. In t hi s case ice 
jams can be fo r med ·in the transient regi on. 

The dynamics of ice dams f ormat ion i n these cases is as 
follows. 

Decrease of water velocity in the backTIater zone retards 
the ice break in the upstream pool. The ice drift starts on 
t he river up~tream of the storage reservoir in the transient 
r egion . The ice cover forms t he i ce j ams . On frazil rivers 
f:::-azil i ce (ice jams) accumulated in autumn and. winter within 
these zones favours fo rmation of ice dams. 

The water levels r e sulting from the ice dams can be equal 
to na-cural water levels of this river. Sometimes tiley are 
higher. Increase of water levels due to ice dams entails 
flooding of riverain territories and damage of riverside 
structures. 
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Creation of storage reservoirs changes winter thermal 
re~ime. In dammed stretches of the river the water temperature 
in ~~nter is some~~at higher than that of free-flowing water. 
UndeE natural conditions the water temperature does got excgod
0.05 , while in shallow storage reservoi5s it -iS 0.3 - 1.0 
and in deeD ones \7ith slo~ ~urrent - 1.5 - 2.0 • 

A river stretch free from ice (polynia) is formed down­
strerut of the da::l due to relatively ,,;arm water flowing out 
from t he r eservoir. Th e length of such a stretch changes de­
pending on meteorological conditions, water releaSeS from the 
re ser voir, its temperature and the existance of backwater 
created by a h1droelectric project located downstream. 

TIle s?ac::..cg be tween the ice formation start profile and 
the dac is determined by the follOwing equation: 

r-:-' Co 
LLnLt - L 

C-3 
(1 ) 

o

te ll!;lerature of water released to the downstream 
poo ij::c 

calheat emission of the water surface 
m2 day

~. tn-calheat cransfer coeIfic~ent ~2~~~--
tn-cal ;;] °c day

he a7 f l ow inten sity 2 
~_;._ t m dO~ - ""-=- ~ - !' 7:- ..!.:;....1~ 7: . _ ~_ ._. --r- , 

lli tn-cal
heat capacity factor 

t 0c 
q sr ecific water discharge 

In down stre am pols of hydroelectric pro j ects ~~th shallow 
r eser voirs the length of polyoi a r ange s from 3 to 15 km, while 
downstr~am of deep r esar voi rs it r~~ s from 20 t o 60 ~. 

DuriT1l": the coli wir:. -';6 1' periods t he ice edge shif ts tc the 

dam but w~le i t get~~n ~ WQL~er t~e edg retre e" s do~stream. 


The sp eed of the i ce edge shifting de pend s on ohe heat 
emiSSion of t E ~ater surf ace and spacing between the ice edge 
and t he ice fo roation st axt profile is determined by the equa­
tion; 

1)- d 'J.K. - 1. , - r') /l 1 \, , wered t - }h \ La \ ~ c) 

h thickness of ice cover, mj 

jl latent heat of ice me2.ting equal to 80 ~ • 
The mo ern experimental and theoretical investigations 

all o~ed for working out the technique of engineering calcula­
tion and fore casting of the winter ice and thermal regime up­
stream and downstreac of the dam (1,3,4). 
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Freeze-UL and ! -=a ~eak-up 
Oll !ie ser'lre,irs 

The navigation period on rivers depends on the time of 

freeze-up and ice break-up in dam pools.


The beginn.ing of ice format ion in reservoirs is respon­
sible for suspension of navigation. Ice in re servoirs and under 
natural ::-ive,r conditi'on.s practically begins to be fo=ed sirrul­
taneously. An appreciable effe ct on the t i e of ice cover for ­
mation has the Id.nd: windle ss ':'I9 athe r f>avours quick ice cover 
formation throughout the reservoir whi le windy weather re tards 
f r eeze-up and the largest and dee e s t part of t he r eservoir can 
be covered ~~th ice from 5 to 30 days later t han the river. But 
~ ven in windy years ice covers the along-shore side of t he re ­
servoir , the river harbours, ship moorage areas and t he r iver 
itself at the same time. 

The ti;;:e when the reservo i r becom s entirely fr ee from ice 
complies wi. th the time of opening navigation . 3'or diff erent 
rivers and even for differe nt stre~~hes of the same r i ver thi s 
time can vary with regard to t hat under natural r i ver conditi­
ons in the spring . 

:)n rivers f l awing fro m the South t o the orth and in l ati­
tudinal directi ~n a br eak- up appears under dynamic effect of 
the flood i.e. unde r "f orced" conditions. The beginning of ice 
dri:fting on those rivers takes pl ace as a rule afte a SP!'iIlg
rise of water. The more wat er level by the ~oment of the break­
uP. the more arduous ll'19 conditi ons of ice drift i ng . Re servoirs 
on those riv"rs due cO absence of a "force4" break-up in the 

zone , ~ acko~~er e~fect are freed f r om ice at a later time 

c :lrrrpareci m..th t~e r iver. 


On river fl owing f r om the North to t he South a break-up 

appears by di sintegr at ion of ice under the ef fec t of spr ing

he at before t he fl ood rise of t he wate r l evel. ~eservoirs on 

t bo se rivers are liberated from i ce simul taneously wi th the 

river and in even earlier sometimes. 


Spr ing ice conditions of r eservoirs take intervening
position between ice conditions of stagnant reservoirs ( l akes)
and those o.f natural rivers. 

Analysis of particulars of the break-up of river s and 

nearby lakes which to a certain extent can serve as anal ogue s 

of proposed reservoirs makes it possible to forec ast t he time 

when the proposed reservoirs are cleared of i ce /5/.


For the first time this method of' f orecasting the t i me of 
break-up of the ice in the reservoirs was ecplo:;ed when design­
ing hydroelectric schemes on t~e Volga river. 

A considerable length in latitudi nal and longitudinal 

directions motivates a variety of conditions of the break-up . 


, The upper sections of latitudinal direction of the flo w 
break up simultaneously under the action of t he flood; the 
lower ones of longitudinal fl ow reak up gradually in upward
direction as the weather gets finer. 

Apart from features of the break-up the time of crearing
of ice is governed by duration of the ice drift at different 
sections; in the upstream reaches of the river the ice-drift 
is considerably shorter than that of the downstream reaches. 
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It is accounted for by the fact that on t h l ower s~ctic~s 
of the river aside ~rom the inherent ice the i ce :~om the ncrth­
ern reacnes where t he melting o~ the ice 'cegins at a later ti~€ 
drifts. 

According to L3formation available on bre ak- up of the ice 
in the lakes al ng e course of the Volga river it has been 
rev aled that the l ake s of he llDstream reach are de"bacled: 
10-1 5 days l ater than th~ river; 't e l akes of the middle course 
are deca c l ed si~taneously ~ith t he river and the lakes of the 
l ower cour s_ axe brv ' en 15-20 days earlier than t he river.· 

The reservoirs feature t he s ame seau ence as the lakes. 
The upper Volba r e servoirs are croken 10 days later than the 

i ver ~ the upstream re ach 121. 1he reservoirs of the middle 
course are l i cer ted from the ice at the SaDe time as the 
olga r ive r on the average c ef::>re construct ion of hydroelec­

tric schemes and the Vol gograd re s ervoir, is liberated from 
the ice in same years earlier than the river. 

_ e e:rperience of rs servoir operation shows the val idity 
or: f recast 16, 7/.

The procedure of f ore ~ asting of r~6ervoi= decacl e ha s oeen 
confi~ed .~ observation o~ the rlrats k r eservoi r on the AL[ara 
river and ~he Krasno]arsk r eservoir on the J enisei river a t 
the area of t he Clentioned r e servoirs are flowing in 10:lgi tudi­
nal direction f roe the Sou th t o the Nort h. odeI' na-rural coo­
di~ions the break-tro of these sections of the rivers ~DDe ars in 
dOWIlv:ard dire c t ion along toe r iver course by the br eak' of the 
ice ~th the flood a t air tem~erature be low zero. 

under conditions of backwate r liberation froe ice t~es 
place 1 5 days lat er than on the river at the aver '-e due to 
the lat er break- uD and absence of ice drift. 

__ eak- uD oi the ice in the downstream reach is effected 
by driving-aWay o. t he ice edge with hot ~ater f r om the reser­
voir •.:.thout in~ensive ice drift. E] the spri!lg the 91)e ed of 
dri ving of th 1c edge increases due to warm wea ther and 
higher s olar r adia tion. 

Consequently liber ation of the river from the ice in the 
downs tream r ea ch for about 100-150 km takes place much earlier 
than in t h e ri ver which is import ant for navigation . Transit 
navigation is determined by the break-up of the ice in the 
reservoir ~hich 1n its turn shortens the period of transit 
navigation.

Consequently the beginning of navigation on the rivers 
depends mainly on the time of breah~p. 

The pr oblem of extension of navigation period can be 
settled by t he use of different me thods accelerating the 
melting of the ice in reservoirs. The most efficient method 
consists io the use of ice breakers of qifferent types. 
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Effect of Flow Co~trol on Ice Conditions 
of Upstreao and Do~stream Rea~hes 

of H~=oelec-cric 
'chame s 

Construction ot h~droelectric schemes makes it possible 

to control to a certain extent ice conditions of upstream and 

downstream reaches. 


The nresence of the reservoir favours even and uniform 
ice in the backwatered reach. 1!.oreover as it has been mentioned 
a.bove on the rivers which are bro ken up under d"vn a.!!lic eff ect 
'JI r;:cte flood as a ::.'1;.le ice gor ges and dams are fo rmed whicl:. 
results in serious after-effec t s. 

Even and unifo~ congelat ion and break-up of the ice in 

the reservoir assist the ice break:i.ng o:;: erat ions before the 

spI"i!lg breM-up '.Vbich can te r;ninate the f or:nation of ice gor­

ges an~ start naviga tion earlier . 


Construction of a cascade o~ hJdroelactric sta ti os will 

e.l:!.:linate t he fo rmation of C ol gor ges in che tranSi ent region 

of ~he QOWDstresm reservoir . 


Toe flow cC2trol togethe - ~ th the prope o. eration of 

-ohe hydroelectric s -cation doe s ot i ID_air t he ice Gondi t ions 

downstream the str~cture . 


The ice clearing (p olyni a ) in t he downs t r eam r eache s of 
l1.ydroelectric stati ons r e sul -.;·: ~ ::"roo rel eases of re l atively 
~O~ ~a ~er is of the rmal o ri5~~ ~! cc r- s equentl y ~ater temper a­
~e i n it as a rule is possitive anc only at a strong cold 
.oL'.:: (~!2 ·; :J. the ice adse i.e; -::lving tc :aras :;!!e dlm) supercoc_e~ 
w...._~.a r c ·;z a.~~ a.:- . :..:..a=-~~:)::-e under D Or.n :. :::!c..:. :-io!!s 0_ . ~-:;e.r 

relea ses the- ~ce clearings in downstream r eacnes ~vo lve no 
difficultie s assoc iated with ice forma t i on • 

.\lterati ·:m of water releases from the reservoir exerci­
ses an effect OIl lS!lgth of the i ce clearing ; under other ,simi­

lar conditions the increase of water discharge D r esults i n 
alongation of the ice clearing . At even and unlfo rm i ncre ase of 
water discharges the ice e dge i" gre,duB.l l y mel ted with warm 
water of the reservoir and flo wing do~nstream . Thu r e l ea a s 

'}f·;a".-m :;arer iTo the re servoir at even eh f discharges provi­".0 

de the early removal of the ic ~ in the down s treau r each and 

facilitate conditions of the break-up. The length of thi s ec ­

tion varies from tens to 300-400 km depending on determining 


factors. 

For fighting against ice gorges appearing in the area of 

construction of Ust llim hydroe l ectric project by the increas ed 
water releases at the end of the win ~ er from t he Bra tsk reser­
voir the iC8 edge 7las driven away ownstream f ro!:! the area of 
the ice gor~e formatio n . USing thi s me thod, the ice ~dge by 
the spring was driven away by 300-350 m downstream the river, 
facilitating conditions of the ice breaking in the area of 
construction of the Ust Ilim hydroelectric pro j ect. 

Proceeding from the above seid, the cascade of hydroelec­
tric projects, from the ice regime considerations, is reco~en­
ded for construction in downward direction of the river flow 
and through the hydroelectric pr o j ec t. ~nen the ice r egime, 
within the reservoir area is improved by the backwater effect 
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and in the areas free from the backwater located between the 
reservoirs by the warm water releases. 

It should be remembered, that the sharp increase of water 
discharge s may r e sults in tile ice break-up downstream of the 
polynia and in the fo~atiDn of ice jams and ice-hummocks, 
threatening ~th t he deterioration and flooding of river banks. 
In certain cases, t he ice cover is moved away and the ice ~ift 
s tarts in mi d-winter. Hence, the sharp increase of release 
should b e el i mi nated. 

On small r ivers, the artificial incre a se of winter relea­
ses f rom bal~~cin~ r e servoirs leads to formation o~ ice hamv~ 

and "_ ~"" :,~::~:.: - + ~ -m::E' r 3 ': :':l~l e 'I1a 3te ()~' 71 t er for ice f:l ::- :-:3.'t ~ c ~_ .E' 
~n= cor r ect choic e of condi tions of wa ter re19ases f roD 

t he calanci n " r -e s €!"I·Jirs all0T.s t o contro l che water losses 
tor i ce ~0~&tiQC. 

=1.e co::di-;; ; c s of ~a t::= ::-elease s are eterI!li nod fro!!! t he 
!1lor:-.;...,:r:"C"ric -.r:'+;e!' ~h< "'"a.cteri s tics , i .a . f r o:ri t he 3'";ecially 
as~i~:: ed cur7e ~~~ sreiu- 1l y ~ecrease~ or cocst=an~ rele ases 
dllri~ ~he _zn:D-€ ~:: -:; := ;: -= =i __ . 

~nce~ t~~ conditi ons of tackwa ter effect, from the side 
of h:-1:::'oe lE' c t':'i '~ o::"o~ ect l ocatee. in ..h e c.ownstream r each J ~!1 e 
~luenc e or ,!"ter r e.l eases u on tile ice r egime is inco:lside­
r able . 

So di=ferent influence of ~ater releases on ~~e ice condi­
tion s ~f ~tl e downsoream r e ach allows, using t he q;e c i al ly a s s ig­

ned condi t ions of wat Er r ele ases, to control t he r iver ice 
condi t ions do~nst~eam of the reservoirs. 
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,ABSTRACT 

For the winter navigation prediction of first freeze-up and 
of ice -cover formation both in natural conditions and in artifi ­
cial reservoirs is essential. 

Because of it we concentrated our ef orts on the freeze-up da­
te forecasts worked up on the heat-balance basis complemented by 
the synoptic-situations method, all this being checked on existing 
water development with a relatively good agreement rate between cal­
culated and observation values. 

SOMMA IRE 

La gestion de la navigation dans la periode d'hiver exige la 
prevision du commencement des phenomenes des glaces ainsi que du 
commencement de la couverture totale de glace sur les flueves dans 
les conditions naturelles et sur les retennes des oeuvres hydrotech­
niques. 

A cose de eela nous avous dirige nos etudes vers la prevision 
du commencement des phenomenes des glaces basee sur la balance ther­
mique, laquelle nous avous complementee par la methode de la previ­
sion a I-aide des situations synoptiques. On a verifie cette metho­
de sur les oeuvres hydro technique existantes et les resultats out 
donne une bonne concordance des valeurs calculees et mesurees. 
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On the Danube, the biggest river flowing through the CSSR ter­
ritory, the basic occurence probability of ice phenomena varies bet­
ween P = 0,86 and 0,81, and thus poses a great problem not only for 
navigation, but also for flood-protection. It may be expected that 
following erection of the planned Gabcikovo-Nagymaros water complex 
this problem will reappear in new quantitative and qualitative di­
mensions. 

By analysing sequence and build-up of various forms of ice phe­
nomena we can establish factors influencing the beginning, develop­
ment and termination of this process. Those are mainly climatic con­
ditions, meteorological situations with hydrological conditions lin­
ked to them, hydraulic-morphological characteristics of the river 
bed, and other conditions created by human activities. Dependent on 
which factor has been given preference, or taken for the base, va­
rious methods of evaluation of ice formation were created. 

HEAT BALANCE METHOD 

of solution of various water and other questions related to ice 
regime of streams and reservoirs wa s minutely elaborated by Soviet 
scientists. It was partly a pplied in our conditions too, partiCU­
larly the forcasting methods by Rymsha and Donchenko /1/, but first 
of all by Shulyakovsky /4/. 

For designing the future Danube water scheme below Bratislava 
we mean its upstream end which will have to face extraordinarily 
strong ice effects - we had to determine how would the freez e -up da­
te change as compared with the.original state, e.i. the natural ri­
ver conditions. We utilized the method of calculation of ice pheno­
mena beginning based on the heat balance according to Shulyakovsky. 

This procedure is very exacting as far as the data and correct use 
of physical relations are concerned; neither the laboriousness of 
the calculation is to be underestimated _taking into account possib­
le number of combinations, use of computer is recommendable/. 

Basic relation for cal culation of freeze-up date 

Conditions for ice formation on the water surface may be deter­
mined - from the heat balance on the water-air interface 

AtB=O /1/ 

whereinA is heat transfer, during the cooling period directed to­
wards the surface, and 8 is resultant of following component heats: 
radiation balance ~ which includes global radiation ~ and effective 
radiation ~ , heat consumed or released during evaporation or con­
densation LE, during turbulent exchange processes P heat related 
to preciptation falling within a unit of time upon a unit of water 
surface area. 

The vertical heat flux A is a composite function of various 
mechanical properties of the relevant environment /e.i. water/. For 
practical calculation needs, it is expressed by the relation 

/2/ 

wherein for zI most conveniently used is the average vertical or 
~rofile temperature, ~v being the water surface ~emperature,and 
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~ the heat transfer coefficient. Then Egn. /1/ may be written as 

/3/ 

If the temperature ~Y decreases to the freezing point, it is 
the moment of beginning oe ice formation on the surface. For this 
instantaneous condition,~. will be equal O. Let us denote the re­
maining quantities ~n , Bn ' and ~ , and the freeze-up condition 
may be expressed through the followin inequality: 

/4,5/ 

Inequality /5/ shows that ice phenomena beginning is possible 
when average profile or vertical water temperature is equal or less 
than the negative value of ratio ~ . Starting from this relation, 
for determination of freeze-up datg it is necessary to know 

- average profile or vertical water temperature ~ ; 

- resultant of heat components on the surface an 

- coefficient of heat transfer to the surface ~n 


For this purpose we had to accomplish a detailed analysis of 
relations necessary for determination of the balance equation mem­
bers which would best satisfy conditions of our locality, and to 
introduce some simplifications. 

Concretization of the balance relation for the freeze-up date 

For the calculation model we assumed fictiohal existence of the 
Danube River scheme at Hrusov from as late as 1927 /like the Kach­
let Water Scheme in Austria/. We knew the real beginnings of ice 
phenomena in natural river conditions for all this period. Values 
to be obtained for the assumed water scheme conditions were consi­
dered to be satisfying in case they indicated earlier or the same 
freeze-up date compared with the really observed one. Calculation 
results can be found in Tab.l. 

In the 1927 to 1964 period there were 5 winter seasons without 
ice phenomena occurence, and for 1931/32, 1940/41 and 1941/42 sea­
sons we had no data, e.i. we could use statistics from 29 winter 
seasons /100 %/. From this, 38 % calculation results did not satis­
fy the introduced condition /no ice phenomena observed, or freeze­
up lagging behind the real incidence/. 

In 48 % of investigated cases, the fictional calculation model 
indicated earlier /by 1 to 40 days/ freeze-up date than was really 
observed, and 14 % of occurence correspond with observation data. 
By means of this method we determined freeze-up date with 62 % con­
forming-to-the-condition results. Moreover, we had the possibility 
to confront the obtained values with observation data from Austrian 
water developments. Our information being for 1962/63 and 1963/64 
only, we bring comparisons but· for these two seasons. 

On the basis of information and of calculation results evalua­
tion, we have devised freeze-up date forecast for different alter­
natives of the future Danube water scheme near Bratislava, taking 
into account various possible hydrological and climatical conditi ­
ons. We had at our disposal also a hydraulic and air model of the 
reservoir which enabled us to determine, for our calculation pur po-
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Tab.l. Comparison of real and calculated freeze-up date 

winter real calculated calculated freeze-up date 

season freeze-up date earlier later 

then real /days/ 

1927 - 28 17.12.19.12. 2 -
19.12.1928 - 29 21. 12. 2 -

1929 - 30 12. 2. 
1930 - 31 13. I. 
1931 - 32 21.12. 

16. I.1932 - 33 
4.12­1933 - 34 

1934 - 35 10.l. 
1935 - 36 22.12. 
1936 - 37 14. I. 
1937 - 38 28.12. 
1938 - 39 18.12. 
1939 - 40 I. l. 
1940 - 41 17.12. 
1941 - 42 29.12 
1942 - 43 6. l. 

@1943 - 44 
1944 - 45 25.12. 
1945 - 46 7. l. 
1946 - 47 17.12. 

@1947 - 46 
27.12.1948 - 49 

1949 - 50 23. J.: 
@1950 - 51 

1951 - 52 29. l. 
9. 2.1952 - 53 

1953 - 54 4. l. 
@1954 - 55 

1955 - 56 3I. I. 
1956 - 57 2l. I. 
1957 - 58 28. l. 
1958 - 59 13. 2. 

14. I.1959 - 60 
19. I.1960 - 61 

@1961 - 62 
1962 - 63 15. I. 

5. l.1963 - 64 

* 
12. I. 

& 
15. 1. 

5.12. 
11. I. 
23.12. 
14 . I. 

* 27.12. 
2. l. 

& 
& 

7. I. 
-

27 .12. 
9. l. 

17.12. 
-

22.12. 
23. l. 

-
29. I. 
8- 2. 
2. l. 
-

30. I. 
18. I. 

* 
16. I. 
13. I. 
18. I. 

-
6.12. 

15.12. 

-
1 
-
1 
-
-
-
0 
-
-
-
-
-
-
-
-
-

-0 

5 
0 
-
0 
1 
2 
-
1 
3 
-

28 
1 
1 
-

40 
21 

-
-
-
-
1 
1 
1 

-
0 

9 
1 
-
-
1 
-
2 
2 
0 
-
-
0 
-
0 
-
-
-
-
-
-
-
-
-
-
-
-

* - not satisfying the condition 
& ­ no data available 
@ ­ no ice phenomena incidence 

ses, the hydraulic characteristics 
real scheme conditions. 

that are to prevail in the 
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Tab.2. Real freeze-up dates on Austrian water developments 

Winter Kachlet Jochen­
stein 

Aschach Ybbs Hru/;ov 
fore­
casting 

1962 - 63 

1963 - 64 

5.12. 

17.12. 

5.12. 

17.12. 

in course 
of erection 

17.12. 

6.12 . 

17.12. 

6.12. 

15.12. 

METEOROLOGICAL SITUATIONS, AND THEIR INFLUENCE ON THE ICE REGIME 

Methods of long-t'erm forecasts of ice formation and break-up 
on the rivers and reservoirs are based On relation of the freeze-up 
date to previous atmospheric processes. Influence of the latter may 
be evaluated with the help of various characteristics which make it 
possible to comprehend the nature and intensity of atmospheric cir­
culation. Mean values of meteorological elements, e.g. territorial 
distribution of monthly everage air temperatures, or of athmosphe­
ric pressure values and their deviations from the standard may be 
used. 

That is why the Hydrometeorological Institute in Czechoslova­
kia evaluated weather situations on the basis of synoptic maps for 
all days of year throughout the period between 1946 and 1965 /2/. 
We were interested mainly in thermal nature of the situations as 
characterized by long-range temperature standard of every day /1901 
to 1950 period everage/, by the deviation from standard and 
by daily mean temperature 

Thermal nature of particular situation is the best aid in an­
ticipating further development of temperatures, and may be useful 
for forecast Of ice phenomena formation. 

In total, cyclonal situations /65 % days in a month/ prevail 
over anticyclonal ones /about 35 %/ in the winter periods. But the 
coldest situations arise during eastern anticyclone /E , Fig.l/, of 
very cold character are also northeastern anticyclone aays /NE~/ as 
well as days of anticyclone over the Central Europe /Ac/' and of 
northern and northeastern cyclones /N ' NE /.c c 

Analysis shows that the freeze-up is bound mainly to E /23 
days/, A /18 days/, NE and NE /8 days each/ situations, ail of 
them beiHg of predornin~ntly cold nature in winter periods. 

CONCLUSIONS 

By checking the balance methods /Shulyakovsky, Donchenko, etc/ 
we carne to an opinion that after some precision, and assuming right 
choice of input data, they may be - with the help of computer - re­
ally utilized for ice phenomena forecast in conditions created by 
future water schemes. 

Different courses of probability of freeze-up dates, of dura­
tions and break-ups of ice phenomena in natural state and in new 
conditions allow US to judge on what influence would the water sche­
me exert upon the ice regime. 
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On the other hand, synoptic situations make it possible to an­
ticipate trends and rates of air mass cooling and heating over re­
levant areas and, according to our practice, to make estimations of 
beginning and occurence of ice phenomena on a short-range-forecas­
ting level. 
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AB5TllACT 

The paper studies the piling ~f ice on lakeshores. It is found ~n~: 
ice piling is not a stat ic, but a dynamic event. Ice piling on s bJr~ acc-tiTs 
wheo i ce floes, unde r the act i on of wi nd over an open water fet c~, :-am ir.,,::.\ 
the shore o r shore-fest ice. The kinetic energy of "he ice Eoes ;0 c ~r. ­

verted into t he pOl:.entia2.. energy of t he ice piles. 11: is found :.hs'l a s;-: rcn~~ 

wind is not neces s ary for ice piling. Ice p ilES will occ ur under a :"" i :-. :' s:" 
l e ss than 6. 75 mls if other conai t ions are favourable. Me teoro -:.. :~ :. ca..:.:!.y. a 
shift in wind direction from of~sho!'e to onshore is a necess ary condi - 0:-. :~:-~. 

ice piling. The ~arrying of a storr. centre over a r. area <"fill l oose r. ·. ~e _ :'>;.. 

floe s and promote ice piling. Ice P::' .i. 2..:1.; is found t o .)::: y QC ,~·'-::'· :.:"" a:­
freezing temperature. Equations are derived whiL:h give ~he vi :1tr: o f ac :"-;- '. : 
water fetch required for ice piling, the s peec. of the i ce floes :·or ice 
piling, t he height of ac ice pile and the r~levant factors. I L is propose~ 
that damage to shore line properties may be avoided by encouraging the p iLe.' 
of ice at a point offshore. Field da--;a from the i ce pi li!:"".g or:: ::-urren ce 2. : ~. 
Lake Simcoe in the spring of 1973 are use~ i~ the study. 

~HHAIllE 

Le sujet de ce rapport est 1 'etude de l' acci..lJnulat.iof: des glaces su!"' I e:: 
rivages des lacs·. Cet te ac~umulation de s glaces se revele etr~ un 
phEnomene dynamique, et !lon pas ·s tat ique. E1le se produi i: lorsque le:2 
glaces flottantes (Ia banquise) dont Ia vitesse et l'el~~ son: a~ntes par 
I' a ct i on du vent s ur l' e au libre, heurtant le littoral, o u la g ':ac e qt.:.i ;: t:. 
est d~ja fixee. L'energie c inetique de Is banquise se t~ar.sforffie e~ er.c~; ~ ~ 
potentie11e, en s'accumular.t: Pour provoquer l'acc umulat i on, ~~ ven: ~~ ~=~. 
pas for cement etre t~eS vio lent. Elle peut en effet se prociui::-e a·..e c: ;..a-: 

vent de 6.75 m/s si les autres conc!.i tio:1s sont. favorab~e s . 2,t.:, ro i r:~ de vu~· 
meteoralogique , il faut UD changement de direct ion du ve;-::~") au lE.!"g '? ve::s ;"c. 

cote. Si Wle tempete demeure pendarr: un certain temps a ..... dessus .: ' U.";e ;; ... ~:: 
1a banquise se desserera, !""aci1ita..r..t ains i 1 'ac : umulati on . La P::12::0mi r.-e- ~ ~'=' 
Se produi ra qui avec des tempera.tures au dessus de 0° . .=e rt.aines equa-:io:-l s 
derivees nous renseignent sur l a lergeur requise de 1'etenc.ue d ' eD."":: li'c :--e 
pour provoquer l' a ccumulati o!1 , sur la vi tesse nec~5saire de 1a ·ce:-. ~ ·~i ~(:, ;:~~. 

la ha.uteur de 1 t accumulatior. et 3U: les facteurs determinWlts. Pou..r ~.;.:. t e:­
Ie deterioration des p r oprietees ~itt o;ales , nous proposons une me thoce ~~.:. 
provoquera de 1 I accumulation, au 1erge jes ~6:o::s . les referer. .::es ut.i:': se€~ 
proviennent des etudes faites sur Ie lac Simcoe a~ pri ntemps 1973. 
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n ;TROJUCTIOIi 

:i.:1 c;)ld regions, ice forms in le..kes and reservoirs in -rioter. Under 
::: ~ r~ai. !1 -.re a. t !l er cc ndi ~ions, the ice cove -:- breaks up and t he ice floes are 
d.!· :'v~ :1 ty ·..;i~d and current on shere and 'Pile up agains t the shoreline . Ice 
:)ili c g -:m :a ::-.0 !" s i a spectacular ~heno e non . I t a lso damages shoreline 
~ra~e~i~s . I~ ~ ~e s p ri~g of 19 3, :~e piled u~ ;)n the shores of Lake Simcoe , 
;~ t_= i ~, = ; ~3 i ~g ~a~siderable damage and ~ub~ic concern. 

':::he ~~~3e:'!t ?2.:;e !" r...-il1 'study tiie ;5 t :-u~"':ure of 9.ll ice ?ile, the mode of 
i ~s f or:n.ation, t he me~eorologi cal conti ~ io!lS e r -which i ce pi ling i s li:~e ly 

:...; r:3.;..;t?!I ) : tc: :·~t.ors '..r b.i ,~ h. a:-r:ect i ce ?ili ng an a propos ed met.hod to avo id 
i ::~ r.ili !~~ .:i~Jf~ t o s hor e l ine ;:r~pe!":~ es . .Uthough Lake .3imcoe is used ~o 
:. ~ . ..'-;::-at~ ;; he ~:l ~ !10me~On t ":: ~~ analysi s 0:'''' : hl s citt:.dy should b e ge nerallJr 
.Ij,. p =-- ~ ac 1.. c. 

I.i:~:.... ~ :':;. !c . r:n~'n q l nt i~Cit i vely o n :be pi l i ng o~ ice on lG.keshor e s and 
.3 -=~ "~~ r':!s . ;., i.l':'5 C::--i. t iv~ pape r on ice p :ling agai :1st. ~oas ta.l s t r ucture9 on 
.3~3,.3nar rl'S :L"1d l aj(eshores ~Nas ·..."X i t ten by BriJ.uc. and Straums n es ( 1970) . They 
-:: ~P ::~T~2 :: ':h!it ~-= :. ¥- ': of 0- 1 5:: may be rea~hed by an ice p i l-e lli'1de r the 
:s.c";. ~ c.--: Jr' '5 :r:n::: ; "lii 'l.:! l:i"1 a. C'o.lrre nt 3.nd t:bat a s l oped. bo t1:':;'ln t'avours ice piling. 
-. :L~ ':' :.iQner. l ........;; :" (.. ',· 1'1.13 done by S::-u u.'1 end J c hanneson (1971 ) . fbey reai'fi~'rned t oe 
:- :-:-.(i);.;..; ' ; :l.ii.:-. . ,:,;: ~~~ 5.t' "1.:.::"':. 9I~.j _ : r :i. !lm3 ne~ "1. ::J repor:.e d a.."1 ob ee :-vat i on on t.he 
.:t.:i_ji.::; '.xl; ),' an ~ ~.~ ; :._~ ~ ~_ ~la.: r' :!ll ::oU!"' . ::1 tneir paper, aruu..'l an ' J hanne­
~ ') :1 consiie r e': ~ hat t.he i ·:: ... :'irst brea.k3 : n: o ic~ f l oe::, ,.-hi ch , t,[hf!~ !lush~d by 
·...-i :-rd a :'lU ~u!·:- ·~ !l t n3 '3.i .r..s t a s hor e , pi~e tlp i nt o pile s . They dreW" 3.."1 e.nalogy 
o~":"'~~n : ~le pi l ing u~ 0: r ub b l es i n ;:'r c n -: ~ f a bulldoze:- and t h e piling up 
~r' i ce . Allen (19;0 ) : oo5::'dered the p i ::'':: ",g o f i ce is control l ed by t he thrust 
fo re'? on tl:e ice f' l oes . From t 3e sta t i c e qui.1 ibrium betYeen ~he 't~ rust force, 
~ ~e we~~nt of the i ce sheets ~hich form the pile and the friction ~arce, he 
deri ved an equation ·kich relates the hei ght of an ice p ile to :t.= thrust 
press~e , ~he thickness of the ice sheet , t h e aensi ty of t he ice pile .~ the 
base a:>gle of the pile. As it IIi 1 be seen from t he pres ent study that ice 
pilin g on lakeshores is a more complicated phenomenon than simple s tatic piling. 
I~ore hIlS yet to be done for fully understanding the i ce piling pro-Dlems. 

ICE PILING -OCCl1P.REJ!lCESP N LAJa: Srr~COE IN THE S?RI;iG OF 1973 

~. Geographical Characteristics Df Lake Simcoe 

UL~e Simcoe (see Fig. 1) is a l~e of 743 km
2 located approximately 

50 i-:ffi north of -; Jronto, b _twe e n Geor gia.n Bay of L~e Huron and Lake rJ:1tario. 
"i'he maximum l e .cth of the lake is ?!<-"! approximately. _:1e aepth o.f the l~e 
:s from generally l es s th~~ 18 m e t t he nor~heasterr. end cO 40 m at Ke~penfelt 

ay at t he "estern encl. 'The depth at t he souther n Cook Say i s shallow at 
general ly l ess :h"" 15 c . At t be cent r al ?art of the lake, tr. : depth is from 
I 8-30 ill . I'!1e l a.\{e :'eyel is 216 .5 Clet r €'5 13.00\re sea ~_ ~vel. '~~,.~ land. immedi :s..:.e:y 
s urrounding Lake Simcoe i s les 3 ~han 305 m above sea ~evel. About "3 km to the 
north-north east and about 48 km t o the south-llest of Lake Simcoe, t he lands 
rise to an elevation of 305-610 m above sea level. 
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a~out () . 5 ;n 'oy : ~e "'=c.! :J :' :'e-: :- ·...... a...........:- ..., ,:,, 2ar:;i :':a.::cr~. 

2. Descri 'O t ion 'J!' :ne ice 'Oi 1ins 'Jccuirer.=-e~ 'X: Lake Simco: :'L ::.he 5p!'"ing 

~f <73 
2"a.s:.=- ;):1 ::1e ir!:"or!l8.'"':l:):. obi:..aL_e~ ty-:;J..:. ;~ield i-r.::5~e..:-:io :::: ;.:: ..; .:.:-_: :?!"­

"i~""'lng local residents, the :ce piling e'rents 0;: Lake Simc'J:e I:: : he :3?~~ :-.:. 
1.973 may be recons tructe·:i. 

:~:~ :"i :- 5:' ice }:ili :lg J c~u.rred )n Harcb. .LI.,.. [:'I.e exa:;: ~i::.r:.· .:-:' ~ ~ ..... :::.:"i ::.; 
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shore . In the afternoon, the ice sheet began to ~0Ve inshor~ . A~ ~~a~ ~ i~e , 


the vind did not appear to be strong ~d there wes lit~le ~ave acti on in t he 

lake. The water gap was closed i~ abo uT. an hOUI. '!'he i c e t;hen be~ ': 00
....n pile 
up by rafting (see nert section ) from 1630 to 1730 . The rate of growtr. ~f the 
ice piles was approximately 13 cJ1/min. l../hen a.n :'..:e sheet slid over .:1r..ot.her 
ic~ sheet, it moved smoothly wi thout brea.1.cing ani ;: iling ·J.r.~il i t ~i t an ob­
stacle 1 then it rafted again and started to pile u p. I c e ~afti:!g 3!1d 0verriding 
(see next sec t ion ) were observed during t.ae eVdning. :l.: one pain: it .....as seer: 
that ~t a distance of 30 m from shore, ice piled to 10 layers at approximate~r 
3 m above wat.er and at a d.istance of l!6 m, ice piled to 3 layer3 at approxi­
mately 1 m above water. :ce piling contiD~ed to take place cvernigh~. Ice 
piles more than 9 m height were seeo the ~ext morning (see Fig. 4). 

PROCESS OF ICE PILING 

Based on field inspections and reports :' .;,:- ~ ::. local residents, a typical 
i c e pili~g on the shore of a lake may be 3~arized as folloys: Ice p i li ng 
us ually ~cllvws the Shifting of wind f~o~ ~te offshore tv the vns hore direo ­
tion. ::~to:.: ; ~ .!C pili.ng, t he nears hore region of ~he lake i s usual.1.y :!:Jve r ed 
by 9. shore-fast ice s r..eet the vidth o f '..{hic!l :r..ay ·oe f'l 'cn he o!'de r :J f 30 0 -.0 
the order c f 1.6 km i n magnitude . Tr.~ l..!!.k ~ i :.se l r ;;o w.j al30 be i '::e cove re ~ . 
The ice floe on the mai n ps.r-: ~!.. ~he lu.e -.: e...... ~ e 'ttl: "e lar ge . ~ r:rpe:1 ;rater 
3uy I.=xi "w s bet....,~c. ~he shor e fas ": i c~ hee"i.:.=.nd the mai n ice body on th~ :'ake . 
The :Jpe:t "lia:e r ~&P i s cr:=ated by "":h ~ ~ re c:::edi :~e o f fshore \lind . As t he V'l:1 i 
shifts :.:; ~he ::.nshor e di !'e c ":: i on, ':.he mai n ice 3r. :be l a.k.e drif+: 3 :.ovuds 
;:; hore and gt"s.:ilJall:r c ~os es up ~ .? open wa ~~r ~a.p . (Gn toe other 9!Oe o f the 
~~~ . ~he ice shee: i s pu! e d ayay f r om the 3nor e ~d c r e a:es an open ~ater 
-sap. ) 

~s t. n e roric, .:;~ ~ : :~ ~ ~ onsnore, t he .:aorll;! !! s t i.:::e :' 3 also 9Ushed by 'the 
~ind ags i ns t ~he s hore . !ce rid~~3 somet i oes ~ rD ~3 a ~esult o f compression. 
AS ~ne ~i~i 5 t reng~~er. 5 and ~he lake be comes ~ore agi tated, l~ngi tulinal 
f '!:"a ..... :. '.u-'! s i:l b(: -!i rec :ior. of '- he ".li nd begin t o deyelop. The ~pa. i!lg: of t r..e 
l ong i :unnal f Cflc -;W"'es i ; Jf '":he order ,j! ms.gn i t ude of one hundred llle': re9 . 
L'h~ f~a('t ures ii -,ride ~he 3::o r e f as-:.ened .i ~e into i ~e strips. fJnde r t he a t.iol'! 
o f \.Ii:1 d , t h.e i.: ~ 3t rip5 buckle and ~!"ack i:1'Cc ice f l ees . Th E: f rac1: uring an 
~re~~ i ng of t he s hore fast ice happe n ~aly iuri ng ~he f irst i c e piling on a 
l ake or after a cold spell yhen -che shore fas t i. ce re-fr~eze s 3.S a cont i ::. r '::: ''::; 

sbe~t. When the 3nore fas~ i Ccl is narroy, the fracturi ng and c rack i r,g o f the 
s hore ice do not occur. When the main ice body from t he lake rams on'[,o the 
shore ice, beside th~ further breaking dovn vf t he shore i ce an-l t!l e main ice 
into smaller floes, the i ce floes begi n to teles~op~ ~ .d pile up i n the follow­
ing 3 ways: 

1. 	 Overriding - The upwind flow rides on the downwind floe (see ? :'g . 5a and. 
Pig. 6). This mode " of telescoping is the most common \o,'oen the ..,i na is 
strong and the s urface of the Yater is agi tat ed . The o\rerridiag iCf= !'l ce 
slides s moothly over t he underridden ice ~loe until i~ is s o pp ed by t he 
3hore or other obG~acles, usually ~~ i c e block froze~ t v t ~e ic e shee~ or 
?.;; e xi stiag ice pile, i~ :.hen begins ~ c pi':"~ up , When -9.n L:: e f !..)e r iies 
:..lp an e xis i:. ing ice pile. it rcmai S SCOO"th 5.D.d i ntact except fo r " s mal l 
fract:.rres. :..n en t hl!? i ce floe ov~rshoots : he pile, ..be oversho"t part 
br~aks off, disintegrates into 3m 1 " c~ cubes and fal 3 tv the cns nore 
side of the pile (see Fig. 7). 30me .~ f ,c", i ce cubes full : ::> the offshor" 
side of the pile ~~d accumulate at the b~5e. These brok er. i ce ?iECeS, oeing 
repeatedly pushed up t h~ pile by ":'le l .... ice f l oes and fal i ng :!.own the slope 
again, become mtlc h fine r t.han the i c e cubes on the onshore side. The 
quantity of the broken ice pieces :JQ the offshore side of an ice pile is 

44 	 Tsang 

http:hee"i.:.=.nd


=: !.no'::l.ll and the dmOOtn ice f loe 5 '.rrfac e .: s.n tc etisi l j· <'::_X";C:i '::' :' .:j" 5 _ !"'<:!:~. ::' : 1 ~ 
t h~ :' .:.~o~en iCE- pieces of:' -:he 3urf.3.ce ·c:, ".:::J.e..r: c. . 

~. 	 endersli 5i t!~ - :r.e upwi .: :! :'l:3e j,l i. jes '1.r:.':'er : he -ic-•...r:-.~ ... ..: :'::"~~ .' 5e~ ?:~ . 

5b ; W1 : il i t. .i!Lc e t. 3 : .£e p- r s,\'"i ,:;uG ice :"'l :e . 7.. e d..j' ; . ... ri .:.:. ::-:-:: ':::' : :-. ~ : , a;:.-;==u!": 
t o be sitting on a l a .:-;tE pi2~e o.:~ ice :"' ::'.:,e . ':he !~ dE: !", 5 : !...l.i : : g ·.; f ~;:-= :-:~-e _ 

does PoCit -:'CC:.tr as o t"ter; .9.S '-';:::' ..: :)verriCi.n~ :. s.se . - :'1 -1~ :' a..-{ ~ -=-_ i:1::O<:: ~2.9 2 1 

~here was l es s ~ll"l!: c =e ..mr:.e ::'.:3 1i ding .:'l0e :'or e'{-!' :' ::" I~ "'I"-"' :- ::- ~ii r..g !' :' ':'e~ _ 
~!"!der5lic.ing poss ibly !"' ~ w ts -ro~!"!. the ·::lo\.-T.'..:-i !:. ":' f'b>? ~: - '':0 :;'O !'l: ~ a.';';'-l '::~ i ·:­
f l oes is nomeotarily l i f ter! u:n b~ '.{a1l'e a c t. i or. a..nc. : te :lU'....-i :'!.t;! :':'..Je s 1i -:es 
under it, It i s inter~ :.i ~; ~~ .:lc~ e til.a-:.:: ...t e L:: tiL: - -:.:"':i i ! i.::g .J -I! ':: Irs 1 :,t- oe 
piling up seems ~o c ome ~ o e.u er:d (see Fig. 3 ' . 

3. 	 Rafting - The dri .tti:J.g i ce ':r:Jm the lake f:rs t p ress es again : -:: i :e 5fic:'= 
:""ast i ce 1 ~hen the contac"ted eages b\'l~k.le, ttL~ upwards a.nd ~ r~ 3.k. c : ':-_ 
The up.... ind ice floe wil.:!. then override -:he .jo~;.-.l :l f l e e .... : ~ :-: ·,t:e c ~ok:= r: 

i c e piece saniili ched oe~·Jee!". !", n~li.l ( see ?ig . ;c) . ~C~ ove"!'!":' d!.~g ~"' 2.0 e: 
sli des ove·r -; 0::: 5hore f as t i ce ea s i ly ';,r.::' : : : ·:nee ::f ;:.n ' :5-;-. ~.c~; , ·.Ct" :"l i '_ 
eit.he r r:l.l' ts again 3.t'!.ci c-;~lt i::ues t o pro ceec or b F.- ~:' r. s :.c .:-..~ l~ '~-;;. , :: ·":- ~ i :-. ~~ 
is t h~ pre'l cc.i.r;e.n~ :::or:.= ,:, ( i ~ e floe ,: eleJ ~o ~ in€ wr-.e -.. r.e ....r'I. :., .I ':' s - :-: -: 
strop...g a.;..,d t here i .. -:': : -:.1 .: ·....,\v e- ac: ic r: :' r:. :. :3J:t c- . rl 1..~:8 _ }_.:J ': O~~ r ::.:": :"..; 
'.r9,.S ;)::·2d_-"-'v-e a. :J Co '.(ar cr. 31 ..--:'t~ t r.e i r.comi.r.g ic-e :' :' ,Je~ :·.:~.;c -"j=, .:..?..!": -:: =':::.>L:: : 
5: 3. -:e!:.:i:.y ~ f ~=.;!':) ri:na.:-=2.J 1 3 .~ ,.~ . : t" ',,'9.:::: l.':' ..:-=" c O s~!" ·!-=- ·"'. : ~~ -: •.. -, ~ 
t:-ok."!~ : c>= pi~ce9 i. :t f r :):'. t 'J~ B.li :' '2~ ~~.: ~ ~o~ed. :?:,. !.' :! :. ~ i.: ~ .l~' f; : ' :, -, ~ 3. 
si ze tsee 71 _ . ~ ; _ 1:ais is ·lrHle~s t .da'ole ~ ~h~ OC"OKe:: :i;:'; . ~.;~ ; :. .:' ..; ,: ~: 
fTO!Il r~f~ i :"'...g are ,;:-o t.!....'1 i ·~ ~:ve~:: ::\0.'':1 ic~ f_ 003 as ,,:::~e .) 7i! r!" ~:':.:::: ~ ,; - .:.,:" :,,,!!": 

slide f':: !"""W""9.rcL 

?ili ~ ;; .:e-r: "X: ~U:- b.:,· ~ 1 :.he abvve ::::io..i~s ~ imult. a.neo:.;. .: ':'.:: , '~ .:. r. .- _. :-!' ~-: __ • 
. mode p!~edo:ni ::9. t"= ,')oe l ... · i l!. 

A.r: ice pile 1.l5ue.lll ':: C . l~ ~ = L~ ' : ' 0. .;:::! ::r::::l:~ E-f : !'. J...""!. ' _;. 6.0 r:.1~t. :- _ ~ 

Measur~!Il.e r;~ :3 a~ Late S ' mcoe S~O\le ::: tha t; : :-:te" ge:-;:: le apron slo ~ -:. ::L :' r ..~::. .: 

f':'.!.~ i 3 ::- ;.' the order o ! 1 i:- ~CQ . ~or ~h e i ce "?i l £ i:: =e..:. :' , : :-.t :::.e~ -;. - ~ 
slopes mea ..Hl!:·e c. ..:c :: e 9.t :': l.i~ - : . - e.n c. :'he -::otnm.::' n s :of~ ~ a3 3.[:.0 :";' - :l': -, ~1: ~ 

ons nar e ::l .Jt"f::;rro r € s l0t-'es o t' "the "!.~e r,: ':' ..!.:~ .; Q'"ere a bct.:. -a~ :!';.Z"':;:- . 

METEOROLOG ICAZ. ?h:J ,1·XIT!h3 7.E : SH Ai'l' EC -: I CE p r ~=~J::· nNi- '!':iEIR. ?~... S..:: : A:. 
:NTERPRETATION 

To rie~er.nir.= ~. ne !:1e t.eo rologic~ ;,?-!" :'..!:e: -=> . :: whi.:: h a::'':'e-! c- -: ~:~ :. . ~ -;i~i: ..:- :.. 
":) :1 ::...a.ke 3io: o e 1 "'::. h~ • i r: j and. ~empe:ra"t. e ia.-: ~ ::r OiIl Y4 _ :, ..; ~, : ~: ~r~ 9.::' -.,u 
~.::'rpo r t W'eG. h e :- s[.a-;-. iD ~ a.nd. ~'i llS !tOt: a. Ai GJ-:: !" t. w~e.."'. ne :, ~: a. :. iQ r: ..... -e .!" ~ :- ':" 'J " ~ . :;;' 

against :.i.me as 3hoW!:i : n Pi .. . 9 . ~.:-L ..;; p lo~t.ed ·.;eat:h e r i2.-r;..s ' ~ !ie ' "'"1.:,­
a ve.rages . 7ne' ~,~ll t.Or1 an-d Musk-aka s t ut l ons are apFi ,,:;;: ins.L~l:r l bC !!i.~ ~=_ !~..::.: 
alang a.r'l .9.ppro ximat.ely soutO-:!o!'.... :-. Li ne w: -:n :..ake ': :'mcoe ~ ;"J ' Y Q-2 . ....-=~ :'. 

them \-3ee Fig. l ). 1 -: -.:. s 3e~r. "'!'"o:r.. =--£;: . -. .. :, ~ . '..; ee.t,:-"~::' :~ : "1.. 1: - :Ie .. ... : 
stations fol.2.o'J a s i milar ::: ....e nd f..n·J. con~eque;::ly --: ~e . ~-;~~ !. ::-. -::. :~ :rs/ ~ . 

appli ca ble to the ice ;: il!.''lg 0:. Lc.ke Simcoe , ·Jre9.'t.E:~ :~ .lC - _a: i :.;. >. '.r~: ~.:~:.: . ­

'5l.!'e recorded at ~,iaJ -::-. : b..&.:-: -1. t Muskoka.. Th i ;; t:lB.y !::l E: i.e ·, 0 -: r. ...:. ,: :.,, !, ~.::.: :. : 
l ake b r eeze s ~·r" cr.J. ::'!.:.ke J!'", -:. a za ·c _n<i the urban c :,v-;'t'cn:=:~!'"!. : , : 0 ~~.:..:-:: :- ~:. ,= 

l ocal ,,:e:9. her efi'12 ':: -:', r"'2 ·~ h.e M.al: ~D. data, -r.::-=- :.,' ':' .:''~ ~ ::'ir::: : :' c :. -;:, -~ .5-:~~~ '.i -:.T t; 

:-.Dt plotted if ~ he ·..tir:. e. '.or·u.s i e s :'3 r: ha.: . 2 m/s e:1d 5bc'J~ r~ ""!. ::~ T", : :, .~:: ' _:9..~":. c:-. . 
The \Jea.c:her iata US€; ,i ...re!'= ~' O!"" : h t: p-:-ri Jd.s of ~ar:r~ 5- 2: , -:";'7 -=· -.:.:.,: ~ ~r:::: ?6 ­
April 6, 1 97 3. _r t he fi!'~ p~:-: c "': , :he firs:, t h!':e i ~·~ t-: .:..': :: ~-= ,, ~ r: ur!· * fl!:C 
i t: ~. h-= 3~ ': C!:J ?e:-:0u , : ne fO l.i.!'"'C h i <: ~ pi li ::~ ') ~ .: ar":"e d. . :11"= :. i. ::..--:- .::::.~ :.h e .:.. :: ~ 
piling ': ' ':: lJ!-r t-nc :. ~ :G '9.150 s-ho-...r:: i :: ? i ~ . ;t . ....~ -: ;;.~ =;.:a.f~ ': :i:n-:: : ~' ":.t.t. :"irst. 
ice piling .~. - ~ct. (~ .. m ...T; , ":~..·O do ':.t.e! l i nes s:e o-! ~-..rr; ~.. o ir:..li ce.-·; -:~'= ~ '? !" ::. c : 

in vhich :he ri r s-: iCe pili~g ha?penei. 
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:: =:') ~e 2, ;:t emp;;in ":c ieri 'le :::. -scner al rcle for ic~ ;:ili:1 ~ ·.he .:le: ~or.:) :' ;­

';~ ::L ; o:: .L. r: i o~ :i 9.s50eiaGea wi :"1 eac c. ~: ~ pi~ing s::-e ~.o-: _ i J-:-. i -:.he i !" t:r.j- s~~al 
i :l ~e !,,? ::- 'e ~:l:..ions 'it"':: -:..ad 'is ,::: y,,;-_, o C J.O·": ~ 

?i~5~ 3.na Seco;-.d ~ce ?ili:lf?;S 1 ~':ar : h 1:: 3.r:.::i II 
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It is seen from Fig. :) ~bat a strong ,.nnd is not necessary for ice pili~ _ 

:r the open water fetch is s'..;.:ficiently 2.or:c, ice floes '.;ith e. '.re l oci -....y (5 1 S ­

tained by a wind of 4.5 mls to 6.75 mi. is sufficient to produce ice piling. 

One ~an easily see that no ice piling ~~ll occur ~hen the vind shifts 
before the ice floes gather speed ~d hit the shore. It is also clear that if 
the open water fetch is sbort, a strong wind will be required to icpart a 
sufficiently bigb velocity to cause ice piling. Similarly, too loy a yind will 
never pr.oduce a high enough velocity for the ice floes to pile up although the 
open water fetch is long. As velocity is the determining fac"o~, ice piling 
should also occur vhen tvo ice sheets moving at different velocities raffi ioto 
eacb other. Ice piling will also occur in a windless day if the i ce floes have 
acquired suffic i enL mocentum from an earlier vind. in Lake Erie, a huge ice 
sheet of approximately 1. 6 kID x 1. 6 km vas seen from a helicopter r amming onto 
t he shore on a windless day and built i ce piles up to 4 m hi ~h in a matte r of 
minutes (Foulds 1973). 

2 . 'Third. Ice Piling, 2300 , :of.a.rch 16 to J 1 30, :·iarch 17, 1913 

Fo!" t h is ice pi ling .:) c ~urrence, . ito is s e e !"'. f!"'om Fi . 9 ~ha1:. prio r ':.. 0 t.he 
i ce piling , t he . nd showed a ~on~i. uous shift i cg in di rec t i o . from t he 
east erly direction anti -clockYise back ~o ~he northeas terl~ di rec i on . From 
1300 , fo'.arch l 5 t o c. ~'o0 , 1~arch 16, "he "ind blew pe"sist.e n~ly i n t he ,,~ s terly 
and t oe :1.o hwes erly directions. The wi nd drove he ice or~ t he nort awes t.ern 
sh ore and created an open ~ate~ fe tch. As ~he v~nd quickly s h i f~ed ~ o the 
nortbeasterly direction in the night of .{arch Ie, t he i ce f l oes ;.,tere blo\ln 
t owards t he shor~ s Yith a sufficiently higt velocity and produced ~aj or ice 
piles at Eigh~ ~tile Point and Big Bay Poi~t . It is no ted from Fi G_ 9 ~£air. 
that when t~e ice piling occ:l.rred, the vind ~a5 only slightly I!lore t hFlr:. 6.75 
m/s. 

Follo'lO"i ...g tbe i Ce pili rt,f , T..tle ...'ina shif ted to the northvesterly directi on 
and. b l ew at a gre a t 3trengt. h up to 13.5" mls for several da~rs . :l:O'.;ever , no 
ice piling ~as r eporte d on th~ sou"t he astern shore. A study of the teI:l.peru.tur e 
records shovs ~hat over this per i od, the air temperature ~as below freezing. 
The ice floes there fo r could have been frozen to the shore or frozen to each 
other. In fact it is seen f~oc F:g . 9 tha~ ic e piling 5~opped as sOOo as the 
air temperature dropped to the f reezing point. This indicates that the fric­
tion bet-ween ice floes increases ~reatly as SOG L 3.S the temper ::.~"..4!"'e drops to 
freezing. Thus, ice piling is not likely to happen when the -r.eI!lpera1:.t.:.re i s 
belo~,.,.. freezing. 

3. Fourth Ice Piling, 1.630 to 1,00, !'larch 31 

It is seen from the ~eather plo~ that before ~ ~e ice piling, a s to~ 
cer~tre s te.yed over the Lake Sincce area for severa: Jays as s ho..,.. :: ':..)' ':::":) 
great ::tifference i.n vind s~re .gt:h and directior, over the Hal~on a....--:. d i<lus: koi".a 
weather stations. 'TI'i E; fluctuation in "Wir.d speed and dir :..:c :.:. ion assc "~iated. 

~ith the storm cent r e loosened t~e ice floes o n the lake. L~edia ~ely prior 
t o the ice piling, f ,..cn: 1000 to 1400, :'l,,!"ch 31, afte!" blo.... ing several hours 
ir. the northYesterly direc t ion, the . i nd shifted quickly to the easterly 
direction, i:ldicated ,.he movi ng o f t he press·.rre centre out of 1:.h.:- region. Ice 
piling began not l o" g after the "ind had shifced to ".oe eas.erly direc~ion at 
1630 hours. Again i c is seen from the weather data that the ice piling 
occurred at a wind ve locity of abOUL 6. 25 I!l /s . Although the ~~~d in cree.sed t o 
tw~ce this strength l ater and remai ned blowi~g i~ the same d i rection, no 
furthe r ice pili:.S occur~ea_ 
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?a.3 ed on the above discuss ions, one !nay dra\{ the f::>llowing concllJsions: 

1. 	 Ice piling is not a static, but a. dynamic process, Under the ac~ion of 
onshore wind, ice ~loes pick up sufficient ~omentum over a length of 
open water fetch. When tbe mo~i rrg ice ~10e9 ram onto the shore or the 
3hore ~ast ice~ ice piling Occurs , During ice piling, the kinetic energy 
If the ice floes is ased to overcome friction, t o b~eak ice shee~ s and t o 
be ::cn v~rted into potential energy 0:' the ice pil.es. 

A 5trong onshore '.lind is not a requiremer!.t for ice piling OD l akeshores",
"0" "~l::',,g :an occur at a wind speed of les s than 6 .75 ml s when other 
conditions are favourabl~. 

3· 	 An ope~ Wa ter fetc h is necessary for ice floes to gather up sufficient 
speed for ice ~iling. A shift of wind from the offshore direc tion to the 
onsh::>re direction over a short period enables the ice floes to use the 
whole open water fetch f::or speed ga"tberiug ac.d consequently p!"omotes i ce 
:9i~i:1g. 

: n= fluc< uatioc of wind strength and direction and the shifting of wind 
:~el~ to loosen the ice floes and promote ice piling. 

). 	 I t::e piling will not occ;;.r al:. below fTeezing temperatures. 

~YNAMIC ~lALYSIS OF rCE PILING 

With the physical process of i ce piling in mind, we may now proceed to 
goudy: (1) ehe relationship between the speed of the ice floes, the size 
0" 'he ice floes, the strength of the lIind and the width of the open '.ater 
fetch, >.ad (2) the relationship between the height of an ice pile, the size 
of ':.he ice ["'loes and the veloei ty of the ice floes . 

Relationship be t ween the speed of an ice floe, the size of the i ce floe, 
the strength of ·.rind and width of tbe ooer.. ·..·e.te r fe tcb 

,rom 'he preceeding 3ections we understand that an open water fetch 
is necessary for ice floes to gather up speed before piling on the shore. 
Here we shall study the width of the open lIater fetch and the time re­
quired for an ice floe to obtain the critical velocity for ice piling. 

For an ice floe of unit width, length L, thickness T and moving at 
a velocity Vi tovards the shore under an on-shore ~ind Vw (see Fig. 10 ) , 
the \lind drag and the 'water drag acting on it are respectively 

(1) 

and 

where Pa is t he density of ice, Pb is the density of lIater, is the drag 
ooefficient between air and the ice floe and Cb is the drag coefficient 
between water and the ice floe. In writing eq. (2) it is assumed that 

Ca 

there is no current component in the on-shore direction. Since the speed 
of an ice floe is much less thar. that of the driving llind, Vi may be 
dropped from eq . (1). Using the drag coefficients of Brunn and Johanneson 
(1971) and defining the onshore direction as the positive x direction lead 
to the folloving equation of motion for the ice floe : 
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V3/3600 - (dx/dt)2/ 4 ~ ( o1N T/9.8 ) d2x/dt 2, (3) 

where Pi is ~he density of the ice floe and N is the coefficient of virtual 
mass due to the moving vater. The above equation does not include the fo rm 
drag force which is negligibld since the thickness of an ice floe is much 
less than its length. Wi th the numerical constants used, eq. (3) is in the 
kg-m-s units. If the position at which the ice floe has zero velocity is 
chosen as the origin of x, eq. (3) may be integrated and gives 

in ( 1/30 + V* )/(1/30 - V* )} ~ t* 

where V. is the non-dimensional velocity of the ice floe and t. is the non­
dimensional time and are de f ined respectively bJ 

and t ~ (5)
* 

In obtaini ng the above result, the wind speed VI{ is assumed constant. Based 
on e ll. (11) , V. is plotted against tit as shown by curve A in Fig. 11. The 
numerical integration of curve A gives the non-dimensional distance of 
travel 

x. is also plotted against t. as snown by curve B in Fig. 11. 

As sholl'll in Fi g. 11 that the non-dimensional velocity of the ice floe 
asymptoti cally approaches 1/30 as t. increases. ~nis in fact is expected 
as i t is seen from eq. (3) that vhen the acceleration term approaches zero 
as time progre6ses ~ t he ~locity of the ice floe approaches 1/30 the wind 
velocity. It is seen from curve ' A that lihen t. _. 3, the ice floe attains 
90 per cent of its ~erminal velocity. Thus the t i me needed for an ice floe 
t o gather 90'per cent of its terminal velocity is approximately 

(7) 

Using a coefficient of virtual mass of 2, a density of ice of 920 kg/m3 , for 
an ice floe of 0 .3 m thick under a 6.75 mls wind, the time required for the 
ice f loe to obtain 90 per cent of its terminal velocity is calculated from 
eq . ('7) to be 25 minutes. From curve B, it is seen that lihen this velocity 
(V. - 0 . 03) is attained , t he non-dimensional distance travelled by the ice 
floe is S. ~ 0.044. In dimensional form, the distance travelled is 

x - 0. 044 (60N PiT/9.8) ~ 150 m, 

when the same value of N, Pi is used. 

The above calculated t i me and distance would tend to be underestimated 
as the t ime for stopping the offshore motion of the ice floe by the onshore 
wind , the time for init i a l ly loosening i ce floe and the mutual interference 
of neighbouring i ce f l oes are not considered. A fact or of 2 probably will 
be Bufficient t o t ake t he above factors into account. 

The above theoretical calculations are supported by the Lake Simcoe 
observations. As mentioned in the earlier parts of the paper , an ice piling 
occurred almost i mmediately fo llowing the shi ft in wind direction from off­
shore to on-shore and the willth o f the open water fetc ll prior to the events 
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was of comparable dimension to the calculated width. 

2. The building of an ice piling by moving ice floe 

The piling up of ice floes is a process of energy conversion. For a 
moving ice floe of length L, thickness T and velocity Vi approaching an ice 
pile (see Fig. 12). the work and energy equation may be written as 

(8) 

where the,left side term of the equation is the kinetic energy of the ice 
floe, N again takes into account the virtual mass of the moving water. Wf 
is the work to overcome friction, the second term on the right is the poten­
tial energy of the piling up part of the floe and Wc is the work required 
to fracture the ice floe. Symbol g is the gravitatlonal a cceleration and 
is equal to 9.8 m/s2. The above equation st'ands whether the oncoming ice 
floe hits the ice pile directly or it hits some other loosened ice floes in 
front of the ice pile first and forces them to pile. However, in the latter 
case, telescoping may take place and some of the kinetic energy will be used 
to overcome the friction between the telescoping ice floes'. Wc is difficult 
to estimate and may be dropped from the above equation by making allowances 
to the friction term. To find the work for overcoming friction, from Fig. 
12, one has 

Pi grs cose dS = :!:2 f Pi gr cote H2 
sine , 

where f ~ the coefricient of friction. The substitution of the above ex­
pression into eq. (8) and noting that the terminal velocity of the ice floe 
is 1/30 the wind velocity results in 

N L sine=~ (9)H 30 g (li-fcose) 

The kinetic friction coefficient between two smooth ice slabs sliding at a 
relative velocity of 4 m/s is 0.02 (Handbook of Chemistry and Physics, 
Chemical Rubber Publishing Co., 1971). For the ice piling study here, a 
friction coefficient of 0.1 may be used to allow for the roughness of the 
ice floes and the work required to fracture the ice floe. With this value 
of f and a value of 2 for N, for an ice slab of 150 m loog driveo by a wind 
of 6.75 m/s approaching an ice pile of base angle 450 , the height of the 
ice pile is calculated from eq. (9) to be 1.2 m. 

The above height is for a two-dimensiooal case, or for ice piliog over 
all the frontage of the ice floe. In reality, this is seldom the case. Be­
cause the irregular shape of an ice floe, ice piling would occur over ooly 
part of its frootage while the other part remains in water. If the portion 
of the frontage of an ice floe involved an ice piling is 1/10, which is the 
order observed in some of the Lake Simcoe ice piles, the calculated height 
will be 12 m as attained by some of the Lake Simcoe piles. 

Eq. (9) indicates that less height will be attained by ice piles of 
smaller base angle e. This was iodeed observed on Lake Simcoe. Field in­
spections showed that for most high piles, the base angle was of the order 
of 450 • Field observations also showed that higher piles were f ormed by 
larger floes as shown by eq. (9 ) . 
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DAMAGE ON SHORELINE PROPERTIES BY ICE PILING AND THE PREVENTATIVE MEASURES 

By now the physical process of ice piling has become clear. When ice 
piles, the kinetic energy is converted into potential energy. From a shore 
erosion point of view ice piling is a good thing for otherwise the kinetic 
energy of the drifting ice floes would be absorbed by the shore itself. For 
the Lake Simcoe ice pilings, there was only one lot front of about ~OO m wide 
which showed signs of beach damage (see Fig. 13). At this location, the ice 
floe broke into small pieces before piling and the broken ice pieces were 
piled up in an irregular manner. Apparently the ice floe had dug into the 
beach before being crushed and pushed up and may have occurred because there 
was no shore-fast ice to shield the beach from the incoming ice floes. For 
shoreline protection it is therefore desirable to maintain a strip of shore­
fast ice. 

As mentioned before, Bruun and Straumsnes (1970) found that a sloped 
shore favours ice piling and recommended vertical walls for coastal structures. 
Based on the present study, it is seen that although a vertical wall would 
delay the piling of ice at least until a 'slope is built by the ice floes, all 
the kinetic energy of the incoming ice floes must be absorbed by the valls. 

As an ice climbs up an ice pile, its kinetic energy is gradually converted 
into potential energy . If the ice floe possesses greater kinetic energy than 
the potential energy corresponding to the height of the pile, the ice floe 
will overshoot the pile. The overshot part then viII break and fall to the 
front of the .pile . The broken ice pieces falling to the front possess only 
the kinetic energy which is associated with their individual mass and are in­
capable of doing much damage. It is observed at Lake Simcoe that many trees 
of 3 or 4 cm diameter remained intact even when buried partly by the front 
part of an ice pile. On the other hand, if the overshot part of the ice floe 
is met by an ohstacle before breaking off, then the whole ice floe will act 
as an energy reservoir and the overshooting ice floe is capable of doing great 
damage (see Fig. 2). 

It may also be noted that after an ice floe has climbed up to the highest 
point under momentum, it will slide back under gravity, until a static 
equilibrium is reached and the height of the ice pile is then controlled by 
static equilibrium. Because of this ice piles after an event do not show the 
highest height attained by the ice piles. After an ice piling event and the 
wind shifts to the offshore direction, the piling ice may slide back into the 
lake (see Fig. ~4 and compare it with Fig. 2). Sometimes the piling ice may 
break off during sliding back, leaving part of it on shore. The shear surface 
shows quite clearly the laminar structure of an ice pile (see Fig. 15). 

Since damages to shoreline properties are caused by the kinetic energy 
of the moving ice floes, one could protect the shoreline properties by 
initiating the conversion of kinetic energy into potential energy well off­
shore. A possible way of initiating ice piling would be to set up ice wedges 
in the form of ski jumps at a distance from the shore before the break up. 
The ice wedge then could cause an early piling of the incoming floes before 
they reached the shore. However, systematic investigation of this remedial 
method has yet to be done. 
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DISCUSSIONS 

Altho-clgh some physical insight has been gained and certain conclusions 
have been reached from the present study. t here still remains much to be done. 
For i nstance one could study the effects of the slope of t he shore on ice 
piling ; the factors ~hich affect the size of ice floes and the e ffe ct of 
the geometric shape of an ice f:ioe on i ce pi.ling. h om the present study, 
it is seen that ice piling i s a short t ime event. The gus tiness or the 
instability of the wind could therefore be of some signi ficance for i. ce 
piling. I n the present study, it was assumed that t here vas no onshore 
current which should be rectified. If the onshore current may not be 
neglected . t he e quation of motion would be more compl icated and the coefficient 
of virtual ~ass would have a different value. 
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ABSTIl.ACT 

At -:-;~ n = s O~' fluc~ l ar, €e · ~.:b.:i -[en€r2 t e'; ~';Z \'~ 9 c r. ·: : n.~ ~n .: ::"., r.: 
current s ~ey b~ -e~era te~ i n \ l~ ~ ~ ::~~ ~e~ ~ . ~uriL£ i:e c ; r~ ~r 1n~ 
flo od s he d ri~ -:in.; ic ..: f l oe s a r e 1 r 1 ver. : : ' .. a. r :':,::; th~ lee-s:!. ~ e 
l e v ... es. h l ::>ne t ~ ~ ~ E. ~ kfi.: : e r :...... ~ 9 C :1 E-!': i :: c.:~ :': -=-~ :".:.. '? 'i !" i ·,t~ !,, 3 . ': r al~ nG' 
the tanks of io~c~nc~an : r eser vo i r s t he~ ~ ~5 no or c tec:!ve :cr 6 ~' 
be l t ba f c r e the :'e l; e'2s J ~ t.r2 Sl ?P0,s G:- : :-~:'cr: =i.:s ~ -:'h·: 2--:- :- ':~G t ~ 
prot ec ted . 

':0 -= ~ ot., :! i t :. :,:. ::: "..:.::. je r- ·"~·li::-: ::' ·'. i:~ .:-::e!:· :..~ -: -; ·· ,:- :- - L ~ :. '::" ~i-­

~ ' e t fo:m alo~g ~he banks, as ~ell as tba ? ~t2L ti a l = ~~ ~ ' :r~~ 
f ~r a vo id i ng d ~~ges are ~ons1dere d . 

!'IOHHAI ftE 

Lors des grandes c ru~s : ~ 9 vents eng e:1drent ~ ~3 -:3&":leS c ~ 
courants r e a r cu " t l es ~ 2!lS les masses ~ ' Bau des chc.: r; s ~ 'i r: c ,_~ !) ­
tio~e '. endues: Jae ~ l'inf . u ence ~u vent, leE ;lBC ~S ~: ct tE~te ' 
des c ruee gl ac:'.21e e ee de;;12cent da ns 18 direc t i e D : es d :' ;::l..i oo· ._. ~ 
soua Ie vent.Dens le s bes sins de re t e~ue6 des ri : iJr ~ 5 ~En E :~s ~e ~ 
et da.ns l eg l acs d'8cc ~mula.tic !:.s y ::: 2oq ' ent ::"es t~.:l d e£ for :3: i ­
eres protec triC€ 3 hc bi t t .. a es, etab l ies l e lor:..::, ri(;:;..: d ig-u.29 et ~ e .s 
rives. Do ne i1 feut pre•. ~ re soin de la prot 0c .i G~ ~e 6 r ives e ; 
cotes •. 

L' etud e eXF :i.ne les cor;di tions de Ie f OY"Dstion :: -::.: :r:iJZ· ~ 2. e-=­
( barricades de .i; eC 8) de pres des r ives e t tra i: e les posSlL.li ­
tes de l'elimina ion des degats eV8ntuels. 
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.a times of floods with running ice and in the absence of 
major air movements, the travel of ice floes is affected solely 
by the flow conditions in the river. On the other hand,in periods 
with strong winds and at locations where the width of the exposed 
water surface attains, or exceeds a certain extent, further on, 
where there are no high ban~s, or dense and tall vegetation on 
the windward side bank, so that the fetch length is sufficient, 
\'/ind generated waves and currents may result in the water body.If 
there are in addition floating ice floes on the water surface, 
these are set into movement and carried downwind. 

In such cases the movement of ice floes is controlled by the 
resul tant of currents due to gravi ty a.nd ';Iind ac tion, further of 
the Qovement imparted to the ice flo e by wi nd. 

',,-nere the ice-free fetch is long, the 'Nind-;enerated ::ur­
rents and wind imparted ClOVe<l! Snt of the ice floes ' overn funda­
mentally the direction ::>f move,3ent and the velocity of floa'ting 
ice floes. 

~'.'here the vicinity of banks, or buildings coes not affect 
',7ind-genera ted water- and :"ce movement , the '1eloci ty of ice floes 
!lnin d ow , '/::..:Jo ';Ii ll lncrease cont i nuo usly even i1' ";he 'ni nd force 
remains '~ op stant. The increase tends eSY1D ptotically to a final 
l/alL< ~ , 'the magnitude of which :l epend s ::>n t ' e wi nd f::> ::":;e , but h ich 
i" s tteined only where the distance is sufficie!1t. Furt her :DOl/e­
ment occurs then with this velocity_ If the floes strike an ob­
stacle (SOlid ice, banks, or structur gs) they accumulate and the 
resulting jam remains stationary, or continues to move. 

Jam formation is accompanied by energy t ransfor!!lation, .;here­

by some of the ~inetic energy accumulated in the fl::>es is trans­
formed into potential energy in the course of ja~ming, the rest 
being consumed by ,;'ork expended for overcct:ling friction and for 

deforming and destroying structures and objects encountered in 
the ;lath of travel. 7/here the kinetic energy is very large, very 
great, significant ice jams may be formed, ';;hich cause consider­

able damage to the banks and structures. 
The phen ::> menon described occurs regularly in HunZ2rJ ::>n Lake 

:Dalaton. Under the infL:.enca of northern gales ice jams fo= alang 
the southern shore, the height of' which attains repeatedly several 
metres. The phenomenon, although to a much lesser extent, occurs 
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on the Danube as ~ el: at locations, where the flood bed i~ -at 

';:ind direction is 7lid e ~nougb . 

In the wide backwater ~~?o~d~ents ,~canalized river " anc 
in atoreg e reservoirs:ind ge,_&rated ice llovement and jamming 

!DUst all-lays be ent1ci;le teci ';-here at ice breakup -::he fetch in the 

prevailing storm direction is !!lore than a few hundred 1Je'(;res. The 

lee shores and the structures ~n them need protection. 

The conditions for the occurrence of the phenotJenon and the 

possibilities for avertin£ ;he damage can be investigated by a 

dynamic analysis of i c e noveoent. 

;,: the interface of :as'(; ;: :;,"in€ air ~!J': ";Qe ',;ater,as "sll as 

of ,,;he ice ~l o as fl oa ting on them a sheer 30ress Ls generated and 

enerfl;'J i s trZ::3mitted to '/ate'r and the float in; ice floes. As a 

consequence of t he energy transmitted the 'N~ tc,-' at e.nc near the 

surface . is dis p laced t ogether wi th t he floating ice flo e s in t ' e 

d rection of win~ . 

If the i c e floe ;:;0 '11:19 fas ter, or slo.,;"er than the 'lia t er flow­

~llg in the·-i.::;d c irection , a shear force is induced at the ice­

- ¥later i nterfac '! . 7h ic h tends to retaxd, or accelerate the oo ve­
ment of th~ fl ee . 

'I ce e i': e~ -: ,:= i E'·:--:! '": l ~ ~"'r '? r:.~ .=I, due ts gravity s:-:'o u d be n e c­

lected nere. Consid e r e floe of unit width, thicr-.ness h. length 

f: in +," .8 d irec tion of '::ind and d ensi ty q j' ¥lhich Gloves a t t i me ! 
at t he velocity Y ( t) dO ',:n':;ind under the effec t O!' Vli:::JC of veloc­

J
i ty 1!z :lieasured at h eig ht ~ above the '/ 12 ter- and ie e surfec e. The 

current velocity of the water is Yviz • 

ConSidering exclusively the forces ecting in t h e horizontal 

plane, in the direc tioD of I"lind and due to wind effcc ts, the move­

Illent of the i ce floes can be described by the following ex pre s­

sion 

( 1) 

In the first term on the right-hand side of the expression 
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't"jL is the 3urfnce cheaT " T; reSS due t o ;'lind ::ric,i:m at ;he ise 

surface, 1n the secone term lI,j V is the shee:::- stress ;n :he 2.C8­

-wate r interface, in k:;:/ri un i t s . 

-rhe following boundary conditions a?ply: 


at time t = 0: Vj = V = 0
yiz 

at x = 0, i.e., at the be;;i=ing of the fe tc :" c;n the ;{L, ,:, ­

vlard edge of the free we t er s u r fae e both j aDdI 

'lviz = 0 

The differences ( U - '1 j (-!;)) and ( Vj( t ) - \Fviz(t)) VaT'J inz 
the courS2 ::: move~ent. 

On the basis of Eq.(l) t he vel~city V." _ ) of the ice floc 
,) L. i 

C8n ~e f()~ ... .j 9.t t21e end of th~ i)s "t!-... z = ;( ..: ~?:;d.thi; r "i tt:. thi' 

~iwe ti ~~ e:ed for travellinG the ji st ~nc ~ . 

"':. t obs tacles 'the size ~d c ev€ l o p :J~n : .... ~., ::1 ~ i.:e ..., .... ::!: s , :;hus 

tr~'3 je8 t ~"Uc~ive pO':Je::- thereof dep e :!u a on ~he ~= i.r:i ;t ic -=!larr-/ Ger­

ried by th6 i ce floes, or i c e f ield: 

( 2) 

;<'or using Sqs.( 1) 2nd (2) in~ Dn" u tations t~e follo 'ili_"l:; 

~umltiti es ~ust be determined: 

~he limit values of i ce ~hickne~s h and of the leng th ~ ~ f t he 

fl oe , or f l oating fiel d , wh ich de?end ~n loca l condi tions 2nd 

are decisive fo r the up;:ler litlit of t inetic -=:-:erEJ"· 

~2 • 	 The t!lagni twje of the shear s~ress ·:oe;.",:" i eients v, ~I-: C
J jv 

J. 	The loc al va r iat i ons in t he periods bet we e n th~ brea ~up a~j 

complete alel tine of the coherent ice ;:o':er , 83 ',/s ll as F Ie u.:: 
recti on, -dur2tion a!!d velocity date, OD ~h~ ' , ~!1 d8' e:;;;:pec ";ed du: ­

:ng these periocs. 

-f. 	 Theexpectec ~"~gth of open ","s t er surIace 'oe:'ore stores er:c 

Jtructures endangered by j 6~ forc~tio~ ~sua l ly before a le ~ 

shore. In ~ther ',-,ords the c ritica l f etch ler::::th 0 7er "l~i c h -:::c 

fl o8 tin; ice is accelerated. 
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e,. ' ::"~.r of i~ .. er~3t .£. - ~ :'ce3':!:1ab.:..'2 ~S-:.':_ -: '7 ·=;= .;-ley .::n :.~~.J:r~ ::~-. ~C].J~ 

be r e . T: 2ss is~ in ~h c ~: es ti;~~-:es Et~ ~ ~~ion is ~a :: a . t c :.'~~& ! : . ' 

troDds: 

e)rhe size and c:iest ruc tive pcwer of "t he forminG ~ 2;: c::''" ~~nt::- -: :­

l c :: ·?~; -,;- !) tue.lly bj~ the t::!e~ s ant. voS2.:.::ity :: 7;:-IC st riking -1-_ -= . 
1he factors inc::'~8Bing t he striking velocity of ice: 

the ve locit y end indirectly the durat i on ~f wind , 
- the fe~ch le~£~~ . 

- current ·~oinc ic in£ ":' :" ":b. the o::;"r ec-:io r.. :)f ic e Clo:.:eoent, ·.,. -. icb. 

3t l OD~Br fet che s ~ . ~y result in e c o~ side~able veloc ity iD- ' 

cre~en t. See Eq . (l) . 

b) 'J;'ne diL _ns i ,.: ::.s B1;ll d e9t~c ~~ ve pC ':l e :~ of the ice ,j~:-, &Z'€ g:r'e:'::!;e !" 

i: l ~ ~ -. :::- "::: ~·E ...: ~~..:; :":" !).;; s ;3t _'L"~ tt:e obst2cle. T'te =.: :'ge :---l oe s 

': ';::1C: to be: "" ,=e ;>1.. .~ h e~~ : ve:c· €:cch other et '::. :? obst&c:'e, C;,.:t 

bree ~ ~r ~ . :stly De e r ~ h e top~ ~h~ sneller ?icc~s 31 i ~e ~ thed r 

lee s'ide of the Jac , ~ut causa ~c Ds jor ~ an3 f e . ~o re t he c .'. 

51c,~-= i.s ~t8 e;:, t b c j:m :'eo!:ins .si:El l ~t s(;Eti o"!: ~ rJ , ·., !1 :' ::" t: c·r 

'c"-,-: ·· -: _-':' ·:i 2. ~ ':"J 2JI .:· ·::'8 l". ·'- -cion ·:I.:.:.~k ts~:ing ?!.sca c:....:rirl [ ::~ "_ .:. 

+ng :'ntc- ~ :"~C8S. 

7.:..rJ order t..: -=,, !.'e : ·:,::-_~ c.nc. .:'·;8::-:; ,,: ::,::·,:, _: ~ z du .'! to j GC".. :: ing)~~ tlrt;l·._"" 

"t·e· P~c::! -j"t~ . ,::; ::....~: :er . .;, = ~e-:: i~:·:_ 0 -J,- r eservo l..!' S the f 011 :. ' : ':::"~. -; cor.: i _2 :'­

!. • . 3efo::'e desicning t!:le ::escr,.'·: i r 
t·ures t!:le:::,€o:' , '::\ ,l' t her ;' · :~' ore ~e lec tin.s; t. he :-.-. , t::.QD: ' · A~ 

bc· ,..;..r s e.!"lC~ ice · : l~t i cc:: , -:-h:.· fol lo'" i!:g i.n~'~: ·~e tio~ s:-~ ~"l l ·~ 

col l ected ' fo z' ~ p~r~icule= area : 

- Per-io c s wi 'l;b. r·i.l!1~ir:::· ic ~ . 

':rae d ire'8t.·i'J:!J of strc':' t; '::incis lit:ely to oc cur ~"U.ri:r:G -~ :.]. 'l. 

per i c~ . 

C'n ~ ile 'o3 si3 of the :ore[o i nGJ the f.i~ ·:; r e secticr.s ':XpO S 2·':; "(; c 

ice ~a ::. .: ,i:l: s h ou l d C~ selected. ' IL ·jco;;e ::.' ::.:'nin .c," :, nc ."i::: d i­



rotL'lding mountains and hills, which Glay deflect the jirec­

tion and Gloaify the velocity of wind.lt is expedient t o rely 

on ~he records ~= a wind vane ope rated at such locations. 

? 	 Harbours should be situated wherever possible along the wind ­

ward shore. 

J. 	Ice release sluices are effective along the lee shores 'ahare 

the b roken fl oes are accuGlulated. ·,,'here there are consi'~ erable 

gravity currents in the :-eservoir, the influ.ence ~hereo:- on 

the moveGlent of i ce 3hould also be taken int o account. 

4. 	9aoages to the shores due to ice j~ning can be averted by in­

ducing the j2C 1;0 be :':Jrmed farther a.way froGl the shore, or by 

;>reventinG it s formation al together. The f -:-llo·;;ing ;>o tential 

al teruatives shou l d .:" ~on sid ered: 

- Jhere compatible .,.:"<;[;. re·s J ~· v )ir o per at.1 on, t ~B level should 

be 	 l owered, c;;lI.!ing ice t o sto') and jam before the bankslDpe. 

- At constant water level :~ .ercept ion and j~mming should be 

promoted ':q strUC1:ures situated before t l18 banks and deflect ­

ing the ice upward. 

Causi~~ ~he ice in the vicin~cy of .he 3hore t o ae • • 12 on 

t hs bot1; om . 

5 . 	 ~he levees enclos ing impound Den. reservoirs should be con­

struc.ee; ;;ith a wide crest, capable of <lccocodating the jam­

ming i ce and arresting it thereby. In view of the large mass es 

accumulated, the movement of a once formed jam further inland 

wou ld cause severe damage. 

6. 	·'lb.ere artifi~iel ice breaking is resorted t o ,the ice cover be­

fore exposed lee shores should be left intact. Also, methods 

of ice breaking, which would lead to the devel:Jpmant of wide, 

ice-free water surfac es and thus long fetches should be avoided. 
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ABSTRACT 

Observations are here presented which concern the formation of a sheet 

of ice in a river reservoir and the development of ice displacement caused 

by the drifting of ice upstream in the reservoir. The observations were 

made at rivers in the eastern alpine area. An attempt will be made to describe 

the experiences and findings concerning the formation of ice and the 

resulting rise in water levels. 

Intl'oduction 

In the transition,area of a free-flowing river -with high current velocity 

and a reservoir with low current velOCity. the effects of ice formation 

and ice drift on the water levels are difficult to register; however, 

they are of great importance for practical operations. 

With large river reservoirs it may be assumed that, statically, the 

ice formation takes the form of a smooth, solid sheet of ice, as is the case 

with lakes after the necessary shifting of the water's temperature strati ­

fication has taken place. The temperature of the water surface drops 

to 00 C and the speed at which the heat of the water surface is given 

off into the atmosphere exceeds the heat replaced by the underlying 

strata of the water or from the river bottom. Once the solid sheet 

of ice has formed, it acts as heat insulation and hinders a further 

progressive freezing of the reservoir. Thus, with the dimatic con­

ditions in the alpine area, the thickness of the statically formed 

sheet of ice generally does not exceed 0,2 m to 0,5 m. 
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The question remains, does the solid sheet of ice in the rese['vpir 

fo['m soone[' than the dr'itting ice noes in the fJ:'ee-l'lowing ['ive['; and 

if yes, where in the rese['voi['s do the dr'ifting ice I'loes meet the solid 

sheet of ice. 

Conside['ations and ['esultp 

Obse['vations made at alpine rive['s showed that the movement of ice in the 

fJ:'ee-nowing stretch of ['ive[' gener:'aliy begins with ai[' tempe['atures bet­

ween - 50 C and - 130 C (ave['age, - 10
0 

C), dependi~ upon the wate[' 

tempe['ature degree on the fi['st day of frost. 

In ['ese['voi['s where the ['atio of sto['age capacity to ave['age low wate[' 

now of one day is greate[' than 1, the solid sheet of ice in the rese['voi[' 

always fo['ms before the ice movement begins when a steady height of 

['aised wate[' level is maintained at the wei['. 

Investigations at various ['ese['voirs of the powe[' stations on the Rive[' 

Inn and the Rive[' Dr:'au showed that a connection exists between the uppe[' 

end of the sheet of ice fo['ming in the ['eser:'voirs, the ave['age current 

00velocity, the sum of air temPer:'atures below C and the the['eon 

dependent wate[' tempe['ature. (Fig. 1) 

It could be established that fi['st the average cur['ent velocity V m 

at the upPer:' end of the fJ:'eezing ['esel'Voi[' increases with the sum 

of daily fr'eezing tempe['atures. V m approaches a constant limit value 

between 0, J and 0,4 m/sec afte[' a sum to daily fJ:'eezing tempe['atures 

of - C to - C is reached. This would mean that afte[' such a600 700 

sum is ['eached, the end of the solid stretch of ice lies in that parti­

cular resel'Voi[' profile which can be characte['ized by an ave['age 

cur['ent velocity between 0, J and 0,4 m/sec. The lowe[' values seem 

to apply to narrow ['eservoi['s and the higher values to broad 

reservoirs. 



With higher average velocities, the turbulence of the water becomes 

so great that a solid sheet of ice cannot form even with an increase of 

the sum of daily freezirg temperatures. These findings, however, 

are disturbed by various influences such as wind, the introduction 

of sewage, etc., but, according to practical exerpieoce, the range 

of scattering created thereby is not very large. 

The engineer is now always faced with the difficult job of stating or 

estimating a priori the rise in water level as a result of ice for­

mation. 

The commonly held belief is that a solid sheet of ice in a reservoir 

transforms the open water course into a pressure "pipe line", and 

as a result of an increase of the wetted perimeter to approximately 

double the size, it causes considerably higher losses of flow and 

thus a rising of the water level. This assumption is not applicable 

for the observed river reservoirs on the rivers Inn, Drau and Enns. 

Also with a change in the water flow, a solid sheet of ice is able 

to form well by means of elastic and plastic deformations when the 

breadth of the'. water level is 100 m or more, as in the reservoir 

on the upper Inn, for example. 

The rise of the water levels observed upstream from the solid 

sheet of ice is caused by ice displacement; i.e. the accumulation 

of ice floes on the solid eheet of ice. The ice floes are pushed upright 

and packed together; they are in part driven underneath the solid 

sheet of ice in the reservoir. 

Experience has shown that the ice floes (llShed under the solid sheet 

of ice are moved further by the water current. They are also made 

smooth by the somewhat warmer water under the solid sheet of 

ice, and in part they melt. Further ice displacements under the 

solid sheet of ice can generally only occur where the ice floes are 
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able to settle as a result of irregularities in the cross-section but also 

as a result of an unfavorable current distribution in the water. Ice 

displacement at the end of the solid sheet of ice develops upstream and, 

in a regLiated river bed, leads to a rise in water levels which generally 

reach, at the most, the yearly hig:h-water level on the guage. (Table 1) 

Ice breakup is characteristic for ice displacement. Immediately after 

the maximum water level is reached, ice breakup can occur as a 

result of the hig:h static and dynamic pressure of the increased tractive 

force but also as a result of the ice becoming smooth on the underside. 

This ice breakup causes a temporary drop in the water level, as may be 

clearly seen in the recordings made at the River Drau (Fig. 2). Experi­

ments in our laboratory have qualitatively proved the occurence of ice 

breakup in the expanse of pack ice. 

The maximum rise in water level resulting from ice displacement always 

occured very early in the frost period and never at the end of a longer 

frost period. Thus, the rise in water levels seems largely independent 

of the sum of freezing temperatures in winter and of the further advance 

of ice displacement upstream. 

The hig:hest rise in water levels generally occurred at a point in the 

river when the ice displacement reached that point. Presumably, the water level 

drops again even with sustained frosty weather due to the fact that the 

packed ice floes are smooth on the underside and as a result of the 

heat-insulation characteristic of the solid sheet of ice. (Fig. 2) 

Further observations concern the mel ting of the solid sheet of ice and 

the ice displacement in a river reservoir. It is surprising that when 

temperatures are above 00 C for a short time, only a minorrise,of 1,00 C 

in water temperature, or even a rise in the negative air temperature, 

is enoug:h to melt the ice in a very short time. Experience in the alpine 

area has shown that the solid sheet of ice begins to melt at air tem­

peratures of approx. - 50 C and upwards. The thickness of the sheet 
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of ice becomes less with a decrease of frosty weather. When the 

frosty weather conditions cease, the ice sheet dissolves very rapidly. 

The melting process is primarily dependent upon the temperature and 

current velocity of the water which influence the quantity of heat dis­

charged to the sheet of ice. 

On the River Drau, the formation of ice came to a standstill when ail' 

temperatures were around - C. The displaced ice already began100 

to melt at ail' temperatures of - 50 C, and at average ail' temperatures 

10of - C, all the displaced ice had melted. On the River Salzach, 

the melting of the displaced ice began at an average ail' temperature 

40 10of - C, whereby however, maximum daily temperatures of - C 

occurred. The 17-km long ice pack which silll remained when the 
o 

average air temperature was - 4 C dissdved completely when the ail' 

temperature on the two succeeding days rose to + 10 C and + 30 C. 

Summary 

Measurements and observations made previously in the eastern alpine area 

showed that the water levels rose to a maximum of 2 to 3 meters as a 

result of ice displacements in the reservoirs of larger rivers. The 

maximum water levels always lasted for a shA>rt time only. Further, 

variously high water levels occurred in connection with ice breakup; 

however, these levels were still below the maximum. The often feared 

catastrophe of thaw ll<><XI waters coming together with an ice sheet in 

a reservoir did not occur because a minor increase in water and ail' 

temperatures leads to very intensive melting processes. 

Limiting the rise in water levels locally is possible due to the oonnection 

between the sum of freezing temperatures and the average current 

velocity. In the author I S opinion, it seems necessary to intenSify 

measurements and observations at reservoirs during winter, and above 
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all, to develop measuring instruments with which it should be 

possible to analyse hydraulic pPOCesses and to determine the ice 

formation and the melting pI'OCess WIder a solid sheet of ice arxI 

under an ice park. 

River Year Rise in water level [ m 

Drau (Annabrlicke) 1962/63 2,63 
Inn (Rosenheim) 1962/63 0,75 
Drau (Schw ahegg) 1964/65 1,57 
Inn (Prutz-Ims t) 1959/60 2,20 

1961/62 2,20 
Main (Data: Office of water and 

Navigation, P assau) 2 - 3 
Lech 

Oonau (Jochenstein) 2 - 3,50 
Donau (Kachlet) 1962/63 2, ·:;14 
Salzach 1955/56 3,00 
Enns 1962/63 0,5 - 0,8 

Tab I e 
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Fig. 1 Boundary position of the solid sheet of ice in a river 
reservoir in relation to Vm 
(measu rements of Innwerk A.G.) 
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Along the lower section of the Hungarian Danube (Fig.l), that 
is between the southern state frontier and the DunafBldvar bridge 
the tasks of river regulation and channel marking are the respon­
sibilit¥ of the Lower Danube Valle¥ District Water Authoritf (Ba­
ja) which is responsible for ice control as well. 

The purpose of river regulation is to ensure the passage of 
both floods, ice and sediment without an~ damages b¥ creating 
such a state of bed which is able to eliminate disastrous floods, 
the harmful development of shallows, bankslides, and deteriora­
tion. On navigable river reaches, the development of a navigation 
channel with the prescribed dimensions related to the navigation 
and regulation low water determined as decisive level - should 
also be promoted b¥ regulation work. 

Dealing with river regulations high-water regulation and bed 
regulation (mean-water and low-water regulation) can be distin­
guished. 

High-water regulation is concerned with preventing floods 
from diffusion spreading and causing damages. Its most important 
objective is to make the protected area as large and as valuable 
as possible. The tracing of the levees and the formation of the 
flood bed are included in it. 

B~ mean-water regulation such state of bed should be created 
in which the passage of both ice and sediment is unobstructed 
(Photo 1). 

The task of low-water regulation is to assure the minimum 
dimensions - both width and depth - of the navigation channel 
under the navigation water level, within the mean water bed. 

In the earl~ stages of flood control onlf the inhabited 
areas had been surrounded b¥ flood levees. Along the Danube reach 
between Dunafoldvar and the state frontier the construction of 
levees started in the last decades of the last centu~ and nowa­
days the length of levees along the right-hand bank is alread~ 

229 km and along the left-hand bank 154,9 kID. Along both banks 
the levees have been constructed with regard to the prescribed 
design flood level. 

River regulation started in the thirties of the last centu~ 
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Photo 1 

bi cutting the large river bends. In this period the Danube sec­
tion in question was shortened bi about 60 km, however, the sta­
bi1ization of the baDks was omitted. Onl¥ at the turn of the cen­
tu~ was it recognized that also the ramifications of the river 
must be closed and the banks stabilized bi means of rip-rap works. 
Therefore the branches were gradualli closed and the main bed was 
confined bi bank protection works and parallel dikes along both 
banks , to a width of 450-500 m. Consequentli the Danube has become 
embedded and the level of both the mean and low-water has become 
lower. However, later this width has proved too great.The posi­
tion of the main current is constantli changing in transverse di­
rection. 

The new general mean water regulation program has been elab­
orated in 1952 and improved in 1961. Also the present river regu­
lation works are executed on the basis of this program. 

The main point of the program is to cinfine the bedforming 
mean waters escaping in the ramif~ing branches into a uniform 
main channel of 400 m width. B~ doing so a deep bed being free of 
bars for ice travel and the required channel depth and width for 
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navigation can be produced. In order to realize these objectives, 
along the concave banks of the Danube longitudinal d¥kes, bank 
protection works and fills; along the convex bank confinement 
gro¥nes and in the branches closing dams were planned. In design­
ing the bends the existing regulation works had to be considered. 
The general regulation program fixed the tracing of the river 
section and both the site and volume of the regulation works 
needed for forming this trace. In the spacing of works the funda­
mental requirement was that the regulation line be fixed in plan 
along both banks at the level of mean water. 

In the course of regulation works completed thus far 78 km 

bank protection, 25 km parallel d¥ke, 127 branch closures and 24 
spur dikes have been completed thus far. As a result thereof the 
so called "Wild beds" have been eliminated and the main current 
has become more or less stable. 

The purpose of chanDBl marking is to mark a safe navigation 
channel having a trace, width and depth corresponding to the pre­
vailing bed regime. OVer this particular Danube section the mini­. 
mum dimensions of the safe navigation channel are as follow: 

radius of curvature ~Om 

width of navigation channel 150 m 
depth of navigation ahannel 2.5 m 

These dimensions are to be ensured regardless of variations 
in stage. 

The task of the marking service is to mark both edges of the 
navigation channel on the banks and in the bed bT means of well 
visible conventional marks. This activitT makes possible for the 
helmsmen to direct their vessels safel¥ b¥ day and b¥ night with­
in the channel. 

Along the 127 km long Danube section the highl¥ responsible 
dutT of marking is accomplished b¥ the District Water Authorit¥. 
From the headquarters at Eaja two groups start each day onto 
their own river sections. The crew of a marking group consists of 
five persons (helmsman, engineer, three marking men or sailors). 
Eoth vessels are provided with radar equipment and ultrasonic 
sounding device. 
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The hull and deck of the vessel are designed to make pos­
sible the transportation of marking equipment (marks, batteries, 
etc.) and the execution of marking work from board. 

The marks are manufactured at the workshop of the District 
Water Authorit¥. The navigation channel is marked if possible on 
the bank b¥ means of permanent marks b¥ which emit flashing sig­
nals for navigation b¥ night. 

If made necessar¥ b¥ bed conditions permanent floating marks 
with flashing signals are also operated.The edge of sand bars ap­
pearing in the low-water period are marked b¥ means of the so­
-called -blind buo¥s". 

When in the low-water period the minimum dimensions of the 
navigation channel are not available,the lack of sufficient width 
and depth is reported to the H¥drographic Department in Budapest 
b¥ means of red telegram form. These data are published b¥ this 
service on the dail¥ map of ~tages and also through the Hungari­
an Broadcast at 13.45 o'clock dail¥. 

The shape, colour and the dimensions of the navigation marks 
and the duration of f~asheB were determined in the navigation re­
gulations of 1970 (Photos 2 and 10. 

Photo 2 
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Photo 3 

The pr~ task of river regulation is the maintenance of 
the nav1.gation channel. and it is the marking service which is re­
spoDBibl.e for the regular observation of the changes and modifi­
cations ooouring in it. The emplo¥ees of this service take care 
of the marks at the river stations, observe the changes in steep 
banks and in both the low-water and high-water bed. Initiated b~ 
their reports the sounding tach~etric surve~ of the bed are per­
formed out of turn in the critical river sections and the river 
regulating measures are carried out to prevent impending bed de­
terioration. 

Ice control starts with ice observation and with organizing 
the ice reporting service. Along the 127 km long Danube sBction 

ice observation is performed bf 20 levee keepers. The¥ foreward 
reports about ice conditioDB and stages for the central iDBpec­
tion twice a dLY, where the data are processed 1mmed1atel~.In the 
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period of ice jam hazards, stages are observed as necessarr on 
several occasions a da~. Ground informations are checked occas10n­
all~ b~ aerial observation too. In the case of emergenc¥ aerial 
observations are performed on seTeral occasions a da~. The aagni­
tude of ice coverage is fixed also b¥ means of photo series taken 
at five cross sections. 

According to the observations performed from the middle of 
the last century. over the 227 km long river section between Du­
naf0ldvar and Vukovar (Biver Stations 1560-1333 km) the danger of 
ice floods is so great that in 1955 this section of the Danube 
was declared of common interest bl both Hungari and Jugoslavia. 

Accordingl¥ the job of ice control is performed on the basis 
of coordinated orders. The work of control is guided b¥ central 
(Budapest, Belgrade, Zagreb) and b~ local (Baja, Sombor, Osijek) 
liaisons. 

During emergenc¥ periods a micro-wave network is operated to 
maintain contact. The local liaisons inform each other about ice 
conditions each da¥ and the work of ioe breakers is coordinated 
also b¥ them. Over this section of the Danube ice control is per­
formed prim~il¥ bl means of ice-breakers. However, local control 
b¥ bombardment and ice blasting has also been attempted with lit­
tle success. 

The ice-breaker fleet of the water service consists of 16 
ice-breaker vessels with engines from 300 to 1440 liP; (see Photo 
j). ~iTe units of the fleet are equipped with yawing eqUipment. 

According to the experi ences gained during the last decade, 
over this section ~f the Danube when bf the sum of the negative 
dail~ mean temperature~ reaches the value of 200 0 then ice drift, 
and when the value of 8000 is attained, then freezing over of the 
river can be expected. The sum of positive temperature preceding 
the breakup of the ice cover is 20.900 at Baja. The daill lowest 
air temperature fluctuates between -10 and _3000. Temperatures 
around _30 00 can alread¥ be considered extreme at Baja.The thic~­
ness of the ice cover is generall~ between 1.0 and 1.5 m. In sec­
tions with jams ice thicknesses of 3-4 m are frequent but at some 
sites even 6-8 m have been observed. 
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The task of ice breaker groups is to ensure the continuit~ 
of primarf ice drift; to promote the development of a solid ice 
cover; to start again the ice field b~ breaking it up from the 
downstream end and, finall¥, to initiate secondar¥ ice drift. For 
accomplishing these tasks 4-5 Hungarian vessels are rented annu­
all~ bf the Jugoslavian water authorities. 

The ice-breakers work in five groups.Two of them are engaged 
in Jugoslavian area. 

When an ice coverage of ~ per cent is reached, the groups of 
ships sail to their bases of operations. In the case of primar¥ 
ice drift of ~-50 per cent densitf along the whole river section 
belonging to the groups, ice is broken up bf artificial wave ac­
tion, the narrows are widened and the ice cover is kept in con­
tinuous motion b~ disintegrating both collar and shore ice. When 
the ice drift attains to 80-100 per cent densit~ and at the same 
time a long cold spell is expected, the task of the vessels is to 
promote the -smooth- freezing over of the river. In this period 
the jams have to be destro¥8d and - b~ means of breaking up the 
ice cover in the upstream section - the development of a uniform 
ice cover has to be ensured until an even freeZing over deve~ops 

along the whole river section. 
In the ice field a passage is maintained - generallf near 

the main current - to ensure the eaa:y accessibilit:y of am,r sec­
tion of the river. 

The criterion of initiating the secondarf ice drift is the 
presence of either drifting ice or an open water surface down­
stream from the ice cover. The stationarf cover can onlf be de­
stro~ed with the ice-breaker vessels working upstream. If neces­
s~, the passage in the ice field can also be used to make the 
ice-breakers capable to reach &n¥ Danube section under the ice 
cover starting from their base of operations. B, In1tlatiBg sec­
On4~ ice drift the springtime development of ice jams and the 
danger of ice flood - the consequence of the jams - can be re­
duced. B~ making the ice cover travel down quicker, the involun­
tarf winter break of navigation can be shortened. 

Until now the characteristic of disastrous floods was that 
the flood wave originated from melting in the upper basin ran 
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over the standing continuous ice cover in the lower Danube seo­
tion. The ice cover was raised and broken by the arri ing flood 
wave and after a period of only several hours the unexpected sec­
ondarr ice drift started. The ice masses started in this way 
formed jams in the overdeveloped bends and in narrows.gnd the wa­
ter level rose by 3-5 m along a Danube section 30-50 km long. The 
levees could not withstand the resulting water head and e.g. 
in 1956 the levees along this Danube section breached at24 points. 
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HUNGARIAN ICEBREAKER FLEET 

According to written records ships, in Europe, as protection against ice were employed 
for the fIrst time in 1856. The sIs "POLLUX" tried for the fIrst time, on the river Elbe, in 
the vicinity of Hamburg to break up the stationary ice fIeld on the frozen in river. The fIrst 
ship built expressively for icebreaking had been put into service in 1871 and was in service 
till 1957 on the Lower Elbe. By utilizing the experiences gathered during 100 years of 
icebreaking service it was possible to increase the ice breaking capacity of the ships and the 
efficiency of using them aggainst ice. 

The Danubian Icebreaker fleet in Hungary is operated by the Enterprise for River 
Regulation and Shingle Dredging who stays under the direction of the NATIONAL WATER 
AUTHORITY of HUNGARY (Office) and in his sphere of activity performs tasks 
extending to the whole country. 

The icebreakers-standing under governmental management- were built in the Hungarian 
Ship and Crane Building Yard between the years of 1959 and 1966 for dual purposes. 
Each ship can be used as well for icebreaking as for tOwing. The icebreaker unites were 
developed from the towingboat types and their main task is to perform the icebreaker 
service. 

In what do these fluvial icebreakers differ from the ships able (designed) exclusively for 
towing. The answer to this question is given on tables I-II-II1-IV. The modifrcations­
wi thou t exception-increase the efficiency of the ships and their security in service under ice 
conditions. 

To whitstand the heavy stresses deriving from ice breaking, the stem has been 
strengthened correspondingly. (Table I.) 

The shaping of the deck, sheering towards the stem developed from the fact that the 
ice breakers have to go astern frequen tly. 

The framing strengthened by longitudinal and transversal ice frames and most of all the 
increased thickness of the sideplating where it may come in contact with ice, increase 
significantly the solidity of the hull. 

The spur (oonstruction) built on the stem gives an increased protection to rudder and 
ship's propeller. 

The fact that the rudder is supported from below increases the solidity and duration 
of the steering gear and consequently the security of the ship. 

To icebreaking only unprotected (turning free, without Kort's ring) propeller can be 
used, as the Kort's ring can be easily damaged, deformed and broken down (tom off). 

The elastic shaftcoupling protects greatly the main-engine and the shaftsystem. If the 
propeller knocks against ice (starts to get jammed) frictional force (braking) or elastical 
changement of shape takes over the excessive stress. (Table II.) 

For icebreaking propellers with greater pitch and thicker blades aze used as greater 
speed is required than towing. The thi1:ker blades give greater strength (solidity) of propeller. 
(Table III.) 

The building in (instalment) of the swinging arrangement (device) increased 
signifIcan tly the efficiency of the ship compazed with the traditional icebreaker type. 
(Table IV.). This mechanical construction (device) compels (forces) the ship to have 
a defmite separate motion (movement). In this way the singular points of the ship-when the 
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ship is under way-move along a spiralshaped tnijectory. The swinging arrangemen t is built in 
in the bow and in the stem of the shlp and consists of eccentrically rotating masses with 
their respective counterweigths being at 1800 degrees form each other. 

The prolongued use of the swinging arrangemen t creates for the living organism a very 
unusual state (sensation). ne direction of the generated rotation changes constantlx.and 
consequently the equilibrium (equipoise, balance) becomes unstable and the effort to regain 
it causes an increased physical stress. 

The majority of the Hungarian icebreakers operates on the Danube. Their main task 
consists to avert iceflood (when the ice melts or forms barricades on the river) dangerous to 
the southern riverain territories of the Danube. They perform their task in the vicinity of 
the common Hungaro-jugoslavian border partly on Hungarian partly on Jugoslav 
territory. On this section of the Danube there are many dangerous places in the riverbed, 
sharp turnings, shoals where ice very often stops, piles up and forms barrage. 

The ships generally-when the ice shows a thickening (frequency) of 30% at Budapest 
or water is falling rapidly - in order to pass the southern shoals with security -, leave 
Budapest before the situation starts to get serious as they must be at their station in time. 
They work generally in pairs - one traditional icebreaker and one with swinging 
arrangemen t. In this way they can help eachother in need. An oilcarrier anchored in the 
winterharbour at Baja takes care to supply the necessary fueloil to the icebreakers. 

The icebreakers perform the follOwing tasks when ice is drifting or breaking up on 
the river. 

They give on request aid to ships under way. They tow into winterharbour on request 
and put into security pontoons and other floating harbour installations. 

They watch and superwise, especially at the designated dangerous places the drifting 
and flowing downriver of the ice, and attempt to prevent the stopping of the ice or the 
forming of a barrage, with all awailable means. 

They break and split up the bigger, conjuncted drifting ice floes . If in spite of all 
efforts the ice stops drifting and becomes stationary, icebreakers have to retire to some 
place below the frozen in section which is considered as dangerous place. 

When ice is stopped on the river for a considerable distance, does not drift, icebreakers 
receive the following tasks: they must break up the ice, clear and keep clear the places 
poin ted ou t where ferries are operating. 

They must open a channel in the stopped ice. 
The must break up eventual icebarrage or icefloe and make them drift downriver. 
They must break up and tear off the ice formed along the shore and on the shoals. 
But the breaking up of the frozen in section can not be started before the drifting of 

the ice is not assured (made possible). 
The decision of the tasks to be given to the icebreakers depends allways from the 

expected change of the meteorological situation. 
If for instance cold weather of long duration may be expected the breaking up of the 

ice must be stopped as at 20 degrees below zero the Danube acts as an icefactory. On a single 
night a layer of ice of the thickness of 5 cm may form. 

The icebreakers execute their work generally by daylight. Nightwork can be ordered 
only on exceptional cases. To render it possible each ship is fitted out with projectors of 
great capacity. 
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For nightwork only the most experienced crew can be detailed. 
The icebreakers on breaking up the stationary ice, move constantly ahead and 

alternatively astern. The traditional icebreaker without the swinging device, runs with great 
speed against the ice, glides on it and so the ice under the weight of it cracks and breaks off. 
The breaking capacity of the ships fitted out with swinging arrangement is further 
augmented by the rotating energy mechanically generated. They brake the ice formed at the 
shoreline by artificially produced waves. The ship runs with a relatively great speed along 
the ice fonned and attached to the shoreline, produces of course strong waves which in their 
tum break up and detache the ice from the shore. Over the shoals, at a low waterlevei only 
ships with a small draught can be used. 

The icebreakers of the Danube spend yearly generally 4 to 5 hundred servicehours in 
breaking ice which is about the 12 to 15% of the total yearly servicehours. Notwithstanding 
of this fact the 45 to 55% of the yearly repaircost is mainly due to damages suffered during 
ice breaking. The ice scrapes off every year the paints and other protective materials applied 
against (rust) corrosion. The ship's propeller and the steering gear can suffer damages many 
times. The ship's hull, stuck in the ice has to bear sometimes pressions surpassing the limit 
of watertightness of the sideplating and of the whole construction. The frames, the 
sideplating, watertight bulkheads, inside coverings and fenders suffer sometimes lasting 
defonnations. HulJ-repaire is a specially costly work because it can be executed only after 
complete removal of the inside coverings, fittings and other structural parts in way of the 
damaged frames. 

To keep in service the icebreakers, to provide for quick repaire of the damages (change 
of propeller) costly fitting, lifting and machineing instalments are neccessary which require . 
a considerable capital. (Table V-VI-VII-VIlI.) 

The motordriven slip way (hauling system) of the Enterprise is functioning in the 
Central Shiprepairing Works at Budapest. Wi th this the icebreakers, at 120 cm waterlevel at 
Budapest, can be drawn out of water in a few hoors. 

The motordriven slipway (slipdock) is at the disposition of all Branches of the 
Hydrographic Service. 

During the period of the protection against ice the Shipbuilding Works of the 
Enterprise at Baja is constantly keeping watch. Here a crew of technicians ana fitters 
equipped with a rolling workshop cares for the quick repaire of any damage. Considering its 
central pOSition of the section of the Danube under our protection (Table IX.) a sparepart 
deposit has been established here. 

The work of protection against ice on the Danube is directed by the Hydrographic 
Direction of the Lower DanUbe. In its central offices the adjutants (assistants, despatchers) 
of the Company are are at all times on duty. 

The icebreaker Fleet kept in service by the En terprise for River Regulation and 
Shingle Dredging consists of a flagship and a ship of the line. It is characteristic for each 
ship that they are fitted out with WI (wireless telegraphy) sender and receiver and the 
mainengine can be teledirected (telecontrolled) from the wheelhouse (Bridge). 

The flaship (Table X.) has 1300 HP capacity two ship's motors and is fitted out with 
swinging arrangement. Its overall measurements are: 

Length: 40,5 meters 
Breadth: 9,03 meters 
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Draught : 17 decimeters 
Displacement: 389 tons 

The ship is fitted out with a Radar installation and so she can navigate by restricted 
visibility or in fog. 

The ships of line (Table XI.) are partly fitted out with swinging arrangement, partly 
not. They have 600 HP capacity and one engine. Their overall measurements are: 

Length : . 32,8 meters 
Breadth : 7,35 meters 
Draught: 17 decimeters 
Displacement: 268 tons 

The icebreakers receive every year till the first of December the obligatory, planned, 
preventive overhauling (maintenance) and expect the drifting of the ice in completely 
repaired condi tion. 

The ships have more than ten thousand component parts and the safe managing and 
handling of it requires a work of great responsability as from the crew of the ship as from 
the personnel of the managemen t. 

L. HONFI 
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Table L 
Comparison between the hullconstruction of an icebreaker with that of a fluvial tugboat's 
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Table II. 

Elastic COll pling of the mainengine to the pushing shaft. 
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Ta~le III, 

Comparison of the ship'S propeller of an icebreaker with that of a tugboat's 
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Table IV. 

The swinging arrangement (device) 




Table V. 

The 20 ton fitting crane of the Enterprise for River Regulation and Shingle Dredging 




Table VI. 

Motordriven slip way in the repaireworks of the "FOKA" Co. 
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Table IX, 
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